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: ECOWOMIP RISKS OF NUCuEAR
POHER HEACTOQ ACCIDENTS

517, C

" Models to be we 21 for énglyaes;os economic risks from events

. which occur. dutinﬂ=_ss.4LWR plant operation are developed in

~ this study. "The moaels include capabilitier to estimate both
. -‘onsite ‘and -offsite- costa- of LWR eventa. ranging from routine

‘plant forced outages-to severe core-melt accidents resulting in-
large releases of radiocactive material to the environment. The.
nodels have been developed for potential use by both the nuclear
power industry and regulatory agencies in coet/benefit analyses:_
.for decision- making pur;oses. . : . . :

_ The new oneite" costﬂmodels'estimate’Boéietél‘IOGEea from
power production cost increases, plant capital losses, plant
decontaminaticn costs, and plant repair costs which ray be

‘“incurred -after- LWR operational events. —Barly decommissioning -
_coste, plant worker health Aimpact costs, electric utility..

" business coste, -nuclear power: industxy voste. and litigation -

l cos*s are also. addresaed.':v

" _estimate the costs of post-sccident population protective .
measures and. public ‘health impacts. - The. ~oste of ‘population

 -dispos¢1.A1and and property decontamination, and 1and 1nterdic-

"ate also included 4n the ‘models. .. - ;:“4‘”:

The néﬁlyndévetoped offeifé economic consequence mey uels

evacuation and temporary relocation, agricultural product:

‘tion .are inciuded in: the economic¢ models for population protec-
tive measures. Costs of health 1mpacts and medical care costaj

" The newly developed economic conaequence modele are appliedf

in an example to esctimate the economic risks from ¢peration of

the Surry #2 plant. - The ‘analyseg indicate that economic risks

from LWR operation, in contrast tc public health risks, are

dominated by relatively high-frequency forced outage events. :
'The implications of thie conclusion for . U.S. muclear power plant
~operation and regulation are discussed. The sensitivities and
runcertainties in economic tisk astimates are also addressed
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~ EXECUTIVE SUMMARY

,\_ECONOMIC RISKS OF NUCLE AR ”OWER“REACTORlACCIDENTS.»-o

Thxs atudy develop& ang - employs LN?KOV&d ‘models to estimate” _

--the- economlc rieks from unanticipated events which. occur-during .

© U.S.* LWR operation. The models have beer used in example = - S
“applications ‘to estimate the economic rieks from operation of

“‘the Surry #2 plant and to draw general conc’u81ons concerning . e e e

“economic risks from:LWR operations. -_The models can be employed . . . i ..~
by both ‘the nuclear power industry and regulatory agencies -in - - -

- cost benefit analyses for decision-making regardlng risk -

_llﬁi;forced outag

"““health impacts for severe LWR accidents ithich result in a

reduction measures

The newly developed models estimate the onsite losses from
. power production .cost increases, plant capits]l losses, plant
decontamination .costs, and plant repair costs which may be
incurred after LWR events. : Possible early decommissioning = . ... .
costs and plant’ worker health impact costs ‘are included but do o :
~not contribute 1gnif1cant1y to the expected ongite losses from . ... ol
1ge "‘The dominant cost for most LWR: outage - . A
" eventg is the power product1on cost increase caused by the need. . . . -
. for usinq generating facilities with higher fuel-cycle costs.. .
. Replacement power costs, plant capital losses,:and plant decon-. .
“ytaminatlon;costs are. lmportant for severe LWR. .accidents .re-. ..
1ting 1ge_or;, t fe-utility busi-.
@88 COBLE, nuclear ‘power: industry costs, and 1itigation™ Costs
_fhave also. been addressed in-tne onslte economic consequence © o
ngodel development.x~ : AL P : o

. New models have been developed to estimate the offsite costs
of post accident population protective measures: and. public -

release of radioactive material to the environment. The coste
of population evacuation and tempcrary relocation, agricultural
product dispoeal. -land and property decontamination, land
interdiction, :and public health impacts and medical care costs
are included in the new economic consequence models. The new
‘offsite models offer several advantages over the economic models
~developed during WASH-1400, including increased flexibility and
estimation of . boLh costs :and benefite. of population protective =

. measures.

: B computor data baaa of LdR experience from 1974-1980 was;& :
'Ad@Vﬁ]QPBﬂAtO estimate the_trequency~severity gpectrua of .- . .
. unscheduled, unanticipated forced outage events at U.8. LWRs. ... -
 -Analysis of the data base indicates that -unanticipated forced =
outage evente occurred frequantly (approximately 10 events per
reactor-year) during the 1974-1980 study period. ~Porced outage

- ~events not caused by regulatory concerns resulted in .an average -

108 availability loss pe:.reactor-year of U.S..LWR operation.. . . - . .-




“Forced sutage evénts caused directly by regulatory concerns
"showed & consistently 1ncreaslng trend, causing an average LWR
“availability losg of less than 1% in 1974 and 1ncrea”ing to o
‘fapproximately 6% 1n 1950. .

Tne -new onsite- and offslte aconomic: consequence models are-
employed in an exzample calculation to estimate the. economic

:”?frisks “£0r thesremainlnq 1lifetime of the Surry #2°plant. S PR I e

'°“analyses are based on frequency estimates for routine forced
‘outage evente (évents resuliting in no coré-damage) from 1974—

~-.-.1980 historical data and on the median core-melt accident -

-frequencies .and source terms from the Beactor safety Study
The present value of the expected costs of severe<accidents,tor
the remaining life of the Surry %2 plant is estimated to be '
- legs than 6 million dollars, which is small compared to the .
estimated present value of routine outage costes over the re-
maining plant -lifetime (approximately 100-300 million .
dollars). The expected losses from routine forced outage
- gvents are large ‘due to the high frequency (approximately 10 T
'per reactor-year) and large power production cost increases for -
"these events. - ‘Expected: offsite losses are small relative to
2§expncted ‘onsite losses at the 5urry sxte. even- for core~melt
accidents. ﬁ‘iz : : _

' The anal;ses of economic~risks from ‘LWR operation performed
onclusxons" '

.¢;Qith the new models lead Ato; thewfollowing

=~ tion of :core-melt- accident £requencies and conseguences is . -

‘operation are. dominated by high frequency. small
."congequencd forced outage, events. . Most of the cost of
“‘thege events results from reduced availabillty and--

capacity.factors ‘and the need for use of higher: margi-‘
alﬁcost~fuel sourceswfor generation of electricity

2.~:>The economic risks from LWR operation are aominated by
' oneite losses Ttesulting from replacement power costs . L
ifor 'short/duration ‘outages. -Severe accident economie % o
risks .are algo ‘dominated by onsite loseee including
‘replacement power coets, plant capital losses, and
- “plant decontamination costs. Only very low probability
-core-melt accidents with large releases of radioactive :_
. . -material ‘result in offsite costs as large as ongite . .o
L ;plant costs. _ Cogra

: »These conclusions have important implications for - nuclear power' ;
~-industry.operation and teguletion in the U.S. - Although reduc- .

;important ‘for-controlling public health risks, -economis anazlyees’
4ndicate that imited societal resources might be productively :
“uéed in ‘controlling routine forced outage losgses. Reduction o.zu.tr“
~goutine outage frequencies would also ‘reduce the frequency of - «» - = - .
_ plant trensients and would thus have gome impact on core- melt w@_;mv; o
" "acclident €requencies and public health risks as well. The_‘ ' R
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A-analyses 1nd1cate that focuclng U ‘pLeleat power regulation
_- - _completely on-severe accidents may be economically inefficient,
-~ --and-that- the most pzoduttnve expendi'uree for. .plant. improvements.ui
......might b¢ m.de tc increasse the ‘availability and capacity factors
of operating LWR units by reducing forced outage frequencies and
"¢osts. Also,’ expendltu es for core-melt accident prevention are
. _.likely 'to produce larger benefits than expenditures ‘for. systems
" which -mitigate the offsite consequences of .core-melt.accidents = ..
.. ... .since.a large portion of the expected costs result ftom ‘the
e loss of phy81ca1 plant
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CHAPTER 1

INTRODUCTION

L1a1 BACKGROUND AND. SCOPE OF REPORT ‘

The risk to society posed by po*entlal aoc1dents at comme;— ST

~-Cci al nuclear -power reactors in the U.S. has been a focus of -
-research -for-the. ‘past decade.. Significant, effo;tamhqvo,begg,

'fuade*to*eattmatafthefpotentialnpublic=nea1th¢impects¢ofosevetoffiJZLA"”"M
LWR accidents. Another aspect of LWR accident risk involves the

societal economic impacts or costs of an accident. Financial
risk measures can be defined independently of accident public
health risks, or cost measuresa can be defined to represent aill
of the negative attributes of the consequences of an event.
This report develops and employs analytical methods to investi-
- .gate the economic or. financial risks poaed by U S LWR

- accidents.* : ,

»ft:iﬁ,tent develooﬁents in the U S nuclear power regulatory .
process have créated a need for. analytical tools which provide’

~estimates of the economic risks of reactor accidents. The U.S.
"Nuclear Regulatory Commission (NRC) has recently proposed gsafety

é~~4w -goals-for-guidance.in.the.regulatory decision-making process.
w . .~-regarding.LWR safety. -The ‘goals include- crlte:ia for publicfmw.
‘health risks imposed by plant . operation.-a‘ong with a o

- cost/benefit«cziterion to .be used in-evaluating plant 1mprovo-_f

- ments for potential risk ‘teduction [NusOa, Nv°2a]. The NRC .
shoula incorporate information regarding both costs - and o X
-benefits (or costs-avoided) into decisions regarding LWR acci-
“dent risk reduction. systems. It is necessary to -understand the
“LWR economic risgk spectrum to estimate the risk reduction
potential of various plant safety gystem modifications and
develop logical -decision bases regarding the effectiveness of "

" plant improvements. . Also, -it is important to identify ‘the range f”?““

of events for which licensee financial incentives for accident
prevention exist 80 that regulation can be focused appro-
priately. . _

Rnothez 1ssue which han zecently been under reviev by the
- NRC 4g the insurance requirements for U.S. nucleat power
reactors. - The requirements for licensee puzchase of onsite

" property damage 4ndemnity -insurgnce have . recentiy :been upgzadod'ﬂ
by the NRC in-light of the expatience with severe accident costs

..c-...t. TN s ',;

at Thres Mile Ialand'Unit 2;5£P082] Requirements tor offsite

v* Tho terma “economic riak“ and "financial eigk®” are used

foregone and loasea due to accident occurrence.

synonymously in-this _study to refer to the frequencies and T
gocietal -costg. of -LWR events. Costg include the henofits“;Vtkji
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- ..property:damage liability., currently limited by the Price-

- Anderscon Act, have aleo been under review recently. 1t is

. necessary to combine accident cost and frequency estimates to.
evaluate the spectrum of LWR economic risk to be considered in
decisions regarding ~uclear power reactor insurance requ1rements. (

s Analysis of LWR ectnomlc risks is useful for decision making
f;g;Within~the U:8. nuclear power industry. The accident at Three
“Mile Teland Unit 2 dramatlcally demonstrated that plant licen—
- gees. may incur’ very 31qn1ficant ccats for evnnts which have ’
.ffnegligible offsite -costs. - Rfter the accident at TMI, nuclear - -
. industzy attention has focused on_estimates. o 'the financial.w;?:,uyg, o
risks borne by utilities which own shares of nuclear power
plants [St8l1]). T.ie nuclear insurance industry is also very
concerned with the frequencies and costs of nuclear powver
reactor accidents for rate-making and risk coverage purposes.

The goal of this report is to develop LWR accident economic
risk analysis methods and estimates for use in the regulatory -
deécision-making process. - Therefore, the estimates and methods
.. .developed focus on LWR acclident costs from a societal viewpoint. :
T Thére. are many.. groupa or organizations which . may ultimateély.bear - - .. .
‘some of the costs of an LWR event. The transfer payments between
parties which lead to the ultimate distribution of costs after
. an acclident ere addreesed in less detail in this report. The : -
_potential tiansfers after accidents are complex becsise of the = - =

T many groups ‘with an_interest in the nuclear power and electric

v tutility industries. “Societal ‘costs are estimated in this report

¥ accounting for . losses which directly affect the plant licen- . .. ...
.gee, the public, the nuclear industry., or .the electric utility o

: ”industry after LWR events. Clearly. a particular organization =

_ or _group may be interested in specific costs and not_ interested;,.~v- —

.. .in .other costs. based . on liability for loasee incurred.v Por- :

" specific¢ intereést groups it is important to carefully investi-
gate the distributions of losses in addition to the societal
cost estimates contained in this report. These issues are

 addressed in other-economic studies, but are not incluaed in -~
detail in this investigation.; C '

: Bocietal accident .costs are calculated in this report within
a probabilistic risk framework. One of the most important and
difficult aspects of this effort has been in estimating the
uncertainties agsociated with the cost distributions presented.
‘Estimation of .accident costs must necessarily involve informa- - o
tion -regarding accident physical processes, radionuclide release
and behavior in . the environment. ‘methods and coste for accident
.zitigation measures, " ‘costs for logses incurred, and future . ..
" policy decisions which would be made after severe accident
.occurrence. -‘Uncertainties exist in both event frequency and _
"~ 7 congequence estimatee for LWR accidents. Both subjective and

1-2



' are defined based on the severity of: LWR opurational events’

analyt1ca1 analysxs technlqaes aze used to develop rough esii-
mates of the uncertainties in the LWR economic risk values
presented in this report. <(learly, further research is. reguired
"to accurately estimate the uncertainties in LWR accident fre- v
quencies and consequences. As new 1nformat1on tegardlng L¥WR
accident risks-becomes available, updated uncertalnty €8’ imates '
should,be 1ncorporated S o

= 1.2 LWR EVENTS AND ECONOMIC CONSEQUENCE“

A w1de range of poss1b1e events can occur: during LWR opera-7:f -

tzon which dan have“societal "economic impacts’ ranging “from

benign to severe. Because of the range of economic conse- '

quences of LWR events, it is useful to discuss a spectrum of LWR

economic risk.- The spectrum can be represented by a distribu-

u tion’of'event frequeacy versus cost (or event frequency versus’
‘eeverity) An example of the LWR risk spectrum which is dis-

- cussed in thie report is shown in Figure 1.1. This distribvtion

©.:is a complementary cumulative frequency distribution of .LWR.
event costs whicu bhows the frequency of eVnnts resulting in

N_Cos t 8 g r ea t,e r t, han a BpeC 1 f i ed ma gni tude “'——_':'T‘—‘—"“ TR e i "" };:". foe :

1.2. 1 CATEGORIZATION OF LWR OPERATIONAL EVENTS f"

- The- events which comprlse the LwR econoM1c risk- spectrum aresé
~wdivided for:discussion in this study. Three ‘event categories .

‘which ‘result in. societal costs. - This division of the econonic"3*3;?9

~risk spectrum énd category deflnltions 1uged in this report are

~ - ‘shown "in  Figure 1.2. -The discussion- of LWE - -economic risk--
T "4ncludeés only” those events which occur during ‘the’ operatioxal Cee
--1ifeof -an ‘LWR and- not- those- ‘events. which mlgbt occur during

"Tplant construction or decommissioning.

A Event category’ I 'is defined to include all forced outage N
events at LWR facilities which do not result in core- damage or
significant plant ‘contamination (emall consequence events).
These events, some of which occur routinely during the life of
a8 nuclear power pl&nt are not scheduled or planned inmn advance
(in contrast to :efueling or gcheduled maintenance Jjutages). The
" events result in unplanned plant forced outage tim: (outage time
refers. to a time period of zero power production fiom the >
plant), and the. maximum outage duration included in this cate-
gory ie on the order of a few years.. The events in this category
“may result from -spurious plant tripa.'opetator errors, unsched- -
“uled malntenance: tequiremente. ‘external events, or a variety of-

~.plant system fallures. " There are no offsite radiation-induced LA

- - public -health-impacte or -property damage coscavtesultinq”ftomﬁw.Mwuawwf‘:
. these oy?n;a;iTalant:onpages c;used‘explicitly‘by regulatory
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3—i5*fordezo (i ‘e plant ehutdowne mandated by the NRC for regulatory l;‘fj;‘,§
- -reasons).-are "not . included 4in.-this category.but are. discussed N
-separately in-Appendix B.. . N e Lk

Event caregory 11 is defined to include LWR accidents o S
resulting in core-damage and poesible fuel melting but which do’;: R o
.. - not result -in breach of the -reactor vesesel or any significant S ‘ﬁé
e cs-pelease--of.. radioactive material to. the_ environment {nmedium eom~ .. o f
seguence evente). - These accidents result in the need for a T H
plant decontamination effort.followed by either repair or T h
- decommissioning of the plant after cleanup. LWR events result- - R
e ing in-fuel-damage- or core-melt are included in this. category. ... . .__ . p
° only if the reactor vessel is not. hreached by molten material - N
(i.e., vessel melt-through). There are no significant otfeite
health and property damage impacts resulting from category 1II R
evenus. Plant forced outages resulting from events in this - - -~
-categery are likely 'to last ‘many years if the plant ig o
repaired, or may be permanent if decommiesioning is begun o
o immediately afte 1 lant cleanup o o 4 C
e .. .‘Evernt category'III is defined to: include all LWR accidents S
’”—*f'~which ‘result in-severe- core -damage- andueitner -reactor vessel. .Ul < ¥
breach (i.e.. wvessal nelt through) or a significant release ot ‘ ; ot
radioactive material to“the: environment “(large consequence .- .
~ .events). -This category" includee ‘severe core-melt -accidents = RO |
.which. have -been.predicted ominate ‘the public health risks
:from. nuclear‘plant operation in-the u.s.. [Nu75a).  Sevare’ ‘acci-
o dents which a6 -not :reeultin’ releases of radioactive ‘material
>fw~_~to the ' environment :butid ifeault in reactor vessel melt- through
~“are ‘included in ‘this: category “The. accidents 4n thig category -
‘may result in offsite public health impacts and property ‘damage -
:m~coets. There {8 -a heed for. ia. plant decontamination and. cleanup
program before_ plant ‘repair-or decommissioning.a Theee events -
“have not -been experienced: An U.8. .commercial ruclear’ power plant
operation to date and are predicted to be extremely rare. v

Tt

1.2. 2 DEFINITION OF. "owsrm" AND "ONS'ITE" ECONOHEC S Lt
* CONSEQUENCES ”’t‘f'-*‘}' SR . Ve

The discuesion of LWR eccident economic coneequencee in thie
report ie divided based on the location of occucrence of
reeulting losses and the organizations directly impacted by
.'losses. ‘Two grcups of accident costs are discussed, -one -which .
" @NCOMPALHRS -mainly those’costs ‘which occur at offsite locntione
;and another which :includes losses which directly affect the -
plant licensee, "the nhclear .power industry, the: €electric utility
“industry, or: occuriat““n*‘te ‘16cations.~ This divieion :of acci- -
_‘dent coneequences {6 not Gtrict -in the sense that some costs may
firet -affect ‘the .plant 1icensee, and ultimately be ttansferred
to consumere et offeite locations. : e e e .

~-

B I



“Offsite costs”. nclude those coots wlxch dlrectly affect the
public .or.occur, at.offsite. locations. - The coffsite economic
_consequences .of reactor accidents Wthh are discussed 4in thie

_ rgport_;nclnﬂe_coatq_agaociated with the‘touptermeasures takento
reduce population radiation exposure afrzer a contaminating event,
“the offsite property damage .or losses which occur as & result of.
~an _event, the costs of radiation-induced health effects and health
- care costs incurred by the populaticn liwving at offsite locatlons.,f
_..and indirect or secondary. coots which may occur outside of . RPN
“contaminated areas at offsite locations. specific offsite cost
~components include. .population evacuation and temporary 'elocation Ny
costs, . agricultural product disposal costs,. -property. R TR
decontamination coets, land area. interdiction and permanent . PR
‘relocation costs, populdtion health. cffects and health care costs. p
secondary eccnomic effect coets, and offsite litigation costs. .. .
These costs are discussed in the development of LWR accidcnt
offsite economic risk modela. o ‘ ,

"Onsite" accident economic consequences include those cost .

' components which most directly affect the plant licensee. elec-g
tric- utilitieerﬂthe ‘nuclear power. . industry. .0F occur -at onsite -

locations. -The onsite economic consequences of reactor acei- .. . .

. dente_which ‘are discussed in this report include replacement... . .. . :l.7=

‘electric power ¢osté, plant decontamination and repair costs."f' N

. plant capital: costs, -early decommiseioning costs, electric utility.

.. .“business costs", ‘nuclear industry impacts, plant worker .
! dr)alth effect cos’ tigatlon-costs- which directly affact
eault of an accident., These cost

economic riek models.v;,

_ Methods for estimating LWR accident economic consequences
this study were chosen in anticipation of ‘three possiblei,‘w

: applications of the newlrodevalopad modols':gmqg - ;1{r?rﬁ;
"'1.‘7Estimation of the ‘absolute onaite and offeite ‘

S 'eeconomic risks poaod by LMR operation 1n ‘the U 8..

2. Blte- apecific analysis of oncite and offcite economic :;y?iif
- . risks for use - in regulatory siting.‘coet/benefit.,or ‘ LT
- giek reduction d@cisione. . . _ e

“f""“a.*;Generic and site apecific analysea of ofteite .
‘ . .emergency -response .coste and consequence reduction
- -benefite -for :use in decisione regarding emergency
ﬁ;plannin ,&nd ;poat- accident population .protective
~action mplementation. L e e e e
The projectodamode ﬂ,pplicationo aignifioantly intluenco the cholA
-of ‘@conomic conoequencegmoaols and accidont 1mpaoto which @ra . .
oxamined 4in this atudy.Au,. | , _ o e




1 OUTLINE OF nzpoa'r

- Studiec have been p@rfovmed to estimate the econonic risks
resulting from events in specific portione of the LWR event o
_.spectrum Chapter 2 of this :epcr*_zeviews results and conclu-

sions from previous studies concerning the economic risks of '
LWR accidents. 'Previous and coincident studies of epecific

zj;top*cs regarding LWR accident - -economic-risk -are discussed.

"Models previously developsd to estimate the economic conse—s'*v:“*u”f*;?““
_quences of LWR .eventse are also reviewed.» R '

Onsite costs of LWR accidents are discussed in Chapter 3 of

Fﬁithis ‘report (see Table 1.1). -Onsite cost component:- models ‘@and -

. LWR economic- tASK calcul&tions£e~The nevw . offsite: economic con-".

| laability and limitatione are discussed._
"ﬁcussed in Chapter5:of .this- report.vmhlstorical ‘U.$. nuclear -

.. ._are used to-eéstimate distributions of event. frequenciea and.
<¢w'severities for U.8. LWRs., ‘The ‘frequency. estimates are combined
. with onsite cost ‘models to ‘éstimate the expected’ logses from"

wuﬁcost/benefitmanalysia ‘of ‘offeite protective action implementa-
tion for gevere- acciﬁents.;fThe ‘expected locses -fron cOre—melt

estimates are developed for all uvnanticipated LWR events.
_Available models are combined with historical data, insurance
claim data, and engineering-based cost projections to form-
‘estimates of onsite acc'dent .«costs. Impacts which are not e
easily quantified in ecc.bmic terms are dxncqued ‘and uncer- - iU i
' ]tainties in event costs 1re also addressed ’ S '2'.~*<«

T The offsite economic consequences of severe LWR accidents
l,are difcuséed in Chapterg ‘of this report (see Table 1.1).
new offsite econsmic™ consequance model 1s developed ‘for use in

-gdequence model is compared»to ‘previous models. and data avail-

"The economic risk of small consequence LWR events is dis--

-,ﬁrplant operatingsexperience from the years 1974- 1980 is used ‘to:
estim2%e the freguency of LWR events in this category. The dat

small conaequence LWR events.  Potential risk- reduction measures o
- for small consequence LHR ovents are. alao diacussed -

The economic riske of medium and lazge consequence LWR
accidents are ‘digcusseéd 'in Chapter 6. -The newly developed R
onsite and offsite ‘economic impact models are applied to esti-- ~ -5

mate societal risks from the operation of the Surry reactor
- plant walch was studied in the R88 (Nu7%5a)}. Model predictions S
are compared with the résults of previous: studies which -employed -«
‘the CRACZ economic model to eatimate economic riske. The gen-
~:gitivities -of prudicted ‘offeite costs to source term 'definition -
- -7and- poat- -accident ptotective ‘Setion impleuentation ériteria are
-examined. uThe:ncw offsita cofit models are used “in an example ‘

accidents ‘are ‘Gompared-with losses -from less severe events to. '
-estimate the relative importance of low versus hich frequency *w&:/?
. ‘events. The lerge ‘uncertainties in the probabilitiea of severe R

LWR accldents are algo discussed. -
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-+ Table 171 - LWR Event Costs Discussed in this Study =

Chapter 3 .

-~¥ ’0 te Cos;s for Small, Hedium, and La rge Conseguence Evegtsi

;Replacement Powez Costs o zg~rm¢ S T
' .,Plant Capltal Costg <. T TrtuInTI Tl lm TR e ;' .-' ‘ :".";f.""" Tl
. 'Plant’ Decontamination/Cleanup Costs S
-- - Plant Repalr Costs
... _Early Decommissioning Costs. . . . .

-Oonsite Litigation Costs = " - & WY

Worker Health Effect Costs

Worker Medical Care Costs

Electric Utility "Business Costs" S S .
- Nuclear Power Tndustry Costs ~ ~ - =~ . - o o0

_ffChébtér,4; -

“Evacuation Costs
Tempora:y Relocation Costs

,DOcontaminatlon Ptogram ‘Coste
TLand Area Interdiction Costs

Public ‘Medical Care Costs.
“Public Health EBffect Coats
Offsite Litigation Costs:
,§QSQQ§3FY”;%P3°9.C°BtB
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" #inally, conclusions and recommendstions concerning the

predicteé accident economic :1sks and the use of models to .
estimate LWR accident economic risks are outlined in Chapter 7.
' Recommendations for further model deve;opment and applications

-of the newly developed mcdels are alec dlacussed,: U




”_estimates foz public protective measutes which may be taken o
. 'after ‘severe LWR accidents. :No estimates of- onsite damaqe or

_ 'possible’ secondary' offsite. costs from reactor~ accidente ‘Were:
“included in‘'the RSS.

.- (Calculation of- aeactOtwgccident Consequences) eonssquence~
*%model [Nu75b]‘“" : L Lokl e D S0 A

"fdecontamination costa cont:ibuted about zot..and land -area =’

;;coata of &. typicali
‘model - [Nu77a]_“ff”ﬁ

”5T CHAPTER 2

EEVIEW OF STUDIEb OF LWR ACPIDBNT ECONOMIC RIBKS

"The results of. prevxous Btudiae ot LWR accident economic

:r1sks are reviewed in this-section. The discussion is divided

into two sections which review studies which focus on °onsite"
ani. “offsite" economic conscquences or LWR-accidents:.

i2f1A PREVIOUS STUDIES OF LWR ACCIDENT OFFSITE ECONONIC RISKS

2 1 1 zgg REACTOR §AFETY STUDY [NU?SA NU?SB]

Estimates of the otfsite economic risks of L¥R. accidents

. are contained in ‘The Reactor Safety Study (RSS) [Nu75a, Nu75b]
‘which was sponsored by the U. 8. Nuclear Regulatory Commission
‘(formerly the U, 8. «~Atomic Enetgy Commiseion). - The objective - -~ .~ .

. of the RSS was to~ setimate the public risks. which result from . .7 i

" the _operation of .commercialinuclear power plants in the U. B.P,,“_ ‘

"< The' study~fozmeﬁ ~realistic- -estimates “0f=public riske from -~ =—:-

nuclear power plants and. cowpared these risks with non—nucleatw

risks in society.t, 5*>f%' ﬁf~4 .

EThe economic risk estimates containeﬂ 1n
the RSS are ‘baged on results celculated with the CRAC- ~ = -

o ‘The otfsite 1oas estimatea pteeented 1n the Rss include the‘f*
_‘costs of population evacuation, milk and crop dispoaal decon-
~+amination of contaminated - areas, and interdiction (or the.

prohibition ofthe use)of 1and .areas and tangible wealth and

xesultant population,:alocation from interdicted areas. - The .
need for decontamination or interdiction of land areas was
determined primarily by -concentrations of Burface—deposited
"long-lived isotopes (Cs-134, C8-137) in the CRAC model.: Por a RE A
very large release of radloactive material, evacuation and milk .

and crop dispoeal costs each contributed approzimately 10%,

"outside of directly contaminated areas.

W Secondary coéta tefez to potential accident offeite impacte WUQMfﬁﬂwgfgg
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ST The offsite prope:ty &amage tiﬁx prcfile est1mated for a - -
typical U.S. LWR in the RSS ie shown in Figure 2.1. Thé damage
" estimatee ghown are in 1974 dollare. & comparison of pzoperty
_damage risk estimates for an industry of one hundred similar-
- nuclear powez plants and for man-caused and natural eventsg in~
the U.S. ie shown in Pigure 2.2. The. majo:ity of man-caused - -
property damage resulted from fizer Natural events causinmg
- - significant property damage included forest fires, hurricanes, ~ . .. 7
e morrgndearthquakes, T - Nueledr plants were estimated to be about one -
' - hundred to one thousand times less likely to: cause: comparable -
- large dollar value. accidents than other sources. All of the
et DEOPErtY ‘damage estimates for LWR accidents ‘contained in. the
*'*‘Rss were“basad “on the accident economic consequeice model .
- contained in thi® CRAC dode which ié discussed and compared to
the newly develcped economic congequenhce model in Chapters 4
and 6 of this report. v . : :

- The ptoperty damage estimates included in the RSS provido
_important information concerning the off- site ecomomic risks
"~ of LWR core-melt accidents. ~Core-melt accident atmospheric
raaioactivity releases with an-estimated probability of .. ... .~ 7. .7
. 1X107® per.reactor-year were. predicted to result in ~$15 ;~*»;"v***wwﬁfﬁ»
?#f.f‘ “bi11ion (1974 dollars) in offsite costs. Core- melt accident .
o ‘releases with. p:obabilitiea larger than 1X10~° per reactor .
Year were predicted to result in lese than $1 billion dollats
e in offsite costs.- _;» - o - - _ CT

;;;ﬁa;;¢_; studies have been parfo:med since the Rss to rrovide it
- " “improved estimates of ‘the f:equencies ‘of core-melt .accidents fo:
..specific. LWR plaiits in-the U.S. " Because current . avclear plant
risk . analyeos focus .on potential public health effects of acci
o “dents, ‘no substantial effort has been made to improve offsite
~w-- -cogt estimates fOr “Ssevere LWR ‘acclidents. 'New models for esti-
R mating the offsite ‘economic consequences “of degtaded core and-

core-melt accidents at specific reactor sites are deve)oped inf

Chapter 4. of this repott.‘,_. o _ L - , ‘

e g s b s o pespsse m e or

Ce “A-model has been developed for the putpoee of. assessing the

"‘costa of emergency-countermeasures taken after &n accidental s
release of .radionuclides into the environment in the United 1zAL
Kinqdom {€181,C182)...The model estimates the lost contribuzion.
‘to Groes Domestic Pfoduct (CDP) caused by population protective
countetmoaauzoa mplemented aftor an aocidental :oleaoe. y,g

. - "he bae1c,a34 mption n&otlying the ECONO—MABC &odel 19 tbat
SRR itho costs of ‘countermeseures like land area-interdiction will ‘
. - be a fuaction of the area's contribution to Gross Domestic

P:oduct ptio: to tho event. Groas Domestic Ptoauct 16 a

e 22




F gure 2.1 -
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offsite economic risks from
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- Figure:2.2 - RSS'compariscn.of 'égd:hc:iriic -risks. from 100 nuclear
pcwer plants and other sources [Nu75a]l.
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'.Product Accounts (NIPAR) and reflects the level of activity in -

~an economy. [Sa79]}. GDF is a broad macroeconomic measure which

‘can- be used to estimate the contributicn. of a ‘epecific regisn
to national ocutput. The ECONO-BARC mcdel asseeses the. 1mpact

of countezmeasure iwylemenuation on zogional ‘contribution to R

CGDRL e

The lost conttibutions to GDP due to population evacuation,1

‘f;agricultutal Pproduct bhans, and permanent popllation relocation

'?which might result from a contarminating event vere included in ...

-the ECONO-MARC model. Two approaches to the estimation of" lost
" GDP. were accommodated in the ‘model; one based on- "detailed land

usage and industrial output analysia. and another based on
average GDP per-capita figures. The results of both methods of
analysie using ECONC-MARC are very similar for a rural site.

- Results calculated ueing the two methods differ substantially -

for a semi-urban site. The difference in estimates is gener-

.2lly large for very small areas and gets s:i:aller as the gize of .

- " "the area increases.  The estimation of GDP losses based on
—per~capita—informa*icn-i8 advantagesus because of its computa-

7. ~tional-simplicity .elative to.the land. usage approach which - .- .. .
_requires tedious manutl sampling of data points ftom detailed o
‘land usage maps.ix ‘ PRI

There are two- siqnificant ptoblems in the estimat1on of

U;accident 1mpacts using the ECONO MARC mo6déling approach:” Because
~.GDP. measures the rate of output in an ‘economy, it is necessary -
_ _to 1ntegtate GDP losses over time to estimate the total costs
T of post- accident countermeasures. . Projected GDP losses are.

"“'likely to be ‘temporary since the loss of production from a

specific region may be substituted by increased output froma
~different region, or from new investment -in the asconomy. This =~ .~
~adjustment of the. econony, demonstrated in Figure 2.3, 1s ‘fre- - -
‘quently observed after natural digasters and wars. The resil-

"~ ience of the U.S. economy ‘to disasters has been demonstzated

many times after earthquakes, hurricanee, and floods

- [ED74,Pe77). . ‘After severe disasters, economies of impaoted

‘regions resume previous or even higher rates of growth in rela-

tively short periods of time. Predictions of GDP loss due to

‘accidents are sensitive to the time history of economic recovery

_assumed, which is difficult to specify witnout very detailed
- .-analysis.. . Another problem with the GDP approach is that the

lose of regional tangible wealth. (or assets accumulated prior
‘t6 the -accident)-is not properly accounted fo:..pattirﬁlarly PR
those assets which produce output which is not directly measured

'fin market transactions. - Thias is a very significant problem ~a
‘sinee results ‘from the CRAC2. model predict tanqibla asget losaeagi

are very important. :

The ECONO-ﬁARC mode1 pzovides & b:oad maczoeconomic moasure

w”of the offsito 1mpactn of reacto: accid.nt countermeasures fot

measure ofieconomic output which is. used in matxonal Income and T
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2.3 -~ Temporary natare of GDP less due to population

Protective measvre implementation [Cl182].
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lifBritain ‘Model predlctlons are not dlrectly comoatable to CRACZ .

" econdmic- impaot predictions which-dre basged on mlcvoeconomit

-models and ‘assumptions which may be specific to .the U.S. . Also,

.the CRAC2 modelAestimates}the'di:ectycosts.of counte:measUres-
~such as-decontamination which are not considered in the
ECONO-MARC model.. Because of the limitations and accountlng

- problems in estlma’inq ‘the GDF loss reaulflng from LWR dCClwu
ufodents. thls approach is ‘not employed in tnxs study '

. 2.1.3. ESTIMATING THE- PO”FNTIAL IM?AoTs.035A7NUCLEAa REAoToR;H‘3;g_gV

. ACCIDENT- [Chs2]

A study has been performed to develop an industr1al 1mpact
model that can be used to estimace the regional industry- spec‘fic
economic impacts of severe nuclear reactor accidents [CaB82).
The impact estimates are based on reactor-specific information

“for core-melt accidents ané regional economic models derived

-~ from the Regional Input-Output Modeling System (RIMS-1I1)
-developed at. the Bureau of Economic Analysis -(BEA) . [Ca81]. . The

_ultimate goal of the investigation was to develop models which

~.could be-used to-evaluate the. potential impacts of Class 9_(the

"7 "'most =3vere) reactor accidents for Environmental Impact- State-g'“'u

: *~résu1ts -0f- interregional.winterindustry :analyses--in.the. .BEA.

ments.

Estimates of reactor accxdent impacts were. based  on the

- studies. . These-analyses.require large. amounts of economic. inout
data in the form of ir.erindustry transaction tables for each
epec1f1c region unfer contideration [Le66]. - These transaction

T tables were aefined in the BEA analyses baséd on county or SMSA* ' 7.

“.level data. ‘The RIMS II economic model was used to predict-
‘changes in regional" output resulting from changes in final .

. "demand .or. final ‘payment§ caused.by.a reactor accident: ~The . ‘- '~
- basic input-output methodology used and the results of . BEA ]

studies are analyzed in detail 1n Appendix C. _ Lo
: ‘Results of the BEA analyses for the St. ‘Lucie nuclear .
reactor site ar2 shown in Table 2.1. This table shows predicted

private sector employment losses due to emergency counter-

. measures taken after an SST1** accident at tae St. Lucle site-
- with a WNW wind direction. The "physically affected" area is

defined to include 31l areas contaminated by the releace of

n Standatd Metropolitian Statistical Area

**The 8ST1 accident category was defined for the Sandia Siting
Study to represent 2 sSevere core-melt accident which rezults .
" in a rapid, large release of radiocactive material to the

'»QWMenvlronment [Al82]... . Accidents in this. category result in

releagse of approximately 100% of the reactor corte inventory '
-of .noile gases and ~50% of the volatile tadlonuclidel in a.
--- very-short: time period s . .
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Table 2.1 - Results of BEA analys1s of an ; SSTl rplease w1th WNW
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" radioactive materiall fzom the ieactor plant The physically
~unaffected area includes 21l -other- areas around the.reactor: A
plant. ‘Table 2.1 shows that the SST1 accident with the WNW- windx"
“direction is predicted. teo result in ~§0,000 annual job losses
-'due- to the reactor acc1dent - The effectes in the physically
-unaffected area are’ predlc ed to be relatively small compared -
~to annual ‘job losces in. the phvs1cal y affected area

'*?:- The BEA” estimates of reactnr acc1dent industrial impacts
“were presented in tetms of annnal jobs lost. The impact esti-

- mates were intended to account only.for - the first year after 3'-‘ =

. core- -melt accident occurrence. .Also, many.assumptions.were:- o
L,required to adapt the LWR acczdent problem eo that impact esti—;

~tieular, the BEAR impact estimates were based on -areas defined
at the county level. The definitions of areags impacted by post- .
accident countermeasures either include or exclude entire coun-
"ties for ecstimation of economic impacts. Because this can ‘lead-
to significant changes in the definition of areas affected by .
‘accidents, the BEA -accident -impact estimates cannot be directly.
.. compared to: other ‘accident cost estlmafes. particularly those
-—w-from the-CRAC -0or -CRAC2 -économic models. Also, the usefulness

‘mates could be be calculated:using the RIMS-II models. .In par- .

of “Input-output analysis techniques for modeling non- _equilibrium

post-accident situations is questionable. -The input-output

~technique is ‘far too costly iand data-intensive for consideraticnfi}i.a
‘in LWR risk analysis applications which reqguire. sampling of hun- .’

"ljd‘ ds:of>meteorolo ical ‘cond

itions for each accident categoryAM

EEACTOR ACCIDENTS rSTBZ]

. Preliminary estimates of the financial consequences of
~ potential nuclear reactor accidents were developed as part of
‘the current NRC program to develop methods for estimating reac-
“tor accident financial risks. -The onsite and offsite financial
consequences of LWR core-melt .accidents were estimated based on
results of calculations performed with the CRAC2 econoric con-
sequence model and estimates of -onsite costs for worker health
effects, replacenment power, ‘and .accident c¢leanup costs. . Dollar

- “values were assigned to radiation induced health effects baﬁedv-ei**

on a review of societal -expenditures for life-saving safety ‘
‘measures. . Health-effect -walues .of $1,000,000 per early fatal-
ity, $100,000 per early 4njury. -2nd -$100,000 per .latent .cancer. -
'fatality were used ‘in-the: analyais.. Site-specific, life-cycle -
_.core-melt accidentafinancial risk ‘estimates were: develoPed for
reactor- site combinatione in the U 8. o




T--{,;.{,,h_;.ation. ~Assuming-a-core=: ..

e s AT L

s were uged to- calculate rigke ‘from core-melt acc1dents based on-

*,“plicationa 'Yield the-total-discounted-risks-in 1981 dollars._udq;;gi;:whf

‘components for the smaller ‘releases, and to -be comparable to

| dollars. The éstimated risks did not include costs for any jit?=“ﬂi
Vm:accidenta less severe than core- melt accidents..”?v~ LT T

" a core-melt asccident severity versus probability spectrum. The

L The study outl‘ned dl counting methods to calculate
giife -cycle core-melt aceident” economic. IlBkB ‘Thése methods -

-the remaining years in the LWR plant 1life, which ie assumed ‘to
‘be .forty years from-the plant. start-up date. This type of .

analysis is valuable for estlmating the ewpected ‘cost avoided Ny
- by installation of a specific accident prevention system in an
operating -LWR. ' Equations were presented for. calculating the. e
"life-cycle riskat a particular LWR based ‘on probability estiwruikuww:w?» g
‘wates for various -claseificatrions of LWR accidents. ~The - : »
asaessment or tabulation of site- specific accldent probabilitiea
waswnot addrefsed in the report. *ﬁ’f“ : S

“The mean total ptedicted risks from this study for the SSTl -
-88T2, and 88T3 core-melt accident releasce categories at the P _." i
surry plant are shown in Table 2.2%. Discounted economic risks :
_for the remaining productive lifetime of the Surry plant are - -
presented- in the table.  To caléulate the discounted present

value ‘core-melt. accident risks -over ‘the remaining plant. life- -

time, estimates of accident frequencies £y, f2, and £3 (per -
1redctor -year)-must -be-multiplied out :in Table 2.2. These multi—,'”‘

Onsite c¢ost components were predicted to dominate all other-cost..

other costs for ‘the SST1 release. The onsite coste were large
because it was assumed that the ‘plant would be decommissioned
~Replacement- power-costs- Were:
in*egzated over “the" temaining ‘1ife -of the reactor- plant to~f~~ﬂ;
estinate the loss of -benefit . to- gociety provided by plan'. oper- .
‘_?accident frequency ‘of . approvimately
10— per reactoz-year. the life- cycle core-melt ‘financial risk
at this plant is estimated to be on the order of 10° to 10”

: The results of thie study are useful for. estimating the'
financial -risks of core-melt.accidents at specific sites given

onsite cost estimates were based on rough estimates of onsite

w The 88T1-58T3 accident ‘source terms were defined in the
~.8andia Siting Study ([Al82) to repreeent the range of -
potential releases of radioactive material resulting from

. core-melt -accidente with containment failure. The SST1

~ release category includes accidents which result in

- containment failure :due: :to rrapid overpressurization and .

- release  of :a-‘large ftaction of :the core -inventory to the .
‘environment. -*The 88T2 accident ‘category includes core-melt’ .

" accidents with slight containment leakage. The SST3 releazse -

~category includes core-melt accidents followed by basement
melt-tnrough which result in small teleaaes of tadioactiva

“material and minimal orteita consequencea. - R

$ 210




b f [ " i v I
| @ Table 2 2 - Mean Financial Risk Estimates for Core-Melt Accidents ff :
i : at Surty Unit §2 [St82] w :

(mnat multxply by fl' fz. and f3 to obtaxn total~accident category
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omns’”

TOTAL
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1BOEF10X ], -

368E+10% /,

iﬂE+40xﬁ |
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1.16E408x f,

“3.53E408X 7

3.66E+10X /2

371E+10X /2

SST3

36TE410X fa ],

f

th’
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’societel coqts for ‘core- melt acuioente (1argc consequence
" events). -The report incorporated the replacement: power cost

" model which is discussed and. utilized later -in_this study.

© "A180, the ude of present value discounting in calculating

l1ife-cycle risk discussed in the etiudy is useful for the utiii—'j

. zaticn of rie) estimates in regulatcry decieion making

'T:ZF%'Z‘”"COPING KITH NUFLEhH POWER RISKS: ~ THEfELECTRICTUTILITY”

INCENTIVES" {sT8l1]

AS-a result of the accidznt at TMI 2 in: March 1979 much .-

””fintereet has shifted to the potential ongite economic conee-.er.,ﬂmm:~uff

“that utility eelf interest and the public interest in nuclear o
- -reactor- accident prevention ace coincident,__:ﬂt_éw_ L

" ‘coverage. The curves for: public riek shown in*Figure 2.4 are

. 'multiplying public health -effects by ‘constant: .dollar ‘values.”
~The valueg assumed for health effects and the expected values.
“‘of public risks are conpared to the expected utility riske in.
~ ‘Table .2.3....Based on the analysis, ‘it vas . arqued that utility
- - financial rieks dominate public riske.. R

.*5*2;3 SUMMARY - OF nzsunrs or PREVIOUS STUDIES

__Je«conomic consequences. of -severe LWR accidents. Three separate
- models have been developed:ito estimate thée offsite economic -~

.7 _guences of LWR-accidents. A 1981 study by C. Starr-and C. IR b
““Bhipple of EPRI [S5t81) estimated the financial risks from
- 'nuclear plant evente by interpolating between frequency-severity
-data from routine outages and the results of the Reactor Safety
" Study. The study included rough estimates of both the onsite
‘and offeite consequences of reactor accidents in estimating LWR

finar.-ial risk. . The results of the analysis are used to suggest ..

An estimated event frequency ve:sue forced outage duration

‘f,(or time to repair) curve wae combined with a cost versus: outageg7“3&.
. "duration curve to forr the frequency versus cost curve (shown v
as ‘cost _to the tutility before -insurance recovery).in Figure. 2.4

Curves were also estimated for ut 1ity risks with insurance _,;

taken from the Reactor Safetz Study [Nu75a] ‘and modified by

The need for coneideration ‘of both oneite and offeite rieke i;
over a broad range of poseible events was emphasized in the : \
results of this study. .Although the study was performed asing

‘scoping-type estimates of event frequenciee and costs, the con-

¢lusion that utility risk dominates public risk was determined

-to be insensitive to uncertaintiee in parameters. i

- T
Pzevious etudies have eetimated the rieks from the offeite

impacte of severe accidents, each of which employe a fundamen-

““¢€a11y ditferent economic methodology for estimation of accident ..~

. costs. The threée models, CRAC (or CRAC2), ECONO-MARC, and
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- RIMS-11, estxmate diffelpnt dttr1butes of the impacts of severe
CLWR accidents. ‘and ‘therafore their results cannot be directly”
cOmpared The -results of" previous studies of offsite-economic-
_,fconsequences and risks indicate a pctential for significant -
-offsite economic impacts for very lcw Pz obability accident
seqvences : -

. In light of the. accident at TMI- z 1nterest has’ ocused in
'large part on- the- potentzal onsite losses resulting from LWR

accidents. Recent studies performed at EPRI and Sandia National

.Laboratories have. attempted. to. inciuvde onsite costs in. examina- .

li*tions ‘of ‘“LWR "‘economic risks.  ‘Both studies-concluded that onsite -
—accident costs are likely to dominate offeite accident costs . =

- except. in ‘the case of very: low. probability core-melt accidents

accompanied by large atmospheric radionuclide releases. This.

'~nclusion is supported by the TMI-2 accident experience, where

offgsite costs (of evacuation only) were very small compared to -

.- the costs of onsite property damage and replacement power. To
.maintain proper percpective it is important to examine both

- ongite and offsite costs of LWR accidents, particularly in
performing cost- benefit or. zisk teduction calculations.




. Mthe plant licensee or occur at onsite locations are ‘digcussed .
_.‘in-this section. -Mcdels- used in estimating the onsite- ‘econom1e-

"include. power'produétion .cost :increases, reactor -plant capital
vw;investments lost, -plant decontamination costs, plant repair
o... COBt8,. costs due.to.early. decomm1331oning, worker health effect
..-and health care costs, -electric utility "business costs," . .
- nuclear power industry costs, and onsite litigation costs which
-.may. result from an LWR: event. “These costs_either di'ectly._w

.-power..industry.,. Or occur.at- onsite locations. and-are.the afo:e
‘considered to_-be onsite costs. Each ongite .cost component ig .

discussed in detail.
-pest-accident ‘cash

‘7;3 2 DISCOUNT:RATE USED IN ESTIMATING SOCIETAL cosrs L

- to ‘convert .all ‘cash flows which occur at different points in_,,,%v_, .
‘time to 'a common time ‘bagis. ..Standard textbooks on economics PR

. The .rate -of : sreturn:which can be -earned -on investments with zero.
. risk 18 defined ‘to:be.the . risk-free rate. (normallyetaken to be

VQMbills).. Risk.premiume.-are estimated based on the risk asso-
ciated with gpecific investments.. Higher levels of risk imply o
v_;higher risk premiuma.v,The xisk free rate plus the risk premium g:i-v

Vﬁ CHAPTER 3.

i ONSITE Ecowomzc cowsaguaucss oF. LWR EVENTS.. R R ST

LWR ‘event economic eonsmauencas whlch most dlrectly affect

consequences -of LWR.events are developed. Onsite cost componenta

-ﬂ,@re;estimgsgd;tgz;gggh;gaxegory of LWR oagpatienél;9!9nssf;;;uug;,;;;-753

1 ONSITE COST COMDONENTS DISCUSSED

.. The onsite economic conseguences which are impo= tant in
estimating the societal benefits foregone or costs caused by an
LWR outage .or accident depend ‘on the eever1ty of the event which
causes the loss. .‘The cost components discussed in this section

affect LWR plant licensees,. -electric utilities, the nucl

The' ‘discount -rate uaed in ‘the analyeis df
OWe. - ia also discuesed L a g

Presant-value discounting ie a method of representinq the ' 7.7
time-value of ‘money ‘in-financial -analyses. Discounting is used;il“

or finance review ihe basis and fcrmulas uaed in present value- y
discounting {Brs81, Ba79 Ar76]. o P T A

The discount rate used in financial analyses is. normally

 chosen.to represent the “opportunity cost of capital® based on ;ﬁfV”*
the level of risk associated with a particular investment
strategy [Brall.MMThia rate is estinmated by adding a risk

prémium £or-a given ‘investment .to the risk-free discount rate. .

the available real . rate: of -feturn on short-term U.S: Treaaury




g ;"“fr_w*the real interest rate. S  *:"77%’;Qrmf}

for ‘an investment corresponds to the rate of return which can

-'be €arned by’ ianstlng the same amount of capital in a different

.. . project with equal risk. B R R

Discount rates are commonly estimated from interest rates”"
‘charged in capital markets. - ¥Market interest rates include
‘@llowances for general inflation in the economy. A real
interest rate can be estimated fro- the nom1na1 (or observed;

. market rate using S T

'; -i:..A “:"f'1jLQA.fﬂf:’ R .
£ = li__:_fil.,- UL T L Ty
Taen

‘K A,the apparent interest rate observed in the economy. R

ﬁi'é;the inflation rate in the economy

1t de appropriate to- uge real discount rates in performing

~analyses of . future cash flows to avoid projecting future - :
“{nflation. rates. “and because real cash-flows and diecount rates
ahow lesa variation than nominal flows a 5 ' :

_sent the value judgement ‘of society for. consurption of capital =
" today versus consumption at some. point in the future. The rate
- can also be interpreted as ‘the opportunity cost of capital to- o
. .eociety for low-risk investments.  To o3timate the societal

. discount rate, the prime rate, which is the interest rate . . .

- charged by large U.S. ‘money ¢enters to thair ‘best business ; {ffijf

. borrowers, ‘{8 corrected for inflation to arrive at a real dis- .- s

- _of a 10% discount rate for ‘government decision making. There-_"“
~ "7 "fore, the soneitivity ‘of ‘projected costs to discount rate is

A esocietal’ discount rate i cnosen “in ‘this study to- repre- B

count rata, 'This real ‘discount rate has averaged approximately . I
4% per year- ‘in recent 'years.  This estimate of the societal

‘@iscount rate .is used in performing all prqsent value analyses

in this scudy.

The appropriate discount gate for present-value analyses

must be chosen based on the characteristics of the case under .
"consideration. The rate used in this study ray not be appro-

priate for analysts in:the electric utility industry performing

financial riek -unalyses for nuclear power Pplant accidents.  Im ¢ . ..
general, ‘the opportunity -coet of capital to industry is higher

- than the societal:discount rate [CR82). Also, the Office of
- Banagement ‘and ‘Budget of ‘the U.S. Government recommende the uvee-

.

8tudied using 0% (i.e., no diecounting) and 10% rates alonq with -

tho recommended 4% societal discount rate. - -

. V3v‘ 2




—m*»mnwenerqy ‘gource., . Tnezotore. because of the low marginal power

R IET I g papea e aeseryon-t st “‘W

3.3 REPLACEMENT POWER COSTS - . - .

spectrum Of LWR events is the incremental cost of replacement
~ power, or the production cost increase for supplying power to>4
~ the assoc1ated electric utility system during a nuclear plant
"outage. The net so6Cietal costs. resulting from the need to.

replace power which had been produced by a previously operating”“lffi' -

‘reactor can be wvery-.supstantial. The net cost is incurred

;”ZZ“”because power produced by operating- nuclear plants is cheaper‘“‘['“"-

o than that available fxom sources used for :eplacement ‘power.

The methods a"ailable for compensat1ng for the generating
capacity lost due to a nucleai reactor forced outage depend on- -
- the duration and timing of the forced outage event [Bu82]). For -
‘shorter duration outages it is possible that a utility would not
have to purchase replacement power but through short-term -
generation increases and load manageicent methods could meet the
_needs of its .service area. -‘This hag been identified in a recent
. 8tudy of the loss of benefita from nuclear -plant outages [Bu82].
.. Typical. utility emergency operating procodures for sho:t tern _—
outages (~1 month to 1 year) are shown ia Table 3.1. The fourth
.. 2item in Table 3.1 'is the putchase of emergency pouer ttom other
o _'ntilities. A,-z;,?eamenﬁun i o . S —

. For 1onger term. nuclearfplant gutages or permanent plant 97-

ahutdouns.{there exists an alternate set. of options to offeet’
the need for generating capac1ty ‘lost due to the: ‘plant” outage.

“Thege options ‘include -long-term purchase agreements with ﬂ91gh_“_g oi::”.

" boring: utilitiee. ‘Toad management “and conservation programs, .
~+defermenr  “planned. power plant. retirements, acceleration of

~ existing - dtruction schedules, addition of new capacity to tnenkgﬁlf»

‘utility c. dtruction schedule, -additional- interconnections in

‘the -power 9 1d -and the 1mposltion ot resttuctured electricity

usage rates. .. . ./ . : :
e

- All of .the available options fot compensating for nuclear
. plant forced outage time have associated societal coste. This

cost is incurred because nuclear power plants in operation have
very low operating and fuel-cycle coste reiative to foesil-
fueled unite. -Because large operating nuclear generating '
-units produce low marginal cost power, they are normally
employed in base-load generation of electricity and higher mar- .
ginal cost non-nuclear generating units are used to handle
variations in power requirements on a daily or seasonal basis. -
The loss of ‘pover generation from a nuclear generating unit
‘normally results . in the need to .employ higher .cost genetating
units, and a ‘net cost’ tesulte from the use of a more expensive

‘production costs of operating nuclear units, and their use in .-
meetinq base lo0ad requirements, any forced outage is likely to

= reault 1n gome -net power production cost increase.

S Aryg v Gt

One of the most 1mportant cost'oomponents over “RUEH “of - tne o




.,Table 3 1 - Typnal utllxty operatlng procedu:es for

short duraticn outages. [Bu82}.
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Because of the vari Lion 1n methodc and fuels ueed for ggnez,_,)f

erating replacement powe' in different parts of the U.S., the.
_costs of replacement pcwer for nuclear plant outag@s will vary
depending on plaat location. In estimating the losses from a
.nuclear plant forced ocutage event, the plant location and likely
pix of units to be used for generation of replacement-power must

be accounted for. Also, the- availability of interconnections andkg_;_
";ﬁ power transfer mLst he connidered along with. the. availability of oo

excess capacity to be ‘used for replacemrnt power generation

n thie study it is aseumed ‘that. exceee capacity exiets for.

'generation of replacement power for.a given reactor plant or sitefil”“

forced outage. This: assumption irs justified given -the current
‘gtate of power productive capacity in the U.S. [Bu82). However,
~if in some epecific case replacementlpower for a nuclear wunit
~outage was not available, then the societal costs of decreasec

- power system reliability ané supply shortages must be considered.
This is discussed in the study of the loss of benefits from ‘
’ nuclear plant outages [Buar],v

~There are other potential coets resulting from the production'lv

of replacement’ power for nuclear. plant outages which are not .
.estimated in this report. Increased mining. shipment - and burn—
inq of replacement £fuele may. reeult in.impacts .on human health '

-and eafety .Als0, ‘the increased use of foseil fuels’ could resulti.Ii'

“4n environmental
climate effecte

ffects such as acid rain or CO, global
potential ‘losses are treated as
ot included in " the estimation of

r:um3 3 1 SIMPLIFIED MODEL FOR NUCLEAR PLANT OUTAGE PONER
' PRODUCTION COST INCREASES B

A simplified method for estimating the societal costs
"resulting from nuclear power plant outages has been developed. in
a previous study [Bu82). A detailed loss of benefits analysis

- requires data-intensive models'that_simulate the characteristics
of a particular utility affected by a plant outage. These
detailed models include regional load growth, expansion plans,
rix of generating units, and emergency options which might be

~ -available for a particular utility. The simplified method for

- estimating reactor outage costs is intended to provide rough’
estimates of the production cost increaeee for a specific plant
outage. S - 4 _

“The eimplitiea model relates firet year power production cost»f;;ff]

increaees 'to -the ‘fraction of replacement power from oil-fired- o
power plante and non economy* power purcnasee. The simple model

';* Non- economy power purchaeee refer to power generated by

higher marginal cost fuel sources (eé.g., gas turbines)



relationshlp between cil- Flred and non- economy replacement -
. power - fractlon and. the power. prodnctlon cost incrs ease - due to a
full year of" reactor outago time is’ shown in Figure-3.k. ~Also’
“sHown is the range or results from detailed loes of "enefits
- case studies from which the simple model ig derived.  The data-

from the aaalyses are.not sufficient to. develop’ a detailed

relationship, but the data do provide an estimate of the o L
importance of -the- fractlon of--replacément power-£rom.- .xuxmelpunkeﬁwwrf
nén- economy “sources in detsrmining production cost increases o IR

" Beyond the ‘first year of forced outage- duration, the yearly -
v -power production cost_increase .can be. mod1f1ed for real cost o
»_”“,escalation to estimate the total power production cost ‘increase =~ T
for long duratlon plant outages : S

In order to use the relationship in Figur° 3.1, it is

‘necessary to estimate the fraction of non-economy purchases

for a specific plart outage. ©For the purpose of this study the
average fraction of replacement power from non-econcmy pur-
‘chases within each of the National Electric Reliability Council
- (NERC) regions is employed. The NERC regions in the U.S:. are
~shown in Figure 3.2, along with the average tractlon .0f non-

~ economy replacement ‘power purchases for each- region in Tabla -
.3.2 [BuB2]. The average fraction of non economy parchases

L varies w1de1y across the NERC reglons

Given an estimate of the fraction of oi1 fired and non—'

forced outaqe ren be calculated by 1ntegrating over the outaqe
duratlon'i-~- _;;,“; SR R, T

F(t)e rtdt ' e (3 .2) - B

where

,er‘..,enpreeeht discounted value of production cost
~ increases over the outage period (198: $).

F(t) = unit production cost increases of Outage
. .versus time ($/MWe- year). :

'.Ms“fffhﬂelectrical»generation rating of reactor
'involved in'outaqe (Mwe).

€ _T[_gﬂassumed capacity factor of plant had outage
- rlinot occurred (%)._;

';rlrif%efreal discount rate (per year).

SR 't;,i," start. end time of reactor: plant R
R : ,vvn_,,-u.eoutage. B
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| Figure 3.2 - Regional ‘Electric Reljability Councils of,
o National Electric |Reliability Council [NaBl)i.. .
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Aver@.ge Fractlon of 0§!~§‘§?ed and Non-Econcmy
_'}Replaeement E"erw by NERC Regﬁcm (PuﬁZ]
- -National Electrie - | - Percent of R@:plaeemeut En_ergy. .
.Bellability Counefl _ from Oill-Firsed Power Plants and
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® 3ased_on ANL. loss-of-beneﬁt etndlee (Bu82] Dsta from other r@ons derivedj_ R
[ _:nom [NA8),DESI]: S
“** Over a ten year ontage period “the replacement fuel for a known outase wonld
" -change a5 utilities make firm arraggements for power transfers. The regions having = ..
- .the higheat dcpendeace on: Mgb-priced fuels would be the most likely to change | ~
-over tune ln geneml replwement mpadty would pot be avallable in lesa thsn 10 -
years. e e e e - e e e




‘The &imple model wag derived”in the loes of benefits study on'Hm

_the. assumption that the plant would have operated at an average .
o capacity factor of 65% had the outaqe not occurred

The real powerx production cobt 1ncrease as-a function of
time can be specified - TWO:- Cases of imoortance include the ;nni
_assumption of zero growth in real power production. costs

(F(t) = constant in equation 3. 2).,and a constant regal escala-HFHV*
.tion. rate of -power production cost ForAtne latter_case.the oL

production coet model becomes"

o e e
R AT o gl JS RN SR

5]

“ “This is the form of the model which is used in this etudY- Vith

e 't,‘ : . S e o
) o MeT T e
_-Db— — f Foe—(r Q)tdt R ¢ T ) T
X _. N Do e ek T 65 I - . - Lo L. R . . [P . - - ...H
Rl . |
or, o
- MR, le (r-g) *_g-(r-g)"2 R
Dp = —— — (3.4)
BRRHR 65 - - {r-g) - . . ‘ S
| where
'}ﬂP; a power ‘Pproduction cost . increase at timeeeem~Q;
: zeto (8/MwWe- year),;_A e -
'“";1‘fiﬁ:;;,f;7fﬂ““, real escalation rate of replacement power

: coste (per Year)

F, estimated from the average fraction of replacement pouer
supplied from ‘non- economy purchases (Tnble 3.2).

It is important to recognize the limitatione and aseumptione .

which underlie thée éimple model for estimating power production
cost increases due to reactor outages: _ v V ‘

‘1. The model is intended to provide estimates of the
-~ power production cost increasee for long-duration
Vouragee &t ‘nuclear power plante.

2. The model does not account-tor utility-specific
characteristics such as fuel mix, excess capacity,
load curves, and alternative options which could be

*Zemployed durinq plant outeqee.




- ‘The cofrelation between replacement ‘energy from mon-' " . T

-econony purchases- and the production. cost increase due
to the first year of . outage time is bhased only on- a: '

‘“;range

of values observed 1n detailed case studles

- 4. The- average (non uti’ity pecific) fvact*on of
‘ non-economy . :eplacement power purchasee for an NERC _
_teqicn is uEed . zn thlﬁ 8Ludy.

*‘~5;‘vThe “COBT estlmates are- based on studxes performed at a
= " time when fossil fuel prices were high relative to- SR
. -nuclear generatlon costs. Drastic changeées in world
“oil prices or other fossil fuel" pricea relative to-
nuclear generation costa could change the baa;s for ff.,'"”'
“ -‘the model. - -~ - _ . T T

6. -Exter

nal replacement power costs such ae env1ronmenta1

-affects are not: included in the model.

»-;_--The;simple-heplacementvbower'costamod61 1s;ﬁséd.fo: outages -

‘of less than 10 years duration in this study. The model is also

used to estimate the coste of short duration outage events

(<1l year).

‘Thig is-an-extension of the intended use of the- -ﬂ?ﬂPn,-*‘**?““

“model since it was 'developed for use in- modelinq production cCo8L -
increages for long duration outages. The model does not account
for daily or seasonal effects which might have important impacts
~on"the- "COBtE™ of ‘shortoutages, or-alternative-measures-to-alle=

viate the need -for- ‘feplacement -power. ‘purchases -{Bu82) .-

There-f

fore, the Bimple model could: siqni‘icantly overestimaté tre .
" costs for very ‘short duration-outages. “However, .the model ie

‘analysis

'i aporopriate ‘based ‘on . other. uncertaintiee in the event cost™

performed ‘in- this study.  For plant outages lasting

“moré ‘than 10 years or pérmanent plant shutdowns, ‘the power- pro-'
‘duction cost increase for the -first 10 years is combined with .
“the capital cost model ‘discuseed in the following section. The
. replacement power cost model ie also used to estimate power

"purchase’
“glrei-

costs for multiple unit plant shutdowns at a Binqle“-;fa

- 3.4 REACTOR PLANT CAPITAL INVESTHENT LOSS AFTER SEVERE
' ACCIDENTS o

For some LWR events. plant damage nay - be 80 severe that the
reactor would be permanently shut down sooner than originally -

B planned,

thus ehorteninq the producti;e lifetime of the reactor

plant. -In these cases, the entire capital investment in the
“-plant may not ‘have been tecovered, ‘80 some part of the: .capital -
‘cost of the plant represents investment lost. The normal method

- for accounting for ‘thie loss would be to calculate the depreciated .

3.1




plant. ~After :the new" replacenent plant '8 constructed and - .
- -brought on line. ‘tho capital costs of the new plant are inte- ..
_grated -for the remaining lifetime of the original plant at which

;,mated 'in .this study by 1nc1uding -replacement power cost
“increazes and-capital

increases are’ integrated for'a period ‘of 10 years ‘in which new

_costs of the new plant are integrated for 12 years after -

-plant. It 1s.-assumed -that a' nuclear plant would be built to
*_preplace the damaged plantffor -ease of cost eetimation. j .\,»4

"L;nuciear power plant at: tne time of plant startup ie esaumed in ot

ValnefOTrtheﬁreéct r;plantﬂat the time.of the event: The

~.remaining book.value of the plant is a loss after an event which: -
Lresults in early permanent shutdown e » C

For example..if a nuclear plant 15.18 years old when an

event causing permanent -plant shutdown occurs, and the antici- ,
pated plant service lifetime is 40 years. 22 years of societal -
benefits from plant operation are lost.due to the event. - To

“dccountfor this physicel plant loss using traditional. methods;

‘the initial ‘capital invesiment in the plant would be deprec1ated

- over. 18 .years. using a.specified depreciation schedule (e. g

igstraight 1line; sum-of-the-years Qigits, _double- declining It
- -‘balance). .This- depreciated value. -should. .represent -the remaining

- value of the initial capital investment. Unfortunately, stan- .~

dard accounting depreciation and plant lifetime schedules are

" accelerated and shortened to allow for earlier capital ‘depreci-

ation tax deductions. Therefore, the depreciated capital value
estimated using this method ‘may be zero. Also, the possibility
of investment appreciation 'i8 not accounted for in estimates of
book value ‘using depreciation schedules. Therefore, the stan- = -

E*dard ‘accointing book value ‘does not truly represent the poten- - A
- - -'tial future societal benefits of plant operation which are lost s ocoe
'Tiﬁduepto the. accident. - S LT . Nt

“The net,societa rcost of permanent plant shutdown is eeti~

vecessary -to. replace .the - lost-
ant Power production cost

.productive. capacity 0

productive capacity icould be.built to replace the shutdown.

‘the accident occurred. =“In .the. .example, . the annualized. capital

completion of the new plant. This cost {8 added to the" 10- year
integrated cost“of: replacement ‘power purchases necessary while
the new plant was under .construction and 'non- productive (Figure
3.3). Thus, the net .societal cost of the plant shutdown

4includes 10 years ‘of replacement power purchases, and 12 years

.of new plant capital amortization. Costs beyond the projected

productive lifetime of the damaged plant are assumed to be
similar to those incurred had the accident not taken place.

Therefore, the time horizon of concern with this approach is

1imited to the remaining productive: lifetime of the original

The preeent valne ot-the capital coeta ot afnew 1000 HHe

o 3=120




Flgure 3 3 - Replacement power coet increases and ne@ ‘
teplacement plant capital costs . in’ eyample problem. :

1 CQp&tal coeta ﬂor remalnder
of old plam am .




“"this study to be J’billion 1982 dol]ars . This cost esti-
- . mate-ig used to-estimate an annualized capital charge over- the .
: 40-ysar plant 1ife using standard present value discounting.
It 48 assumed: that ‘plant capital costs are linearly dependent
“on plant electrical output rating in the analysis.- No.capital -
g coats are included for accidents which.rssult in replacement.
~-power purchase petiods of less than 10-ysars.. Capital costs are. - -
. only estimated for severe reactor accidents (category II and III
‘ygmmé_events) which might result in early permanent plant shutdown.;‘f“~“
R ¥ {2 ptesent discounted cost calculated using the above ‘
method includes the value of the physical plant loss. and power -.. . .. . ...
 production cost . ‘increases assuming. that .excess capacity existe . .
, ~"which can be used for replacement electric power generation © -
“.o-i--during new plant construction. The ¢ost reflects the use of a
non-optimal fuel for electric power generation for the 10 year"
period in which new capacity is not available to replace the
- damaged plant. However., 1f for: some reason sufficient excess -
~capacity does ‘not exist for replacement of the lost generation 5
capacity, ‘then the above method must be modified to account for - ' - - .
the costs of ‘poténtial electric power supply shortages (i.e., =~ "~
‘brownouts, bdlackouts) which are not included in the simple
replacementﬁpowet ‘cost’ model -

e enin B . B RO to P e . . - S : .
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1' 3. s PLANT DECONTAMINATION cosrs

o

_ After“a serious accident at Ty LNR facility (medium or .
A%large consequence ‘event) it: ‘may be necessary to’ decontaminate
© " areas within the power plant which have .become contaminated with:

© v radloactive: ‘material-released. from the reactor icore. Cost esti-
' mates for the decontamination of _areas within the reactor plant
-after serious accidents -are feviewed in ‘thies ‘ection. These
costs are. negligible for routine forced outage events.,,h.ﬂ o

-

" 3.s.1 PLANT 'DECONTAMINATION COSTS FOR CATEGORY 8 EVENTS
: - (MEDIUM CONSEQUENCES) R

A flowchatt fot post-accident actions following LWR events
. of differont severities ies presented in Figure 3.4. After any
severe LWR Aaccident the facility must be brought to a stable -
~-condition. "The stabilization of plant systems would result im
small incremental costs relative to the costs of clearup and
~zepair or Jecommiusioning ‘The costs of post- accident plant
. decontamination k¥4 ) discussed in thia section. R

3 s. 1 1' M= zmhccident “Bxp rience'*““'*‘*

The*expsrience qaincd to date with the cleanup of the
accident at ‘Threo ﬂile Island Unit 2 provides a source of




4 - F}.ow ‘hart of post--ag,f,xdent actlons for
LWR evert cabegorxev.
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_1nformat1on regarding medium consequence reactor accident

h;?ﬁcleanup/decontamination ‘costs. The accident on March 28, 1979_
~.resulted ‘in-significant fuel claddlng failure and- perhaps some

s ec01dent

~ fuel- melting«ln -the ‘reactor core reglon ‘The. auxiliary and .
“containment buildings for Unit- 2 were - contaminated ‘with' radio--
active- material released from the reactor core durlng the

'LSeveral tlme and cost estimatee for the TMI 2 recovery wvf%ﬁfiih”

”—gdprogram have been developed as the cleanup procees continues.;}

- Because the - process 'ig a learning experience, cost estimates’ and’
C'program: plans ‘muet be continlally updated.to reflect. new. infor-;-

©7_ ~mation. : The-cost-estimates presented -in thies section are based

. cleanup due.to-the lack of available “funding for the recovery’

..on Rev1sion 1 of the TMI-2 Recovery Program Estimate ‘dated - “'f””"'*

SJuly, 1981 [GP81]. ~ Updated recovery p.ogram plans and cost D
estimates have been prepared but the cost estimates are not

, significantly different from the'1981 estimates.

_ The estimates of the cleanup coste for the THI 2 unit
1contain allowances for delays resulting from problems in
financing plant" cleanup and regulatory concerne. ' Revision 1l of
.the recovery program plan includes a_longer time for plant '

s program.. ... The. extended ‘cleanup program-plan incorporates higher

.. CO8t- estimates for base plant operations .and maintenance which . .
- must be .performed throughout ‘the entire cleanup process regard-

”*;less"of.tneﬂtotal program duration.. There are distinct cost :

ifwadvantages to: completion of the cleanup program in the shortest o
'<p0351b1e time period ST _ N S S ~

The cash flow diagram ior ‘the" estimated coete of the TMI 2

f}decontamination ‘and cleanup program is shown in Figure 3.5. The,_'x“

 cash flows.. ‘represent.total. undiscounted costs in 1980 dollare‘d,‘;rg;usw

"“for-‘each year measured -from the time of accident -occurrence®. ..

The -estimates include costs for disposal of radioactive waste._
except for the reactor core which is to be stored in the Spent
Fuel Storage Pool. “The estimates do not include allowances for
‘reconstruction or decommissioning of the reacior after cleanup.
The coste for man-rem incurred during the cleanup process are
also not included in the total cost estimates. However, the
projected cleanup effort is predicted to result in ~30,000
man-rem to workers, which is a emall contribution to the total
,eetimated cleanup cost.__' .

The net present ‘'value of the TMI- 2 decontamination and _
~cleanup coste per Revieion 1 of the program plan is estimated

"-Cost*estimatesftdritheJ1979+1980 period are combined in ‘
. Revision 1 of the TMI-2 Recovery Program Plan. The total cost
for 1579-1980 has been scaled by the actual duration of the '
.. kecovery program in 1979 and 1980 to estimate expendituree in
’.these yearsr_»r,w,,m, :

T 3-16




Projected expendi TMI-2 decontamination ..
. -prOgram. .versus. time [(GPS1}). - . ... :




it 2

.z ..using discrete escalation and discounting: - -

R - . . 1 - CLe . B S et e e e L
P T (v A

“éls the net“present Value of decontamination costg at ST
the- time - of acc1dent occurrence N e LT

n = the vyear measured from the year-of accident-occurrence.
, m‘vs the year of the completion of the cleanup proqram.iyu

o Cn = unescalated undiscounted ‘program cost estimate for -
' year n after acc¢ident occurrence. - *—~4 - ST

i]}d?fa real escalation rate for program costs (assumed -~zﬂ~vf~~j-
'_constant and. uniform for a11 coets).m'";_wﬂv_‘w_‘ LT

3 ;“i= real discount rate for proqram coste. . .

o General-Pubiic Utilltiee (GPU) estimatee o{”total pr'nram costs4”””“*“”““
.. are computed using .then-current dollars™ (irel, not in constant .
. dollars). 'The GPU estimates of the coste include.cost escala- - ;' ~
77 . tion on Bechtel work of 9% per year, and cost- escalation on GPU . . ..
'~ work of 8% per.year. This leads.to the GPU estimate of total 7 ¢
';‘undiscounted decontamination program- Ccosts . ot approximately o -
- $1.0x10% dollars. ... - ... Sl e e L

I

The cost. projections used in this study are based on con-
stant dollars. The net discounted. cost of the decontamination
and cleanup program for the TMI-2 accident versus the real L

“discount rate is shown in Figure 3.6. The discounted cost is:
sensitive to the discount rate chosen because the program is
vplanned to cover an 8 year time period.

. The conatant dollar diacounted and escalated cost of the - - -
- TMI-2 decontamination and cleanup program ig ehown versus the -
-parameter (1+g)/(l+r) in Pigure 3.7. 1If the discount rate
chosen 1s.equivalent to ‘the escalation rate chosen, ‘the dis- -
counted cost is the same as the total unescalated, undiscounted
__.constant-dollar cost’ estimate. .For & 4% recal discount rate, and.
- .870% real. ‘escalation rate. . (i.e.. no real growth 4n costs), the
.net present cost of the program as plannod is ~750 million .
1980 dollars ( 950 million 1982 dollars) . '

?inally.‘the seneitivity ot the total cleanup cost eetimate‘*"

.;.3;161,x-,.“.
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F .gure. 3.7 Total pro;e;ted REIVE-Lak of TMI=2 decontammatlon

program 1nc1uu1ng escalatlon and d1sc04nt1ng.
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_for 'the TMI:2 accident. to the time period of the cleanup process.
The "cold icon" cost of mairntaining the.

is shown in Figure 3.8.
plant in a- stable condit1on without any’ decontam1nat10n activi--
ties was assumed to be =40 willion dollars per year (RaB3). '
~-The -amount- est1nated to-be-spent-above: thxs amount was. gcaled -
“to. estimate -coscs for a 4 year and a 12 year program duration
Dlscounted cost estimatec for the 4, B, and 12 year decontami-
natlon proqram durations .are shown in Flﬂure 3.8.  This figure

‘shows that a rapid, efficient program coulad reduce the ‘deconta- =
m1nation costs substantially However g1ven the regulatory and :

dent 1t ‘is unlikely that a rapxd cleanup progran could ever be
car:1ed out.,; SR I o

3 S l 2 PNL Posf Acc1dent Clednup Study

B-study performed to estimate the- post accident’ cleanup and
- decommisgioning costs for a reference PWR provides a source of
- information regarding .severe accident cleanup costs [MuB2a,.’
MuB82b].  The reference accidents, estimated manpower require-

. ments=for cleanup;-and -estimated-.costs for cleanup-from. the e

etudy'ate'shOUn in Table 3.3. The reactor core is assumed to
gtay’ w1th1n the ‘reactor - vessel in all of the reference’ acei

‘dents. ' Core-melt accidents with reactor vessel melt-through are.

o not con31dered.- The cost estimates for. cleanup of the accidents
“ate based onthe” assumption“that ‘arapid,efficient ¢leanup "

‘program 'is possible-using available technology without financial’ .
»ﬁfwor “regulatory.. consctaints.l_The cleanup cost estimates for them”Mwmw;;m;ML

severe accidents congidered range from $76-378 million 1981

dollars and total preparation and cleanup periods of 3-8 years.

The cost’ estimates do not include estimates for research and.
“development program expenditures which have added to e COSLE
to a scenario 2 or-3 accident as defined in the study. The
study predicts that the cost of cleanup of the TMI-2 accident

could he lese than haif of current GPU progrem estimates. How-

‘ever, it is unlikely that these optimistic cost estimates could-
be achieved based on regulatory and financial considerations.

3.5.2 PLANT DECONTAMINATION COSTS FOR CATEGORY III (LARGB
~ ' CONSEQUENCE) EVENTS

o It is necessary to estimate accident cleanup and decontami-
nation costs for an_accident which results in full-scale core
melting and subgequent breach of the reactor vewsel. Mo his-
“totical data or projected cost.estimates for onsite decontami- -

"nation exist for such events. The dominant cost contributor tot ‘N'

-eleanup-of-these-events-is-likely-to-be-the cost-of-working in--
high radiation environments. Experience at T™™! has shown thsat
each man hour apent in hlgh radiatlon environmenta requir@e

3-21
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Table 5.3
Remltr of E’N‘L Study of Pont-Aceldem Cleamnp Cm [Muszbl

Eseﬂmated Parameters

Bemario l Aee!denl

Beenuﬂo 2 Aeelde.nt

Seewio 3 Aeeldent '

et Daptn

Aa accident which o
- "results in- 10%
l‘ne! cladding fmilnu,

Bo fael melting, |
modemte wntnmlnaﬂon
-j of the centalnmens

An wcident wh!ch
| results in 50%
ji‘nel clsdding failure, -
i some foel melting, :
utenain radioactive
eonsamhation of the

An aecident whlch
rewl&a in 100% '
, fne! cladding fmlure, .

dgniﬂc&at fuel mdsing and

core damage, severe
radioactive mnsamma&lon

. Anddaat Cleanup

buildiag, sedno | bnlldhg, moderate: of the containment ;
dgalllmm phnlcal , cunt.amina_tlol of thc building, moa!em&e
" demage to | suxiliary and fuel contaminstion of the
i buildlngl and ' buildiags, and only _suxiliary and fael |
‘ equipment. | : ininor physical damage bmidings, and mmor
‘ -« oo b i s buildings physical damage to ,
o o - and eqalpment. umceura and equipment.
Total Moapower R :
Reqnlred for . 405 mian. yma | 1823 man-years 3564 man-yms P
: insﬁon Peri-o%l%or lSycm P ,; . . 2.5 yesrs . 3.0 :eMg S
|___Clenaup Program L O
Q!afaagp Program Duration -ILS_Jg.a!_a P 2.8 years 5.0 years .
Total Time {0 Completion 3.0 vears .5.3 yesrn _ 8.0 years
Estimated Totval Aceident |~~~ .. . - | - S
Clesnup Costs - $78.0 million - $200.2 million : j83?8.2 willion
{1081 doliars) | i - f‘j ' 1
rﬂﬂﬁma&d Decommisrioning] - L
Coata Following 888 6-358 8 mil!lon 852.4-879... .3 llmn 819.3-3105 8 mil’lion

. Raane i based o8 . 'terutlve deeommissioning methoda of dhmmnement mfa asomge, or entombmen& ef
penctor plsnk : . Do




T an. addlt1ona1 10-100 man hours in prepa:atlon. regulatory, and .
- .related activities. After a core-melt acc1dent with reactor
©.:vessel melt- through the rad1atxon fields ‘within the plant con-

tainment could be much hxgher than those observed thhin the
TUTMIL plant ,

Based on these considnrations and exp@rlence with severe

- acc1dent cleanup costg, it is elmost. certain that cleanup costs,:”
~would be greater after a core-melt event than after a degraded

core accident confined to the reactor vessel. Thie is based on
the: dssumptlon that permanent entombment of the plant in place

- after: the’ acc1dent ‘would be an unacceptable clesanup altetnative?4»;§; _

As a lower bound, twice the optimistxc ‘estimate of ~400 .
million ‘dollars for cleanup of a degraded core accident is usedf
‘for cleanup of a core-melt accident with subsequent vessel
breach. As an upper bound, it is assumed that the ¢oreAmel;_‘ -
, acc1dent could result in a factor of 3 greater cleanup costs

- than the ‘accident at -TMI-2. Thus. an upper bound of ~2500

million dollars will be aesumed ‘A best-estimate of 2 times the

TMI<2 accident cleapup-costs, or ~1700 million dollars, is. .
used. for core-melt accidents with reactor vessel hreach. As

~ with the TMI-2 accident, the total man- rem incurred in the
_Cleanup process is likg}g»to be L3 small contributor to overall

m*cleanup program costs.

These estimatee ‘of core- melt accident Onsite decontamination S
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”'fcosts “Contain latge uncertaintiesdue towthe Yack-of--under - —--—:

standxng of severe accident physical ptoceeses .and post- acéident -

'“ cleanup methods and effectiveness. Estimates of the costs of ;he‘

cleanup program for the TMI-2 accident are uncertain due to a

" lack of avallable intormation concerning the state of the
reactor ‘plant. - Future information gained from expetience should
- be, inco:porated into updated cleanup cost estiuatas. »-wf--

.A
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3.6 PnANT BEPAIR COSTS.

Some gvents at LYR - tacilities uhich occur ‘during operation
may result in damage to piant components which would reqguire
repair before the continuation of plant operation. The magnitude
of plant repalr costs for various ranges of acclidents are dlis-

" cussed in this section. 'Only marginal repair costs are included
-in the analysis, not those costs which would have been borne. it
an accident 4id nol. ‘eccur. :

The maqnltude of plant repair costs is dizficult to quantity

- for the majority of LWR forced outages or accidents. The major .

" reason for this is the difficulty in distinguishing between .
normal maintenance -of plant equipment and repaeire which are
forced by an event. 1In many tases repairs after an event can
be performed bv the aormal plant operatione crew, and outside
"_conttactots are not employad ~Also, for most routine operating
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-events, teplacement pa:ts for LEP&iIS have relatively small
costs. .Moreover, the conts of repairs after routine forced
‘outages. are-normally not ai stinguished on- financial records.. - .
“Thus, ‘it is difficult. to obtain any data on the repair cost (1f PR
any cost.. uas 1ncu:red) for routine -outages. : R

o ﬁote severe. LWR operatzonal evente obv;ously,m1ght involve
'aignifxcant plant repair costs. For the purpoee of this teport

repair costs are distinguighed f:om the costs of decontamination
of plant equipment after a severe accident at an LWR facility.
Repair costs for events which ‘cause severe plant contamination
-are-defined to 1nclude only the work necessary to-restore’ the
- plant to” operational statue after decontamlnatlon .has. been con—”
pleted (see Figure 3.4): :

3 6. 1 " REPAIR COSTS POR CATEGORY 1 EVENTS
To estimate the cost of plant repair atter forced: outage--
events. historical plant. operational data was combined with
onsite property damaqe data for LWR outage events [Hosz] ‘Plant
- repair costs are compared with the magnitude of other coste for -
" routine LWR events. The -data for plant repair cost versus the CotTamne
du:ation -of -the resulting forced outage event are shown in—— 7=
Figure 3.9.  This graph shows the plant repair cost per hour of . -
plant ouuage as a function of outage duration for the availablez'jﬁ»ﬁg'f"
~Lw—data --Replacement- power-costs -are shown-for-a- 1ooo ----- Bue- plantnmw"“"’
. in two NERC regions based -on the-replacement power. cost model
diacussed in section 3.3.1. Lines corresponding to $250.000, .. - . ...
750,000, and $1,000,000 total repair costs are &lso shown in T e
Figure 3.9. ‘These lines correspond to commonly chosen deduct-?"
ible limits in'n site propezty damaga insurance policies [Loazl

7. If the total. repair cost: tor an outage event is lesa than;jf-
the deductible limit for the plant under consideiation, then . i
data for the total repalr costs resulting from the outage were

- unavailadble. This is the reason for the general lack of data -
within the deductible limits. Many LWR outages result:in total
repair costs within the deductible limits. Of the ~70 LWR
long-duration forced outage events analyzed, only 9 events
resulted in repair costs which were above the deductible limits. -

: These data pointe are aboun in Figure 3.9. o : Jvﬂ‘wum_;~

The tepa!r cost dmta in Fignre 3.9 shos that for nll LYWR
-events which dc not result im significant plant contamination,
"repair cost (per hour) is predicted to be lecs than 20% of the
-replacement power cost (per hour) for a 1000 e plant. This

‘,&jata includes repair coet .eetimates for the Brown's Ferry fire -
-&nd the steam genérator re-tubing outage at THMi-1. The data o ,
.zepresent the upper ilmits of plant tepalr costs for routine R
outages, since many events reesulted in repalr costs lower than
the deductible limitﬁ.j The date indicate that typical plant
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T repair ‘coste-are in’ the range of ~$1000 per. noar ot outage:
-duration :

Based on the analysea of zepair costa fot LWR plant outages.

it is likely that plant tepair coste would: be small compared. to.

:'replacement power: costs lncurred after & toutine forced outage.
--~.event .- -Rs.a. lower bound. plant danage tepair, coats are aaaumed

“to ‘be- negllg1ble compared to.replacement. power costs for. zoutina

forced outage events. A best estimate of plant repalr costs of
$1000 per hour of outage duration is used in the analysis of
- gmall - consegquence -event- costs. - Finally. ag an upper bound plant

_.._repair coste for.routine LWR outages are estimated te. be. 20% of "

'teplacement power costs.

. 3 6.2 REPAIR COSTS FOR CATEGORY II EVENTS

o Estimates of the repair ‘and the sum of repair and decontam-- '

, ination cogts for the accident at TMI-2 are shown in Figure 3.9.-
The estimatee for repair costs per hour are higher than those-

for routine forced outage events. - The repair costs represent

~ ‘about ‘20% Of the total -decontamination and repair costs. Algo,. = e

_ the estimates of the total recovery ccsts for TMI-2 are compar- . -
- able to the estimates of-replacement power costs for the acci- - . -

. -dent. Thus, for events which result in significant plant -
j_contamination. ‘4t 48 1ikely that repair and ‘decontamination
costs will be significant in rtelation to~ ‘replacement ‘power— -

coste. - However, "in the ‘case of the accident at TMI-2, zepait xvfxiiﬁ;pg
_costs alone would only represent about '10% of the total esti-‘.;“FTQT*‘*'”

’ mated accident cost (iucludinq teplacement power coa 8).

. The accident at TMI 2 is used to estimate the cost of plant

:epair for -medium. consequence (cateqory 11) events’ after plant
decontamination has been carried out. The est;mates are based .
on the assumption that repair of the reactor plant is chosen
over decommissioning after cleanup. Reconstruction and restor-
~ation of the TMI-2 unit to pre-accident status is estimated to

cost between $190 and $260 million 1982 ‘dollars, .depending on
the coste included in reconstruction. These eéstimates are
~preliminary, and the final costs will ‘not be known until the
__plant has been dacontsminated and tepair is unémztaken.

R minimum repair ‘cost 18 ‘estimated tor cateqorv 1§ § evente
asauminq that only the core must be replaced (~80 million 1982
“dollars) and refueling and etartup teste must be conducted

{~22 million 1982 dollare). This regults in a lower bound
repair cost ‘estianté of :$100°million 1982 dollare for these = 5.
events.. As :an uppssiobound von reépair .coet estimates for. category -
11 events, it is asszumed that the core must be replaced (~80 ..
million 1582 dollars) and plart reoconstruction and assocliated
site auppoct, -operations, snd fofueling services would require
.3 times the effort currently projected for TMI-2 (~520 milllion
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”TMI 2 after cleanup 13 used in the analysie [GPBI]
'ffljgé;ai-Rggﬁrgibpﬁ?SistzCATEGQRY’xtx:@gﬁwfz"ﬂf’ffff*."

. . and reactor vessel breach would be substantiaily higher than
" .-those for an event like the TMI-2 accident in the .event that :
. .-plant repair -is chosen over immediate-decommissioning. A large
iTcontributg: to the difference in repair costs for a core- melt
- accident would ‘be’ the repracement of the reactor vegsel’ after

‘might exist £§et coré-melt accidents. The repair and requali-
" current LWR designs 4o not—include plans for reactor vessel’

. potential severity of plant ‘damage after core-melt accidents - . "~ .. .}
" .miseioning will be the most coust-effective ‘action. Even if e Do U
... repair-is.-undertaken ‘and the plant is returned to.operatiom, it ... ..~ .
- is estimated ‘that costs will be close to those for immediate =~ S

.events are treated as though repair is not performed and aar1y7

- -decommissioning-4e- ‘begun- immediately~after plant. cleanup ~~Thie -
:5hould lead to small etrora in cost astimation for these eventa’

§

'3 7 EARLY DBCOMHISSIONING COSTS FOR CATEGORY II AND III _‘

'itamination..an ‘alternative to plant repalir and restoration to

_ _have been gcnerated over the remalning plant life, but also j.¢ﬁ ;f_ L
incurving costs for decomnissioning earlier than anticipated.; e ;

‘«08t8 sooner results in real costs. It is assumed that the
decommissioning coet incurred after plant decontamination would
' _be-roughly the same as that which is anticipated at the normal

‘inpdat-acc1dentuc1eanup and decommissicning ‘[Hus2a, Mus2b).

. 'L¥Rs. Most studies examine alternatives of ‘mothballing. dis-

. -..martling. or entomhinq reactors .and ectimate costs for each . f
“alternative. .Table 3.8& .shows & comparison .of decommissioning
...COBY . estiﬁatee of different .organizations over a raunge of - -

studiee. The coste represent The total undiscounted gummation -

of all decommissioning costs at the time of plant stiutdown.

dollare).. Thishleads to. an upper bound eﬁtlmate of ~600 ,
illion 1982 dollars. for plant repair costs. R best- estimate»
of ~275 . million 1982 dollars as projecteéd for the repair of.

" “Repalr Gosts after severe LWR accidents invelving core-melt . -~ |

guch an eent. Also, very signifticant containment system damage
fication of the pten&\ifbfzoected to be very ~cstly. because
replacement. Because of the large decontamination costs and ;he

with reactor vessel breach, it ig likely that immediate decom- . -

decomnmissioning. - Thus, .all large consequence. (Category I1II)

‘EVENTS = - | o |
Aftet accidents ----- at Lwn facilities resulting 1n plant eon— -

pre-accident condition is immediate decommiesioning. ~This
regults not only im the need to replace the power which uould

Because of present value discounting, incurring decommissioning

end of plant life. - This assumption is validated in studies of

*ﬁuchiétudj'hae*béén:doneébhfiné-coste~ot»decommieaionin9w:




Summary of C@t Eatlmates for'ﬁb ommiesioning Lapge LWR Fmﬁmla

Ccats fot Immedhte D!smantlemem of Y Lm'ge PW& i P
aepomd Eelmate | Year of Repon 1878 Dollar c.m men Boﬂu cm

(Mﬂllm of Dollau) L Vet (Mlmonu ofDollau) (Millfons of uoumL
, 44 _ ‘ﬁ TieTs 57 i .15
100 - L 19768 o880 £ 103
84 . b .ol1e18 -} 48 . 58
: 81 o i ie1e BT i eT
43 I INARERNL . I OO T R o 58
42.3-106.8 = . | ;i 1082 ’ i 49-105

- W
)
"
-

R S - ‘Costs for Immed te Dhmantmentofslaerge BWR i I D
Lo [BeTe .80 - ¢ 1075 __ 17 o L 101-' R
. |Ba7s . 85 T I 100 - 131
L _[Mat8] ~ 31 B BRI . _ b2
R Qa80] -~ 87 - 1T 1918 . 87 - . . 8T .
[KBT9] . ' T RO 1335

Raage is based on a!ternalive decomm:wamng methods of dmmantlemont sa!e stnmge, or. en&ombment of rea,ctef p!nnt




’[Sm?B Hu?ﬁ] All "ost eetimates have been upddted to. 1981
. Tdoi1are using szmple price indexes [Pr83] " An. undiscounted
~decomm1651on1ng cost eetimatﬂ cf $160 million 1882 do’lars is
. used in this: ‘study, based on. 1mmediare diemantlnment of the
,“,;reactor plant

The real cost incurred due to- accelerated de"omm1361on1ng

“of a reactor f80111ty is dependent upon the t:me during the- life»**‘:-

of the reactor at which decommissioning occurs. The real cost

. _.due to accelerated decommissioning is calculated using:

'Dg = real cost incurred due to acceleration o
decommiseioning activ1t1es.

.fé 'p cOBt of decomm1591oning at en, ‘of plant life {(~ $1oo
- Hmillion 1982 dollars),__, ,

| £ a~rea1 discount rate.

1 = plent eervice life (40 years).

e

1;td,4-time at which decommissioning starts.-measured from g,,a-.;
E - the start of plant commercial operation ‘

e T N Y R

For severe --ector accidente involv1ng plant contaminatiou._aﬁf'“*'"”‘"““

long time period may be necessary for plant cleanup before

- decommissioning activities begin Thie is accounted forvin tne N sj-”

“cost ‘analyses. -

SensitiVity studies wvere performed to determine the
importance of early decommissioning costs to total costs for
" redium and large conseqguence accidents. For accidents which.
. occur very early during plant life, the costL due to accelerated
‘decommissioning can be a substantial fraction of the $100
million dollar end-of-life decommissioning cost. However,

" accelerated decommiesioning costs are generally small compared

iA“to total costs for medium and larce consequence evente.'

3.8 WORKER HEALTH EFFECT AND HEDICAL CARE COSTS

L Any event at an LHR facility ‘has the potential for causing
:plant vorker health -impacts. . These impacts may have costs

_ranging from minimal health care costs to costs for worker

fatalities caused by an event. A review of standard methods

- for accounting for health care and health effects costs is S
_4included in_ section 4.4.6 on offsite health effecta and_medical . .

- care -co8tg. - .- - -
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3.8 HEALTH cosrs FOR cnvzcnav T EVENTS

Plant worker health effec*s resulting from routine LWR

_fcrced outage events are ‘extremely rare. These ‘health effects

are ‘incurred “as part of the risk of operating an LWR facility

and are nct included in the cost estimates for routine forced-

ocutage svents. Because of the low probability-of worker" health
effects, - and the small ‘COELS of 3uch effectg, other costs. asao—"

- ¢ilated with routine forced- outage events . will dominate expected
worker. health effect costs. . . .

'3‘4;3 8.2 HEALTH cosrs FOR CATEGORY II*EVENTSfT:

, Acc1dents involving 31gn1f1cant contamination of the: LwR
facility result in an increased potential for worker health

“effects because of the radioactive material released within the

plant. Plant wor\ezs in -areas of ‘the plant where serious system I
failures occur may also sustain injuries induced by cauees other o
than radiation. L o _ o

‘ Because very li’tle data exists for category Il accidents.

-'any estimation of the likelihood of resulting worker health
effects is highly uncertain. Because the accidents in this

category 40 not result in reactor vesssl falluce or large N
releases of radioactive material to the environment around the
plant,..it _is _likely. that_any. resulting. injuries. in the plant .

~area will be highly localized. Therefore, the accidents are. “not

. expected to be significantly different from normal plant opera-'"’-ﬂ

- -effects after a categ<ry-III -accident -has been evaluated and

tion for the possibility of worker injuries, and no significant
worker health effect ‘Cogts are assumed to res it from accidents -
.in this category. Tnis is consistent with the historical :
u,,.experience of TMI-2. ~Even if some of the plant wotk crew were  :
" injured during an accident of this - type, cost estimates for this
. impact would be small compa:ed 'to .other accldent costs (if rea—vq
- sonable dollar values are used for health effect coste).

3.8.3 HEALTH COSTS FOR CATEGORY II1 EVENTS

The most serious core-melt accidents at LWR facilities may

. result in significant i~juries or fatalities among workers at

the facility. PFailure of the reactor vessel and possible

- release of radiocactive material to the environment could lead

to contamination of equipment and exposure of wozke:a in many
areas ot the plant. ;m-v C ; : . .

An upper bcund entimate of the costs ot uo:kez health

included in the financial rigk egstimates of Strip (5t82].

. Estimated dollar values for worker injuries ($100,000/injury)




'”wand fatalitles ($l 000, Oooffatalltv) wvere used in the analysie;

A typical wory shift for a single plant includes approximately

40 workers, aad it was conservatively assumed that & core-melt
accident would result in 10 early fatalities and 30 earty . o
“injuries. This results in ‘an upper estimate ‘of worker healtn DR

- effects cost 6f ~13 million dollars. this coét is small " :
compared toother cCost compouents f£dr core-melt accidents. .

" For routine outage events or severe accidents which db'net'-»

- breach the reactor vessel, it is-assumed that no- significant

" onsite worker health impacts are incurred. Even if a large

fraction of the onsite workers incurred health effects after a
severe accident, the contribution to total accident costs is

3.8.4  CONCLUSION-WORKER HEALTH EFFECTS AND HEALTH CARE COSTS. . . . _ .

" small if reasonable values for personnel injuries and fatalities

an upper-bound of 10 early fatalities and 30 injuries is used -

to estimate the costs of onsite worker health effects. - Even -

this worst-case assumption ot worker health effects contributes
‘negligibly %¢ total accident losses. - Onsite costs. for these -
accidents are dominated by other cost components. Methods used

.. for estimating the costs of offsite-health effects- from severe

-.“3“9 ELEFTRIC UTILITY “BUSINESS COSTS" Ahb”suétﬁnﬁfpeﬁén°"”

gkaccidente are discussed in. section 4.4.6.

INDUSTRY IMPACTS

It is possible that - plant licensee or electric utilities

"in general might incur higher costs for borrowing ‘capital and.’
-continuing to provide. adequate ‘electricity to service areas—'n

“after severe accidents at LWR facilities. ‘These costs are

"incremental #business costs" which are discussed in this sec-

~tion. Another possible impact of severe LWR accidents may be"

- future policy decisions which lead to the rapid shutdown, phas-
ing out, or slowed growth of the nuclear electricity generating

industry in the U.S.  These potential nuclear power industry
impacts are also discussed in this section.

3.9.1 ELECTRIC UTILITY "BUSINESS COSTS®

. "Businessg coste" have been :addressed in studies which esti-
mate the costs of closing currently operating nuclear generating:
facilities [8t81b]). . These coste might result €zom altered risk
perceptions -in financlal markets combined with the n~ed for the

"ﬂ'plant“liceneee'tO‘replace“the'income'once‘qenerated‘by the
. operating plant. These costs mainly wouid affect the licensee

of a damaged plant, but could #i8c 2flect the electric utiiity
“industry,in general through the financial markets. ‘

are used. 'For core-melt accidents with reactor vessel failure,



. Buslness costs oriqindte in the incraased cost of cap1tal
‘to an electric utility ‘caused by increased borrowing costs in
financial markets or limitations on access co financial markets.
Increased borrow1nq costs result from altered perceptlons of
"r1sk in investment in-a specific utility which ‘results in- a-

~higher demanded return ‘oK capital: "Limitations on access towf'sw-?

‘finahcial matkets can’ resylc-from the plant licensee's loss of . -

“"income whic¢h’ results in 1nsurf1c1ent coverage-on-existing - %;;d

‘financial ‘se€curity’ commitmants, Th1s cccurred-after-the- TMI -2
.accident,. as Metropolitan Edison's intcrest coverage ratio fell
[ below 2.0; which prohibited the 1ssuance of new bonds. Capital
borrowlng ‘costs: .and/or market .access. limitationg can have :

‘“gerious-impacts on construction progranms., financing options,. and .

" dividend policies, all of which did occur after the TMI-2
accident [GAGO] : :

In dzccussinq business costs it is 1mportant to distinguish
between increased capital borrow1ng costs due to’ 1mproved

- informatign provided by an accident, and possible increases in

B borrowing costs due to mis-information or falsely perceived
risks. -The portion of increased capital costs due to improved.
information provided by an accident represents only a redistri-

‘bution of benefits within scociety through financial markets:

- which. eff1c1ent1y -value._.the. benefits of nuclear . power util: ties;mu,W“éwi_

.as.an_investment._ _An accident which results in an incorrect.
_ perception of nuclear power risks can result in increased slec-u
igtric Aatility - capital. borrow*ng costs which are true societal

costs.. .To the extent that-increased risk. percept1ons are not

suPpOrted by new accident information, business costs do result - =

‘in a net gocletal loss ‘due to impacts on construction and main-

tenance ‘programs which may be significantly ‘altered due to cash =~

flow limitations. 7% is likely that market access limitations

- result in an’ increased cost. for a soc1eta1 necess1ty,1e1ectric7{¢~i*
_meity. in future years. : _ _ P

. P evious estimates of the business costs which may be
incurred due to ‘the loss or shutdown of a nuclear generating.
facility have beeun large. Stulies of the costs of closing the
Indian Point nuclear power plant have estimated businesg costs
to be between $1 and $6 billion 1981 dollars, or ~15-30% of
the total estimated coste [St8lb]. The range of estimates
. shows the large uncertainties in these estimates.

- Unfortunately, estimation of business costs due to an acci-
~dent requires: separation of impacts due to improved information
~and those due to false riek perceptions.- ‘Limitations.on access

to capital markets which result after an accident are likely to .. =
.. result ‘in significant business costs which repres.nt net socie- . 7'
“tal-losses. Obviously,- the electric utility industry. and R

~nuclear plant licensees should be very concerned with the
“potential business costs caused by an accident because they can
influence the stature of conpanies within“financial»markets.
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- Becaure of the difficulties in. estimation. and the specific. .
‘n-*ure of bueiness costs ‘after & serious accident, these costs
s a,z not -explicitly estimated in this etudy .However,. particu- .
larly in electric. Ltlllty financial risk analyses. these cocts
"¢an be important in estimating tha impacts of serious accident .
"events {Ca¥tegories II and T1II) and should be conoldered in eome’
way in mak1x; decisions. This area requzren‘mcre 1nvestlgatiop
regardlng { "jaltlmate dlstrxbLt1on magritude, . and” sp@iif:c T
”?character , '

s:whlch can ‘influence" et societat costs‘"

3 9 2‘ NUCLEAR POWER INDUSTR{ COSTc

. Another potentlal impact of severe LWR accidents is that
policy decisions or risk perceptions could cause the elimination
of or slowed growth in the '.S. nuclear power industry. It has

- been argued that the accident at TMI-2 has caused losses in the -
U.S. nuclear power industry since no new plant orders: have. peen
placed and many plant cancellatlons have occurred since the

' accident. . It has also been argued that s_vere accidents With
offsite consequenceq ‘could result in soc1etal overreaction and
a forced shutdown of-al) or many operating: nuclear power reac-

'_ tors effectively ellmlnatlng nLclear power as an alternative
for elecnricir, qenera‘lon

: o -everal studles bave investlgated the consequences of clos—':' S
w-~——<—~~i.ng-commercial-—nucleer—-yg»ower -reactors—in-the-U:S: [St8LhBUB2 P wimiimm it
- ?Table 3.5 shows the electrical generating ‘capacities and - actualﬁ»Qf;a,?__j
‘1cads " for ‘each NERC reglon in 1980 ‘and proiections ‘for 1990 - . oo
" [{Bud2]). - Tae reserve margin with and without nuclear: power_plant"‘ o
*voperation is° ehown for each NERC rogion. The reserve marginfis'
the total .installed capacity minus ‘the- peak loa¢. for.‘each: IR _
region.~ A typlcal ‘reserve -margin used for electric utiliey = o
- planning purposes is.in the range 15- 30% to allow for: scheduled T
and unscheduled refueling and malntenance shutdowns foi each ‘
generating unit. The tablee chows that reserve margins wichout. ‘ ;
_nuclesr power plants were under 15% in many regions in 1980. =~ :
By 1990, almost all regions are predicted to have reserve mar-
gins witaout nuclear urite less than 15%, and some areas would
not have sufficient capacity to meet the predicted peak load
requirements. A torced shutdown of all nuclear units would
.result in a marked decrease in the reliability of electric power .
supply in scme NERC regions along wirh very large power produc-
tion cost 1ncreases. -

. ‘Currently;”flve‘NERC'regione depend on nuclear'units for
- ~20%-0f total--power-generation (nuclear representing ~15%

. .of total generation capacity). and 7 1990 four re°gious aie _
" predicted to depend on nuclear power unita for 40% of electric--
ity generation (and nuclear is predicted to represent ~30% of
total generation capacity) [BuB2)}. A shutdown of all nucleer
. units would result in the need to 1eplace a large rraction of
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STable 3.5 = 10idds and ,r.:em—*ratmq cap.mztxe df WERC
regions 1n 1980 and mro;ectxons f>x 199“ {BL82). -

T AetuaT Woads “and Genersting Capacities-for Netfonsl < i
: Electric Beliability Council Reglons in 198G

fegionail
. ) Reserve
- s : Regionsl  lastelled Buclear Margin
.. ... . _ Pegk _ Installed = Recerve - Buclesr ~ - T'of . . Withour .
NERC. ~° -  load - - Capacity - Hargin ~ Capacity - ~ Total” - Ruclear
Region (GYe) (GHe) (%) (Gue) . -~ Capscity - (2)-
BCAR 63.0 "68.2. . 40 4.5 S.1 33
- ERCOT . < 317 . 4.5 - 34 6.0 0.0 34
CMAAC - 34,5 0 45,0 - 30 1.1 15.8 10
MAIN L8309 41,7 - - 23 6.3 “15.1 . &
MARCA-U.S.,  19.4 25.6 C 82 37 2.5 13
BPCC-U.8. - 36.8 51.1 - - 39 1.8 . 15.3 16
SERC -90.4° 115.9° - 28 “15.9% 13.4 11
SpP © 45,0 50.6 Y 1.7 3.4 ®
Hdscc-v. s, 72.9  102.) © 80 2.6 2.5 -37
. wWERC-v.S. - 427.6%  se2.9 . 32b - 7 9.2 8.7 20®
. l’wjected !.aadl .nd capocittu !or Nationll !lecnic A
hltubulty ‘Council chiona 1n 1990 ’ o
iy
Regiongl
. . . . Reserve
. . lzgionul In'sullcd »* Hucleer Msrgin
S - Peak . Inotnlled ‘Reserve .  Nuclear X 'of ‘Mithout
-NERC - loed  Cepacity  Marginm Capncuy " Total © 'Nucleor
Reglon (Gie) ~  (GWe)- (2) - (Gue) -Capacity (2)
ECAR .89.6%  119.2 » 16.1 11.8 18
RRCOT 48.9 59.1 21 : 5.9 10.0 . 8
MAAC .41.8 . . . 84,2 30 14,5 . 26.8 )
MAIN 43.3 36,1 19 16.2 29.9 -16
MARCA~U. 8. 27.8 32.5 17 a.? 11.4 4
WPCC-U,8. 43,28 62.9% &5 14.6 - 23.4 11
B8ERC - 22,7 0 . 1%8.1" .29 él.1 26.0 - -5
144 62.5 - 76.9 . 20 6.9 9.2 9
uscc-u. 8. 104. 6 : 140.2 - 3% - 16.9 12.1 18
. WERC=U.S. 586,0° .. 7548 . 20b 133.9 17.7 s>

‘\ﬁntor loads aod upun.uao -~ all mnrhd losds &nd copacities sro ouumer,

bﬂaaoé on mncolncmnt mak iocdu.
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" the electricity genefated ih the U.S. with hicher-cost power

from alternative sourcesc. ' A forced shutdows of all nuclear
units in 1990 is predicted o result in the need to replace

-1813x10"kwhfe with electricity. generated: frcw other sourues-

duran the {xrst year of the Qhutdowﬂ

- The: 1arge muqnitude of the cost'of re laflﬁq th*s power ”ar

‘*be estinmated Using tle simplified power prmGUﬁrxon cost increace

model. Assuming an average &5% nuclear generatinrg unit capacity

‘factor, "end an average ncn-econhomy replacement power fraction )
‘of 0.5, the estimated cost of the first-year power ptoduct10n~~'>-

-cvstuinctease for closing all ‘nuclear unite in 1990 (assum;ng

.no.escalation of replacement power costs relative to nuclear

generation costs through 1990) is ~$33 billion 1982 dollars.
This calculation is based on the assumption that sufficient
_capacxty and interconnections are _available. to. replace all of.

" “the" power generated by the closed nuclear units (a very. opti—-
mistic ‘assumption). The replacement of power over the. temainxng e

nuclear plant service lives would result in estima-ed eociepali
direct costs between ~$500 billion and ~$2 trillion 1982

"dollars due to. plant €losings. This is an_estimate of the cost.

" society would be forced to pay assuming the decision is made to

cleose all. operatlnq nuclear unlts a[ter an event wvhich occurs.
Am 1990 ol e e e e e D

»1nfokmatxon concerning the risks of auclear power reactor. acci-

dents which should be 1ncorpo:ated rat1ona11y into the- societal
decision- maklng process. It is difficult to determine what-

. -gocietal reaction to new information would be. There is no c'i-

dence 'to prove that. socxetal overreaction would take place after
‘a serious nuclear reactor accident. Other- industries such as

-~ commercial alrllnes. chem1ca1 manufactur1ng, ‘and coal minlng
_have experienced devastating acc1dents and continue operations

with only minor safety modifications. ' Even the U.S. nuclear
industry has survived a serious accident without immediate and
complete ghuidown. The loss of benefits to society from an
immediate, complete shutdown of any large industry after a
severe accident would be too large to allow societal ‘overreac-
tion to for<e this action.

For the purpose of this study, it is assumed that society
would make rational policy decisions based on new information
which is obtained after reactor accidente. These decisions may
hzve serious impacts on the U.6..and world nuclear power "indus-
txies. Therefore, from ‘the :nuclear power :industry and electric.

‘utility perspectives these decigions could result in significant:
-d8irect-costs. -However, -from the societal perspesctive it is - '
- anticipated that these costs would be balanced by benefits

considered in the suvcietal decision-making process.
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‘Other potential nuclear power industry costs of severe  —
t@actor accidents have been investigated since the accident at
™I1-2. A study has. used the observed d[Oy in the performance
of PHEs in the. ‘westefn world to estimate a total cost of '

repl acement-power due to- inczedsed ‘plant-outage time as & reéult*'f751”i"”*

of the TMI.-2 acc‘dent [Ev82).  The lower bound estimate of the .
total cost. due to znc:ﬂas&ﬂ FWF out&ge time Tesulting from the
accident ¢ 27Cu million dcilars. However{vthe study .does Rot
estimate the potential benefits of increased plant safety and
confxdence which have resulted from the iacreased forced outage
time. The increased forced .outage time after TMI-Z has: lacgely

resu}ted from decisions to improve the safety of some PWRs-ir =~

Tight of xnformatxon galned ‘from the acc1dent _ Therefore “nho
significant societal cost is assumed to result from the'
increased plant outage time tesultlnq from regulatory concerns
atter severe accidents. ,

.anally.,stud1es have boen performed to estimate the -
Jecrease in the valuation of nuclear power in the period
Eollowxng the TMI-2 accident [(Zi822,Z2i82b.NeB2]). Studies of
stock pr‘ces of utilities owning nuclear powur plants showed no
significant dec:easev1n_the valrvation of ‘the investment one year -
after tne'accident‘occutred.- The only exception tc this is for
plants under construction in states where CWIP (Construction ‘ ,
dock in-Progress) funding 'is not allowed. The stock of these ~
itilities showed some drop in valuation, probably due to

increased -uncertalnty in-the time regquired to obtain an operat-
ing - license for: plants under. construction. ‘Studies of nuclear
1tility bond prices gshowed some decrease in valuation occurred
1fter the accident at TMI -2, but 'this may have been 21e to a -
jeneral trend in the valuation of the electric utility industry
18 -an. investment. The results of these etudies ihdiuate that

-he nuclear utility industry was beginning to slow before ‘the
iccident .at TMI-2.. Much of the industcy depression attributed

-0 the TMI- 2‘accident can actually be explained by economic and
regulato.y forces which began before the accident occurred.

Serious accidents at LWR facilities could result in large
.mpacts on the nuclear power industry and el2ctric utilities in
.he U.S. because of societal decisions based on new information
ind risk perceptions. Therefore, from the perspective of par-
:icular interest groups it is important to consider the poten-
.1al direct losses resulting from these impacts. From the :
ijocietal perspective, any direct logses to nuclear power indus-
.rfes should be balanced by benefits considered in the societal -
lecision-making process. If societal overreaction does not
iccur and decisions-are made on ‘a rational basis, then signifi-
‘ant aocietal costsg should not ‘be incurred for .nuclear power and
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l_:_-j.flo_" omsm'a LITIGATION COSTS

»--W—After*very aev&re acctdente AU BUClear [puilr reactors, e L
issues of liability and compensanxon for losves lncurred can b@“r
settled through Mtigation. The U.S. legal sygp:? rem Ligs pre- )
_ viously and would in. the future play a8 major role in assigoing
liability for the risk @ssociated: uvith nuclear power geactor
accidents to individual parties. The t:ionufer payments tesuit-
~ing from legal settlements. and the - -legal fees associated with
‘the litiqation process are discussed 1n this section

_ The legal awards fox damages incurred aa a result of an LR
accident are transfer paymeore which result in the distribution.
- of net costs. The societal cvosts of LWR accidents are estimated
. directly within thie study without regard for the ultimate dis-
‘tribution resulting from transfer payments. Most of the trans-
fer paywente resulting from the litlgation pro-ese 4o nnt result -
"in a4ditional net eocietal coste. - It is possible that compen-
--sation. could be awarded for costs which are nor quantified
~directly in-this study.  The dollar coata estimated. in this
study could be augmented to reflect the additional costs of .
‘accidents quantified through litigetion awards, but the contri- : :
'fbution to total societal accident costs 13 likely ~-to - be small..mme4;”m;m;

T The legal—fees— for-the timewand eftorts ot»those individuals_‘
-involved 4n the litigation process- ‘do- represent.-gocietal costs -
géince efforts could have been expended on other problems if an.
“accident had not occurred. ‘Studies have shown that the costs.

of corporate lawyers are very high, particularly in those cases
where outeide counsel is required [IC78). Legal fees can‘be . -
. substan-ial to an individual group but are unlikely to be sig-;»~
'inificant accident coets ‘from the societal’ perepective. sl T

Host legal compenaation aW&tded aftet a teactor accxdent
‘represente transfers of net. eocietal costs which are estimated
in other sections of ‘this ‘study. : Cost estimates could be aug-
mented to account for effects like "pain and suffering® which LR
have not been included in the societal cost estimates presented.
The legal fees incurred by parties involved in the litigation '
process do result in a net cost, but the contribution to total
societal costs is likely tc be small. Therefore, no direct cost
estimates are included for onsite litigation resulting after
- severe accidents. _

':3 11 SUMMARY ONSITB CONSEQUENCES OF LWR EVENTS

A summary of the models and estimates t¢ be used in the
analyeis of the economic risk ftom sne.t2 consequences of LWR
- events is presented in Table 3.6. Lowei-bound, upper-bound, and
- best-estimetes are shown for those cost. components where eub-
Jective judgments have been combined with historical data and
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. Caugory [ § Ewm Catogory 1 Bvanta Cahsmmm
Cesaponenis {Routine Foreed. Ouhm {Degraded Core Accldestis, (Ccnhﬁcn Aecidents, |
i No Plant_ Conitaininasion){No Reartor Vereel Brensh) Witk Resetoy Vossel. awmj
Power Preduciion " Simpli8ed ANb ‘ 8lmp~!laaﬂ ANI. L Slwpﬁ&&d ANL Do !
Incrossn modei model et ofel . .l
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o S L _ _{for Bo repstr cese) L
Warkey Health | Upper Bound| SM T ML (mxm‘;
o ]mu :
: Mk Uhﬁ&y ‘ M RX [ ¢ o
th Ciaannp apd |Lower Bound NA" ta0x10¥ | 9590){!0‘— C
‘Dentamisation  [Hest-Estimate! - . NA T §880x10% - - 1143 % | LR
Costa _ jUpper Bouad | NA_ _§1100) 108 : %mmﬂ’ : .
Plast ilepair Lower Bound SM ' 2100 10°% S NA
-7 Coats |Best-Estimate ‘lmo/boor outage dsmlu 82783 10°. - NA
v |Upper Bovnd| 20% o power ptodncﬂon 25060 %10% | | NA .
R . €05} increases - : (ro_f___r,gpn_g__q@guj : .
- Nodesr Powar M _: 8™ T
. .Jndustry Costa . Pl . :
&sm Litigatios _Costs SM mur i M
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N’ Cert in small relative to other cost components for aocl
dgntﬁml traosfers, scd conelderation of thnse costs Is import

EBX Estimniion of cost is expliclly adnﬂed ia thh stady. Hoveva. lbeu Impadc meld be Imwﬂut for oodeu! sed law am'
. copsiderstion. :
. * Cest estimsies represens purely enonomlz logpes fnm bWR .ddnu nd oaum Otbc m;-wu o um of lmasm whlﬁ
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 ;uyfor cleanup ie . assuned

Vavaifabié»étudiea of " pd;ential costs. 'Poz scme accident cate-
gorlies spe01tic cost companerts may he nagligible or not quan-
tified in this study o :

] 1. 1 CATE"ORY ! FORCED OUTAuE EVEH S (SMALL CONSEQU&NCE:)

The LER . events in category x include zoutlne torced outaqe.r
eventa ef up to a few years duration which do not result in
" gignificant plant contawmination. The outage duration for these
‘events ig estimated from histerical nuclear plant operating
-experience. -Power production cost increases for these outages .
are estimated using the simplified replacement power cost model
discussed. in Section 3.3.1. Upper and lower bound estimates for-
replacement power costs are obtained from the tange of values
~upon which the simple model is based. Estimates of repalir costs.
- after routine forced outages ghow that in gome cases these costs
~--are negligible. - A best-estimate for repair costs of ~$1000
" per hour of outage duration is used in the analyses. RAs an
. upper bound on repalr costs, 20% of the replacement power costs
'-a:a 1nc1uded for the entite outage duration.- _

_ ‘The remaining onsite cost components are heqligible for all
‘events in category I. It is assumed that the plant is repaired.
~and returned to operation after all category I events. There-

fore, it is not appropriate to estimate capital value losses,
decommiseioning coste, and electric utility and plant licensee
_“"businegs coste" for these events. BMarginal worker ‘health
jeffects and health care cogts are ‘negligible for these events.
"Because little or no radioactive material is released from the
_ core in these events, any plant decontamination custe incurred
. .would .be small. Also, nuclear power industry and onsite litli-
';,gation costs -are. not important for these ‘events. T

'3.11.2 CATEGORY II EVENTS (MEDIUH-CONSEQﬁENCES)

- 'Category !I LWR events include accidents which lead to
core-damage but do not result in reactor vessel breach.or a
release of radioactive material to the environment. Sore
radicactive material is released from the reactor core in these .

"accidents. The forced outage duration is estimated for these-

everte in cases where plant repair is chosen rather than imme-

diate decommissioning. - .Based on etudies of post-accident

-cleanup :and decontamination.ma dlover bouud estimate of 4.
A be ;

--cleanup time ‘ia based on the projectsd TMI-2 decontamination
‘ program and estimates from post-accident cleanup etudies. .An _ -
upper bound estimate of 12 years is used for plant cleanup
following the worst category.ll accidents. Plant repair, if
"elected, is predicted to reguire much shorter time periods than
the cleanup operatiocns. Lower, best, and upper bound estimates

”‘qf‘oj




'_gplant capltal costs decontamlnatlon and cleanup .costs, and-

licensee business costs, onsite litigation costs., and nuclear'

--Because of the llkely extent of plant damage after category III

T T T T Hod T 3 = P G TP I e S PR TR Ve

Cof.l,.2,-and 3 year repair periods-after decontamination are-

used. This results in tota) gutage duration estimates of S, 10,
. and 15 years before the pessible return to cperation after-a = -
category 11 event. The option of 1mned1ate decomw1ssiou1ng
Sllafter. cleanup~1s also 1ncluded -in the analyses e :

The models and eetzmates used or repla ement power costs.-aea'rf

possible repalr oK decommlsslonlnq costs for category Il events , :
are shown in Table 3.6. The only cost component which is : F
_assumed .to be negligible for these events is worker health Sk
effect and health care costs. Electric utility and plant:

LN

i

power 1ndustry costs are small from the societal perspective,
but could be very meortant to these spec1f1c groups after
severe accxdents : ,

FT RN AL T

.t3 11 3 CATEGORY !II EVENTS (LARGE CONSEQUENCES)

Category III acc1dents dnclude. full scale core-melt acci-
dents which breach the reactor vessel, and possibly result in a
significant release of radioactive material to the env1ronment
:around the reactor plant. These accidents are very "low proba- .
bility events whlch are included in plant specific probabilistir
, rlsk analyses. No hlstorlcal data exlst tor these events. and

° evehts, costs are estimated based on the *ssumption that imme-
diate plant decommissloning would be chosen over repair for
these accidents. It is p0531b1e that the plant would . be

. repaired and returned to.operation,. but.costs are estimated to:
be close to those for 1mmed1ate decommiss1oning after evente ln o
“this acc1dent sever1ty category ‘

‘The oneite cost components estimated for a category 111
accident are outlined in Table 3.6. The cost of plant repair
ig not explicitly estimated since immediate decommissioning is
agsumed to occur. The onsite decontamination and cleanup cost
estimates for category III events are based largely on extrapo-
lation of the results -of. studies and historical data for cate- .
gory II. events.; At A8 asaumed that - plant: :¢leanup- would be - nan—J
dated, -and. permanent .entombment of ‘the :contaminated plant at ‘the
. .gite location would not be an acceptable .option (although .pos-.-
= eibly technically feasible .and less coetly). The estimates of
‘plant cleanup costs are uncertain because of options which would
~be available and the lack of information concerning cleanup .
costs. Electric utility ané plant-licensee business costs which
could be important after events in thies severity category are
.explicitly excluded from quantification in this study but should
be considered in decision-making. Nuclear power industry snd
onsite litigation costs are’ aesumed to be small trom the »
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‘societal perspective but ‘could be 1mpottant to particular
groups, particularly it societal ove:reactiou occurs after
) severe accxdents.' ‘ - : :

3 11 4 EST'MATION 0P L%E ECQR MIC RISK

The ‘cost eetimates developed in this aec?ion are used in the
estimation of societal economic risk from the onsite conste- '
quences of LWR events. Models are developed in Chapter 4 to
" estimate the magnitude of offsite costs of LWR accidents. .
-Chapters S -and 6 combine the onsite and offsite costsg with fra-
‘quency e¢stimates for LWR events to sstimate the economiec risks
from small, medium, and large congsequence events. cOncluﬂions
concerning the contribution of specific cost compoenents to.
economic risks from acclidents of various aeverities are ’
discussed in tbese chapters. :

B T S T A TN ‘ A R
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CHAPTER 4

OFFSITE ECONOMIC CONS“QUENCES OF LWR EVENTS

The offsite economic CGnSEQuenCcs cf severe LWR accidents
‘are discussed in thig Bection. ‘Conclusions from previous- stud-~
ies of post-accident’ population radiation exposure pathways. are
reviewed for use in the offsite economic consequence model. The

-.offsite economic ccnsequence models developed for eventual
incorporation into the MELCOR series of risk assessment codes

‘are described. " Potential offsite economic impacte of severe- LMR - - -

"accidents nor incliuded in the new model are discussed. - The
major differeaces between the new economic models and those in
- the CRAC2 code are reviewed. Finally, assumptions used to

- develop a prototype offsite economic consequence nodel £or usevi-:u

in the calculations 4n this study are outlined

a.1 mm Accxbsm'o'?rsrrs COSTS DISC‘U»S.SE.D;

, The LwR accident offsite population protective measure costs
~~diecussed in thie section ‘include population evacuation costs, _

temporary relocation costs, agricultural product disposal costs."

“land and property decontamimation costs, land interdiction (or
--condemnation)--costs,-and -permanent..-relocation costs which may .

‘be ‘incurred after severe accidents-involving:reloasesﬂof-radio-{

~active material to the environment. These cost components are
-associated with population protective measures to avoid radia-
tion exposure after contaminating events. The economic. impacts
of radiation induced human health effects vhich result from '
population exposure after an event ate also discussed. Other
“impacts such as litigation ccsts (for offsite damages) and
_secondary economic effects (outside of directly contaminated
areas) are discussed in this section. Offsite impacts expli- '
citly excluded from the estimation of economic .consequences in
thia study are outlined. ' :

4.1.1 DEFINI?ION OP TERHS USED IN DISCUSSION

Untortunately. organizations involved with offsite emergency
response and public protection have used many terms to describe
varioue countermeasures which-might be implemented aftor reactor
‘accidents. ’"The terme used to-describe LWR accident offsite
»«emergency response. ar2 defined in this section to eliminate

confusion which may otherwige exist. The definitions. “Bed“are_yr_jT:

in clonc aqreement uith those used in the RSS [Nu?Sb]
' The term “evacuation“ ic:used to refer to the immediate
movement of individuals out of an area at the time of an acci-

WA A E BRI L T

P A AR

¥




- dent... Evacuatlon may be 1mp1emented befoze -any -release of - -

rad1oact1ve material occurs as a precauvtionary measure based on

in=plant conditions which could woreen. This is distinguished

from “temporary relocatlon"_whlch is the movement of .a popula-- : »

. tion. frowm.an.area based on . miénitored levels of-radioactive.con-— o .
‘tamination. "Agrlcultural prqduct disposal" refers to the dis- . .-

posal of wilk or crops which are contiminated with :adloactlve

- material. unt11 p:O)ected individual and populatior doses from’

““ingestion-are acceptable. “Decontamination® refers to the

':population ptotectxve ‘measure. 1-p1ementat10n.

a-:1;organs and nealth effects o‘ concern. for each radionuclide.

process of cleanup and restoration of land and property in an

" area through measuree which reduce dose rates by removing

surface-deposited radioactive material. "“Land interdiction” o

“refers to“the prohibition of inhabitatiofi or use of areas foér a7

protracted period of time (~years), and is therefore a

long-term exposure reduction measure. ' "Permanent relocation

;,costs" refer to lost income, product1v1ty. and moving costs ,
incurred in -the rransxtion perlod of populat1on telocatlon from-.

,_1ntezd1cted land areas : S S

4. 2- REVIEH OF POPULATION RADIATION EXPOSURE PATHWAYS
FOLLOWING LWR ACCIDENTS

: : Detalled’atud1es on'the importance of radiation exposure
" pathways for LWR accidents were performed as part of the RSS .~ T
[Nu75b). The studies included consideration of both acute and
~'chronic-exposure-pathways-following severe LWHR acc1dents The‘

" projected doses from important exposure ‘pathways are used - 1n;ir-~-
both the CRAC2 and new economic models ‘to determ1ne the need fot'

e The acute exposute pathways 1nc1ude greundshine, . cloudshlne. '
_*and inhalat1on of’ zad10nuc11des which may’ -be depos1ted by or. '
-contained in a passing cloud of radioactive material. Acute
doses -are incurred within a short time period (~1 to a few

"days) after the telease of radioactive material to the.
environment. The population protective measures which are -
effective in :educ1ng acdte exposures include evacuation and
sheltering followed by short- term relocatxon

The chronic exposure pathways of concern after serious LWR
-accidents include the milk ingestion, food dingestion, and the
groundshine exposure pathways. Studies performed in the RSS
concluded that these are the most important chronic exposure
pathways for LWR accidents. . This conclusion is hased on the
radionuclide inventory of an LWR reactor core, the estimated
‘releagse -fractions of each element group. and the limiting body

wWays for the maximum exposed individual to detetmine the need
for population protective measure implementation in each area .
Aaffected by a release ot radioactive material The RSS con- : : 1




cluded that milk ingestion dose criteria are the most limiting -
~-for LWR- accidents. The-criteria for individual doses from crop -
ingestion are the next most Jimiting; and the criterion for the
" groundshine ‘exposure pathway is the least l1imiting of these
‘three pathways 1n tetms oi areas that dould be affected

A s1mp11f1ed dlagram of the. CRAC2 populatlon protectlve - -
' measure model is ehown,;n‘ igure 4.1. F}lk dieposal is 1mple—'

7 mented in- thé" largest area foilowing most accidents. with crop . =

disposal necessary in @ smaller area, and dééontamination of
land and property to reduce gzoundshlne exposure in a still
" smaller area. . Land area interdiction is required in the small-

est area. where ‘decontamination efforts cannot reduce ‘groundshine

“dose rates to acceptable levels.

Protective action implementation criteria are defined for
the milk 1ngest10n, food ingestion, and chronic groundshine
.~ .exposure pathways in the new offsite economic models. This
"approach, which is the same as that used in CRAC2,.is -based on-
detailed studies of the 1mportance of exposuroc pathways after
LWR accidents whlch result in reéleases of radioactive matetial
.to the environment. Other chronic exposure pathways are '
predicted to be less important and therefore 40 not need to be

- considered: in determlnlnq the need for populatlon protective ;-1
'i“measures 1n “an area. 7 : , T

3 "MODELING" “OF~ STAG&D“OFFSITE PROTECTIVE MEASURE . “f*'wfaﬁffff“M“mmW“

IMPLEHENTATION

) The new economic models are based on staged 1mp1ementat10nJi
-of offsite population protective measures in post-accident

- situations. A time chart of protective measure 1mp1ementat1onf~?'

. .after the. statt of a gevere, LWR acc1dent sequence. is shown in:
'Fiqure 4. 2 :

Individuals liv1nq in areas near the reactor plant may begln-"f

evacuation. after the start of an accident sequence but prior to
any releasgse of radiocactive material to the environment. If a
release of radioactive material to the environment takes place,
radiation monitcring teams will begin the task of coliecting
dose rate information at offsite locations from surface-deposited
radionuclides. This action is likely to ocecur within hours of
© any significant relezce of radioactive material to the environ-
ment. The new economic model allows projection of individual-
~doses during this "emergency phase" period to account for the
costs of temporarily relocating individuals in addition to
“those initially evacuated. The “emergency phase® relocation -

"criterion is basmd on dose rate or projections of short-term’

'individual doaes from exposure to surface-deposited materials.

-~ The model assumes that-monjitoring of milk-and-crops begins

immediately after any release of radioactive m.-terial to
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Figure ?.2 - Staged ptotectiye-actidn implementsicn model ﬁéédzﬁ

“for estimating offsite costs,
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jf:? ThéFm6dé1ing“¢fjstagéd7§toteétivé nea
‘used to provide realistic estimates of the costs of post- -

determine the need for agricultural product disposal.

As improved information becomes availabla concerning areas
affected by a release of radioactive material, indiviéuals ini-
tially evacuated should be.allowed to return to areas not: -

“Uimpactedy T This™is accounted for in ths cost estimates in the
- new.models. After improved information. becomes -available—-con--—- - -: -
fcern;ng,qug;;q;gg,ingaffected areas and the decay of surface- -
~deposited radionuclides with time, a second pro:ecced individual
~dnse may be used to determine those areas where high dose-rates

probibit reentry of the population. This time period is
referred to as the "intermediste phase" of protective action
implementation in the model. A projected individual dose from -
groundshine exposure during this period is compared to a
ctiterion for continued relocation from impacted areas.

After time is available to accurately determine the dose
rates 'in affected 2-eas, a projected long-term individual dose
froz exposure to surface-depocited materials is used to deter-
mire those areas wkich require decontamination or interdiction.
Interdiction costs are estimated for those areas where decon-
tamination efforte cannot -zduce Gose rates to acceptable .
levels. Costs of. decontamination and doses to workers are .

"-estimated*in”thSé“éfééé“ﬁhéteidecontahination efforts can
reduce dose-rates to acceptable levels. The coast of population
- relocation as necessacry during the decontamination process is

- accounted for. . & o : T

accident population protective measures. The projection of

doses over multiple time periods accounts for the durations of
~~vp:otective»measureS'whicnfmayﬁbe“nécessary'ﬁor short- and. - -
H;long—livédf;adionuclide_releases{ The staged 'implementation of

offsite protective measures after severe LWR accidents is con-

.gidered to be realistic because perfect information would not

be immediately available in post-accident situations, and
dose-rates may change rapidly with time.
4.4 NEW OFFSITE COST MODELS

New'models have been developedvfor estimating the costs o2
offsite protective actions and radiation-induced health effects

~after severe LWR accidents. The models will ks incorporated

irto the consequence model in the MELCOR series of risk assess-
ment codes to estimate the offeite economic impacts of acci- .

tion, land interdiction, permcnent popuiation relocation, and

“—~health-impacte which may be incuttéd after an accident are

included in the models. The models developed for estimating

sure implementation is = ..

"dﬁﬁfﬁ?"“THé“Cost”ﬁf"poﬁﬁlétidﬁlgvacyation,_;empp:ary.reloca;ion;uiniwf::T
'g'agrtcuIttralﬁpfbductfdisposa1.Hlanﬂ.and,p:opetty decontamina- - -



-'V"mented and 1asts for very short time perlods i The costs of
- possible-relocation following the" ‘gsheltering period are 'included -
w_in the discussion of "emerjency phase"_:elocation COST8., ...

.. each.of these cogt. components are. descrlbad in -this section.

The symbole ueed in the discussion of the new fsite cost

- models -are deflned in Table 4 1.

,;/ﬁﬁ4 POPULATION EVACUATIJN COSTS ﬁL,,i” ..ﬁ;;_,_,e.eeﬂ,“w N

B Twc 1mportant protective measuras whleh may be implemented _*,_f
durlng a serioue reactor accident are eva~uation or- ehelte:lng

’”J”df‘the population in the immediate vlcinlty of-the-plant. The

-costs--0f sheltering- {ndtvidusls in preparation for and durxng
the.passage of a cloud of radioactive material are assumed to- _
be negl1qib1e*‘ Sheltering in ‘homes or in places of work is K-

The costs. of immediate evacuation are estimated in the new

~,':mode1 using

"The evacuation coets per. pereon (E) include ‘the costs oE . _
housing, food, .and ttansportation using commexcial :or mass- ca:e

the .process. *Thege ‘coste were estimated using & 1974 etudy of
~evacuation’ ziska [Ha74]).:

'«transoo:tation;“and milita:y pay indexes ‘for - evacuetion auper-v

where

cev'=7pev o tev . [34(1.3)] o ’l (a.1)

[P YU S, PR B T

" Cev. = the cost: of . the evacuation ($).

V»~f£eofé$popu1ation 1n ‘the user specified area ‘to. be'fj
o ”Q';evacuated‘(numbe: ofnpersons).h_ - o

‘:?durationzof'evacuamﬁon. measuted in the numbe: of | Ve
__..days for individuals to retu:n to unaffected areas ST
T (days). ur,? T A S - AN

1t
i

'“5i9coet of food 1odg1ng. and transportation for each ‘
“evacuee (ﬁlevacuee—day). o , o $,

P ’.{‘.;- !

f“} a?natlonal average per-~ capita personal and cozporate
income. (slperson day)., - 1 S

R = ratio of tegion-lpecific to national avetage personal i ~g;,_l
: incomee. n i

facilities, and the coat of evacuation personnel to aupe:vise

- The ‘costs ‘from this report. ‘have been
updated to 1982-dollars 4n:Table 4.2 uweing:housing, €ood, + -
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Table 4.1 (cont.)

Symbol Units - . pafinition

FF :Wmidiﬁéﬁoﬁohiooiii1’ Fraetlon of ared. ured for farmland

{dimensionless] . Fractzon of furm value iﬂ improvementsui,nj— B

_;;pi;ﬁ f'@uiﬁo;EfoﬁiessI ‘ Fractzon of non farm vulu; in improvementa“,’=‘f”1vf'?'"*"f% 7
';g;pgf4;_njdimeﬁoionléoéiﬂf Fraction_of farm oocontam}natyqn,cost for - o
o labor o T
B (8racrel T T “""Aﬁnha"x fa‘m' produ&“é‘ai‘e‘s B T
vFv'ripwls;;;re] .i“ffff VAlue of farm land and improvrments T T

- THEY -iS/heelth effectl _Cost of health effect j

I . [$/person-day] National averege personal and corporate
ST .. income per—capita " : e

L “;tto,dé‘ﬁbékétéi'”‘é Decontaminotion workers required for ,
h?;;p;.,f;?f;.4l_".iﬁiﬁ@fwn>w?_ progtam P T ‘agLﬁ_Tj_”

,Ww;;mﬁh“m;;@lﬂ of - health R Number of population ‘health effecta from
: i'_ﬂ_‘effects] . diation exposure ;,f:‘. R

:.epreciation rmte for improvements in_zfj”'

ST ST /yearl )
,,4.‘,,.‘ . .jwr;, P ._....:.A _‘ Jrinterdic ted areas ., - :_. ..-..'. <> OO —

‘“fﬂiuﬁagflfﬂ(i"of peraonsl T Populatlonoln drea’ to be ducontaminated '

Pap % of | porsonsl K:fPopulat : located durlng decontamlnotlon éif B

-Populatlon‘relocatgd durxng*the "emergency

Pep i® of persona]
SRR phase” - -

vlvﬂey_ S le 5f;§arabh:)§ opuiotion“&u&tialry,ovaouated
Pin I¢ of_porsono] ﬁﬂuﬁPopulntfon in sres to be iotordicted

' Plp:: e of‘poréouoff‘f:“Popuiationorelocatedvdurins “lnterﬁediate
o w te ae phaee" : . . )

ocietal discount rato

‘Ratlon of region spocific to natlonal avera;o :_AN

-;3;hvpf'{dihonsl091qg§]~¢
' F D, Pet“CQPita pereonel lncomo

 “gLf j-y]dimoncionlmcnl>“ Fraction of -non-ferm aree docontaminutlon N
R costs for labor o

e




tab;e 4.1 (cont.)

- Definition

"Ratio of region- specific to nationnl avetageﬁ;Al;"
ferm values i

éon'factbtﬁés
.ta -‘ tyéara] : ." »A‘.Durat1on of decOﬁtamxnation progrﬁm"

tle;i [dayel A ;i5*  ;IStart of "emersency phase" relo»ation petiodl'.
tngulr(daysj 'ﬁih"“ : %Bnd of "aﬁé}genry phase" telocation perlod
TT,tév ':‘[daygl;":i iwi'_‘}nnratio;ﬂﬁf ev@cuationvfgc”qreasxnot;impacfed}

tzév - -[days)..~ 5End of -evacuation period for areas. not .- .

_lyears)

;(dayﬁl.;lﬁ start of "intetmedlate phase" R

[dgya}.m 5 'Vuffsnd of "intermedlate phase"

[yearsl
[dinensionle" Decontamination,HOtker doée redﬁéflon factor ;Qf“
7fot farm areas B R N

uational eve:aso non- farm tanglb;e weelth
pet—capitn




Iable 4. ?
'cqsts'of Evacustion Per Evacuce-Dey (1982 $) [Ha74)
'CSﬁmétéigliCanWFééilitiékﬂﬂ',7' ST LR T e T
Housing-l'f f?;j.j' . 810 B
- ) ; = Food S [ ,“_-‘ - 5 30 L e
Transportation (Private) 2. 40
. $ 24. 60/evacuee day
Hass Care Facii&ties':ﬁ“:_ o SR o R ,
Housing : % 6.90
. o food - - ' 3,70 L o
' T Transportetlon (Haes) ~ 1,30 - - v S e e -
v 8§11 90'evacuee—day :
o . Bvucnat!on ?eraonnel (~2% of . total 8 of evacuees)
. 7 ,: "fu_upensatiou 5“9f5£{@ - 358 00/day N
- -+ food, Housing, ‘and -Jr~vr»~ L
~‘transportation A Same as evacuees

Totul Heishted Cost -—(By5'*:“
(Based on 80% com&srcial cnre.
20% mass care facllitioa) e

a?ﬁ?}}legvé&u§e4day'.'VC




“vigion pétsoniiel [Pr83,S5 3). Theé costs are weighted assuming ~ =~~~
80% of evacuated individu. s use commercial care facilities o
(motels, restaurants, and , ivate caré}. and 20% use mass care
facilities [Nu75bj. Us%ng hera assumptivns the average food,

. housing, and ttanspotta'*o“ ..t per evacufe-day is approxi-

w;mately $24. "?T ;_N.”;..‘ . '"1'_(?? L J:ﬂff‘:ﬁ"i;t:filtfﬁ?”‘;

. The 1ost waqes ‘of evacuees and the corporate income~ losses?-*“ﬂ
due to tha- evacuatlon of ‘an ‘area: may be included in- evacuation Lo
“‘costs. .. This cost compernent . is. modeled by .accounting -for lost
personal income .(not including interest, dividends,-and tran- - -
. sfer-payments) and corporate income and profits.during an eva-.
: ‘cuation period.. ALl income loes estimates are.weighted by .
- Eegion- spec1f1c factors - which are-defined for each gqrid- element
.to account for variatione in population incomes.. . The.national.
average personal income (minus dividends, interest, "and transfer'
‘payments) plus corporate profite and interest is estimated to
~_be’ $26 per berson-day (i%82 dollars) [PxB3 SA83] '

ot
i

. For very. short evacuation periode (~1-3 days) there may
be sufficient flexibility in the economy so that lost producti-
_ vity, wages, and profits can be largely recovered through
.increased activity after the evacuation has ended. Therefore, . -
-for short -evacuation per&ode the coste of lost income and pro=-
ylductiv1ty may be excluded from. evacuation coet estimates.v S

The new evacuation cos ,stimatee can be compared to exper—
+._ience with_ evacuation: coste from the.TMI-2 accident. in.1979..
‘Many: individuals living ‘near sthe plant . evacuated at .gome time
.during the accident progtession .and studies.have. been ~performed -
htorevaluate the distance..coet. ‘and total .duration . .of population

“‘movenment .. It is: estimated that: ~15,000 pereons evacuated '
dutlng the TMI .2 event, each’ travellinq an average distance of
-~100- miles, and- staying away from home: approximately 5 -days -
--[F180). ‘The costs incurred due to population evacuation were B
covered by offsite liability insurance... Apptoximately
'$1.2-2.0x10% dollare was paid in claims to evacuees. Based
.on 15,000 evacuees and .a five’day stay. this correspondes to an
average cost of $16-826 per ‘evacuee-day. This is .in good
;agreement with the values derived for use in the new cost model.
The study of TMI-2 evacuation -costs :epo:ted no slgnificant loss
of irzome from the movement [FlBOJ ' :

'4.4?' z‘ EMERGENCY mese aztocmxon

It may. be neceeeary toetelocate individuala auay ftom areae
., in which radionuclides: have deposited after-.a severe LWR accl‘n
.dent.. . .These. individuals .may . have been evacuated before ‘the -
release of material, ' in which'case it is only necessary to
extend their stay out .of the area, or movement .of additional




1nd*v1dua1s trom contam1nated areas m1ght b required. As

improved information is gathered concerning the dose rates from

- deposited radioactive material, individuals may be permitted to

reenter those areas. in whlcn ptojected doses do not exceed

_unacceptable levels. : S o o
The new econom1c coneequeﬁce model allows spec1ficat10n of

.the time periogd: for integrailion of emergency phase. groundshlne

doses.ﬁthe criterion to which projected--individual -doses are.

'jcompared and the time ‘period for temporary populatlon relocaw

tion in areas where the spe01fled crlterlon is exceeded. The

‘p:otectlve ‘actioncriterion for the "emergency phase" period is

. deéfined based on projections of individual doses from surface-

depos1ted materials. : o

) The costs of temporary population relocation durinq the
emergency _phase period are estimated includlng food houslng,
transportation;‘and income losses"' :

Cep = Pep * ‘!Efﬁ;x?#)_:_1f';“':,tj*z_"éb%_maxf< tiep.tiev)] . (8.2)

t,ev = end of evacuation petiod for areas where )
evacuation occurred (days). or 0.0 if evacuation did

‘and the other parametezs’are daiined in Table 4 1. The compar-
ison between the énd 6f the évacuation period and the start of
the emergency phase relccation avoids double-counting evacuation.
and temporary :elocation coste.«~For very shott emetgency phase .-
relocation petiode”it‘
- ‘income loeses.-»

) time period beyond he ; emetgency phaee ia modeled in which
it s &nticipated thet bettetninformation concerninq dose fielde




“'ﬁthd"be”evaYiabié, the decision précesc for “long-term protec—

tive actions would be started, and preparations for long-term
actiong would be made. ILike the emergancy phase, an individual
dese projectioen is compaLed to the criterion for temporary pop-
ulation relocation-from an area. All-previously-relocated - — -

7 - individuals in-areas mnot eeceeding the intermediate phaser cri—.. SR
-tefiﬂh are aesumed to teaume normal act1v1ties 1n this petioa N

“The cost of - intermediat@ phase relocation. from an area- is-

F”iﬁﬁestxmated in-a.manner. similar to. emergenci phaae-relocation rwm?ﬂ§t¥%#

costgl o o - : . : e o

']?Ci" = Pip [3+(1°R)] [tzip_txipl o qem
g e e e S :
Cip = éostfof'iutermediate ﬁhaee“relocétion ffom'an agéa'(g);om'g
Pip = population to bo relocated from the area (number of -
persone).,, SRR -

o

o txip = time of start of intermediate phase telocation S
' »=—(days), & ST :

,19 = time of end of intezmediate phaee relocation (days).,

- discussed in the BRSS {Nu75b}. The disposal criteria for milk-
and crops used . in tnie etudy are identieal with thoee used in

,34 4.4 1 Pooa‘~Ctop)

which occur during the growing season can fesult -in the heed to

.g*ﬁand the other parameters ateudetined in Table 4 0% R It is ~—“wﬁﬁuvmw»w“
- agssumed that the dintermediate phase relocation period does not -
ve‘ioverlap with- theaemergency ‘phase relocation period in the- model
M S T >t,ep) ‘Ag "in the emergency ‘Phase petiod it is likely

,that relocated individuals cannot continue normal p:oductivxty a,f

‘uperiod. The patamete: R can be defined for each epatial 1ntet-:lffﬂ_(»_l

val to estimate region specitio relocation costs.

i

6.4, 4 Aoazcunrvant7raonucr DISPOSAL | t’

. = od

"R model vety eililar to that employed in CRAC2 1e used to

‘estimate the coste of milk and crop disposal whick may be

necessary after severe ‘LWR eccidents. -The method of p:ojecting
maximum individual doses from ingeetion of-~crops and milk is -

-the RBS

“:odnct Dieposal

“ Direct depoeltion:of“tadionuclides on crope fronoféleoees

- 4-12




dispose of the agricultuzal harvest which is affected. The cost
' of crop dxsposal 1n these cases . 1s estjmated using : -

Coo= FF * A e FF e (10 - DY) B & S

::FF'é’fraction of reg1on wh1ch 1s farmland

= area where doses from incestion of foods would be
”T"unacceptable (acres). A

, FP ;“average annual farm producc1on (eales) in area
' ($/acre), C e e

DY = fraction of farm sales from da1ry ptoducts.

S = geason. factor. = 1 0 in grow1ng season. ; 0. 0 outside .
o “Tfof grow1ng season. ‘
BLE is assumed ‘that crops in growth are disposed of in all ‘areas -
-which reguire the long-term protective measures of- decontamina-._
tion or land interdiction. iAccidents which.occur outside ot the"
q:owing#season result in no. crop disposal costs, 'he parameters
FF,FP, die d £ “the conse<
quence calculations.” Dairy ptoducts are'conside:ed separately
in the milk disposal wost calculations.j;a‘ o o .

4 4 4 2 mxlk And Dairy P:oduct Disposal

1' Population dose levels from ingestion ‘of milk could exceed -

|~ protective action .criteria after a release of- ‘radionuclides .
- because dairy cows are extremely efficient collectore of radio-
‘nuclides deposited on pzstureland. The dose projection models
and criterion used for ‘projecting maximum individual doses from
ingestion of milk are the game as those described in the Rss
[Nu7%b}. Co ool . o A .

The cost of milk disposal when necessa:y is estimated ueing e
~ the £olxow1ng equat:on'ﬁ- : _ . L

where




tp = time .or radioactivity levels in milk to reach
acceptable leveis for ingestion (years),

.and all other narameterb are'defined 1n'Tab1e 4.1. The. value

_.of _one. year"of dairy product _production. is assumed to-be lost. .. . ... ..o
~.in-all areas requiring the long-téfm protective &ctions of "’Z f'ﬂ'*' o
.decontamination or land interdiction. . For areas requiring only

.food pathway protective .actions, the duration- of‘milk'interdic—ﬂa}
h“'mtion ie normally less than %0 days (.25 'years). _The parameters’.

. .FF, FP ~and DY can ‘be defined for . each sparlal qr1d element.

lodine levels in milk and proiected thyroid doses are normally

" limiting coneiderations.for milk ‘interdiction. Because cows are
ruassumed towbe fed. with etored feed. otts1de of .the. growing. e
‘Season, accidents occurring durlng th1s period result in nO‘v!]gOJ

'mllk dlsposal cosrs : . ' '

"4.4.5 LONG—TERM PROTECTIVE ACTIONS

After asaessments of dose rates in various. areas have been
completed, it would 'be necessary to make- decisgions concerning

’"ldcceptable doses over long perlods of time (~years) .and the__

b

return of populations to contaminated areas. The dominant

long-term chronic exposure pathway is likely to be ‘groundshine

S from gurface-deposited radicnuclides. . Two effective methods ofw'

reducing long-term population exposure via this pathway are
decontamination.

- projecting a long-term individual dose from éxposure to . . .
“surface-deposited mater1ale and. comparing this dose to. a speci--

" "tion relocation L
" estimating ¢osts of these two populatxon protective meaauree
‘;are discuseed_in this” sect1on.:3' : e i Fan Ui

Hodeling techniques and equations used in"

‘The need'forslonq term protective act1ons is determined by

fied criterion tor thevimplementation of .population protective
countermeasures. -~ The time period for dose projection and the- -
protective action criterion are flexible in the new economic R S-S
model Y , L i : . "

4.4.5. 1 Decontami"ation Of Land And Property

Decontamination is a-less ‘disruptive measure than long- term.

. 'interdiction of .areas because after the cleanup process is com-.
~-pleted normal ;activities can resume in the affected areas.

4,§£gDecontamination can. restore much of the initial wealth and .
..economic activity in .an area’ without the need .for permanently

‘”?efrectiveneee end co8tE of decontamination techniquee attet Lwﬁ

,;new locations.ivggﬁ__dr_,h

Recently much attention has been given to the potentlal




accident releases {Wa82,L183,0883). The experimental data which
exist concerning the effectiveness of decontamination technigues -

are dependent on radionuclides.'palticle cizes, and the chemical
forms characterletzc of deposited materials. Tittle data exlst

T Twhich are directly applicable to the small particle sizes
o {~001-10 um) and soluble matee1als which are- ant1c1pared in

_;eleases from rost severe LWR accida2nts. The cost and effec- -

tiveness estimates for decontamination contain large uncertain- _ -

- - ties, and:: reeults of future experlnentarlon with decontamination - ...
“techniques should’ be" used to ‘updrie models fo: decontamlnatlon.“ R

. The cost estimates used in this study for vazious levels of
decontamination effort in an area are taken from a detailed ’

" review of decontamination effectiveness . and ‘costs performed at

" level- @ffort-are- “basud" ‘on plowing of grassland and cropland-

N”The farmland decontamlnat1on cost and effectlveness values‘

" nation effectiveness (in teérms of dosé rate reduction factor)

sandia National Laboratories (SNL) [0Os84). ‘Cleanup cost esti--
"mates were provided for farmland and residential, business, and
public property based_on decontamination tedhniquee which are
currently feasible. The study also considered the large areas
which may require decontamination after the worst accidents in
“defining the varlety of decontamlnatlon techniques which could

' Tbe employed .

SO The study estimated decontamlnatlon costs in farm areas i
‘based oa low ard hi_ Y level efferts. The ecost estimstes Eat low o

" areas and reseeding of all grassland areas. Costs for high o
level ‘efforts ‘are based on deep’ plow1nq of grasslands and- - - -waa‘fnf
—gcraping-and “burtal of contaminated cropland areas (deep low—’ T R
~ing _could do damage ‘to. the qualzty of cropland surface soll).. o

enployed 1n ‘the ‘economic consequence model ‘are presented in’
. "Table 4.3. Three levels of effort are specified in the economic T
‘model -with-cost estimates, -labor cost fractions, and decontami—.vru\:.e

‘specified. for each 1level of effort. The estimated wWorker dose
reduction factor, which is the ratio of the estimated worker
Gose to the total! dose from constant exposure to surface- _
~deposited radionuclides during the decontamination period, is
also shown in Table 4.3 for each level of effort. The dose
reduction factors aze estimated based on the shielding which may
be afforded by tractors and other heavy equipment used in the
farmland decontamination process. . v

Decontamination coste for non- farm areas were estimated in
v.the SNL study oh a per-capita basis. This approach was employed .
in the ass economic conseguence mcdel and is appropriate tor the

new ‘ for the following reaeone'v : S

v ;aase sain an area zequiring decontamination
abould be :oughly propoztional to the population in the
area. ‘ .




Table 4.3

‘Deconteminat.ion Cost and Effectiveness Vaolues for Farm Areas [0s84)

" Dose Rate Reduc- =~ “Approximste  Fraction of Worker Dose Reduction -
tion Factor After Costs =~ Cost for =~ Factor (Estimated Worker
_ Decontamination - " -(%$.acre) - .. Paid Labor  Dose/Dose From ~ .=~ . -

B ¥ T T £
120 _ 480 R | R & §
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2. .The costs of decontamxnatlou should be roughly
S proportional to the total - tangible assets requ1r ng
Ci cleanup or: dispoeal in an area.

"Tar“fbetailed analyse of decontam nation: costs based-on
land usage mappiag: and estimation. of. decontamination
- coste for - specifie area types. is not justified for. risk
'“%fmodeleebecause areas requiring- decon tamination are -
large enough ‘that average values provide reasonable™
~ cost estimates. The large uncertainties inherent in-
: . 'estimates of reactor accident radionuclide release
TM;.‘V,,prrocessns (source terms), atmospheric transport and
- deposition, decontamination- effectiveness, and
, " decontaminaticn costé limit the usefulness of more
e , detailed analysee. .

The non farm ‘area decontamination costs and effectiveness values
used in the new economic model are shown in Table 4.4. The
decontanination cost estimatee incocporate 1nformation on a

" multitude of" possible methods to be used in the.decontamination
.©0<. non- farm areas,. and have been weighted to account for resi-
~dential, commercial: and induatriai, and public use land ‘areas

- based on national average statietics. . The méthods to be . .~

" employed for ‘each level iof" effort-and-each-type-of- ‘area 4include
combinations 6f decontamiBsatien techniquee._ ‘However, dose rate
reduction factors for decontamination techniques cannot

""generally be. multiplied to account for Combinations of répeated -

“applications ‘of cleanup techniques. The estimated’ factore for -
combinations of methods will generally be lese than the. product ‘
of factore for_each_individual decontamination method.f,ﬁf;~._

Ll The total cost;of“the neceeeary decontamination program in‘
“an- area is- estimated by weighting farm and non-farm costs for<‘*
the appropriate decontamination factor by the farm acreage ané
population in an area'- _

Cq e (FE e A e DPe)w (Py o DR - - e

Daw e

where

- Cq :»coet'of~deContaninaticn‘program in an areaf(t).'

_rA. .a~tota1:area to be decontaminated in interval (acree).ﬂj.“

. .DFg axcost o£§ econtamination of farmland by appropriate f
o ,ﬁdecontamination*tactot g (s/acre)._ -

; ‘ s -
gPd:¢g;popu1ation living in area before accident
T ,:occurrence (DQIGODB ) . T T e e




_ Table «.4 . .

“Decontamination Cost and Ef{ectiVagessfvaiues;fér,Non%Furm‘A:eas,[9584]';

" 'Dose Rate Reduc- " ° Appréximste  Fraction of - Worker Dose Reduction o
~tion Factor After . Coste : -Cost for- Factor (Estimated Worker
- Decontemination. . : .(§/persca) . Paid Lebur . Dose/Dose From - =~ . . n
s ' § el Il U0l 7 cContimyous Exposure)” T ¢ .

- (WRg) e o

Ty




DRy = cost of decontamination of residential, business,’
and public property by appropriate decontamination
factor £ ($/person). ‘ ' »

‘;and the other parameters are defined in Table '4.1.. Decontamina- .. e
tion costs are not discounted because it is assumed that the ~ .~ "
program would be implemented 28 quickly ‘as possible after acci-

. .. dent. occurrences -Although weathering and decay-of radionuclides -

;;gwwould proviae incentives to delay the decontimination procese, -

. it is likely that migration and fixation of radionuclides. onto
surfaces in an area with time would make decontamination more

,'difficult_and_costly o Also, ‘delay of deccntamination in an- area.

~.prolongs.the -:soc¢ietal -and economic disruption.caused. by -the.

. process.  Therefore, the most effective. approach. ig- to complete

- decontamination of those areas which can be restored to accept~
able 1evels as quickly as - possible. e -,—;,~--» e :

f The portion of the decontamination program costs due to
,labor is estimated uaing the following equation- :

Ly ALY+ CapaieiLe

'fwhere* g":i‘f; ;rgef}

_- Cdy s ggg:m in -

FLf = the fraction of farm decontamination cost for the ,
- appropriate factor;fewhich is oatimated to be‘paid

-mated labor cost fractions‘ or each level of decontamination i’
effort in both farm and ‘non- Earm areas are presented in Tables'
4.3 and 4.4. ‘These valuee are estimated based on averaget :
udecontamination ‘1aboricosts of ‘~$10/man-hour .[Os84). : The
remainder of - decontamination .co8ts -are sbased on neceasary
”cleanup equipmentuand building mate.ials.~ S :

.r,A - 3 e .
.._,‘,\_’ Toge &

- "The total man- years-of effo:t required forethe decontaminj-
--:;tion program in each area ds estimated ueing . .




where

DMY = tne total man«Yea:s of'effort requi:ed in area,

LDWJ'= the avetage COET Of decontamlnation labot I
: ($/man yea:).: : :

-and-the ‘other - parameters “are"defined in Table 4.1. The average
-cost -of decontamination labor is estimated to be ~$30,000 per

man-year in this study (~810/hour for a 56 hour work week). . .

- This cost is eatlmated ‘based on cosets for mxlitary and disaster
“ralief personnel. Thé total man-years of effort tequited is

.used to estimate the number of decontamination workers required'““-,‘.“‘
to complete the decontamina?*on prog:am in a specified p:ogram L e
duratlon'”“f S e N ) o T

(8.9)

" where

fwmﬂd;a themnumbe: of decontamination—workers requited to
' completeiprogram 1n the estimated p:ogram duration [

and tbe other{parameters are defined 1n Table 4 b O For sevete-*
accidenta :favolving ‘large -areas 'to -be. decontaminated “many
workets woutd be :equired ‘te ~complete the: decontamination _ :
program in a- short time. ¢ :Costs and time perlods ‘estimated for -

decontamination -assume : ‘that ‘combinations of -military pergonnel,
disaster telief agencies nd‘commeccial pereonnel uould be
employed. S RIEPS T el oy

Doses incurred by decontamination workers duting the decon-J'
tamination effort.are ‘estimated ip the model by -accounting fo:
-the time workerg*qill be in contaminated ateae and pqsaible




\mere

DD = the total dose incurred by decontawination workers in
S an area due to expesure to surface-depoasited
ﬂ'rad1onuclides (Man RLm).;_‘
LT . = the ﬂose which would be incurred by an 1ndiv1dua1
. . frowm constant exposure to surface- deposited
ﬂ-1Wﬁ~raqionuclides for the enti:e decontamination period
J.Nwlqem)’ el 4 |

= ratis of. decontaminat1on worker dose for

" appropriate level of reffort- in farm areas to
" individual dosé from constant exposure durxng
- decontamination period -

'fﬁkg-s':atio of decontamination wotker doge’ for
R approp:iate level of effort in- residential, business.

exposure éuring decontamination peziod.

o and'the othet paramete;s a:e’defined in ‘Table 4. 1.

; ﬁworking in areaaﬁyet

“nwof concern .ate’ ha”dﬁ

“'eliminate th&ee

Aﬂ”worker dose tatios

”“ﬁmodel_to accoun;

' The doee tatios fo: eecontamination wozkers in tesidential

"business, and public-areas (WP;)-are -estimated for -all levels . -

_of effort assuming that workers ‘work 8 hour days, ‘are constantly'
o%he decontaminated and leave the.- :

Vthe effort is likely

;T rad1onuc1ides and the wor été«exposed." wotket beta doses f:om
“radionuclides depoaited -ditectly on skin and doses from worker - -
- inhalation of :eauspended radionuclides .aze not included 1n the -
model.

7

- workers is 1nclua

Tables 4.3 and Q.

P b :
PN P : L
RN

Doee - :atesllnscettaih azééé:hfdhi'wafféhtﬁéheﬁféiﬁo£3}imw, , C
relocation of the:population during the decontamination and =
~cleanup procege Two optionaﬁa:e 1nc1uded in the new economic ¢

aipat option includes ] checx to
ng- te:m protective action -




ks decontamlnated during the cleanup process. If the long-term -
protective action criterion is exceeded from inhabitation of the.

- area during decontaminaticn, then the population is relocated
during the decontaminaiion process. The second option estimates
decontamination factors necessary to meet the long-term protec--

. - tive action criterion with the: assumption that all individuals .

""" Tare relocated from areas to be decontaminated during the cleanup ’
process. - The number of individuale to be relocated during .
- decontamination-tan be aignitxcantly dxitarenu-for the_ two '.,;,*H
assumptlons.,wﬂfmA.m\, e _ - . . e e

[

o The cost of relocatlng 1ndiv1duals during the decontamina—" o
tion pro*ess is estlmJted uslnq A . B

et bae g TG

S e

Cd: = the coat of populatlon reloca?ion f:om an areé ' el
during the period of decontamination ($). e

?dr = :the’ populattbn*po be relocated £rom the RO
. decontamination 'rea (numbet of persons)._;“~'.*

The new economic coneequence model?estimatee attributes~of
the ‘decontamination program which can be examined with cost
~estimates to.- identify ‘potential resource and logistic limita-
.tions for ‘severe :LWR accidenta.- ‘The model includes estimates
of worker doses ‘in chronic :health effect and health -effect -cost
calculatione._ ‘A large-‘scale decontamination program is - likely
‘to create additional employment in specific industrial sectors
duve to the- labot,'building materials. and equipment needs of the
effort. R : PRI I S




“‘population protective measure. -The -population originally- - . ... . . _
inhabiting the &area is assumed to be permanently moved to an
alterpate location. After decay, weathvran. and possible
future decontamination efforts, it is poesible that individuale
‘would move back to the area. Land inLerd1ct10n costs are esti-
assumption that some portl n-of the 1nitia1 value of the - - -
property &ay be tecovered it the area can be used in the future
o “There are two baaxc methode for estimatlng the economic loss O
 due. to. land 1ntezdict10n #fter a release of radioactive’ mater- B
__ials. _The fi:st method messgures the ptoduc:ion rate (or rate
o ,of output) of" the land and all tangible assets contained within -
rhmamzegion. and_.integrates tinis value over the interdiction or,nhxg
“some other specified time period - This _approach -is used . -
“in both the BEA economic model and the ECONO-MARC" consequence
-model. ... The BEA_analysese predict job losses which occur in the - :
first year of land interdiction. _The. ECONO-MARC model -estim. tes,ﬁ.
“‘the contribution of .an area ‘to Gross Domestic Product and. inte~ . - .
grates the total production 1bse over the entire period of land A
_ 1ntetdiction.:~0ne ptoblemg ieh this approach ie that all S
: attributes of “an ‘afea which~ ‘contribute to societal productivityﬁ
are -not measured in Gzoss Domestic Product Fot example.m - -

vtovtdea. This productivity is rare Yy meaau:ed tbrouqh matket-V
t:ansactions.;and 48 not tncluded {n ‘GDP. vAnother . problem. with
PLe )88 ¢ inte:diction -cost is

""~’eriod for’ production'tesumpiion
a-total coet of land intetdiction

.‘4Past invastments in?tan;
ectgg,by_integ;atinq

‘-* dlble aeaets in .an area. . Wealth 5
pzovides the capabiltty(to ptoduce output and income (including
.pon-market :output and 1ncome) ‘over a succession of accounting
peiiods [Ke76a,Ke76b). . The wealth of the United States has ~
.grown constantly.:over the ‘1ifetime ¢f the nation due to contin-
uous investment 4in tangible. goodﬁ to increase p:oductive Capac-;
ity. studies -have ezamined both the human and non-human wealth
of the nationftof :

i _:ing'the broad defin\tion of p:oauction.-
waalth and discounte futu:e production should be equal ,

4-23




CRAC2Z employs a wealth model for estimating societal costs
of land interdiction. This approach is preferable to the inte-
grated production output approach because of the better estima-
‘tion of total costs of land area interdiction. Also, implicit ~
.in the wealth model is the. assumption that investment can éreate -
new wealth in a different area. The wealth loss. in an inter- 5
~‘dicted area can be estimated using available dats for past . }u_,n.ufa
- integrated.capital investments. Finally, weéalth 1088 estlmates :
et - § < - 21 comparable ‘tolosses from historical.events which> have
" resulted in significant costs. Fires, auto accidents, torna-'
"does. and hurricanes are examples of events. which result in !
“tangible wealth losses The costs of these events result from -
‘the costs. incurred . to. testore ‘the tangible- p:ope:ty to its T L
1nit131 (or often ‘an improved) condition. = T Lo Lon e e

‘Health and present-value concepte are used to- estlmdte"‘v;de-~
"interdiction.costs in the new economic _model. ' Non-tangible .- - ...
‘financial assete such as stocks, bonds, and precious metals are
not included in cost ‘éstimates since these items would generally
not be affected . by A -reactor ‘accident. :Therefore, only land and
tangible asset- wealth values need to be 1nc1uded in the e e
analysis.p" : . : . R

"xm- The wealth '"lue of-land and tangible assets contaxned

: in: f;zansactions.ﬂ “Thie approach. has*been~used
= 3 ecent Census of Governmente to ‘éstimate ‘the - avetage teal
. estate values in various ‘regions -of . the country {Ce77}) ;rhis
i,.appzoach is~usef’1 for assets which aze often traded in the ;

it is most app:opriate to measuze ‘wealth by summinq total past
" 4nvestment {n these items and subt;ac;ing net ‘depreciation and
- . -losges (from accidents, diaastere) Possible appreciation of
e wealth can. also be;t ken into account. Accounting for- the ‘net.

. stu y
- which has employed mhe\net stock fozmation appzoach toseetimate
-:the total tanqib‘eAwealth of the United States [Lo72 Mu?d.v

P ; - A

'onduct Accounts to estimata in'eatment 1n new tanqibla wealth.
“The current gtocks 'O0f private and reaideutiel wealth gove:nman

wealtn. conaumez dura @ ‘




estimated_in the . study.. Reseatch to estimate-land wealth ig "
underway to complete the estimation of totsl net tangible wealth
in the nation. Once these estimetes are compléte, net tangible
wealth estimates can be easily updated in future years by using
national income and product accounts. ‘Results of a previous o
study performed by The Conference Board are used.in esg}mating s
uwthe wealth of- land in the- U S for this grudy [Ke?ﬁ] ) - -

_ _The new economic model eskimates wea}th contained in farm Af j;f:::}”W
'areas=by using _Q o - s :

| vf a FF * A FV o va A o sa2)
where e

ﬂ ‘Vf-,§TtOta1 farm wealth in an atea ftom land and
-av“-~-rimprovements ($).N:_*.

_ﬂ-

RV

. BVg .= _”fpeéific to" national average market,f@d
”w“~*—~*va1ue of’farm land and\dttuctures 1n the a:ea,

Vg = Total residential business. ané public wealth in
an area (8).:} PR : o

“Rattorot'ze ion‘spacific 0 national averagekf’,ff
, pe.aona1 income in a:ea._ar.- e




~-Total trugible wéalth eétimates are not available on a region-
epec1fic basis. Therefore, the detailed national wealth esti-
‘mates which are. avax:able from the recently completed studles
of national wealth are allocated to affected areas on a

. per-capita basis. The wealth estimate is further weighted by.
Amtegion Bpec1fic persona; income statistics- sxnce wealth to. ‘some .
“extent represents income producing’ capacity. Areas with high
--incomes are likely to hLave mote tangible wealth and_more poten-
- tial- for wealth‘_reat;on than low. income areas.-- -‘Interdiction- o
“"go6t. treatment based..on.per-capita allocation is congistéent with™ ~
“the l'iel of getail treated ia the consequence model Other more[

_fnet just1fied in this type of ana‘ysis»

, The estlmates of wealth included in each interdicted area
‘are depreciated to account for the societal cost of a period of .
" .land interdiction. -1t is- likely that buildings and other . :
improvements would depreciate at a faster rate than land in-an
interdicted area due to lack of mainterance and repairs [Nu75a] o
_ A depreciation.rate of . pe.20/year is used for improvements ia .. -7
both farm -and non-farm areas. . The cost -of ‘interdiction of an * o
“area is estimated by subtracting the value of -land and imptove—ngiAf:”
ments when. reclaimedfafter interdiction fzom the 1nitia1 presen;'
'-value ef the area' B S ‘

o otal tangible waalth in Eaxa lana and
improvementsﬂin:the area atfectea (s).




.‘asocietal ‘COBLE of bealth -effects which.result: from. various:

“The parameters Flg, Fl,., and ty can bé defined for €ach =~~~
spatiai interval in the new economic model. The interdiction
- peried is estimated based on the time period necessary for
" rtadicactive decay, weathe:ing, and decontamination efforts to
reduce . the 1ntegrated iong-term populatlon dose t¢ an acceptable
-level.. If an area 13 predicted -to be interdicted for more than o
30 years, the entire initial -wealth in the.area is assumed to
‘be-lost. The costs of decontamination, interdiction, or a com-
bination of -these-messures 'is. estimated for each area wvhere ...l .l
. long-term actions are. zequzred and the. lea st cost: alternatlvef~ewu~fw~F-~
‘ig included in cost and health effect estimation. Decontamina-
~ tion is generally predicted ‘to be the most cost effective pro-
“tective ‘measure if the population can be returned to the area
1mmed1ately after the cleanup process. T T e

It is llkely that personal and cozpozare incomes would be T
~losgt-for some- perlod due to permanent population-relocation from™
‘interdicted areas. Permanent relocation costs are estimated ‘n;' N
 based on personal ‘income losses for .a 100 dey transition period : - . .
and corporate .income .losses for a 180 day-transition period };f ' :
[Pr83, SA83).: .Costs .of :moving. belongings to new_areas. should -
be small since akl tang1b1e .property in the interdicted area i@
~assumed to be replaced ‘Therefare, .the cest of permanent ielo-
- cation results entirei, from temporary income losses in the .
" 'model. This cost %8 estimated to be ~$4000/person in the'3¢¢”

{nterdiction area. whicb is small compated to vealth loss
predic'ions.is . = . , S

4 4 6 HEALTH'EFFECTS‘COSTS

Studies {kc73;Coal,Hes3]ohave been performed to ‘estim.
w7 8O0urces. There ‘ate ‘two general. approaches ‘which have been used'
. -to estimate the costs 0f health effects. - The first ap,zoach -
estimates individual or. ‘societal pteferences fcor avsidance or :
reduction ‘of -health- effect risks. Studies [}c73 CoBl] using ,
. this approach have concluded that preferenc=s8 for health effect -
rigk reduction’ ate,dependant upon the activity or circumstance, ,
. which leads to ‘the risk..:Estimating health effect costs through
.evaluation of. pzeferences does -have the advantage that effects
“which cannot be quantified directly {(e.g. mental anguish, pain.
‘suffering) should be appropriately included in individual pre-
ferences. . However, the interview process necessary for elici-
tation of risk;:eduction preferences can be difticult and
,costly. ‘ ‘

A second app:oach <o_hea thsetfect coets evaluatea the loaa



.. dual’'s expected lifetime loss of earn1ngs due to the incidence

of a particular health effect. The advantage of this" approach -
is that estimation of costs ic straightforward. However, the
estimated health effect cost frem this approach includes only
purely economic costs, and in no way reflects individual pre- . -

‘ferences for--avoldance of pain, suffering, or anguish. Health .
Teffect values: calculated using this approach are incorporated -
“into the new economic model to represent the societal economic
"losses due to the 1nc1dence of rad1at10n induced health effects
'-fﬁat offslte locatlons : :

: In us1ng the human capital approach to estlmate the soc1eta1

- logses due-to--health effect occurrence, it is necessary to add -

the direct gocietal costs of -health care to est1mate the cotal

 cost of ‘radiation-induced health effects A previous study - has
. egstimated the.direct (medical care)-and ‘the indirect. (human.
.capital) cost: of possible radiation-induced health effects

after severe LWR~ acrldents [We83]. The study used detailed

~.calculations to account for the age distribution and earnings. o
- distribution of the population, average medical care costs, and
' ‘health effect risk versus time after radiation- exposure to T
‘estimate the costs Of ‘specific types of health effects. included
in the CRAC2 conseguence catculation code. ‘A computer model wae

T~developed in ‘the study to :estimate health effect costs for spe- .

'Atzom the study ‘are shown in Table 4.5, "Early fatality costs

--are--based--on- a-typical population .exposed .to.radiation_after_an. .
. LWR ‘accident,’ a 4%/year real 'societal ‘discount rate,. and.a. e
' 1%/year real growth tate in medlcal costs and earnlngs.- =

fhealthheffects by ave:age¢societa1 costs for each type of
jhealth effect~ - 4 B A =

cific consequences ‘and discountlng assumptions. Estimates of S
base-case radiation injury, .cancer, and genetic effec.3 costs T

vere not directly estimatéd in the- study.¢ The cost éstimates.

The costs of tadiation induced health effects a:e eetunated'3
‘ w_economic ‘model b fmultiplylng the'expected numbe:“ot

vhe.e

4p”ToLa1 medxcal care and human capital cost of
r,zadiation induced health effecte ot type j (8),

B3, a;Average medical care and human capitei cost of
] epecific health effect b) (sleffect).= f‘, R

ovalgnumbervof health efiects oi type j pzedicted“;

AT i IR o TSRS A ey 4 4 R Lo e




The health effect estimates included in the new economic model
include early fatalities resulting from early exposure*, eariy
injuries resulting from early exposure, latent cancer fatalities
resultlng from early erposure, latenc tdnce_ fataliti_s result—_ij AAAAA
ing from- chronlc expdsnre, thyreid health effects resulting from
total exposure, and geneti> effects resulting from total expo-
sure. The total cancer futality costs include leukemia, -ung, : o
. gastrointestinal,--breast, -pone, -and all -other-fatal cancers: from334‘f*=
“exposures “The-health- effe t costg-dalsc include the ¢ostse of o
‘non-fatal effects.  All health effect codost predictions in the
- new economic medel reflect short- and long-term protectlve S
~actions whlch are’ assumed ta be implemented in each area afterf¢; o
O " the accident, ‘including do Incurred by decontam1nat1on B
Eeee s workers when approprlate : o

- . The new. economic model estimates the societal costs of
mjrad1atson induced health effects using the human capital"
. approach with estlmates of direct costs of medical care. These
“cost estimates have ‘been taken from a previous study of health
- effect costs for severe LWR accidents (Table 4.5) ([Ne83]. ‘T;e.‘
.. -values represent only societal-economic losses, and do not in - -
... any way reflect true individual .preferences for -risk reduct1on-=-*v-“-
“from radiation-induced health effects. Therefore, the health "
. effe:st costs presented- in this teport represent lower-bound
- estimates. Dollar values for health effects. teflectlngdsocietal
" preference or k oidance. could be 1ncorporated into  the
et-peW - @conomic models;f“However. it is gquestionable” whether ttue
];;societal preferences .can be appropr1ately represented us*ng
e COnstant dollar values fo: health effects [KeSOa KeEOb KeBOc]

"4 5 OFF”ITE COSTS NOT INCLUDED IN THE NEW ECONOMIC MODEbS'

FFSITE LITIGATION COSTS

. i
Aftet any severe accident resulting in a release of radio- e
';active material it is likely that parties affected at 6ffgite . = *
«'locations will seek compensation from liable parties through
‘11tiqation._ ‘As discussed in secticn 3.10 on onsite litigation
- costs, the societal costs of the litigation process itgelf are
“likely 'to be small. -However, to individual parties involved in -
litigation, -the costs of the litigation process could be large ' :
and should be included in analyses for these.groups. Most - S e s
' damage rewards for offsite parties represent transfers of = = - - . .-
--loeses which are included in direct :societal cost estimates and P
='do_notvtesultv1n additional netAcoets. Leqal awarde for costs‘f

-- Five times the avetage value of a radiation 1njury trom the

- -health .effect cost-study [Ne83] is used as an estimate of"
- early fatality cogte in this study (~$500,000). The .
'rconclueione of this etudy are 1nsenaitive to this value.:




 Table 4.5

Estimates qf‘ngngmiﬁ*Cd§t$ of'Radiatioh—indused Health Effects*[Ne83] : 

Hedxcal Carn and
Productivntv Costs (103$)

'.;Health

BRI

:-Eff"euts (j)‘. e

'Radxatzon‘Injurfes? T LT ;é'fﬂﬂv

“Prodromsl © T 0 1
-Bone-Marrow * - e o - oo 129
. Lung B .76
._»Gastro1ntest1na1 oL 100
. .Prenstal- S e S - 281
' ‘Average , 118
Cancers — L c e

Leukemia ;
. Lung .. el
e Gastrointestl
- “Bresst
.Bone

. _Genetic Effects

""*Cost estimates are based on- a% dxscount rate end- 11 real growth rate »
‘in medical care costs‘ Mo est1mates for early: fatnlity costs are
',pres?nted in [Ne83}. 4 ; o
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- not quantified could be included by augmenting the dollar COSBtS
. used in this study. No societal costs for offsite litigation
~cases are included in this study. .., . . . S S o

4. s .2 SECONDARY IMPACTS

A It is possible that an’ accxdent could have: economic impacts PR
W,Voutside of the area directly 1mpacted by population orotective f[““
;”countermeasures :Also, increases in the cost of e1ectric1ty in -
. w'specific regions could ripple through the economy affecting
s@LA#prices— ‘employment, .incomes, .and.productivity in_a. region. .
! " These secondary costs or ripple eifects of accidents are - - - -
discussed in this section. :

" Ohe problem in discu351nq seconda'y ‘impacts - is that the
‘magnitude of impacts depends on the size of the area included
-in the analysis. Negative impacts_in one spec1fic impacted .
region are often balanced by positive impacts in another area.
. For eXample. increased. labor ‘costs on the East coast of the
S, .U.S. could lead to gradual 1ndustry relocation and increased _
;w,}economic -activity. on.-the West coast of. the country This type:"'
. of .secondary impact results in 'small net societal- costs due ‘to
- _the balancing of costs -and benefits in the economy. ‘However,
: -when viewed- ‘from a- regional ‘perspective, this- secondary impact
magngof higher labor,costs could -be important

- The. potential secondary impacts of population protective
. -measureg. such as milk- disposal icrop disposal; decontamination.
—-and--land. interdiction’ have ‘been estimated as part of the Bureau
”LfAnalysis ‘gtudy-of -reactor accident consequences
_ put-output ‘analysis" techniques The results and -~
. “limitations of ‘the BEA analyses are- discussed in detail in
- Appendix C. sAnalyses for . various reactor sites indicate that
.secondary impacts of population protective measures will
‘generally be small compared to the direct cost of measures taken
in the physically ‘affected areas. However, the BEA analyses o
.did not estimate the .potential secondary impacts (which may I
“largely be beneficial) of ‘@ large decontamination program after e
- 8evere accidents. .In general, it is likely that the flexibility .«
in the nationai ‘and regional e Jnomiee which is observed after o
most disasters would =esult in a:lessening of the secondary
. impacts from population protective ‘measures [Pe77,ED74]. It is
~possib1e that ‘specific- iuetances could be found where secondary
impacts are important; o 4 .

'"LL” Another potential sourc ,ofisecondary impacts after ac"'-“‘
dents which :result in teactor’ plant ‘shutdown is ‘the increased -
. real cost of electricity 'in .a particular region. This potential
“impact hae_ been .discussed in studies of the coste of shutting
doun operati A reactors [Stelb] Intreased,electricity prices




in 8 tegion can have adverse effects on employment income, and
production in the area. These effects are normally estimated
“using simple multipliers The multipliers for regional impacts
¢f higher electricity prices have ranged from negative values , o
- (indicating a net benefit. to_electr1c1ty_price increases) to ... ... .
positiveuvalues'of.S.Sﬂ(indicating'that secondary impacts are. .. .0
4.5 times as great as the direct costs). These multipliers are
~ normally estimated using region-specific input-output or .econo- -
~metric: ‘models to: pzedict the- total:regional impact of an-energy™
price increas “FEOM " the societ 1 perspecrive. Tt is 11kely T
"that secondary impacts will be reduced throuqh cancellation of
costs and benefits in different regions. e

Secondaty 1mpscts of ‘severe teactOt accidents are not -
‘explicitly estimated in this study because costs are estimated
from the societal perspective and the level of detail and cost

. necessaty to estimate secondary impacts for a specific event N S
are not warranted for risk analysis applications. It ig likely =~ .~ ~©
__ that secondary costs will largely be cancelled by benefits whsn_,".‘ e
" viewed from the socistal ‘perspective. ‘Results of input-output .
“analyses indicate that .the secondary’ impacts of. population pro- -
tective measures: should be generally small. This view is . =~ =
'7_;stpported ‘by ‘data from disaster experience [Pe77 ‘ED74). The
impacts of” electricity -price’ inc:eases due to.reactor shutdown
2 could be - serious in a particular region; but are likely to be
o ” ';positive ‘effects-in. the_society .viewed..as...
‘a.vhole. Furthe i p stimating secondary ‘costs should
“"bé ¢onsidered to omplete eocietal costs of eevere
o accidents., ‘No . societal;costs;fot secondary impacts ate included"
in this study~1~w . s - o : : : :

‘ A £lovchart of the new offsite economic consequence model
is shown in Figure 4. 3. “The model estimates direct costs. of

. population protective measures and public health impacts at
offsite locations dafter :teactor -accidents, and incorporates
estimates from onsite: cost_models in the calculation of distti-
butions of economic zisks.: 'flowchart of the CRAC2 economic,
_'model 1e shown in Fiqute~¢ 4. “The major differences betueen
the new model and ths CRACZ model ars.

X *The new model accounts for short term emsrcency phase‘f
oo .. and intermediate phase population: movement costs not i
vincluded 4n the CRACZ modsl., _ :

2. . The. modelp fcounts £or .population relocazion whichamayx
- be nscessaty during the decontamination and cleanup '
process. - - .




Figure 4.3 - Flowchart of new economic m
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Figure ¢.4 - Flowchart of CRACZ econonic model. S
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3. The mcdeiwel1ows‘user definition of all'protective
action cr1ter1a to be applled 1n post accident
51tuatlons

"°42T'M65t7ec0homié parameters can be specified on a spatial -
-~ .-interval basis for site-specific calculations.

S[;:Allﬂcoét values heve-beehNﬁpﬁated end EXPIéssed in 1982,_.

. G:M"Additional attributes of the" decontamination program
.. .. are estimated. in the new economi¢ model. Dose.to .- . ...0. .. . =

“““decontamination workers is estimated and included in ”ﬂ'

fthe health effect calculat ons , : .

7. Dose calculationa correspond crosely to the protective
L .actions which are implenmented in each area. Th1s
-+ = - provides the ability ‘to estimate both costs and-
rbenetits of variOLs protective acrions. :

';pa.l:HeaitﬁQEffectycoste.andjonsite;costgcompohehts1can be
"”‘ffiﬂsludeﬁ"inftheIEF??@ﬁtiqn7¢f:t°tarfaCCidént °°3t3?f” o

jqdevelopment and teéting purposes.l The .
‘adlonuclide concentration data from CRAcz

'"f_the HELCOR_seri 8 1£,risk_assessment'coaes.";fftfﬂi‘”‘°

“The prototype economic model ‘{nicludes subroutines to- calcu-

: ,iate individual doses from: .exposure to surface-deposited g
" materials ‘fo m gth ‘offsite protective action e
Aimplementation criteri" qp'eof the. .dose projections necessary
‘for the new economic .modéls are “not included in the CRAC2 ‘code.
~Appendix E contains .a discussion of the equations ‘employed {n
the prototype model to: integrate individual exposures over I
various time peri«ds.‘ e . .

4.8 "CONCLuszoﬁ.

SN The  new offsite ,omic model’ ‘can be used ‘0. eetimate tha
',g;coste ~of ptotectlvee ctions.- afcet any accidental release of
. mpaterial fzom .an LWR facility.- ‘Since routine forced outage
- -gvents result-in-negligible offeite conseguences, there is no
“T“tneed to emoloy”the ottsite cost modela to estimate costs fo:
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7o routine forced outage evente. The new offsite cost models are
enployed in the estimation of severe accident consequences in
Chapter 6 of this report. The model predictions are compared L
to previous predictions from the CRACZ economic models in .
.. Chapter.6. . . .. S ‘ S
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ECONOMIC RISKS FPROM SMALL CONSEQUENCE'LWR EVENTS
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The fzequencies and costs of routipe 'LHR outage events are

. combined in .this. section to estimate the-economic risks from
- -these events...Plant outage data are used to estimate the fre- =
“‘gquency of LWR forced outage -events and the severity (or. dura-l. T U
~ tion) of forced-outage-events conditional upon forced outage . ...
. oeccurrence. Onsite replacement pover - angd- repair costs for rou-: . . .
__tine forced outage events aré estimated ‘using the omnsite coat'~~‘~“
_models described in Chapter 3. . Offsite costs -are: negliqible for

“this -category of- operational :evernts. _The possiblé benefits -

resulting from the reduction of the frequency and duration of
_forced outage events are discussed ,

gt L

5, 1, LWR--FORCED ou'rmz EVENTS mcwnsn N cm: GORY ,xf :-'(:SEALL TR
| CONSEQUENCES) | o R

T The primary goal :0f - this study is to estimate the econonic :;}_
"V%riska poeed-by abnormal occurrences or unusual events which -ﬂ-x”

. ‘occur .at U.S8..nuclear: POWer ‘Leactors. Therefoze. acheduled
-iplant events such ‘asg zefuelinq outages. are not_ included in .

«f.considered in,thi
“"the economic ‘tigk’
- -in core-damage ‘Or: :adioactive contamination of plant facllitles
‘[are included ln eventiéategories~ll and Ill and arewdiecussed

A data'baae ‘wag formed 4n this study to estimate U s. LWR n
- forced outage frequenciees by iising the annual .feports . of- nuclaa:
" plent operating ezxperlience published by the NRC [AE74, Nu77b, ;.- :
. Ru77c. Nu79%a.“Hu79b, iNuBla, Nusldb). <Each NRC £eport ‘presents - ' RS ¢
" operating statistice:and ‘data for ‘each plant ln»commetclal o OO 1
._opexation at the‘endﬁo ra%given calendar year.““The -data- base




naturse of the outage, the cause of the ouvtage, the reactor
shutdown metl:.0d, and the plant components involved for each v
.operating U.S. LWR outage. - The data are used to develog‘esti-.--a Ce e
‘mates of the. frequency of forced outage events and outage dura-
tions for LWRS. - ‘The cause of each outage is8 also considered in
- -the formation-of the- diatribution of forced outage freguencies-
_in this study. S _ )
f)
o Unfortunatelyf inclusion of -all . forced outaqe events in the
“formation of-the” aqe “diectributions ig not appropriate for~ the
“purpose of- this: ‘rtudy. - 'Events éuch as regulatory forced outagea
_‘pésulting f¥om NRC mandates for plant shutdown are inéluded in L
- ‘the NRC data basge as forced outage events. ARlso, the: distinction 'ﬂl,:fw
sbetween forced. and scheduled outages -in - the NRC data bage is . . :
“gometimes queetionablé. :Therefore, the cause of each: &ndividual
- forced outage event was reviewsd and only those events which
..zesulted from plant operation are-included in. the.formation of
‘distributions in this study. Judgments regarding the scheduled
or non-scheduled nature of forced outage events were applied to
the data base.: - It.is necCessary:to take proper account of out- - . -
ages which extend acroes ‘calendar years -by summing the outage -
“~contributione-into.a"single total outage duration. This summa-‘
- -tion-is-not -performed-in:the :-NRC-event -summaries,-but is. - -
" {ncluded in thia{zeport.g All tegulatorv forced outages are.

_ \ the?reactorrelectrxcal tatinq. ‘the: total numbet of
-Ajforced ‘outages-occurring ‘within ‘each. :ea:tor-year.‘and ‘rhe dur

~ation (in ‘hours) iof ‘each .forced outage ‘event which occutred
‘?during each cale“dar year from 1974 tr:ough 1980, . 0T

Y '31 ~ anSﬁtBtﬁ'féﬁ

The newly ‘developed plant opetating experience data baee*
lncluding 367 Complete ireactor-years of .operation is used to .
sstimate the -frequency:of :forced -outage .events &t. ‘operating Lun
Plante. -Partial wyearsof operation,:which occur immediately.:

- -after plant .startup (i:e., the yeosz -of the .etact of: comme:cial
~3zpezation)Larefexcludedﬂfrom ‘the - analysia because of- dif!lcnlty

: @90t£«90t&9@8 uhich occux ‘pefore thenfw:~f
1atazt of . plant“eemmetcial operation. Therefore, any partial.-
..yeare of experlence at the time of plant etartup are excluded
%ftom the analyaiu.-;._ . :
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- forced outage events: occurring ie a given plant year are sta-.
tistically analyzed and tests for fito of standard probability
dxsttibutions are performed

The statistical parametera of the data eet used to estimate
the forced outage ﬁrequcncy using e%uﬂl welghting of all
Teactor-years.-are pshown in Table 5.1. The total number:-of -

- forced outage events included in the set ie 3681, resulting ..
8 mean estimate of 10:0 forced outage events per reactor—year»’r"‘
\ ' : ; rcod outage evonts observed in'd.

8 "The standacd deviation of

th .0 evente per roactor-year._ ‘statietics are also’ S
“ehown for PWR and BWR plants considered separately.. Small- dif-wi~-ii¥mﬁ
ferences exist in the data for the two plant typeg, . uith BWR. Lol

“""plants on average experiencing slightly fewer forced outage

average forcod outage frequency data for all 67 LWRs js shown

events than PWR plante over the otudy period.

histogram of the number of forced outage events occurrinq
in eacn reactor-year of .data is shown in Figure S.1. The e ]
" empirical complementary cumulative distridbution functions for
PWR, BWR, and all LWR plants are shown in Figure 5.2*. The . ,f-{;L'wo
.dianzihuxinna_ahnu_amall diffetgnces between BWR and Pwn_plants DR
in the study peziod . B , , v_;

’alyzed to eatimate the distribution ot

w0 he'data base wae

clal operation duzinq the:etudy period simple etatistics for
he.average forced. -outage. frequency. at. eacb nucl - : ,
this period are ‘shown . in Table 5.2, A tofal of ‘67 Uclear: plants
_.are - included with a mean plant average forced outage frequency:
“of 10.6" outages pqt ‘feactor-year. A histogram of the »lant-

in Figure 5.3. :The plant -average forced outage frequencies show
less variation than the ‘forced outage frequencies observed in
each individual - teactoz-yea: ‘of -operation (Figure 5.1). This "

can be explained by ‘the balancing of operationaf'years with many

. 2nd few forced cutage evente -for -each individual nuclear plant.,.»*f

. The complementary .cumulative distribution functions for plant- R
:average fo:cod outaqe ftequencies to: BWRs, Pwna, and all Lwas:;#x-'

',* Parametoro WL e , Lo 1te ot tho normal 1oqnorma1.
_Rl_:exponentlal."’dmwoibull dlstzibutions to .the ompitical data
- - -using a least ‘ggua js‘ootiaotion techniquo TCh56]). - A Weibull

‘,ﬁiot:ibution was- the'bn1¥ hypocneoized diotrtbution accepted:
at & .10 level-of:significance uainq a Kolmogo:ov-smitnov
teot of the hypothesis [0272] o ;

Y




__;;” ww; Table 5.1 ~ Statistical. parameters of.data used-to - - -
estrmate forced outage freguency. '

ccwo.-_ .Statistical Parameter . .- - - - PWRs - BWRs™. All LWRs

';TotaleReactor~Years

_,21Q-

S 23700 1311

Mean"Forred Outage Freqnency e T
Based on ‘Equal Weighting of r-f:’ﬂ‘loye'-»‘,
;React0r~Years {per R.=Yro) Ul Lo T

Medlan Forced Outage Frequency B - '10- ‘ "
_(per R.-Yr ) - R

- 62,0

Standard Deviation of Forced .
Outage Frequency (per ‘R.=Yr, )

'.;7}953%ag5;3

Mlnlmum Forced Outage Frequency
“in a’Single Reactor-Year '




Figure 5.1 - His't'ogﬁx.:aml'6'f”'f’6'zﬁce-d”e_ht‘agé frequency data
S for w1} LWRs, 1974-1980.
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Fig ure- 5.2°

- CCDFs of foiced outage frequlenéy for BWRs, PWRs,
~and all LWRs, 1974-1980. e -

= ~ All Lamo, 368) reactor-years
.68 ='A] BRe, 148 roactor-years _—
 O~@ -A1l Pmp, 219 resctor-years N T

' A 4018 ‘;au 28 K 3 ‘ ~- I
i, VBER OF FORCED OUTAGE EVENTS IN REACTOS-YEAR . . . . .

5.6




" Table 5 2 - Statlsrlcal -parameters of data used to
estimate plant-average forced cut age frequencies.

 Statistical Parameter - o PWRs BWRs . All LWRs .

Total-Number of'Piahts" R 41 . 20

'"&Mean Plant Spcc1f1c Forced Outage
prequency (per Reactor Yedr)

'Medlan Plant= Spec1f1c Forced OQutage ™ 1., ° e f7[~‘ “1‘f-
: Frequency (per Reacto -Year) ~11’2 9163, __;10.4‘_
"Varlance of Plant-Spec1f1c Forced o LT LT T

Outage Frequency ) 24'% ,17'0i( o 2?‘1.
. Standard Leviation of Plant- Spec1f1c.>
~Forced Outage Frequency (per R -Yr.) .

. Minimum Plant-Spec1f1c Forced Outage - , 8. 2.3 ~;-; _{213>,__~ R
’ -Frequency (per Reactor-Year) : o ot mEm e B -k

fMaxlmum Plant-SpeCLflc Forced Outage”: ”:2423m‘~ff4“7.‘1£
' Frequency (pcr Reactor Year) B R




"Figuré 5.3_— Hlstogram of plant average f01ced outage frequency
: data for the years 1974~ 1980 '
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are shown in Figure 5.4. The data for plant-average forced
ocutage frequencies are approximately normally distributed. The
variation of plant-average forced outage frequency is due in
-part..to. characteristics of the portfolio of reactor plants
_operating during the 1%74-1980 study pericd. Differences in the
age, design, and operatiun and maintenance programs of each - --
»operating U.S. LWR unit contribute to the observed variation in
plant average foreed outage frequency L ) L

iThe data base wa walso-ueed to teet for correlatlone between; s
.. .the number of forced outages in ‘each 'reéactor-year ‘and reactor - SRR
'ﬂ“age (during: the reactor»year). ‘reactor. eize,.:reactor type,.- and
- NSSS. vendor: Significant corcelations were found _to éxist -
_‘between reactor age and ‘the ‘number of - forced outages observed. A
in each reactor-year of data. For nucleafr unite with electricel:a"
ratings larger than 500 MWe &nd less than 1000 MWe, signifi--
cantly more forced outage events are experienced in the firet
few vears of plant operation than in later operation years. . o
.This is consistent with- standard ‘bathtub® fa11ure rate behavior -
which is observed “ih most ‘technological devices. The- higher
‘rate of forced outages in the first few years of plant life -
.reflects "teething® ahd_wear-in- problems which often arise in
engineering devices. Signit:cant differences in the mean number
of forced outage. events per unit time were found for emall 2
- ' .yergus large teactors. :No significant correlattons werd found
T"""—'"“'bet\-reen the--number-‘of - forced cutages per reactor-year and the
plant type or<NSRs vendor' 4 - -

the number of forced outage events in each reactor—year and the
f mean forced outage ‘duration. ‘Although'it was expéected ‘that . °
‘fwsmaller numbere ofwforced outage events might be correlated with
. " "TIGBB operating~t1me
-;;_tn wh‘ch forced outage evente may occur).uno eignificant corre—
 lations were found. In.addition, no signifiéant’ cor'eletions
~were found between- plant aye 2nd the mean or total forced outage
‘duration -in each reactor-year -of data. ‘Results of detailed J'_
analyees of the LWP outage data base are reviewed in Appendix D.4

5.4 DISTRIBUTION OP LWR FOuCED OUTAGE EVENT DURATIONS

- .. .The LHR forced outage data baee is used to estimate the o
‘distribution of forced outage event durations -conditional upon 7"
outage occurreace.. “The durations of 3681 forced .outage events
(in hours) are included in the 2nalysis. No outages from -
- .. -partial years of ;teactor operation are included.x “The minimum
outsgw duration in the NRC roportlng eyetem le 1 hour" ;The o

':«*More Tecent Nac reporte include outaqe durations leee than 1
hour in duretion. : : ,




Figuref,é . oCDFs of piant-average forced outage frequency for
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ig” approximately 420 hours. A’ higtogram &nd complementary .
Lfacumulative distribution function of .forced. outage.durations. fromxwws
" the_émpirical data are presented. in Figures .5.5 and 5.6.. . .°

- outage event duratione is assumed to be independent of the: total

’?‘yevent severity is-indEpendent :of forced outage. frequency) :in- the

,pwn'e. Bwns

- duration of outage events which extend across calendar years is-
taken to be the total summation of a]l plant downtime resulting
from an initiating event.

o The ‘statistical parameters ‘of the forced outage duration
- data set are shown in Table 5.3. - The forced outages included
"in the data base totaled 303,754 hours of forced outage time
(~35 reactor years of downtime) between calendar years . ..
.- 1974-1980. The mean forced outage duration. during this. period
coie approximately ‘82,5 -'hours; ‘and the median outage ‘duration is.
15 hours. The standard deviation ‘of the outage duration data" s

»ijelatively small differences exist in the forced outage durationffpiff"”
diatributions for PWR and’ BWR plants during the study period*' )

;S 4. 1 FREQUENCY DISTRIBUTION OF FORCED OUTAGE DURATIONS

A distribution of forced outage event’ frequency versus out-i“
.age -duration is obtained by combining the frequency of ‘forced .
~.outage event .occurrence and the distribution of 'outage durationsf*

conditional upon évent occurrence. “The distribution of ‘forced

. frequency ‘of .forced outage events (i.e., the distribution of . i

onplementary cumulatiye frequency‘dis"

- The complementary cumu‘ative frequency distributions of
_zforced outage duration can edsily be converted to economic’ risk;
. distributions for forced outage eventg by correlating each
~forced outage ‘duration: ‘to:a cost- using the models discussed: in -
_‘Chapter 3 of this. report.,z e’discussed in gection 3.2. the real
. 8ocietal discount rate used in this study 4ie 4% per year. The.;
costs of events in thie. category are insensitive to discount
rate because of the short duration of the cash flow streams gor“
;routine torced outago evants. . o : L Cem

~,»*Parametera were: eatimatod for fits of the normal. loqnormal.,
....-exponential, .and. Weibull diatributione to the forced outage

- duration data:for all - LWRB -using a least squaree technique.,~
-, "All of the. hypothesized distributions were rejected at a o. 1
... level of siqnificancc uaing ‘a- Kolmogorov Smirnov test., = -
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Table 5°3’hfstatistioal~parametere of data used to
-,estimate'forced,outage event durations.

L.

Statietical=Pafameter~ fr;+~y¢~¢»«fPWR5~7<w§BWRsmfﬁlliLW§s5]DQ¢MT”

Lo Total ‘Number of Forcea Outage_

;H‘P.'-j:'-"_"' T ot imeay s ‘Evente - _1_311 P = 3681 ; |

Fovced Outage EVente*”*“**

“Mean Forced Outage Event »ﬁgjﬁiigik5fff{j; {j;’;TLJvFQ%?;~li*n‘:-'v%
Duration (houre) Lo _f C 7769 910 - Bz'sanjjf“;_

'“Medlan Forced Outage Event o ' flfli o ’DZ o 1’11
Duration (houre) R o ST

i:Variance of rorce tOutage Event ':.yl_CJ':ﬂA 4163 179,462 -
| Duratzon (hour 9 . “i,t121{581 284,263 179,462

134817 - 53301 423.6.

s E*Maxlmum Forced'Outage Event:;
- ‘ Duration hours) . .- "




Eigﬁre 5.5 - Histogram of LWR forced -outage event duration )
‘data fox the years 1974-1980. T '
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Figuré 5.6 - CCDF of forced outage durations conditional upon
‘event occurrence for BWRs, PWRs, and all LWRs, 1974-1980.
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Figure 5.7 - Complementary cunulative

forced outage durations for BWRS, PwWRs,

oS [ G e e

frequency distributions of

and all LWRs, 1974-1980.
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The losles for routine fcrced outage evants in category I are
~ dominated by replacement pcwer coste. .Ag discussed 'in section
-3.6.1, plant repair costs for these events have historically
--been small relative-to.- replacement power costs. The events in
- this category "do not result in significant plant contamination,

‘= -and the plant ig assumed to always be repaired for return to
..operation.  Nuclear power industry costs, litigation costs, .and.
- electric utility-businese .costs are small for this category of
~~&;}events. -No- eatly decommiasioning costs -or offsite congeguences :
‘ - result” from ‘this category of events.’ Common ‘mode failures which o
“result in- multiple unit-forced” outages at a single site are T
gvunlikely for this event:- cateqory T T T e i i

L : sing the replacement power correlatlon from equation 3 4 IR A
and assuming no significant escalation in real power production )
cost increases occurs over the short time - duration associated

with each outage, the discounted societal cost of a forced out- -
age of auration h can be estimated using: - o : ‘

utage of duration h hours ($Y””

A discounted coet ia calculated for each outage duration and the
vdisttibution of diacounted cost ‘versus event frequency is
420tmed. L p .

g ‘ oes -not account for- olectric utility
=£options. seasonal”effeots. .and ‘other consideratione ‘which may .
avert the need for -the ‘purchase of replacement -power. However, .
" the model does provide a reaesonable ectimate of the costs due
" ‘to forced outages of .short duration assuming replacement. power
";purchasea or equivalent -cost measuree are neceasary.

t57l§'v




‘"Complementary” cumulative fréquency d1etributions for cate- =

~gory 1 forced outage costs are shown in Figure 5.8. The curves

are based on frequenclea estimated for & generic 1000 Mwe :
“.’‘nuclear plant. “"Curves for plants located in the NPCC, MAAC and

"BCAR NERC regione: are shown to demonstrate the effects of . T
teplacement power cost variation on economic risks. A plant e
‘repair cost-of ~$1000 per houz of outage duration is ipcluded o S
- in the analyees. ‘The curves are based on an average total‘””v '
T forced outage frequency of lo events per reactor year. The

outage evente vary by a factor of ~4 due to the difference in
S the™ costs ‘of replacement pover: purchases 2CL088. "NERC- regions
. -Table 5.4 ghows the expected hours: of forced outage time and -
~dellar costs per’ reacter—year £0r . an average LWR in the’ MAAC
region for forced outage events of various durations. Outages
‘of less than 28 days duration account for ‘approximately half of
-the expected costs from category I forced outage evente.

o The forced outage Erequency severity data was also employed
- to estimate category [ outage ‘economic risks for PWRs and BWRs
- based - on reactor-year -and plant-average forced outage frequen- -
‘‘cies. The expected costs of category I forced outage events are
“the same for both methods of analysis. ‘The forced outage
. freguency-is. sliqhtly lower .for BWR.plants.than for PWR- plants
“Sin the study period ‘but the ‘mean outage duration is longer tor
BWR plants ‘than“for" PWR plants. ~The differences 'in outage -
frequency and._ eeverity tormthe two plant typeswtendﬂto .cancel-—
i ti « tegor g U e

It ie ueeful to eatimate the total present.value of”fl
,rieke ‘for. each category of reactor .accidents for use im - - -
costlbenefit ‘decisions - regaralng economic risk reduction '
- measures. -‘The total integrated .econonic risk over the remaining
‘1ife a nuclearsplant correspondse .to the amount which soclety
chould be ulllinq to gpend to: ‘reduce the econonmic losses from
-@vents to .zero,  ‘asstuming ‘expected vaiue maximization is the
- decision objective (i.e.. risk neutrality). Measures of risk .
~aversion or proneness to ‘events coulé be incorporated in the .
analysis but are not addressed in this study. The integrated
economic risks reflect the preeent value of expected costs of
events over the remalnlng plant productive lifetime. The sen-
sitivity of lnteqrated lifetime economic risks ie examined: ueing
..0,.4, and 10% xealdiscount rates. -1t is-assumed that real
fossil fuel power: productlon coete 46 - not-‘escalate relative. to
-Auclear - power qeneratlon coet1 over the remainlnq lifetl-e of &
reactoz.-" L . . _ .
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Figure 5.8 - Economic risk distribution for category I outages
at an "avezage“ 1000 MWe LWR in 3 NERC xegions.
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‘Table 5.4 < Expected costs of category I forced outage events
. per reactor-year of operation - "Average": LWR
plant, 1000 MWe, MAAC NERC region.

A . o Expected Dlscounted
»-fForced Outage »**Expectnd Ou*age Hours~ ‘Cost (4%) Per -
' Durations - Per Reactor- Year' " Reactor-Year

‘hours

B T L U

24-72 hours 713 7 Usiiexaet
72- 168 hours e $245x10€t;

7- 28 daysr = __f_ f.' 206 -~ - $5,4x10°
28-183 days w3 sssaet

'z£6 12 months T

RN PRI S, s v

"iTotal Expectation
:Per Reactor-Yearf

,,,,,,




o 1775‘Hwe plant; located. in ‘the SERC NERC region, has-been in :
ek-operation for approximately ‘10 years._with an estimated remain-

'f * The frequency fi in the above tormula inplicitly allows

The lifetime- integrated economic risk from each cateqorg of
LWR events ie calcu’ated using:

"T;ﬁtneﬁnresentfﬁainé of eéononie’riér'rfbm"“
ez ceategory i LWR events  over-the’ remaining
productive plant lita (s),. : L

T, ”,;” & the” remaining lifetime of the reactor plant
el tTE e LWl Ees ol (yeats ) o : —- . .
£f§ = the frequency of accident category '”(per

. reactor-year) assumed to be constant over
remaining reactor life»

s ci(t) = the cost of event i uhich occurs at. time T o
Eiscounted to the. time of ‘event occurrence (3). M

‘n the real societal diecount rate used in the
analysis (per year) - _ _

o v Y ,nuclear power plant ia'wsed as an example}L
for.integration ‘of-1ifetime economic-risks in-thig- study.j"rhe

time of 30 Years. The estimated integrated o

period combined uith the new onsite cost model estinates for ‘the.
‘Surry plant. The integrated forced outage event risks vary by
a factoxr of ~3 for the 0-10% range of discount rates. . The .
present value offcategory 1 outage costs for the remaining
lifetime of the Surry plant results from costs of replacement
power ‘during plant forced outages. The integrated values show
~that @ significant eocietal benefit could be realized through
‘reduction of £orced outage time over the remaining lifetime of
the plant. o A . _ '

- repeat ‘events ‘at & reactor. The formula can be corrected to
pronibit this situation, particularly for .core-melt -accidents
.which ‘are-1ikely to result in early plant ehutdown. “The -~ - -
oorreotion would considerably conplicate the formuta.,'nd
_.because the frequencies of severe accidents resulting in- early
gbutdown are: very low. the difference in reaults would ba '

= extremely zmali.




»‘~Tab1e“5;5“~"Present‘value-Of'iifétime’ihtegféﬁéd ééiégbfy‘iﬁwn'””
C- - : for;ed'outage event econamic risks for Surry §2,
based on generic event frequency estimates.

- Discount Rate = Present Value of Category I Forced Outage =~
- {% per year).-- -~ . .. Event Costs for Remaining Plant Lifetime

L $1.6X10% s

S $BLax107 ol

- Based -on average forced outage frequency of 10 events -per -
reactor-year over 30 year remaining plant lifetime. All
Tosts are expressed in 1982 dollars. o ’




5.7 rREVIOUS Bs"rxm'res 0?"Fopcen’ ournchre"ncomm'c RISKS
- The frequency versus outage duration spectrum for LWRs.

ﬁfgihas ‘been previously estimated ae part of -an EPRI study of the -
financial risks of teéactor outages and .accidents [St8l). "The

d“forced ‘outage frequency-severity curve derived in: the EPRI studyf.
~+is sihown in Figure 5.9. The upper portion of the curve, at hiqh-'

.. frequency and _small’ fepair time, was estimzted from data
>collected'£or an ear ier-report .on: nuclear- -componant, failure

.power reactors. largef“than”@OO“Mwe”and‘in‘commercial operation.

proxim tely 500 ‘hours, at an approximate- frequency

“0f 0.4 per ‘reactor-year. "The frequency of severe accidents with*

longer repair times was estimated using the median core-melt
. freauency and uncertainty bounds from the Reactor Safety Study
'[Nu75a] with the assumption that a core-melt accident would
‘result in the equivalent of 10-20 years of outage time cost.
The dashed line in Figure 5.9 ‘is.an interpolation between the -
_historical repair time data and RSS estimates. The interpola-

"i(rand frequencies of-0: :5-to 6x10“5 ‘per-reactor- year.

"The BWR, ‘PWR., and LWR outage frequency oLtage duration

'Curves derived in this study are compared to the EPRI curves in fd;éuikfj

i ”flgure 5.9. The éstimates of PWR and BWR outage frequencies ‘€01

short’ duration ‘outages are’ “soméwhat lower -than the- estimates —
: ' B34t “This difference in- estimates -for - ehort—

_lduration outages resulte from ‘the exclusion of regulatory =~
outages: and ‘the use of a .more extensive ‘operating experiencep“;
.base developed in.this study. For outages longer than S00_ hours
' tion;~historical-data- aqrees :with- the:-EPRI.: interpolation
. € maximum outage duration for which" historical“
'data exists for category I events ie-~12 000 hours.r R

A The estimated economic riek curve for category I forced
outage evonts for a genaric 1000 MWe "¥WR plant in the NPCC NERC
region is shown in Figure 5.10. The 1000 MWe plant in the NPCC
region has replacement power cost increase3 on the order of
~81 million dollars per day of outage time (gee section
3.2.1). This curve is compared to the economic risk curve
estimated in the EPRI study for outages of greater than 10 days
duration. The two estimates of the economic risk curve agree
remarkably well. The expectation value for both curves for

outagee greater than 10 days and less than 5000 days in durationi.inr,“

is ~$17 million dollars per reactor-year. The total expectation
‘cost for all’ cateégory I ‘events is estimated in ‘this study to be

. ~$3¢ million 1982 dollars per*:eacto:-year for a 1000 MWe plant ;

in the NPCC region. T

““The "report estimated the frequency “of" forced
“outages ‘based on.‘data collected for ‘54 U:S.“commercial nueclear o

fbefore_dune?}978 __The maximum time ‘to repair estimated from the]-tﬁ"w

‘tion extends from mean repair times of ~500 to. ~250, 1000 hours ;&5y‘”*~’
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‘generating capacity to produce teplacewent powar and costs of

fossil fuels become more uncertain when projecting costs for

years in the fututa._

More detailed analysea of replacement power costs for a

11'spec1fic plant under consideration would take into account. the . .

reactor electrical rating, historical capscity factor, and

utility- .specific conslideraticns regarding.replacement power - ;m[;;;aifq

‘agreements, load variatians. "and—excess generating capacities

T which might “exiet.” "Planc-specific cost analysis could substan-¢J:;ggii

“tially ‘reduce"the’ uncerLaznties assoc1ated with® xeplacement

pouet cost eetimates

- The- generic eetimates of cateqory I economic risk presented;jgjgﬁxg

in this ‘section contain uncertainties due to plant-specific

characteristics, stochastic variations, and imperfect knowledge
regarding forced outage frequencies and costs in future years.. =
"It is estimated that these variations can lead to actual plant-
average category -I event economic risks ranging from a factor
of 10 lower -to .a factor of 5 higher than those presented. .Most -
of this variation is .due to: ‘the variation of forced outage fre-

" quencies based on. plant specific characteristics. More detailed
“analysis of plant-specific data for frequencies and costs could ,
-reduced these uncertainties to.approximately factors of 3 and " = .
“1/3. This dnalysis can be petfocmed within the fremework . . - S
presented-using ithe forced outage data base discussed in Appen-

dix A and ‘detailed- utility-specific replacement “power COSt =

5. 'The uncértainties are lardez for fiture year projec— N

‘tions &ue o possible ‘changes which affect the’ assumptions that,;
unu:rlie the frequency and cost modela employed._;'- T e

CLWR event ‘category 1 is detined in'this study to“cover a’
broad range of events from short duration forced outages to “j-*
Bevere LWR accidente which 4o not result in significant core- !

- damage or radloactire contaminaction of plant equipment or

systems. -The ‘best ~estimate of category I event frequencies
ranges from ~10 per re&cto:-yca: for outages of any duration

to ~2x10-% ‘p@r reactor-year for the most severe category I -

LWR events.  The expected . societal cost of events fin this .cate- =
gory is predictad 10 be: ~$1 $3%107 per reactor- -year based oo
‘on forced oatage event. £:equencies and costs for an average : o
1000 Me LWR in the U s C B R T
The - latge magnituda o£~the costa for categozy I evente ia-,"
" 4important ‘for two Teasons he expocted losses result from the
- high-frequency of LWR forced outage -events. Because of the g
‘predicted power -production cost increases Zor LWR outages, and

"the use of ‘nuclear unite for bsse-lcad generation of electric
power, an évent which :results in a period of no power :production




“can- result in signitiCant gocietal--coets. . The prevention of

S fo ced outages should be glven high prior1ty to reduce the

expected forced ocutage lossed. The expected losses from this
' category of LWR events indicate that there may be significant

'societal (and electric utility) savings from ‘a well organized

' plant maintenance program and a plan tc take advantage of plant .
outage time as it becomes nvailable.ojn. R

There le another potentlal benefit to—the reduction of the -
frequency of LWR’ forced ‘outage’ eventa "Every LWR: forced’ ou.agef‘ '

e event requlres that thé reactor be shutdown either by, nuclear.ww“;f;,;;?j;

" with the failuc-e rate curve which is observed in .most ‘technolo-.

plant ‘Safety systems or by ‘opérator control. 'Each forced outage

event results-.in some transient of the nuclear steam supply

'eystem.. ‘Nuclear . plant transients place demands on systems which-,

are'not required for ‘normal plant operation. Probabilistic risk: -

" analyses have shown that routine plant transients can lead to

- system failures which result in severe accidents involving _

. core-damage [Nu75a}. Trsnsient-induced accidents can be impor-

. tant contributors to the total public health risk posed by

_ plant operation._ Thue._roduction of forced outage. frequency e e
.should result in some consegquent reduction in the publlc health

risk caused by plant operation.zgt_ﬁ_ni__,,, G e

Analyses of torcad outaqe frequencies versue plant age and : _ e
~electrical rating in Appendix D shows that large LWRs (>500 MWe) . ..
‘have cenerally .experienced 1arger forced outage event frequen- =
cles .early in plant life than in later years. This is ccnsistent -

gical devices. There . WO important consequences 0f this
variation in forced" ‘frequency over plant life. “Pirst,
thie variation ‘indicates . that ‘the economic risk of . category" T.
‘reactor accidents -is ‘not constant over the 1ife of an LWR. ’y

. .Expected losses -from-these -events-would be-larger during the:
-first few years “of" operation than over the’ ‘remainder of " plant ‘ _
CIite. - Secondly. public health risk posed by plant operation nayruf R

‘not “be constant over plant life. 'Thie is due to the effect of .
transient-induced savere accidents resulting from forced outage

‘events. The analysis in Appendix D indicates that the frequency

- of forced outage eveuts early in plant 1ife may be factors 2-3

higher than for older .plants. .Bxperience would support this u,' '

‘hypothesis, .tince the worst two accidents in U. 8. auclear power

plant operation occurred at large reactors (>500 Mie) which vere

in the first yeare of oonnercial operation. : - -

- Pinally, the potential societal costs of routine Lwn outege

~events have received relatively minor attention compared to the o

losges of -low probability, .severe core-melt accidents. .-Because . . .. .}

tno events ln category I are hiqh trequency events and occur.

theno eventﬁ .are continually belng peid. ‘and little attention
" 18 d4rawn to these even~s by electric utilities, state rate

"~ commissions, the NRC, or coneumero. The relatively minor




attention given to costs of category I LWR accidents may be in
large part & result of .the nuclear power regulation gystem in
the U S. :

' The societal coste of routine forced outage events show up
in reduced availability and capacity factors for LWR plants in
‘operation.  Historically, LWRs have achieved poor capacity fac--
.torse . relative to. the:projected capacity factors for. plant o
designs “Part of ‘this decreased capacity factor Has" resulted
from forced outage events which were not anticipated.. .Figure -~ ...
“§.11 "ehows ‘the complementary “cumulative distribution function“ -
~of- availability -logs-due to- .outage -events of various. causes from -
‘the 1974-1980.data base. - This figure showe that a. 10% avail--uv )
ability 1loss in a reactor-year of operation caused by forced

'outage ‘gvents was not uncommon. The availability loss due to
forced outage events makes 3 substantial contribution to the
‘total availability losses due to forced, regulatory, and sched-

- uled outage events, -Over -time, the anticipated. availability and> :

" “capacity factors for LWRs have decreased based on axperience '
with longer and more frequant plant forced outages.‘

~ The current U S.znuclear power regulatory system provides _
’only gemall incentives" ‘for reduction of tne frequency of routine
?forced outage: avents.ﬂ The NRC 1o only concerhed with routine.
LWR forced outage evente with : ‘fegard-to ‘the poesible contribu-
tion to:public health-risk -from plant-operation. - Low- probabil
i&x core-melt ‘agoidents: hava &rawn a large. portion of ‘the NRC:

-and public attertion. . O
'Tipoint. toutine LWR forc¢ad” outaqe events ‘result in decreased -
: ‘plant- capacity :factors and - ‘the noed for generation -of electr.
**"*“*"city “from ‘higherimarginal“cost plants. ‘Normally, utilities are
.. :allowed to earn a fair return-on their-inveetments; and small
e ;percentage operating coet increaaea duo ‘to "the.increased use of
,higher cost .fuels can often -be passed -On-"to consumars.=ﬂ*;-
“Conversely, -if ‘a plant ‘1icensee ie successful in reducing the
-frequency and duration of -forced outage events resulting in *
higher plant capacity ‘factors, . public utility commissions return
most of ‘the costs avoided-back-to consumers so that an electric 1??
‘utility does not ‘earn an excessive profit.  This truncation of
xiske to electric utilities results in decreased incentives for AR
the reduction of societal costs from routine LWR forced outaqes.i
Public utility commissions ‘1imit many market forces which SRl
provide incentives for plant 1licensees to achieve the higheat ,
‘ poasible capacity factors tor societal benetit. B

5.10.. CONCLUSION

.~ “The ‘economic tieke of " catogory l forced outaqo evants
impottant ‘becauce ‘of -the high frequency (~10-per reactor-year)
"of routine fTorced outages. A ‘typical 1000 Mie U.S. LWR ‘in opera- .
tion is eatimated to - looe approximately $10-30 - million: dollaro Pt




: Figure 5 11 - CCDF of LWR plant availab1lxty losses durlng the-'
1974 1980 periodg.
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. per reactor-vear in benefits from plant operation due to the
availability losses caused by routine forced outage events. The
frequency of forced outage events at LWRs has shown a wide vari-
- ability, and may be dependent upon reactor age, design, and plant
. operations”programs.»_The variation in plant forced cutage. fre- -
queHCies*indica;eS~that,it"may‘be.pqssible to reduce forced out--
age¢ losses through improved apﬁzatiOn,and‘maiqtgnancefppog:ams*é

. for plaunts in.operation. A reduction in theﬁnumbﬁrjﬁﬂdfdﬁibtjén”fﬁfﬁ;“m

'*cﬁuforced»outageAeventsfcculﬁ rasult in‘eighificént;3d¢1étal_ch;*,m;iﬁ

.~AnomijbenefitswfromafncreaSed~91ant”avaflébflitiiéﬁd'béﬁééiiy'“ _
factore. . The expected costs of routine forced outage events are IR

@ severe accidents in.

= - compared to.-the expected costs of mor
= B chapters. e IR T B ;.‘ A




CHAPTER . 6

ECONOMIC RISKS FROM MEDIUM AND LRRGE CONSEQUENCE LWR EVENTS

61 INTRODUCTION

R range of. economic rishs trom catego:y II and 11l core-«

itdamage ‘and cote-melt &accidents is ‘estimated in this” eection.,fff;ff;ff:°

_ The effort 13 hindered to sone extent by ‘the limited under-

i

“standing of severe accident physical’ processes and human inter--

actions and because - core»damage event frequencieec have not been

: ‘explicitly ‘addressed in current probabilistic risk analyses
" (PRA8). “Theréfore, ‘category II and IIl economic-risks are - -

considered jointly in this study 1t is 2ssumed that the core-
melt accident frequencies from current PRAs include both core-
damage and core-melt accident sequences.” 'A range of ssvere

~~accident economic risks ie estimated for the Surry #2 plant :
~using the median PWR core- melt frequency from the RSS, with the ™~

assumption that '‘either all gequences lead only to core-damage
(category II event costs) or that all sequencee proceed to
core-melt (category 111 event costs). The latter assumption is
consistent with those employed in FRAs which estimate public -

_~health risks. . These assumptions should bound the severe acci-

--estimated in current. PRA8 - includee all..dominant core-damage and
..core-melt accident . sequences.ﬁ Howqyer. this range does not - ..
‘include the uncertainties in total. severe accident frequencies. .
‘The large uncertainties in.the total severe accident trequency
v.;qstimates are diacussed latez 1n this section. L é:gr

~total severe accident -economic-risks-are not-very sensitive-to-
,jﬁassumptions regarding the relative likelihcod of core-damage . .
© - 'versus core-melt accidents bécauee of the large ‘contribution of
- onsite costs to economic riske. Results of other probabilistic
risk studies are used to estimate the variation ‘in economic - R
" .risks from medium and large consequence events at other U.§. -+ - i
reactor sites. “Sensitivity studies of offsite core-melt acci-
dent conseqQuences and potential -applications of the newly

.-'Hc0mpared. “The urzertainties dAr the eatimates of core-damage e
- ..ang. core melt accident costsvare also discuas&d in this aectto

dent economic risks if the total" frequency cf core-melt events

i«Bstimates are developed for the Surry plant which show that

developed offgite cost models for cost/benefit analyses of
offsite emergency planning, emergency response, and post-

accigent countermeasure implementation are discussed.
Estimated economic risks from category I forced outages and

category I1 and 11l severe accidenta at the fSurry #2 plant are




6.2 ESTIMATED SEVERE ACCIDFNT ‘ECONOMIC RISKS BASED ON
" CATEGORY II COSTS. ,

An estimate of severe acc1dent economic risks-for the Surry*'
#2 plant is calculated using the median core-melt frequency -
from the RSS with che assumption that &ll severe accidents.. = .. .-
result in limited core-damage and do not cause direct’ breach of -
the reactor vassel or result in a significant release of ... . .© =
- --tadionuclides ‘to the environment. This asaumption is clearly

.. Unréalistic and ‘leads to 2. "lower bound" estimate of severe

~accident economic risks... The cost models from Chapters 3 and & =~ -
" are  used to estimate category 1T accident ‘cénsequences. at the .

. . Surry #2 plant:..The cost of precautionary cffsite. Populationi{fz'“‘ L
““evacuation for category Il events is ghown to be uegligible

“rfdocommissiontng ‘Thie decieion is likely te be delayed until ...

' emergency Iesponse. cos

:Q;compared to” the expected onsite costs of core-damage events.

6.2. "PLANT " REPAIR AFTER CATEGORY II EVENTS

As diecuesed 1n section 3.5, any severe core-~ damage event

‘resulte in the need for a plant decontamination program.to. . . .

. remove . radioactive materials which have been released from the - o
. reactor core. Following plant decontamination, -a decision must -
"be made concerning plant repair or permanent plant shutdown and -

‘the end of 'the plant decontamination process so that full Xnow-

~ ledge of plant equipment damage from the accident is available.

- The decision concerning the.ultimate-repair-of “the TMI-2 unit ™

. -has not been made yet. The. present..value -of lifetime- integrated

" category Il .accident riske 18 relatively: insensitive to~ assump-
~tions regarding post- accident plant repair or decommissioninq :

"(less than a: factor of 2 variation) ) v : o

:,rv R

-_‘~6 2 2 EHERGENCY RESPONSB COSTS FOR CATEGORY Is EVENTS R
: It ia anticipated tnat public protective measures would be s
implemented at offsite locations during most accident. ‘gequences. . .. . - ¢
- which -result in-core: -damage. -The new offsite evacuation cost ‘
mcdel is used to. estimate: the range of offsite emergency . P
. response costs for category II-eventg. - It is assumed that the i

area within 10 miles of the reactor sitg‘is evacuated for a
period of 3 days as a precautionary measure during accident ™
'eequences leading to significant core-damage. Thie action is

redicted to tosult 4in offsite protective measure costs of - . .
$7x10 to $1xio7 forthe range of current U.S., zeactor eites.g@
The variation in offsite costs results from difterencee in the
_number of .people:moved -for various reactor-sites. ~ This offsite

ds. amall compared to onsite - losses for

,Lcore damaga accidents.




g9 E e PRESENT  VAGUE OF LIFETIME- INTEGEATED Ecomomrc RYISKS™ Foa‘“’“”;
| SURRY #2 ' D

'The societal costs 6f category II accxé ants are dependent
: upon the time during the life of an LWR planf when the accident
. -eccurs, "An. accident which occurs eariy in plant life results:
in'a larger- societal cost than one which occurs near the end of o

““an LWR plant's pzoductive lifetime befauS@ 11tt1e of the capital - .
C.valueof the-plant-is-recovered. early in, ‘the plant life. . This: .= R
‘f}{variat1on of .accident economic risk:is accounted for in the %":f
”;g;integratlon of.. economzc -Lisk. ovet the remalnlng llfetime of ‘the
*i‘reactor plant (Eq S 2) )

Estlmates of the present value of 11fetime 1ntegrated sevete o
‘...accident_economic.risks -at-:Surry:#2 are-shown in Table 6.1. “The— - ~ - *
estimates are based on the bounding assumption that all severe
‘accidents result .in only in limited core-damage (i.e.,. . -
" ‘P{category’ II Events} = P{Core-Melt from RSS}, and P{Category
.~ I1I Events = 0}). .The risk estimates are. based on category-
. 1l event costs -and an assumed core- damage accident- frequency of -
- 6x10-5. per reactor-year of operation. The core-damage frequency
. .ig-assumed to-be‘constant over the teacto: lifetime in the 'eco- == =~
" nomic riek integration. ‘The: integrated economic risks are shown -~ . -
" for real discount rates of 0, 4. and 10%. - The. present value of
offsite evacuation costs is estimated to be-~$2= -8%703 dollars e
cver the 30 Year: rema1n1ng piant lifetime. - The present ‘value of = . o
- onsite economic’ tisks including plant decontamlnation. replace- . .. o
_..ment. power. -and :plant-repair or-capital-costs -is-predicted-to be4?
~$1:4x108 dollats over.  the remaining plant” lifetime for ALhe -7
. -0-10% range of -discount rates.  The integrated-onsite costs- are"(
' 2-3 orders of magnitude’ hiqher ‘than integrated offsite losses . -
“for cateqory 1T accidents. :Most of the onsite costs result
= from replacement: power and plant capital losses. Witk about . one
“fourth of the Iifetime- risk from category- I1 accidents resultinq_
.~ from-plant decontamination and: cleanup- costs for- thesé .accic- .- -y
‘derits. . The total present value of lifetime risks variea by a
factor of ~4 ‘for real discount rates of 0%- 10% _

" The potential losa of multiple reactor unite at a site due
to a single core-damage accident is an important consideration
for category Il events. The TMI-2 accident resulted in the need
to cleanup and restore shared plant systems to operation before
TMI-1 restart. This operation could have been completed within -
monthe of the accident. Unrelated plant equipment probleme and:
regulatory concerns after the accident have forced continued
shutdown of the TMI-1 plant for nearly 5 years. The cost of
.- replacement power for the undamaged TMI-1 unit has been z2n :
- important. -contributor :to-the total cost of the TMI-2 accident. .-
.For‘identical:unitsuatﬁthe ‘sane -site (like Surry: #1 and #2), 7.
~-—ghutdown of both unite after all category Il events for an
equivalent time period results in a lifetime-integrated eco-
nomic risk ~60% higher than that for seingle unit shutdown.




| Table 6 l - Present value of severe aceldent economic risks
based on categoxy I1 event costs, remaining
. lifetime of bu;ry #2 plant o

lr'Present Value of Llfeelme Economlc RlSkS
Off81te Costs (Evacuatlon) fh 0n51te Costs

0% : . sa 4x103- s3.9><1o6
R S | $4 8*10’:_:.? . s2.1x10%. -
-106_- S sz 6><10" -‘ S r$l.0x10%

All costs are expressed in 1982 dollars.‘

Estimatea based ‘on: the median core-melt frequency from’ the

- RSS with the assumption’ that ‘all severe accident sequences RS

- resultTonlyin limited- core—aamage (category 'II event - Mn-itmfxﬁgg;gmwm~

[ coneequencesL‘ “‘This. assumption.is.. Clearly. unrealistic. and.. :
mﬁ_,'§is used to provide .lower bound. estimates of..severe: ccldent,
et «xcategory II and III event) economlc rlsks.-», et L

i




. regulatory c¢oncerns could-result in multiple unit shutdowns -

.. mulitiple unit shutdowns. like.that which vccurred after the
- 7:TMI=<2accident should :he -

Because category II"acc1dentf are limited in scobe to exclude
core-melt accidenti which breach the reactor vessel, and most
multiple unit reactor sites have some separation of plant
Bystens, ‘forced shutdown of mul-iple units-caused by plant
"equipment problems should bé unusual. It is more likely that

palo= OO

-after category Il core-damage acctidents. The large coet of

»considered in post-accident regulatory«‘lA L

ESTIMATED SEVERE ACCIDENT ECONOMIC RISKS BASED ON
- CATEGORY III COSTS e s e
: An estimate of severe accident economic risks for the Surry
‘#2 plant.-is8. calculated in this section .using the source terms :
defined for. PWR core-melt accidents in the RSS. It is assumed = =
‘that all core-melt accident gequences cause direct breach-of the -~
~ reactor vessel and possibly result in a significant release of"
~ radionuclides to the environment (i.e. .P{Category III
- Eventg) = P{Core-Melt from RSS}, and- P{Category Ir .
~Eventg} = 0}). - This is consiestent with the assumption used
~_in the RSS for estimating public health riaks from plant
' operation.

ental releases ‘of" radioactive material are’
estimated u81ng ‘the nevw offsite cost models. “The offsite fﬁ
.consequence estimates for an accident are dependent on. the L
. 8ite- specific -demographic.. characteristics ‘of -the. areas.: S
surrounding the- reactor. Also. the meteorological conditions._,
wind direction, and . emsrgency response neasures- 1mp1emented AR §
-"during a severe accident have important impacts on the public A o i
health effects from a release of radioactive material to the :
environment. - These considerations are incocrporated probabilis- =
tically using the prototype offsite economic consequence model.
The prototype model interfaces with the CRAC2 consequence model -
for input to the economic calculations (see Piq 4.5).

.6, 3 1 'ESS PWR CORE MELT ACCIDENT SOURCE TERMS

The source terme defined in the RSS bascd on analysis of the
. Surry plant are shown in Table 6.2. Seven categories of PWR
core-melt accidents were detined in the RSS for ‘input to the
offsite consequence ‘analys.s. - Specific core-melt accident
'_eequences were assigned to one of the seven release categories.

"Two categories of accidents less severe than core-melt events
were defined in the RSS (PWR8-PWR9) to estimate the potential -
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~=..pon-realistic. for most LWR acciden ) _
~Research-is- underway to redefine LWRQaccident BOULCE "Lermg == it

-impacts of -design basis accidents. Because the offsite eucnomic

consequences of the FWR8-PWRY event categorieb are dominited Ly
initial evacuation costs*, and since these events are predicted
‘to result in very limited damage t¢ the reactor plant (fuel
cladding failure), these accidents are no” included in the
discussion of category II and I1I accidents.

"The RSS PWR gource terms are used in the offsite economic
- -riek calculatlons.in.thls study - Recently, there has. been
i*concern that these.gource Lerms. may be conservative or .
Ices [LeBl NuBlc]

B

~-baged on -detailed accident. phenomonoloqy studies for LWRs

- /SNB3,Sp83).  The new economic model has been designed to.

~.incorporaté any ‘new source term definitions with- minimum . effortdca.m
without invalidating the assumptions which undeérlie “the model. -

" Economic riske from core-melt accidents can be reevaluated when

~-—CO8t8..0f .. emergency. .response and _population protective. counter-
.. measures. after an. accident cOunty economic data for “annual
. farm product sales. ‘the fraction of each area used in ‘farmland,

' ‘new source ‘term’ definitions are available. The sensitivity of
.. offsite economic consequences to source term. def1n1tion 1s»f
r_dlscussed in section 6. 6. v v S

fo 3.2 SITE-SPECIFIC DATA USED t fTHE ‘OFFS ITE ECONOMIC e e
conszoueucz CALCULATIONS B

: ~ The new offsite economic consequence model provides the LT
‘capability to use site-specific economic data in estimating. the = ..

- c'market values :of farmlard and improvements, and the fraction of

farm sales from'dairy products are used in the offsite economic j;;fﬁ:
-consequence. valculations for the. Surry reactor &}: 2.  These.

_ 77'data are taken from~ the 1978 Census of Agrlcultut;-and updated
..t0.1982. dollars Awhere: appropriate) using-cost infiators -

' [Ce78a,SA81). - County data for per-capita’personal income are.
taken from the Bureau of Economic Analysis Local hrea Personal
Income Series for 1982 [Bﬁasa] -

cOunty,economic dataaate~allocated to a 16x34 intervalipolar
gerid which is,normally used for consequence calculations with

* Calculations petformed Jitb the prototvpe economic model
indicate that ~90% of PWRS offaite costs and ~99% of PWRY
offsite costs result from population evacuation. -Although
thegse events have higher frequencies than core-melt accidents, s
they contribute minimally to the totsl economic risks becauwse - = -
the -ongite and offsite costs of these .accidents are small gﬂﬁ,gq,_
relative to category xx -and Ixx accidents resulting in severe. s -
-plant damago . o :»‘




the CRACZ code [R183] -A.computer-code. was developed: - to allo- 7.0 7
vcate county economlc data to each pelar grid.element based on .

‘the nearest centroid of county population to the geometric
center of each polar thd element. The locations of county
population centroids are taken fror the Bureau of. the Census

" PICADAD data base [CET8c]). This data allocation scheme leads
to slight errors in the assjgnmcnt of county economic . date to
consequence model qrid elements.  However. this allocation-

) gscheme is approprlate gincs. economic data- generally -VEery '’

. smooihly. around small-counties, and much averdging is performed
ofallocate ‘Ceénsus” pcpulation data to the consequence modeL_Lﬁ“
-grid:~County<average economic dats sre assigned to grid . .
- elements within 100 miles of the reactor site for the calcula—w___h
*“tions ‘in this study. National-average econcmic data are used -

_in areas beyond 100 miles from the reactor site due to the large
~gize-of grid-elemente, the ‘large uncertainties assocliated with
atmospheric transport and deposition calculations at thege _

- distances, .and since accident economic consequences are gener— Co
ally small-in- these areas.A S R

A graphics display ‘code was developed in this study to pzo-
",vide a map of county boundaries surrounding a reactor site. with
.an. ovetlay of the consequence model calculation grid. The code
‘employs county boundary data from the Bureau of the Census DIME
data base slong with the county centroid population dats from
“the PICADAD data base to map the area surrounding & reactor site
" [Ce78b,Ce78c]). The gcale of a map. is user-specified, -allowiag -
“detailed mapping of the .atea 1mmediately surrounding a aite.;ot -
-~ mapping of ‘the” “entire ¢onséquUeénc calculation gtid., Maps of .

‘the Surry reactor site with the 16x34 consequence calculation
~'grid overlay are “gshown in FPigures 6.1 and 6.2. The graphics -
routine is used to. clearly {dentify those grid elements which
_cover ocean areas only. The .economic data for ocean inte:vals
, ‘are set equal to zero since -only small econoai _consequencea . :
,%. occur in these areas.p;-'”A_wﬁ,d_i_ B R h;,c;,jjgvg L

' 6.3.3. fpdi:umriou PROTECTIVE MEASURE ASSUMPTIONS

The offsite economic consequences of any large accident at
a8 nuclear power reactor are strongly dependent on the population
protective measures which are assumed to be taken. Based on
current guidance, the calculations in this section assume that
-the entire population within 10 miles of the reactor site {e

. evacuated 3uring all core-melt accidents [NuBOb). Individuals
.are returned .to areas -not impacted by & release of radioactive
material 3 days after the:initiation of evacuation. :Am inte-
gtated groundehine exposure of 1 Rem in the time period 1-7 days
~after deposition ‘of zadionuclides in an area 1s used as & cri-

" terion for -emergency -phase relocation from contaminated aress.
“An integrated gtoundshine exposure of 2 Rem in the time period
7~ 30 days after depositlon of materjals in an area ie used as



_}L;Flgure § 1ﬁ- Hap of. countxes ‘and consequence calculation gzid
T . wathln 500 mzle radius of Surry site.
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Fxgure 6 2 -- Map of countxes and consequenﬂe calculat:on grld
o within 50 mile radius of Su'ry site.
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hé cxitezion fol intermediate phase :elocation A long-torm

L protective action criterion of 25 Rem-integrated groundshine S
.. exposure durlng the period 30 days - 30 years after deposition

of tadioactive materials is used in the calculations. The dose

" levels and organs considered for disposal of contaminated agzi-~"

~action- implemcntation critezia. “The crxtezia chosen 1n this
~rgtudy-are bagedon sensitivity ‘studies pexformed with-the. new:
" economic model, and-‘guidance ptovided by the-Environmental

cultural products are the 8ame as. those used in the RSS [Nu?Sb]

Tho economic conseqﬁences and public health 1mpacts ‘of an f_;;ng_f_

Protectlion Agency. the Federal Radiation Council, and the RSS -
. [EP75,PR64.Nu75b]. - The sensitivity of offeite economic conge-. -
.gquences to - offagite protective action implementation criteria is . ...

examinod in section 6.6.

6.3.4 ms'ramu'rtous oF cons-m_ur Accmnm' scouomc |

: CONSBQUENCBS AT SURRY #2

The ‘new.-onsite and’ oftsite economic’ consequence models are

'employed to estimate risks using the RSS source terms for the

,7melt accident economic consequences over the remal:ing lifetlne'ﬁ

‘surry reactor. The consequence calculations are. based oa 100 -
“sarples of Washington, D.C. meterological data using the metbin
.. .sampling technique {Ri81) and the yearly average wind rose for Ry
~ . the Surry reactor site. .Rll economic. data have been updated and*_
”tesults are ptesentod in 1982 dollars. _:ﬁ;~f#ﬁfﬁ“f o 3_ rwﬁf,~

The complementary cumulative distribution function for ‘cores -

(~30_years) of the Surry plant ie shown in Figure 6.3.. The

.'fffflgute .ehows the ‘probability of .occurrence of- core-melt acci- -
~-dents with economic consequences greater “than apacified magni- - T

“.tudes- over: the remaining lifetime of the Surry ‘plant. - The . - .
lowest probability accident consequences shown have an estinated

ichance of one in a million of occurring during the entire

‘remaining 1ife of the ‘feactor plant. Consequences with probabi-

1ities lower than one in a million over the remaining plant life
have a negligible contribution to expected costs. The expected
values of all of the cost component curves for lifetime core-
melt accldent risk are aleo shown in Figure 6.3. The cost
estimates presented are discounted to the time of accident

" occurrence at 4% per year. The economic risks in future years 'éf

kisks is appropriate for calculating the total present value for
risk-reduction expenditure decisions;  however this loads to
‘difficulty ‘in intetprotatlon of economi¢ consequence - ‘ e
~diatt1butions. ‘ , .

-are not discounted to the p:esont in the economic conseguence

distributions im Pigure 6.3. ‘Diecounting of future accident

The economic tlnk distributions and ‘means p:esonted ln




Figuxe 6 3 ;A.Distributsons of .core-melt acc1dent economlc :1sks4---'*“~n?-“ '
S for xemaining tifetime of Surry 42 plant
' (based on }oss of sxnole unit). '

VL.H'eUme Core-Melt Accidé’nt Economnc Rusks
Surry Reo ctor Site, RSU Source - Terms
o 'Boseld on loss of"cmg‘ie“'Um“_ti‘
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(- 0 0FFSITE COSTS INCLUDING WEALTH EFFECTS - .. MLAN = . 4.5E405 . . .
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<. ONSITE B. POVER, CAPITAL, CAND CLEANUP COSTS [ MEAN = 5 IE+06

: om ousn: AND OFFSITE ACCIDENT COSTS . MEAN = '- 8. suoa L




s oo Plgure 6+3 -show -some--important. characteristics of the core-melt -
v - economic risks at the Surry plant. The oneite costs of replace-

. ment power,, ‘plant capital locsses, and plant decontamination
after a core-melt event dominate the offeite property damage and
~public health effects costs except for very -low probability .
accidents at this site. The economic consequence distributions

" “show that the-most likely core-melt-accidents would result in.

shall offsite consequenceée relative to the onsite costs of plant
‘Aoas and cleanup Expecred offa*te gropezty damage and health o

3

“7 7 The economic rigk- distributions in Figure 6 3 ‘are based on
.. the loss of a single 775 Mwe unit at the Surry 3ite after a-
"ﬂc0te~me1t ‘acéident. .Because of the severity of core-melt acci-. .
“dénts with reactor” veﬂsel breach; ‘and ‘the potential for large - . = -

. releases of radioactive material contaminating the site to high
" "1evels, it is poseible that .the generation capacity of both
. units at the Surry site would be lost in the svent of a core-. o
melt accident. Figure 6.4 shows the economic risk distr1butiona-*"
. based on the assumption that both units of the . Surry reactor - :

- slite are forced out of service after & core- melt sccident at R
- - “Unit-2. The fiqute includes replacement power and capital ST
. losses for both units of the Surry site after a core-melt acci- o
. dent at Unit #2. .The total expected core- ~melt accident costs ¢ -

““over the remaining 1ifetime of the Surry Unit 2 plant are - I ST
-approximately.1/3 higher assuming both units 1 and 2 are lost - -
;after a single core-melt accident. .The risk. distributions in '
TUTTPigure 6.4 6how an even larget” dominance “0f " onuite costs over~
T,*_oftslte cost" components fot the Surry oz plant e =

o The contzibution of each of the RSS PWR1A- PWR7 core-melt
. accident. release. cateqories to. expected costs over the lifetime
- of-the Surry plant is ‘shown' in~"Table 6.3. -The.contribution of
;each release catego:y ‘to ‘onsite costs is. directly ptoportional
~--to  the avcident ‘category fzequency since the .onsite cleanup, i
" replacement -power, and capital losses are approximately the same-
- for-.all core-melt accident categories. The high-frequency core-

molt accidents resulting in small releases of radioactive mate- .

rial to the environment are the largest contributors -to expected .

ongite costs.  In contrast, ~90% of expected offsite costs .
regult from low .probability PWR2 and PWR3 release categories.

The offsite core-melt accident economic risks are dominated by
‘low frequency., large consequence accidents. The expected onsite
“‘accldent costs are larger than expected offsite accident costs

for all release categozies. .

N The RSS astimote of ‘offsite costs for tha pwa1n PHRT teleao@_
,_Q_caterties for @ “composite" reactor site is also shown in Table’
' ...6.3. _Although the “composite® site estimata ie not directly .

. comparable to the- results presented for the surry reactor site,
‘the rough comparicon in Table 6.3 shows that the new model
" . pred@ictione are similar .in megnitude to those from the RSS.

6-13




Figure 6.4 -~ Distributions of core-melt accident economic risks
Ay -w~;ffozhremaxninq lifetime of" Surry §2- plant

(baaed on loss of both unitse).
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-*?able 6 3 - Contribution oE PWRlA—PWR? cbre-melt accident categories to _
L. lifetime-integrated economic risks. Surry 92, sirgle unit loss..

nss Frequency Contribution to Expected COntrlbution to Expected AR
Aper r.-yr.): .. Onsite COsts | ' Offsite ‘Costs ST
’fcj4x1o"§'"’* ' | ‘
osx1077

31 5x10“-

':51 5*10“' . |

. da.ax10t
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: 35;3810’»
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H:Tabla 6 4 summarizea the expected ‘coets of core- melt acci-

a,denta over the remaining surry plant lifetime based on the RSS e
¢~source terms. The expected offsite costs. from core-melt events

at this site are gmall tompared to the expected costs of '
replacement power,: cap1ta1 losses, and plant cleanup after ‘
core-melt accidents. Howaver, offsite impacts of core-melt

acc1dents could be much higher for more densely populated sites.

: gxscussed in section 4.4.6, the public health effect dollar o
.ﬁvalués'vsed in the -analysis are based on purely economic. coste, .. L7
~-‘-"*vancl do not include societal preferences for avoiding health.
o 1ealth effect costs which reflect preferences. fo;s
fjrisk avoidancebcould eagily be. incoxporated into-the-new-offsite

economic consequence model if desired. The dollar values for

... offsite health effects must be increased by factors of 50-100

" to make them 1mportant contributors to. the expected ‘costs. of

“‘doré-melt accidents at the Surry site. This supporte the con-
- clusions of earlier studies which found the.total costs of -
...~ core-melt-accidents to be relatively insensitive to’ health
~-effect dollar values even including pteferences fo: health

jeffect risk zeduction [St82]

" 6.3, s PRESENT VALUB oF LIFETIME INTEGRATED CORE—HELT Ecouowxc
. _RISKS FOR SURRY. #2

Bstimates of the present wvalue of lifetims iateqra%ed
.. .economic risks of .core-melt accident costs for the Surry *2
~.plant -are shown 1n Table 6.5.  The economic risk: estimates are
“"baged on the core- melt accident frequencies and source terms-
"defined in the RSS. .The integrated onsite.and offsite economic
-riskxs are shown for :real -discount rates of O, 4, and 10%.. “The -
“frequency of each core-melt accident. category ig assumed- to be
. _conatant over the reactor lifetime in the economic risk inte-
ia«f«%gratxon.u The -present-value . of ‘total offsite core- melt” acciden
- costs _is-estimated -to- be~~81 4x105 -dollars over’ the ‘3Q-year
* - remaining plant lifetime. The present_value of. onsite economic---
""risks including plant decontamination, replacement power, and
-, plant tegair or new plant ‘capital costs are predicted to ‘be
~$2-6x10% dollars over the remaininq plant lifetime for the.
 0-10% range of discount rates. . The integrated onsite costs are
approximately- a factor .of 10 higher than integrated offsite
costs for core-melt accidents at the Surry site. ¥ost of the
onsite costs result from plant decontamination and. cleanup
‘costs, replaceme.t power cost increases, and plant capital
- . losses for these accidente. The total present value of _
lifetime risks va:ies by -a factor of ~4 for real discount ;
- rates of 0%—10%. PRSI ) : : e

. .'The eatimates of total severe acciaent economic :iska baeed-
}awon categorr AIL ‘cogte’ ‘(Table 6. S) are about a factor of 2
-higher than the estimstes based on caiegory II event costs
- (Table 6.1). 'This gactorl;eaul a txoa th@ assumption thet all




Tab]e 6 4 - Llfetlme core- mclt accxdcn* economic rlsks for
Surry %2 b&sed on loss of 8ingle generating unlt

Expected Costs :
e : Ovar Plant Lifetime Due -
. Cost Component - = " e L ~to Core-Melt Acc1dents

. On51te Replacement Power, Cgpltal Costs _i;;is;,gxlpfu;gf
$3.4x10%

i RO 2 7x10°% %N\’
m,;Off31te _Public. Hedlth Impacts e ;i.,w_sg oxlo“

TOnslte Decontamlnatlon/Clednuo ‘Costs - et

rOffslte Property Damage

¢5,7x109’3:

Based on purely economlc costs of med1ca1 care and product1v1ty
losses due to early fatalltles, early injuries, and latent.
health effects.;' : '
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By

"7}Table 6 5 - Present Value of severe accxdent ‘economic rlsks
- -based on category I1I1 event costs, remaining
‘lifetime of . Surry #2 plant.

'LiP:esent value of Llfetlme Economlc Rlsks;“;:;QQiif
: Offslte CostsAHJ;_m Onsxte Costs.. S

o..6% . . - - $4.ex10° ,,A;’is_s._s‘x,lo‘- R
Sr o suaaet 0 snaaot

A @&117céstsféreuexpfeésed in'l982_dollars.
* - . . - SN N . - . . s o ’ . . . i _‘,',
"Estimates baaed on the medxan PWR core-melt accxdent frequencies :
and source terms defined in the RSS with consequence’ -
calculations for the Surry sitce. (¢at§gqry III events).

= -

‘6“-18 o
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category III acc1dents WL result: in ‘early plant shutdown.'aid'""”"";”

~the. h1gher plant decontdme;ution coet estimates .for category JY{I
aﬁcidents “The' ccsts of -. Fcite property damage ‘and health

effects for ‘core-melt accid -n%e also contribute tc the differ-v
“ence in economic risk esctimates.

-6, 4~MUNCERTAINTIE IN- ECONONI RISF TIMATE

‘are’ hlghly “Uncertain due to 1mperfect 1nformation regarding

severe LWR accident initiators and physical processes. The
" uncertainties in the RSS core-melc frequenc1es were estimated.

“to be factors of 5 and 1/5 [Nu7%5a). - However, a cr1t1ca1 reviw

-of the RSS concluded thrat uncertainties were- sign1ficant1y LT
" . underestimated in the stuvdy [Le7€]}. Urcertainties in the reia-" =~ 70
tive frequen01es of core-damage versus core-melt- accidents are’

aleo large. "However, these uncertainties result in only a

factor of. 2. ‘variation in severe accident. economic risk esti--

mates. Thus, -uncertainties in the total L¥R severe accident - ~
frequenties are motre. important in determininq the uncertaintiea B

in severe accident economic risks R . :

Uncertaintiee in’ onaite costs for category II accidents are ;
" dominated by uncertainties in replacement power cost increases, ~ T
--plant decontamination costs. and the duration of plantcoutaaec R
“after category II accidents. For the entire. range.of core- . ..
damage accidents, it is estimated that. t'e total onsite cnsts
could range from a factor of 3 higher to a facior of 3 lower. - o
than those presented. This range is ‘dominated by- uncertainties -
in plant..outage- duration and plant decontamination: costs for . = :
w;_core—damage accidents. - Becauee ‘offsite costs of category. 11 S
. .evenisg .are .small relative to onsite costs, the uncertainties in”?“
‘offsite costs contribute neqligibly to. _the’ total uncertaintiea
in total category 1I ac01dent costs. _

Uncertainties in onsite costs . for category I11 accidents are
‘dominated by uncertainties in plant decontamination costs,.
replacement powver coset increases, and repiacement generatiting
capacity capital costge. The total onsite costs are estirated
to range from a factor of 3 higher to a factor of S lower than
those presented for core-melt’ accidente., The uncertainties in
offsita costs of core-melt accidents are dominated by unczttain-.
ties in offsite property decontamination costs and the criteria
chosen for izaplementation of long-term population protective .
measures ofter contaminating events. The total offsite cost. for . .....-
core-melt accldents are estimated to range from a. factor of § o
_higher to & factor of 5. lower than those presented for a detined-
relesse of radioactive material. The uncerta‘nties in onsite
costs are the most important contributor te uncertainty in total
societal core-melt eccident costs for the Surry #2 plant. -




The range of gevere. acc1dent economic riske at other ‘plants

'iskxa ‘gely determined by plant specific accident frequencies:

Many plant- spec1f1c probabilistic risk studies have been per-

formed to estimate the core-melt freguency and/or the public.

health risk. from plant operation A comparison of the plant

spec1f1c core-melt freque icies from ‘probabilistic safety studies
‘performed since ‘the KSS is. ghown .in onare 6.5 [HaB3]. The ' :
values presented represent median or "p01nt"“est1mates ot
.-core-melt accident-fz equenc1es at each-plant unless” otherw1se
~findicated in~the~figure. —~Comparison of the plant ‘specific¢
. . frequency estimates can be misleading -because the studies have -
_.fnot been performed using consistent. methodologies and assump—~f-f
' tiong. “*The predicted range of core-melt frequencies spans’

approximately two orders of magnitude from ~2110‘3—10 - per
reactor-year. - This range is consistent with the best- estimate

T”of core-damage event frequency from the TMI 2 accident and U. S. .
" LWR experience (~ ~2%10-3 per ‘reactor-year). - Some~ variation in

core-melt frequencieb results from the- use of different tech-

"“niques and assumptions in the risk studies for each plant. B
Plant-specific design. characteristics-also contribute signifi-~--“-
. cantly- to the variatlon in .core- melt frequency estimates :

Calculations were performed to ‘examine the 1mportance of

~ site demographic characteristics in. deétermining offsite economic
~...-risks from core-melt accidents. . ‘The new offsite  cost models °,
—=-gere-—empltoyed -to- estimate - ‘core-melt risks for~ the SUFTY #2~ plan e
.- (RSS--PWR-source--terms) -at the- Indian-Point ‘site. - The expected
- offsite coneequences: of each of the PWR1A-PWR7- accident cate- .
"gories at the. Indian Point ‘site are approx1mate1y a factor of

1C grrater than for the equivalent plant at the Surry site.;_q'

Thie results in comparable offsite-and. onsite economic risks for.

" "“core-melt accidents at the Indian Point site.’ The total esti-

. Wated ongite ‘and offsite_economic risks at- the Indian ‘Point. site'
‘are- approximately a factor of 2 ‘greater than those for an equi---

valent plant at the Surry site. Site demographic characteristics. .

‘significantly impact offsite economic risks, but have less

impact on total economic risks because they do not influence-
cnsite accident conseguences. oo

Based on the range of core-melt accident frequencies from
plant-specific probabiiistic risk studies, historical experi-

. ence, and U.S. LWR site demographic characteristics, crude-

estimates of category Il and III economic risks at other U.S.
LWR plants might rance from ~6 times lower to ~30 times

higher than those presented for Surry #2. The variation in
core-d>mage event frequency is lik¢ly tc be the dominant

~contrihutor to the total variation in core-damage event economic

Tisk ectimites for specific plants. Site-specific. demographic
characteriatics are also important for determining the total
offsite economic rieks from core-melt accidents at other U.S.

Lwn aites



~ Figure 6.5 -CompalrisbnI of PRA core-melt f_‘rfeque;t;ic:ies ‘(Ha83).
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_Calculations _nave been performned. to.estimate the lifetime - .
.@seve:e accident economic riske for other reactor sites using the

new onsite and offsite @économic conseguence ‘models. Economic -

risks for the Peach Bottom reactor site baged on the RSS release
categories BWR1-BWRE are s‘milar .o thnose presented for the ]
-surry reactor site. Re‘ults for sites with higher population N _
"densities show. highet of‘s te costs for core-melt accidents tham =~~~
“those! p:esented for the Surry site. _However, for all.sites whicb;;;;-f,;
‘have “been:examined, the offsite- ‘costs of severe accidents are T

w..predicteds-to.be small-relative to-onsite: costs except £or low- i

. probability core-melt-accidents wh1ch ‘result in large- teleases -
_of. tadioactive material L e

6 S COMPARISON OF JORE-MELT . ECONOMIC CONSEQUENCE ESTIMATES

{n'WITH RESULTS -OF PREVIOUS STUDIES

‘ The results of ‘pPrevious studies of core- melt accident N
economic consequences are compared to results czlculatea withk

“ . the-new economic model ‘in this section.” Results of offsite =~ "~

.- coste predictions from the CRAC2 economic model .are compared to . .-
‘results from the new economic model. Differences in the tesults._”-

%;calculated uith the two models are discussed.,

-.code has recently been employed in a study of the- financial

- CRAC2" estimates the economic consequences nf post—aee%dent
popnlat&en-ﬁsotecttve measures which are implemented after a
—release -of- radioactive material-to-~the-environment: - The -CRATZ:

~+ consequences-of-core- melt- accidents {NUREG/CR-2723) {8t82]) Hhicnf”~i*~73

ueed the Sandia Siting Study Source térms SST1-SST3 ‘Al182) to

"explore the lifetime integrated costs of core-melt accidents.

- .'simple models were employed in the study to estimate onsite- .
" .cleanup and replacement power’ costs. A compatison of lifetime '
77" {ntegrated SST1 accident cost ‘estimates .from ‘that. study [se82)"

-~ 'and the new economic modelg 1is" ‘presented-in ‘Table 6:6. - The -

table showe that the total cost estimates for the Surry reactor
8ite are very-similar." Siqnificant differences 2xist in health
effect costs due to the use cf health effect dollar values

which include preferences for risk recCuction in NUREG/CR-2723.
The new economic model includes genetic effect and thyroid
health effect costs which were not included in the previous
estimates. The estimate of onsite cleanup costs in this study
.is- higher than the estimate from NUREG/CR-2723. However, the.
total estimated lifetime CST1 accident financial consequences

are very similar ag shown in Table 6.6.

A compa:ison‘of'tne-meanfoffsite cost components for an S$ST1 - « - -
release at the Surry plant from the CRACZ and new economic con- "~ ..
gequence models is shown in Table 6.7. The CRAC2 model does not
have the capablility of estimating emergency phase relocation
costs, intermediate phase relocation costs, or costs for popu-
lation relocation during the decontamination period. The




from’ NUREG/CR -2723 for the SST1 releaSe,.Surty teagtOt

~7;-vv'rab1e 6 6 - Ccmpanson of new model predxctxons and resul s

NEW MODEL RESULTS VS. NUREG / CR-2723

f@mﬁc& Vm&me e? Aee.%éem Cms m Plasi L%i‘ex

E&momh E&ske M 88‘1‘! Mm Cau;gnrry, Surry Bmm

‘Cost Cmmeut Cam!dewd »

”immmymwmm

 Ofie Health Effecto

10x10‘°xﬂ

0.8 x 1010 x 1,

- New Becnomls Models" N A

Ofsite Property Coets |

32x100xf |

8.5 %1000 x f;

- Onsite Cleagup. - --

281000 |

;s4x1m0xnk

: 5.7 %100 x 0,

8.8 %1010 x £,

__ Onsiie To'ta.l:-Céats C

~ Total Costa

8.9 x mw Xy

: 1.3)( 10” xf,

. ﬁing pla.nt lifetime in dollars.

e f ia defined to be the SSTl release category frequency (per reactor-year) Muluphcatmn
' "by f} in the table yields the-total. expected cwts of SSTl u:cxden&s over the remsm
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‘Table 6.7 - Compatison of affaite cost estimates ‘from cnncz and new aode?s, i

‘Bvacnation . e : PR e
:~Enmrgancy Phass'Relocation .~ﬂf_g_r : E_;a; -fj;.‘f:f §~ rﬂ';‘g_§82,35107.
| 'Intarmadiate “hase" Ralocation {? ;ﬂ,§;¥ﬁ~"”-z o
”aamgumn1mwmtmwmu -

'thpulétion Relocation -
During Decontamination

b fLanﬁ and Property Decontamination:.*§f§$
| Land and Property Interdiction N
 Interdicted Population Relocation L

Offsite Health Effects _ o

conditional on ssrl accident releaae, Surry 62 plant._h_:

‘i CRACZ Mean cOsts
| . $3. Oxlo‘ "“*”*9' ’; éss lege

S ss.oxl0? | ! 88,1x107

o= s
sa.2xi0® BRETTR S0
.sl;sk;OCﬂ R 331 6“1002
- $4.9x107 $2.6x107

Tbtal Offsite Costa

Othet Attributes Estimated
in New Model :

= ris1sant

CsT.4a10° - sh.aeao?

G Total Population Dose Incurred, 0-100 Years | e
i Total Population Dose Avoided by Protectlve Heasures -
" Decontamination Worker Dose O N R .
'~Lahot 8equited for Decontamination Ptogram

 Rumber of Decontamination wOrkers Required
for -ompletion of Ptogram 1n 90 Days; T

. 1.4x10” Parson-ten
;f4.iXIo’-Petson-Rem
'>?jf2;§xio?;rerson-nem
1.1!105 Person-Years

o 4.5*10% Persone
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’ reauits of both nodels indicate tnat fba coBt oﬁ property

decontarination~is the most important conrributor to total -

offeite costs for an SSTL relesse at the Surry plant. The cost

‘of property interdiction. in areas where decontamination cannot

reduce doce rates to acceptable levels ic the second most

important contributor to offsite costs for this lacge celease. .

"of radioactive material. The costs of offsite health effects .
’u»are also.predicted to be relatively lmportsapt for this large -

. gource term. The emergency phase’ relocation. intermediate R

phase relocation. and decontamination period relocation coats R

raze relatively ‘8@a1) fot this accident release category.A, ooy

"However, these costs dominate the imitial evacuation costs’

vhich are the cnly populition relocation costs included in the

. CRAC2 models. Updated costs of decontamination, interdictism..

‘and’ relocation'in the new economic model result im total cost

ectinates iess ‘than a factor oi 2 higher than tnoae from the

CRACZ aodel e - - - -

Additional attributes of SSTi accident consequencos-' g
‘estimated in the new economic model are shown in Table 6.7. Tha
-implementation of population protective measures (including
decontamination. interdiction, and telocation) results in a
‘factor of four reduction ‘in total population dose incurred in
the firet 100 yeare after accident occurrence. The dose t0 -
.decontamination. workers during the decontamination period ie.
--0f the’ total popnlation dose incurred.

on progron to reduce population“

;of .20 days for the decontamination eftorta. .this program would
roquire a work :force. or.mas ‘000 :men. .Clearly, a large .. -

decontamination program after -a severe reactor. accident would

~have -8ome. important ‘beneficial -economic: impacts 4n-an aftectedh;

area. Hovever. ‘Manpower limitations may force an. extendod :

‘period for completion :of ‘the offsite decontamination progran
<'aftor large releases .of - radioactive material.

, Calculationsaper:ormed tor'various U.§. LUR siteefhave
-shown that ‘the ‘new offsite economic model predictions of. .
offsite costs are .geaerally factors of ~2-¢ higher than those .
predicted by the CRACZ code.: :This difference results from more
accurate accounting for costs, inclusion of more cost o
“components. indexing of costs toc 1982 dollars, improved -.-,
estimates of decontamination costs and effectiveness, and the
use of county-level economic data with the new economic »
~.models. One important difference between CRAC2 and ‘the new
.model is that. the new model .provides direct estimates of ‘the
-.benefits of population protoctivo ‘measures 'in terms of b@q.“"
. population -dose “avoided.  ‘Thése benefit ;estimates can be used
4in ‘cost/benefit analysisof protective measure implementation
88 discussod in tho tollowing cection. ' ,
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The new offsite economic congequence models havs bssn ‘used
_to evaluate the sensitivity of offsite costs to assumptions
regarding source terms and offsite public protective measure
implementstion'cxitéris. An example cost/benefit analysis of
ottsite protactive asasurs impleaentation is also pressntsd.'

'J!Ieiz”l sswsxrrvxrv 'OF .OPF§ITE. COSTS TO. souacs Tssms

o The:o hag been concstn expzessed recently that tho soutce
“terme defined in_probabilistic safety studies may overéstimate
the releases of radicactive material to the environment from
-gevere LWR accidents- [Le81] The conclusions of research aimed .

7 at defining new source term values based on detailed accldent
" physical progression studies can be incorporated into future -

-Vﬁ~at -the -Surry.: zeacto:~site.,arab1e 6.8:shows the .results.of .. .. .

‘economic. risk studies [SN83,Sp83). The reduction of .source term

values would result in small-or - mo changes in-ongite cost esti- . . . ...

mates for severe LWR accidents. The offsite coste of necessary
protective measuras .and public health effects. could be substen
tially impacted by sigaiﬁicant source term. reductions. -

- The- sensitivity oficore-meltmaccidcnt offsits costq to- ,
‘source term magnitude is :examined for the ‘SST1 .release category

-offsite economic:.consequence calculations for the: ‘surry teactor
-pite conditional on the SSTl1.source term, .and for the SSTI1 . S
‘source term with release ttactions for all elements -except noblo“
gases reduced ‘by factors:of ‘10" ‘and 100. «The table shows. that the
-mean total. ofisits economic consequences vary . apptoximately
lineazly with the source ‘term. telease fractions.u Propetty
vary non-linea:ly due to ‘the threshold -nature’ of theso effscts. &
The cost of evacuation ie independent of source term and becomes

nnro important telative to total costs fo: slall soutcs tezms.;miﬂyg

~ "The sensitivity of,offsite costs to source term nagnituds
48 important for consideration. of offsite economic risks. How- ...
ever, since onsite costg contribute significantly to the

economic risks from core-melt accidents, and these coste are notls,

sensitive to ‘source term values, the total economic risk from . .
co:e—melt»accidents isﬁlsss:sqnsitive-to:sou:co tern definitio

q s

, The ottsito costs of .a :elssso ot zadioactivs material -
an L¥R accident 3L dspondsnt ‘upon post—sccident decisions -
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AN . | -
' Sensitivity of offsite economic coneequences to source term
definit;on. Sutry ﬁ2, SSTI redease ;ateqoty.

Hean Offsite Coata

: ‘Propetty Decontamination?
”fProperty Interdiction 7~

1
N
1

se. $xios
,k;sz £3 1 LANES
Iu'?$8 6!10’”i¥
89, 1x107

OEisite ﬂaalth Effects 'fi",?7

| Potal Offsite Costs .-

factor of 10.

STlZlO

’ﬁ“9$4.5x10°
$3. 4!10‘

s1§2x10’

¢ 81.5x107
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,}isl 6x10°

on . $2.6x10"

- §l.5x10%
,.;sx 1~10’;
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$2.8x107
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vatea 1mpacted by the’ release.v The. post-accident decision-making
"~ process is modeled in the offeite economic consequence model .by. .
' comparing projected individual doses to criteria specified for
protective measure implementation. The sensitivity of offsite
- @cononic consecguences to the long-term protective action imple— o
mentatiou ctiterion is examwned in this section.‘ ' _ e
Tbe d@pendance of the . maan ofteite coste foz the 88T1 B
zeloase catagory at the surry reactor on the long term pzotec- L S
“give “action criterion ie presented in Table 6.9. . The- long-term.. .. . -
" protective action~criterion ‘is based on- individua1~doses ANT@— i e
. .grated from 30 days to 30 years after deposition of radioactive
---materials. The Surry. economic risks presented are based on the
2% Rem criterion in this period. _Results are shown in Table 6.9
for criteria ranging from 5-500 renm individnal vhole-body expo- :
....sure during this period:. The total ‘offsite accident costs vary-”.
_...:DY approximately a factor of 5 for the range of protective =
action criteria examined. ~As more stringent criteria are
. -.applied, the :costs of population protective measures increase
. ‘because larger ‘areas and ‘populations are affected. - ‘However, the -
. costs of offsite .public health effects decrease as the popula-
tion exposure to radioactive materiai is reduced. The new .
_economic model is useful for perfourming sensitivity studies - ‘
‘fzegardinq -population protective measure implementation eriteria L
- ‘because both costs andibonetits of eountorneasu:e implementation e
ﬁjf*ate estimated.wu-;_ L _ :

o -7 The ottsite economic consequences of Lﬁngaoeidentn ote“;.fo.;
: ‘:sttongly dependent upoa ‘the yopulation protective measure
" A<“prementation criteria Gefined ‘in the now offsite economic
.. -er.isequence model. Offsite cost ‘astimates ‘could be increased
~.-by.large factors based om. the assumption that very stringent
criteria are applied in post-accident ‘decieion-naking. Houevet
. this assumption may be unrealistic given the limited benefits -
" -and potential resource limitations which uould tesult trom such;
actiona. o

.'.;v" ;
.

| 6 6. 3 COSTIBENEF> ANALYBIB= P:POST—ACCIDBNT COUNTBRHEASURES
‘cor aequonce modol can bo oppliod to «t" )
tudies .of post-aocldont ‘public protective action
mplementation eriteria. “example ‘of this application ot the -
?noael 13 preseutod in th eoction.?og- S . _ T

A2

; Tho ptototype cononic model” estiaateo tho population :
¥2exposute .avoided i(man-rem) :in ‘the emergency phasenxintecmedlatev
‘phage, and: long ~term- pexiods. 4The costs ‘'of protective measures
~.4mplemented: in :ieach . postqaccident -period are ‘calculated in theﬁ“
- model. Por exposure beyond the acute time period, each o
.population man-rem incurred has approximately an equivalent
'impact on p:odicted tadiation-induced public health . etfects. Pl




After Haterial Depoaition )
(Individual Whole-Body Dose)

..3Hean Costs of
‘1?O££aite Health%

Mean Total

L
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,§Offsite Costs

§s4 1x10°
T $2.4x10°
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'iherefote. fot populatgen protective measures beyond the acute .. ..
- =-time-period,” man=rem avoided 18 a Useful me. .sure of the benefit
ﬂr_cf 1mplement1nq populaticn pzotective measures. : DI

Regults of sensitivity studies of protective measure imple-
- mentation criteria are presented in Figure 6.6.  The figure is
~ .based omn results of ¢alculations performad. copditione}-on an .
.- -85Tl-release at the Surry site.  The emergency phase period is .~ oo
-7 - defined to extend. from 1-F days. the intermediate phase from -~~~ -~ -
7-30 days, and the long term phaege from 30.days-39 y2ars- aftet_»&auiw:
“the~denosition of" materials. .The fiqure showe the Rean . s et
“¢o8t/bénefit ratio in terms of docllars per man-rem averted B
. during each of these protectlive measure periods for a wide N
~_range of protective measure implementation criteria. .Curves
~are shown for both the average and marginal cost per man-rem
averted for protective action criteria in each defined time i
. _period. - 'The fiquze -showe that ‘the costibenefit ratios" based on
_.average cost are smaller than those based on marginal cost. ' = _
'This behavior is observed because a large portion of protective . . .
' ‘measure costs and benefits are incurred in areas vhere dose e
- rates.are high.N.As more. teetticti"e criteria are applied, = . . .= ..
——additional costs" and "additional man-rem averted are small .. . .o
telative to total cosats and benefita.;_-- : : = a

TR e o mote useful meaeure of coste and benefite tor decision-'5f7
Qmaking ie the mar inal cost/benefit ratio. 'This ratio is. the
¥ "0 1, gdditional man -rem_ (at themmarglnxmby

@wulike the . avetage cost’ per man-rem
1 cogt per man-rem averted is deteriined’
Y. ostavand; enefite in those areas which only
‘ rotect!ve action critetlon._ Thia zatlo

4amerginally‘
.- -explieitl:
~ ‘additional man-r rem as’ tnewp:o?ective actionéimplementation
ie;Ctitetion is decreased.,w%_i%ﬁeww G

. . Cost/benefit studies of protective action criterie can be»;
o ;uaeful for - aecieion~makinq .regarding recommended individual ‘
-exposure limits for ‘different -time periods. .For post-accident
-response beyond -the acute time period the marginal .cost 1ncurted{
~-to avold populatiou ‘exposures should be roughly. equivalent for
efficient use of societal .financial resources. The dotted linea N
. in Figure 6.6 Qdemonstrate the protective sction ‘criteria in each
- time period which lead to .an equivalent- marginal cost of ~$500
--.;per man-rem averted.~f?he ‘neyw economic model:can ‘be employed in
~eosthe future. toedevelop conaietent._efticientqpopulation protec-
itive measur vmplementatlon czitezia £or‘uae An poet-accident.
‘ y . . .

s
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6.7 COMPARISOV OF ROUTINF OUTAG] ,AmeSﬁ?ERI RCCID&N* ECONOMJC
TRTSKS FOR SURRY w2z o o :
The present values of lifetime economic risks from category
I and category II and IIl events for Surry #2 are compared in

"Table 6.10. The risk estimates for category I »dutages are based

-on.the ge:eric frequency estimates-from Chaprer 5 combined with

. ‘outage costs for the Surry plant-estimated with.-the new onsite. .
“Teost ‘models.  The waohomic . .risks for categorv 1T and III events .= .~ .
are based on the PWR core-melt frequencies and scurce terms from .
wqthe Rss uith offs:te consequence calculatlons for. the Surry
‘gite. The large uncertaxnties in the RSS core-melt accident

frequencies are not refiecred in the economic risk estimates in

HfTable 6.10. Results are shown for societal discount rates of O,

and 10%. Societal economic r1sk is predicted to ‘be ‘dominated
by category I forced outage events. The .contribution of cate-.
gory II and III ‘accidents to economic rlsk is predicted to be a-
factor of 50-80 lower than the risks from routine forced outage
events. 1The expected offsite economic risks of . severe accidents

are predicted to be a factor of ~500 lower than the onsite

risks from all event. categories. 1In contrast to public health.

““risk which is dominated by low frequency. large consequence

events, economic risks from LWR operation are dominated by h1gh
frequency, low consequence events: This cost has been paid

“historically through reduced LWR plant availability and
..capacity faCtOIS-M;n_HWMrmru.r_wcwﬂ;.wmhcm SRS

“The uncertainties 1

“reétlatively small -(~factors. of 3.and 1/5) because of the high

--frequency of these events. (~10 per reactor-year) .and the data

-availability for. .routine outage costs. The estimates of cate- -
gory II and I11 economic risks are highly uncertain because: of
~the large uncertainties "in ‘the: ‘estimates of-total” core-damage - - o
and.core-melt accident frequenc1es ‘and the:limited understandxngt,h,wh -
Tof 'eevere: accident .physical processes. : ‘Results ot probabx]xstiijj;;;'
“risk studies predict that core-melt accident frequenc1es rerge .
from ~2x10-3 to ~10-% .per reactor-year for U.S. LWR plants.

The uncertaintles in plant decontamination costs, replacement
power cost increases. ‘ond new plant capital costs are the most

" important contributors to ‘the uncertalntles in total severe

“¥imately 5 and 1/5. A ‘detailed uncertainty analycis of offsite
core-melt accident economic concequences is planneda ae part of

accident cost estimates.

Uncertainties in core-melt accident source term definition
are extremely large and have important impacts on offsite acci-
dent consequence projections. :Changes in source term defini-
tions would have smaller -impacts on total cost estimates for

core-melt .accidents because onsite losses are not. significantly

influenced by ‘source term definitions. Uncertainties in oftsite

cost estimates - for:a. qiven gource term are dominated by uncer-

tainties in decontaminatlon costs, which are factors of appro-




f§ Lo Table 6.10 - Present value of cntegory I and category iI & III PVﬁnf
B economic rlsks for remaining life of '© urry 32 plant. ;
S P Category II & IIZ Eventsﬁ,
Category I Events . {=6%10~? /reactor<year) .

'ifbfbcount Rate (= 10[reactor-'ear1 o Offslte ,On51te §;-T°?a1 L

1.‘

sz 7x1o' $4;4x10’-31s5 5%10° ?ssgsxla@ 3
C$2.5x10° © s3. 3x10‘ $3.6x10¢ ‘
e l $1.3x10° f'$1;7x105 $1 sxlcﬁ
w
E tima%ed risks for category II s 11T eventa based on RSS PAR core—Wﬂlt
accidernt frequencies and source terms with consequenoe calcuiatrons
performed for the Surry 82 plant. ;
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the MELCOR program. The new economic consequerce model is

structured for ease cf 1mp1ementation of upcertaxnty analysis
tnchnlques S

The comparison of economic risks from the entire gpectrum
of LWR ‘events indicates that focietal economic risks are
dom1nated by high frequency. . low consequence for-ed outaye’
events. Also, the offsite economic risks from severe LWR-
acc;dents are- predlcted to be small relative to onsite rlsks
"These conclusicans até not significantly influenced by -

(ontertaintles in severe accident frequencies andé source terms.

6.8 SUMMARY AND cowcwsxous .

Calculat1ons performed with the new economic’ consequence

models indicate that the expected costs of category II and IlI

accidents at the Surry site are dominated by onsite coets of
post-accident decontamination, replacement power cost & - '

' increases, and plant capital lossec. For all sites which have -

been examined, the offsite costs of Severe accidents are
predicted to. be. small relative to onsite’ ‘costs except for
low-probability core-melt accidents which result in large
--releases of radioactive. material. The offsite costs of
property decontamlnation costs The costs of~ offsite public
- health effects" are small- based on purely econonic costing of K
“health”care anu health ‘effecte . ~Calculations -performed. for

g various U8, LWR" ‘gites “indicate that-offsite cogt predictions ‘ e
- from the new model- are. genetally factors of 2 4 larger than ,_--3*r~-v

those from the CrACZ code._;'4

The new offgite models have been used to °xamine the
sensltivity of offsite economic ccnsequences to source-term and
‘population protective measure assumptions. .-The offsite cost
..predictions are sensitive to source term definition. Offsite i
~costs can also be significantly affected by offsite protective
-measure ‘implementation criteria. - ‘The new sconomic models have

been used in example ¢ost/benefit analyses which demonstratevthe'.'

usefulness of marginal.cost/benefit ratics in- planning for :
post-accident population protective measures. * It is recommended .
that the newly developed offsite economic models be exercised
in further studies of cogts and benefits of LWR accident popu-
lation protective measures L

‘The new onsite and offsite cost modeles have been ased to

Aestimate the economic riske at the Surry #2 plant with frequency

estimates from generic. outags data andthe 288, - The example - o
“economic risk calculatiens for: “the- surry ‘Unit - 2 plant . result in.ﬁﬁ
the following concxusions" v , L




'“Uﬁifféhbﬁgiféwﬂg;ithVgi;%s. economic r1sks from LWR.
.operation are dominated by high freguency, small con-

. sequence forced outage events. The societal costs of

these events result frem reduced availability and
capacity factors and th: need for uge cf higher margi-

'.nal cost fuel sourceﬂ for. generdtlon of: electric1ty

" The econonic rlsks frum LWR opexatAon are aom1nated by
. ongite losses,. specif1ca11v reolacamnnt power cost -
- increasee:for ghort’ duraticn outages. Severe acczdent

economic risks are alsoc dominated by onsite losses
including plant decontamination costs, replacement

- .power costs, and plant capital losseg. Only .very low
~ probability core melt accidents with large releases of

radioactive pmaterial are predicted tc zesult in off81te

,Wcosta a8 latge a6, on61te p‘.\t Cﬂpts

. These conc1u31ons result from the comparison of economic tisks
-from various categories of operational events at the Surry #2

plant,

with the assumption that gociety is risk-neutral to aill

economic losses. The conclusiong are not sensitive to the _
large uncertainties inherent in the estimates of the economic-

‘risks from severe LWR acciuents.
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. SUMMARY AND CONCLUSIONS:

The pr1mary goal of thie studv Was Lo develop modele to. be~*
used for analyses of econcmic rigks from events which occur
during U.S. LWR plant operation. These models have been . o
xdeveloped for- potentiel use by ‘both- the nuclear: power industry -~ .-
‘aid regulatory agencies in cost/benefit analyses for decision- S
making. purposes. The newly developed models inciude capabili-
ties to estimate both onsite and offsite coste of LWR events
»tanging from routine plant forced our.ges to gevere core-melt
accidents resulting in large release: of radioactive material .
to the environment. The models developed are useful for esti-
mating:gsocietal economic risks based on either generic:or -
plant-specific economic data. The modele can easily be modified
for use }in economic risk studies for particular intereet groups
in the u.s. nuclear power induetry .

The new onsite cost modele eetimate ‘societal loeees from
power production cost increases, plant capital losses, plant
decontamination coste, and plant repair. costs which may be
incurreq after LWR operational events. Early decommissioning
‘costs and plant worker health impact costs are included but do
not. contribute significantly to the onsite losses from LWR ~
events. The dominant co8t for most LWR outage events is the
‘power production cost’ increase ‘cauéed by the . need for. using
-generating facilities with higher ‘fuél-cycle costs. Replacement;
‘power purchase cost _increasésarc -¢stimated based on the mix of '
units available in ‘each region of " the U.8. .Plant repair coste
for rrutine forced outage eévents have hietorica 1y been small .
relative to- replacement power cost increaces. Plant decontami-,n
‘nation-costs and capital costs of replacement power generation :
‘facilities are important for severe LWR aczidents resulting in "
core-damage or core-melt.: Electric utility business costs,
nuclear power industry coets. and 1itiyation costs for severe.
‘LWR accidents -are likeiy :to_be small from the societal perspec- -
tive. However, ‘these coets ‘may.-be important and warrant careful
consideration for. specific qroupe within the U. 5. nuclear power :
'induetry. S N R A y

The newly developed otfsite economic modele eeti ate the
costs of post-accident population protective measures and public
‘health impacts. .  The costs of population evacuation and tempo
rary relocation.wagricultural product dieposal, land and.
property decontamination, and land interdiction.are includedwin
“the economic models for population protective measures. CoBts .
“of health impacts ‘including medical care costs are also 4ncluded
in the new offsite economic :consequence models. ‘The new offsite
models ofter several edvantagee over the CRACZ economic modele.'




7 inéluding. mcre.accurate--accounting of sNoFt-term population

o The data base was combined with the new onsite economic cost R

‘incorporation of site-specific economic data, estimation of

relocation costs, accounting for population relocation coste
during land and- property decontamination, flexibility of all
time pericds and protective action implementation criteria,

additional decontamination program attributes, calculation of
_both costs and benefits (in terms of populatioh exhosure _
‘ av01ded) of population protective measures at ¢ffsite locations, L
~and estimation of medical care and heal:h: effecte cost8.. A. . . e
p:ototype model was-developed ip this study’ for- development and o e
testrng 6f ‘the new offsite economirc models. The new models will
be -incc.porated into the MELCOR conssjuence calculation code
.which is currently under development

A computer data base of LWR experience from 1974-1930 was
developed to ¢stimate the frequency-severity spectrum of .
.unscheduled, no.—regulatory forced’ outage events at U.S. LERs.

models to estimate the expected losses from routine forced out- . _
‘age events. The losses from routine LWR forced cutage events - - ok
-are ‘large due to the high frequency (~10 per reactor-year) ‘ : .
and power production cost increases for these events (see Table - ' |
6.10).. .The costs of LWR forced outage events are paid through .
reduced availability and capacity factors for plante in opera- - .
tion. - During the 1974-1980 study period,.forced outage events =
‘caused ‘an average 10% availability losg pér reactor- year of P
U.3. LWR operation Forced outanse events caused by regulatory .
. concerns showed a consistently: incteaeing ‘trend.during-.the-

~--1974<1980 ‘'study period. “The average. -availability loss due- to'ifu,,%;>4y,;i

regulatory forced outage events increased by roughly a factor - i
-of 5 to approximately 6% in 1980.  .The total plant availability '
losses due to forced outage events -result in significant = -
societal costs from the use of higher cost fuel sources.rf“' '

g, Detailed analysee of tbe forced outage data base. ehowed that?;;
forced outage ‘events occur more fregquently at LWR plants in the
first years of operation than later in plant life. This trend
is coneietent with “Sathtub"'failure rate behavior observed in "
_most . technological: .devices.: This behavior is important because-
it indicates that economic riek from forced outage events and
transient-inducec icore-melt accident risks are not constant: ovet
the 1ife of LWR plants.  Risk management programs in the U.S.

LWR industry should diract gpecial attention to plants in the

.first few years of conmercial operation.  Historical accident L
experience supports the hypothesis that risks are increased in. . = = .y
‘the first years -of :LWR -commercial operation. %Wear-out related.... =~ - - _'g
increases in forced outage : frequency wvere not apparent in the i
1974 1980 operati data e : :

L 1-2
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o The ‘new ongite and offslte ‘gconemic consequence models have

been applied in an example caiculation to estimate the ecohomic
rieks from core-damage and core- melt accidents at the sSurry #2
plant. The analysis included the assumption that the median
core-melt. accident frequency from the RSS included all accident
_sequenves resulting in eithet limited core damage or full scale
‘core-melt. - The present valité of eXpe.ted coste of severe acci-
dents over the remaining lirfe of the Surzy #Z plant is less than
-6 million dollars, based on. the RSS median core-melt accident
_freguencies. (see Table 6.10). - The. dominant contributors-to::
expected core-dam~sge or core-welt accident costs are plant
decontamination costs, power production: cost increases, and new
generation facility capital costs. - The expected offsite pro- :
perty damage and health effects costs are an order of magnitude
lower than expected onsite costs for the RSS PWR source terms.
The economic costs of offsite health effecte are small for.most
““coré-melt accident categories. The dominant offsite cost for.
. large accident release categories is the cost of land and pro-.
‘perty . decontamination. . The total expected offsite costs of-

_core-melt accidents for the remaining surry plant life are pre-

dicted to be less than %1V million dollars. Only for extremely
"low probability events are offsite costs egqual to or greater
than ensite eosts. The expected core-melt accident costs are
- small compared to the expected losses from high frequency rou-‘
..tine forced outage events.- The uncertainties-in the economic - - :
Tisk estimates -are large ana are dominated by the uncertainties:"’
“in ‘event. frequencies for severe accidents, and by replacement

Mpower cost uncertainties for-. routine forced outage events.~ f**~¢?"*“~f”

E The example applications of the new onsite and offsite eco~

Qnomic risk models .in.thisg study lead to some -important conclu—“'?ﬁf.,ﬂoA‘
- sions . concerning LWR economic rigkse. - Current probabilistic risk = -

-analyses predict .core-melt frequencies ranging from ~2X10-3
per S“eactor-year to ~1x1o 5 per reactor-year for U.S. LWR -
- plants. in-operation.  The general conclusions from ‘the analysis
are not sensitive to this range of core-melt frequencies. - .In
;contrast to public health risks from LWR operation which are
dominated by low frequency core- melt accidents, societal .
"@conomic risks from plant operation are dominated by high
frequency. routine forced outage events. From an econonmic
perspective, assuming society is risx-neutral to economic
losses, the maximum economic benefit could Le achieved through
réeduction of routine forced outage frequencies and durations.
The econcmic risk calcula- tions performed in this study
indicate that reduction of core-melt accident frequencies _
should result in smaller economic benefits. . Thus, although . .
-reduction of core-melt accldent frequencies and conseguences 1@ -
important for. controlling public health risks, economic analyses
indicate that limited societal financial resources might ‘be moreﬁ
_productively used in. controllinq routine forced outage losses.




'“R@dﬁFfiBﬁW3fwffl?’7%M56tééé‘fxéﬁﬁencies_would also reduce the
frequedcy of ,*mgu;transientp and would thus have some impact
von core welt ac¢ Jdent frequency and public health z1sks as well.

The analys1s of LWR economic risks tndlcates that focu51ng
~u.s. nuclear power regulation completely on severe accidants may
"be-economically inefficient, and that: the most productive
expendltures for plant improvements might _be made to:increase. R
~the availability and, ‘capacity factors.of operatlng LHR units by-]

.. reducing forced-outage freguencies and- costst - Expenditures for
core-melt accident prevention are likely to produce larger -
benefits than expenditures for systems which m1tiaate the off-
site consequences oOf .core-melt-accidents since a large portion
of the expected costs of core-melt accidents result from the
loss of physical plant. .

" The newly developed onsite and offsite economic consequence
‘models have many applications beyond the example calculations
‘presented in this report. The new models will be uveed in
‘detailed sensitlvity and uncertainty analyses as part of the
MELCOR severe accident risk assessment proyram. to more accur-

"ately quantify the range of economic risks from severe acci-
~dents, The LWR forced outage data bage has already been used

“in support of actuarial analyses within the nuclear lnsurance, e
_inpdustry. It is recommended-that the new ‘offsite economic con~
sequence models be used to perform cost/benefit analyeee to T R
assess. post accident population protective measure 1mplc gtg:ﬁ;w%w_wwwwm

H
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| U.S. LWR OPERATION EXPERIENCE DATA BASE

'Thé»daté~6a§elofﬁLwR'oééraEiﬁg-ekpétiehéé déQé1opéd”£ﬁ;fﬁfé"

.study to estimate the freguency ¢f LWR forced outage events is

discuseed in this section.. The data base for 1974-1980 is "~ -

cavailable on magnetic tape in. either ASCII. or. binatyﬁdamagmi.?~ww~mi~-b~w@

“furmats.

" "'The data base was formead. from arnual. publicationa of . fozced~f=o

”'oﬁtage data from the U.S. Nuclear Regulatory Commiesion [AE74,
"Nu77b, Nu77¢, Nu79a.. Nu79b, NuSla, NuBlb). Only forced outage

events {not scheduled) have been included in the new data

~base. "Also; all regulatory ocutages have been excluded from the

~ data base for the purpose of this study. Finally, the total
‘duration of a single forced outage event is recorded in the
~.calendar. year in which the forced outage event was initi{ated.

'*The plant start and end of - opetation are reported to the S
““The shutdown year is reported as o O for S

Only those outage hours which occurred between January 1, 1974
and December 31, 1980 are included in the data. The plant
name, plant type, ME658. vender, plent electric ratinyg, startup

-and shutdown year-, and the number of forced outage.events.
“observed are tabulated for each recorded plant year of data. S
_-Rn example of the data base format ‘for a single reactor- year of-’«
;operatlon is presented on the following page _

nearest 0.1 year.:
plants atill in commexcialgoperetion.-»r
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~ASCIT FORCMD OUTAGE -DATA,’ ALL PLANTS, 1974-1980 4203 PTS.
CALENDAR YEARS 1974 THROUGH 1980 -

ﬂﬂﬂr!**;ﬁﬁ*t‘*ﬂ'tl&ﬁtﬁﬁﬁﬁﬂﬁPl&'i’l\'ﬁ!’ﬁ**t*ﬁiﬂi&ﬁk’*t*t**ﬁ**t*l*ﬁ*ﬁﬁ

‘]fPLANT NAME e BIG ROCK PO\NT 1. ‘_J CALENDAR YEAR = 1974
. . PLANT TYPE = BWR. ' NSS aNYENDQRM;HGEHERALTELEngIgﬁ,
"PLANT RATING (MWe) = 00072 )

PLANT STARTUP, SHUTDOWN YEAR = 1963.3, 0.0

* FORCED- OUTAGE EVEN’TQ IN CALENDAR YEAR = 2

'*”;FORCED OUTAGE EVENT DURATIONS {IN HOURS) 25 3:7927f
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”, APPLNLIX 3

ANALYSIS OF REGULATORY FOPLED OJTAGFQ FROM 1974 1980

Nuclear plant outages cau&ed by regulatory orders are - . o
ehplicitly excluded in the forced outage data base develowed in
this study. The economic risk. profile presented in this report.
includes only losses from thosge events . resultlng from plant S
speration; ‘not t1eke which result directly from regulatory _
policies or mandates. The regulatory outages which occurred
during. the calendar years 1974 1980 are discussed 1n this
sectiony ,

Fiéure”ﬂll‘eﬁéﬁé the total number of U.§. commercial LR

reactor years of -experience which were reccrded in-each calenéar

Year from 1973-1980 inclusive. The number of U.S. operating
reactors more than doubled during thig period of study. beg.n-
ning with under 30 in 1973 and concluding with nearly 70 opera-
tional LWRe at the end of 1980. Thie period of rapid growth is
also marked with fundamenta. changes in the character of U.S.
LWRe. The size (in terms of electrical power rating) of new

reactors grew-throughout this period-finally peaking at~=1000"
MWe ‘per unit at the end of the study period. Thus, the port-
1oiio of U. S.‘CﬁRs wvas. constantly changing with time during the .
study period o . o B . .

"“*“The“averaqe availability (the percentage "ot the year each
power-plant is -avallable- for electricity’ generation) "of U S."
LWRs in each ‘calendar -year: during the study period ‘ie shown’ in
?igure B.2. From the years-1973-1977, the average availability
fluctuated between approximately 68-73%, averaging about 70%
during this period.- U.S. LWRs experienced a v.°y good year in -
1978 averaginq a 75% availability during the c: “endar year. In

1979, regulatory" inpacte of the TMI-2 event and other unrelated.jf{:?:ffif“

Tegulatory impacts sent the average avallability down nearly 9
percentage pointg to about 67%. Finally, in 1980, regulatory.
and industry changes resulting from the accident were instxtuted
and the drop in availability continued. The average availabil-
ity of U.8. LWRs dropped nearly 11% in the two years between
1978-1980. .

‘The LWR regulatory outages recorded between 1974-1980 were
7analyzed to determine the impact of changinq regulatory policies
and standards on the evailability ‘of U.8. LWRs. Figure B.3
shows the approximate decrease in reactor avallability due to
~regulatory forced outage evente in each calendar yYear®.

w This ia only approximately correet eince if tewer xeguletory
-outages did occur; it i likely that outaqe houre from other
j causes may have increased. . _ v
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his figure shows a: striklng incrzase-in ‘the 1mpact of regula-
ory forced cutages throughout the study period. ,In 1974-1975,
265 than 1% of the available commercial reactor years were'lcst
ie to regulatory causes. From 1976-1978, regulatory. outages.
ccounted for 'a"2-3% logs ‘in average plant availability. '
Lnally. due to th¢ regulatory 1mpa ts of the TMI-2 accident and
ther concerns, nearly 11% of 211. available reactor years. were

>st -due: to-outage-events in 1979.7 Regulatory -outages décreased. SRS

smewhat in 1980, but the lose of avallabllity was etill higher
1an 1n pre -TH1 years.

The ‘total number of hou 8 of reactor operation removed by
:gulatory outages in each calendar year is shown in Figure B.4.
ince -the total number of reactors cperating increased through- .
it- the study period, this data shows an even larger increasing
'end than the average ava11ab111ty loes data. 1In 198G,
yproximately 0,000 reactor hours were involved in regulatory
itages (nearly ¢ full reactor years). Assuming the reactors
ivolved would have ‘opérated at an average 70% capacity factor
id the regulatory outages not takan plac2, and ucing the simple

'placement-power cost model "discussed in Chapter .3, the aocie-»f-§f43

»1 cost: of "these outages in~ 1980 is’ estimated to be Setween
and 0.9 billien dellare. The. large number of regulatory
tage events in recent years resulted in very large costs.

Flnally. the average U.s. LWR forced .and. scheduled outagewwvw4‘

rcentage throughout th

“study period is shown .in. Figure B.S.

ain a- general increasing trend in the ‘time lost-due:to- sched—fﬁnw~ﬁ73”d

ed outages (outages which- can be delayed until at least the
art of the next weekend) is observed in thz study pericad.

rt of this increase is due to the increase in regulatory . . -
tages. in- the period, most _of: which ‘are - reported as "scheduled“
tages.w ‘The. annual forced outage percentage shows signs of:
versa correlation to the scheduled outage percentaqe. This
to be expected since more downtime is available during
heduled outages to perform meintenance which may otherwise

ve required a forced outage for completion. The forced and
heduled downtime percentages in & given calendar year can be
ded to determine the .total average availability loss due to

1 outagese. The average availability decreased from ~70% in
73 to ~65% at the end of 1980
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":‘Fi-g'u,re' 55 - Averag 'e,_f ferced . and" scheduled outage.
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The analysis of regulatory outages,over.theAEtudy perioad
'W8 a consistent increasing trend in the number ‘of plant
mtime hours attributable to fegulatory actions. -In. recent
[€. requlatcry actions have beécome increasingly imsortant in
ermining tha average Lwn_performance in the U.s. The inclu- -
n of regulatory forced.outages in the analysis,bt”LWR,pezl,-..
mance..can-.carqnifi gplyfbiqs;reShltsfdownwaxd;1~Regulatéry
ages aré exciuaed in the estimation ~f event frequencies in
S report to remove the influence of Past regulatory policies.
refore, the outage frequency and:sevenityqestimatea contained -
Chapter 5 include only eventsg which tesult .fzom plant opera-
n, not those tesulting,from.regulatory%mandﬁtes‘or,policies.-
. : S
2
;




APPENDIX c

S BEA ECONOMIC ANALYSIS METHODOLOGY- AND RESULTS

Recéntly the Bureau of Economic Analysis (BEA) within the.

.U.S. Department of Commerce has applied an input-outptt economLc.i'

‘model,  RIMS II*, to estimatp the potential impactse of severe.

... nuéléar -reactor -accidente, - The basic conceptual ‘methodology and"”

the. tesults of the BEA analyses are . reviewed 1n this section.

e BASIC INPUT OUTPUT METHODOLOGY

The essentlal principles of the input-output method of eco-
nomic anaLysis are most easily understood through a transaction..

table, which summarizes the transactions which occur in an eco- -~
nomy during some pericd of time. Table C.1 chows a hypothetical -

. transaction table for the economy in a particular region. ‘The -
" horizontal rows of figures show how the output of each. sector

'vof the economy 18 distributed among other _economy sectors. - The . } _
wertical cclumns. show. _how each sector obtains -needed inputs- of - - T
- -..go0ods ~and services ‘from otrar sectors. FEach entry in a hori-

zontal row is also an entry in a vertical oW, thus the table

. ghows the fabric - of ‘the economy, the flows of trade and serviceéiﬁf'
~ by _which all of the sectors are.linked together.. The compogi- - - i
.tion-of. - the transaction table-is-based on transfers of- ‘goods” andﬁl*,“““““”“

-,services in.a-region, and may: be’ constructed using. available .
- industrial transactlon statistics. The transactlon table used

in’the RIMS-II model is based on the 1972 BEA national I-O tablefgjg;,fgfg

" which ccntains 496 individual 1ndustrlal sectors (a 496 X 496
7,matr1x) L , o .

~-in one sector ol the economy. For ‘example, using Table C.1 one
can see that an increase in the tinal demand for aqricultural
~ output would affect the demand for construction, manufacturing,
trade, and service sector outputs wiaich are used as inpute in:
t* . production of agricultural cutput. A change in one indus-
.rial sector inevitably affects the entire economy, each sector
ppropriate y adjust.iag to approach a new equilibrium in the

.. region.  ‘Because I-O analysis does reflect the fabric-like
nature:of‘the'economy;idt,isva very powerful tool for predicting

economy-wide effects .of changes in demand for goods ip one eco-.

~nomic sector‘(demqnd-dri?eh*analysiu).‘The I-O methodology éanf” 

P

. * Regional InputébutputVModéling System Il

. 'nput Output economic analysis is most often used to show -
the effect on a regional economy of a change in demand for goods
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alsOfbe'modifiedwtOvpredict eco;omf wzde effecte of input
shortages: in specific economic sectors: (supply- constrained
-analysis). . The basic mathematics used in these forms of
tegional I O analysis are discussed in BEA reporte [Ca82]

In o:der ¢to use the I- 0 methodology in modeling severe- LWR
‘acecident” impicts. dtoie necessary to specify the areas which are-
affected and -the impact’ on‘indterrial output in each area
.affected.  The BEAR analyses divide the entire region considered

“into: the'"physically affected" area which is-contaminated by the .»VK‘:

accident. and the "physically unaffected“'area. which is the
.area . 1mmed1ate.y ‘surrounding the contaminated area.

ca‘l;‘affected ‘area is-divigded into the interdicted. decontani-iv~~*ﬂL

nation, crop interdiction, and milk interdict’on areas based on "
“the mearn results of -CRACZ2- -analyses -for a given accident source .
term. The assumptions used in the analyses for the percentage
-of annual ‘output lost due to post-accident countermeaeuree in
each area are defined in Table C.2. -These estimates of output
1lost are used to drive- the I-0 analyses for each region. - The
‘analyseg are intended to account only for -the-first year after
accident occurrence, therefore the maximum output loss in any
region 18 defined to be 100% of annual production.' : -

One problem with the. RIMS II ana1y81s of poet accident I
countermneasure impacta is that the areas affected are defined:
--at. the. county level. Only entire counties are included in each
-area epecification and no sub-county land areas are’ included.

_The assignment of - courties to. production loss- :categories- for~the>

3t. Lucie reactor site. ‘conditional upon’ an SSTI” releaee and ar
WNH ‘wind . direction. 18 ‘shown in’ Table C.3. A map of ‘the o
‘'St. Lucie site, with ‘an overlay of a typical straight’ line _
~Gausgian plume coverage area as predicted by: CRACZ for the WNW
wind direction is shown 1n Figure C 1 The inclusion of the.

“in the . basic problem for.the BEA versus the CRACZ economic J;"'
" analyses.

.analyses -are much. larger as shown.in Figure C.2. Thus, the BEA
"analyses may overpredict impacts due to the incluesion of entire
counties in specification of the affected areas. Further work
is underway using RIMS-II to more accurately model the areas
affected after an accident [BE82c). Compariscn of results to

CRAC2 predictions is currently difficult because the specifica;i"'

ione of affected areas differ substantially.

C 2. ANALYSIS OF . BEA RESULTB

‘ Although ‘the. BEA analyses do not exactly correepond to- pre7
_dicted .areas..of :contamination for specific accident seguences,
‘the resulta ara useful for analyais because they provide esti-:

The physi-

Even for the widést plume coverage areas predicted ”"?i"k"”
by .CRAC2. (~70°), the areas specified in the BEA St./ Lucie site
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‘technique. The B A analyaee eetimate secondoxy 1mpacts. or
impacts which occur outeide of the glysically aftected area.
The..results of -the BEA analjses ‘predict thz secondary impacts
“to be small relative to effecte in the contaminated L:.ea. Thie
result, which seems intuitive based on economic principles, . is
-useful ‘because secondary ‘effects are not accounted for in the
CRACZ or new economic modele

- The- BEA predictions of . jobs lost ‘after accidents at e
different sites were- checked for correlation with the population
‘within the counties assumed to be interdicted This correlation
would-be important becauge the CRAU2 ahd new economic -models -
-assume that interdiction and deccntamination costs will be
directly proportlonal to the. population in & given area.
‘Studies performed with the British ECONO-MARC econonic impact
model indicated that per-capita interdiction cost models provide
‘reasonable estimates when compared with more detailed analyaes
based on’ land“ueage naps [C182] ' :

, BEA analyses nave been performed for a variety of reactor
‘8ites with a wide range of affected populations. Figure C.3

.¢hows. the total- employment in ‘each of the study areas which were
-available for analysis. The total employment in the study ateae
ranged from under ‘1 million to over 12 million persons.

' Three. pred ctions of accidenr area employment impacts are.
presented -in- the ‘BEA analysee based on.different. assumptions
uged "in the T-0O analyses. The maximum direct job losgses .
predicted include all jobs lost in the physically affected atee.
assuming no output increase in the ‘physically unaffected area-
‘and_that all. affected households do not-resume normal ‘consump-
‘tion expenditures. -Partially compensated job 1588 predictione
~are baseda on the assumption that cutput increased ‘to the maximum
-degired: capacity in-the physically unaffected: area, but directly-
affected households do not resume normal congumption expendi-
‘tures. Finally, fully compensated job loss predictions are
based on the assumption that output increares to the desired
capacity-in the physically unaffected area, and that affected
hougeholds resume normal consumption expenditurea. Each of
these predicted results was correlated to the population in the
area assumed to be interdicted. Figures C.4-C.6 show the maximum
direct, partially compensated, and fully compensated job losses
predicted for each reactor egite, accident, and wind direction
considered in the BEA studies (Ca82,BE82b,Ne82b). .The results-
.of “1inear regreseion performed on the results are also ghown in
the figures. _The predicted .job losses from the BEA enalyees are
remarkably linear with the interdicted area population, all -
three correlation coefficiente Ppeing in the range of ~0.95.

The results of the BEA studies predict the lecssee in the
directly affected area to vary approximately linearly with the
population in the a:ea.A .
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Figure C.5 = BEA partially compensated direct job loss
- pxgd_;qglons versus interdicted area population.
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'he -BEA reactor acc1dent economic impact stud1eo are useful
ecause of the appllcation of 3 different economic modeling
echnique to the estimation of reactor accident economic

mpacts. The I-C modeling teChnquP is very data intenrive and
omputat1ona11y expensive and is therefore inappropriate for use
n riek-analysis- applicatlons requ1ring ‘analysis of hundreds of
ccident seguences. weather scenazrics, and wind directions. The.
IMS-II model has also been uced with areas defined at the

ounty level which results in-large differences from CRACZ pre- -~~~

ictions. Since the CRACZ code employs a simple Gaussian plume
tmospheric dispersion model, the areae defined in the BEA

nalyses should be consldered carefully in interpreting "impact
redictions. _

" The BEA results indicate that secondary or spillover effects
ill generally be small relative to the direct effects in
hysically contaminated.areas. Also, the BEA results indicate -
hat losses will generally be a linear function of the popula-
ion living ‘in the affected area. This result agrees with the
omparieons of land- -usage based and per-capita based interdic-
ion losses predicted by the ECONO-MARC model. The use. of
er-capita cost estimates .and the exclusion of secondary or‘
pillovez ‘effects_in_the CRAC2 and newly .developed economic - T
oneequence models is supported by results obtained using
ifferent modeling techn1ques.,~?utuze regsearch and assessments .
E indirect effects and populatic.. based loss predictions should -
) analyzed for _ ver1fication of the assumptions undetlying the B
W offsite 1mpact model. SRR

c-13




*;
- ot L RS o

APPEN’IX D

ANALYSIS OF LWR FORCED OUTAPE DATA BAS&

'his appepdlx rev1ews the resu’ts of detailed anelyses per—v R
d or theé LWRforfceéd outage data base developed in this o
. The Aata were analyzed to determine impact of reactor
(~lectrical rating). age, NSSS vendor, and reactor type

ve. PWR) on’ the forced outage frequency observed in each

dar year Regzea51on analyses were performed to check for

ble correlations. between forced outage event duratlons,}

d outage event frecuz2ucias, and reactsr age. - Regulatory

d outages are excladed from all analyses in this section.

FORCED OUTAGE FREQUENCY VER US REACTOR PLANT AGE

Ligure,D,l“shows»the.number.of forced outagenevents.0ccurr;ﬁﬁil
n -each-reactor-year versus -the age of the LWR -during the - -
“The raw datainclude~367 U:S. commercial reactor years
eration between 1974-1980. The high density .of raw data'
s -for small reacior ages reflects the lardge number of
s wh1ch began ccmmercial operation during the study: period.wn
aw-data points—also show a“trend towards "larger numbers of
d oUtage events in the first few years of reactor opera--
A ‘moving’ average of plants in 3-year age groups..inciudi-'
11 of the raw data points, is shown in"Figure D.1. -~ -
ctively, all plants averaged about 15 forced outage evente
e first year of.operation, dropping steadily to apout 10
d outage evehts in the fifth year of plant operation. =
10 years of plant operation the plants included in the-
1980 data averaged about 5 forced outage events per reactor
Thus, the initial years of plant operation show an aver-
orced outage. frequency. apprcximately three times. as large
e forceu outage frequency for older plants. .

he curve for the number of forced outage events versus

or age is consistent with a "bathtub” failure rate curva

he learning curve observed in many technological -devices

]. The high incidence of forced outage events for new -

ors 'is caused by "teething" or wear-in problems with the -
"As the reactor becomes older, w2ar-in problems become

important and the base forced ouvtac+ rate is approached.

e reactor plant nears the end of ite productive lifetime L

ected to be ~40 years from startup). an increase in the- SR

d outage rate would be expected due to wear-out fallures. ’

--none-of-the-reactors—{ncluded  in-the--data-sample-are more -— — -~

20 years old, the lack of wear-out related effects is not

ected. " ‘AlSo, Tegular -maintenance work may be effective in’
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'cortect1ng'w'
-events occur

FlgLre D 1 also shows curmes for the yearly forced outage
! rate versis LWR age based ¢tn-various size categories of plants
" The curve including-all plants under 500 MWe differs signifi-
cantly from the curve.for all plants considered cocllectively,
~exhibiting a’ ‘relatively constant forced outage rate of ~7
forcea outage events per reactor year over ail LWR agee The

z @ﬁﬁ;gélapgd”prbIemsgheforefforced]butageﬂ{]]wf.fhwﬁh;uu_Q e

‘curves for plants .between 500 MWe and 1000 . MWe. .in size BhOW~~~~?*t“

“gignificant-wear-in forcedoutage rate effacte: Fiually.,large

- LWRs. . (> 1000 Mie) have. not shown significant wear-in effects, :-

“-and--the-forced: outage rate has. remained relatlvely constant at

=~12" per: reactor -year- - -However, no- large ‘reactors ‘in the data**
base were ‘more than ‘5 years old.

Flgure D 2 shows the forced outage rate versus LWR age for
PWR and BWR plants considered separately. Only very small
_-dlfferences can be seen between the average PWR and BWR forced -
outage frequencies for a given plant age group. . Both types,of_-
-.LWRs do show significant wear-in or learning curve effects dur- -
ing the first few yea-s of plaut cperation. Figure D.3 shows.

_the forced outage. frequency versus LWR plant age. £or PlaBLS. ... oo
_based. en. the Xsss.vendor.-—The curves-for-all four U.S+ NSSSmm e e

»vendors show s1m11ar wear in or learning curve effects

The results of the above analyses indicate that for ‘LWRs

1arger tl.an 500 MWe and smaller than-1000 MWe, the plant - forced R

—outage-frequency-is-a- -function-of- -plant--age-measured-from the
‘date . of start of ‘commercial. operation " During the study perlod .
1974-1980, -the -average forced outage frequency for these plants
‘decreased durina the first few years of operation, leveling off
“after about 8 years of operation at. approximately 173 of its ,
uin1t1a1 value. This trend in mean forced outage frequency is .
‘observed fcr LWRs independent of plant .type and NSSS vendor,
‘except for those p]ants gmaller than 500 MWe or larger than
_1000 MWe. For the smallest plants, the forced outage frequency:
was approximately .constant for all plant ages. :Possgible’ :
‘explanations fcr this small plant behavior include small sys=* em
simplicity. improved system reliabjility, or extenzive operations:
experience in the U.S. with small reactor startup and operation.
For large plants, the forced outage frequency did not show a
significant decrease with reactor age. This could be explained
by the.small amount of data iv2luded for large plants., a lack
of experience with large reactor startup and operation. or
decreased system- reliability due to- increased eize and

complexity. o T

The decrease ot forced outage frequency observed with 7
longer ‘commercial oper: :tion of an LWR plant may have important
implications on-the economic and public health risks posed U.S.
LWRnoperatZOnTWMMany@eaiety»analysea-performedwonabwne~tohdate
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“‘have found trans1ent induced actldent sequences to- be an impor—

- tant=contributor to. risk from LWR operation [Nu75a). Each forced
. outage event at an LWR" fac1lity tesulte in at least” ‘some trans-- -

“jent of-the reactor system to achieve either 2 hot or cold

shutdown condltion._»Each forced -outage event results ia ‘demands
“placed on systems required for transient operation, and possible
- demands for engineered safety systems if normal systems fail to .~ "

_operate correctly. - Since transient. frequency can be important
1n determining the riek from plant operation, the risk from
plant operation may reflect a "bathtub" curve over plant life.

CRisk’ ‘reduction .or. control programs ‘should focus efforts on very f

" new and very old (if LWR system:-wear-out is indeed an observed
. effect) plants in operation. This conclusion is supported by

‘historical -experience with the worst two U.S. commercial. ‘reactor- -
“incidents™ occurring at reactor facilities in commercial opera-

tion less chan 1 year.,_Tne dependence of risks ou reactor age
should be seriously explored. The maximum potential for econo-

- mic losses exists in the first years of plant operation since
little of .the capital value of ‘the plcnt has been- recovered in
‘this’ perlod :

'Dt2 POSSIBLE CORRELATIONS BETWEEN FORCED OUTAGE DURATION.
' FREQUENCY RND PLANT AGE. ;

It may beé_expected.that some- corre]ation would exist ‘between -

the ‘number of foyced outage events in a reactor year and the
~duration of each individual forced outage event. The occurrence.
_of fewer forced outage .events may be the result of very long _

outage durations.-in-which-the-plant- 18 not” operating, Large _];]} 4,-:

5 _numbers of forced outage events might- be 4n- part due to the
‘ghort duration of -each individual -outage event allowing

“increased’ operating time for more forced outage events to occur;<7

- Also, forced outage’ durations nay be dependent on plant age,

‘older plants requiring longer outages for major system repairs.. .

" The cperations data base developed in this study is checked for
such correlations 1n this section. . o :

. Figure D.4 ehows the mean duration of forced outage e»ents

versus the total number of forced outage events observed im each ==

reactor year included in the data base. The data shows much
variat1on and no clear correlation ig observed in ti:2 raw data.
Using standard linear reqreseion the correlaetion coefficient

between the two parameters (R ) is less than 0.20. .The clux:etion_g,';,M_;-.-._;—»‘=

of forced outage events shows little consistent variation with

" the total number of forced outage events which occur in a reac-
_tor year. Thie result supports the basic assumption which

underlies the calculations in Chapters 3 and 5, that the.

*The worst .two:U.S. commercial reactor incidents are considered

to be the TMI-2 accident .in. March, 1979 and the Brown's Ferry
Fire in March 1974.'“;$f : : ' o

e R U ESE,
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¥%aiscfibutidh‘of “forced outage severitiwfof”dﬁf&fionifiewinde:m?wf
pendent of “the observed forced outage frequency.. The assumption,,;‘
“that the “distribution of severity is indrpendent. of frequency

is used in’ performlng actuarial analyses for many types of
insurance (i. e. fzre. floods, auto- acc1dents)

;ffﬁﬁ'Ae»discussed,~the.frequency of'LNR.forced outage events .
ghows 2 strong dependence cn reactor age for most LWRa. Analyeee-,
. were performed to check for poselble correlations between o
_reactor age.and forced outage event severity. (or- duration).
Figure D.5 shows the mean duration of forced outage events . in a.
“reactor. year vVersus. the age of the LWR at the time the data were
-recorded; - The data. show very. little consistent: variation and- - P

~the: R2 of -&- linear regression is’ very small (< 0 ‘10). Figure *
'D.6 shows -the total duration of forced outage events in- each

. reactor ‘year versus the age of the reactor: plant. " Again,
‘correlation is shown and linear regression results in a very low
regre551on coefficient. Thus, the total duration of forced out-.

age events appears to. be 1ndependent of LWR age

- Dv CONCLUSIONS

. .. Based_ on the results of detailed analyses of forced outage Cee :
frequencies .and durations from the LWR data base, forced outage '
-frequency shows some dependence on LWR age and LWR electrical

g rating. However, there is no significant difference between - -7 -~
~forced outageﬂfrequencies .based .on reactor-type- (BWR Vg PWER ) - Doneen -2
-or._ NSSS vendor. - The variation. of forced outage frequency with L
reactor age. is consistent with a. "bathtub" shape due" to wear-in-
~effects, but increases in forced outage frequency due to .

- wear-out effects are -net observed in the data base. ‘The data’
base should be continually. updated in the future and analyses o
performed to check for wear out induced effects SR ST

S The increase in forced outage frequency ‘due to wear-in- . -
effects for large LWRs (> 500 MWe) has important implications

for the variation of risk from reactor operation with time. .

" Based on the analyses performed it is expected that riskx from
transient-induced accidents would be approximately three times

as large in the first yeare of operation as in the middle of
‘reactor plant life. This hypothesis is supported by historical ,
experience with two gerious U.S. LWR accidents occurring in the . =
firet years of reactor operation. The variation of transient-
‘induced accident riek with reactor age .could have important
implicationa for. riek reduction and risk mitigation programe.

o The analysie of tbe data baee to check-for correlatione
between forced outage durations and forced outage trequency
showed that no signiflicant correlation exists. This supports
the assunption of forced outage geverity dlstribution and
frequency independence which ig used in cnaptere 3 and S. The



‘events versus LWR age.

¢ = Bata foxr 357 Deootcr-Teare, 1076-1980
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mean and’ tofdl Gurat1on of forced outage events also showed nr 4
signifi ( ic ith reactor agé.. .Thus,. the assumption i
of fregq usnver R4 dlstr*bution independence i used in

all’ actuarial analyses conbained in thzs repor’

D=1 o




APPENDIX E

DOaE PROJECTIONS IN THE PROTOTYPE OFFSITV ECONONIC MODEL

- Dose rates from surface-deposited radicactive materials are
>:ojected in tre prototype economic model by accounting for

adioact1ve decay. ‘weathering. -and shielding provided by st:uc¥1~---

urea and geometry using the R5S model:

o R, t .>~:—-. t.L~1 o L
’ RD (t) = SFODCinDi \H + age sz e it ) (Efl)

there _ e e ‘ ‘ . o ,
RDj (t) = the dose rate from isotope i as a function 6%
’ - time after deposition (Rem/Year), o

SF ~ =t shielding factor to account for dose rate;
"“‘f”“"f”reuuction afforded by buildings.‘etc
(ditonsionless). ,

TTpDCy - = dose conversion factot which Telates ‘deposived .

ST 7 activity levels for ieotope i to whole- body 60995 "uf;'] .
‘ -;w({Rem/yeat}/{Ci/m**Z}).; e T S S

T

8D§ = initial surface deposition level of. isotove i
L . '. (Ci/m**2). .

A g'radioactive decay constant of nuclide i
. (/year), - . L ,

a, = weathe:ing4c0n9tant from"Rss (0.63).-
a = weathering constant from RSS (0.37),
-}' .= weatheting QOfoiéiént from RSS (1.13/yeat);

' ku Cw weathetinqic0efficient from ESS’(d.OOVSIYear)a

nie model is based on data collected for dose rates from

esium-137 versus_ tiwe but is employed for all deposited. tadto-vfﬁ

uclides in the RE6-model . {Nu75b). Thies equation is integrated
etween two points in time. t, and t,., to project a nmaximum -




'"ind1v1dua1 ‘dose froi constant exposure to depos:ted ra&ionu~“
clldes durlng a. spec1fied rlme per1od

0.603 [ 0.893

- & { » i — - ta—-—"”'tﬂ s
- h"’" SF DC. SD’ ammammrwrred 254 ontl tl) ezp w1 1/2 )]
LR {x.,; ";’5“’[\ I _,\. Lo B

' '.'. : SR . - - 0893 YE
- S +—;5-ew(kuh-giéh *wp-%w%-”——h } :
L e T e e k /e Ti/? .
where . . e Tl ‘ o '

(E-2,
'ﬂ--D§17t3-=;ihtegraté&'d06e commitment during period t,-t, for
R ‘ isotope i (Rem).

T;/a s hilf*1§f°f°: isotope i.(years)a~-

v-t,.t,, = beginning and end of . dose inteqration period
R (years)., :

there all other parameters have been defined. Thig equation is
1sed to project inédividual doses from exposure to surface- :
leposited materiels in the emergency phase, intermediate _hase,
'nd long-term protective actions periods. The equation is summed .
wer all depoaited isotopes in an-area to -estimate"total’ ‘dose
o-an "individusl” durxng each p.riod. Details on the derivation
£ thxs equation are provided in the Rss [Nu?Sb]

Calculations wwte performed to identify the isotopes which ’
ust be considered to accurately project doses from groundshine |
xposure in dlfferent time periods. -
sotopes which must be considered can considetably reduce the
omputational expenmse using Equation E.2Z. Figure E.1 shows the
ontribution of important isotopes to inte¢rated groundshine -
¢eposures ia various. time periods -after deposition for the SST1
>urce term [A1823. Over a period of many years, the cesium
jotopes dominate the projected groundshine doses for this
Jurce term. The same is true for other LWR severe accident
urce terms. The CRAC2 model includes 10 isotopes in the pro-
retion of 0-30 year groundshine doses. .The prototype economic

del considers S$& isotopes in the projectlon ot qroundshine L
posures to: the following reasons:

1. The pro;ot;pa model allows user:speoification of the
-action implerentation. . These integration periods may

‘be only & fev hours or many years, taerefore conaidera—‘

tion of botn shott— and lonq .1ived. isotopes may be -
--nocessary.

Reduction of the number.of . - -

integration periods for projecting doses for protective




>

contr*outxons of short’ anﬁ lengmllved isoLapes to
groundshine ‘doses.
.—— ) - = 'i -
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RELATIVE DOSE TO THE WHOLEBODY

B Contrzbutuanx of JSOtO e .
groundshme doses fof«.;,he pes to whole-body

SST1 reiease Category.
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