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) Models to be u{*a for analyses oF econom1c r;ske from eventsA

. which occur. dutin"=ﬁ.s ‘LWR plant operation are developed in

~ " this study. ~"The moaels include capabilitiesr.to estimate both
~. -onsite ‘anéd -offeite- costs-of LWR eventa xanging 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.-. S . :

. The new onsite cost models estimate societal lossea from
power production cost increases, plant capital losses, plant
decontaminaticn costs, and plant repair costs which ray be

“incurred -after- LWR-operational events. —EBarly decommissioning -
_costse, plant worker health Aimpact costs, electric utility..

m.business costs, -nuclear power: industxy voste. and litigation -

l coa*s are also addressed.
" ‘estimate the costs of post-accident population protective S
measures and. public ‘health impacts. - The ~osts of population»g

 -dispos¢1 land and property decontamination, and land 1nterdic-

| are also included 4in the ‘models. .. - ;:“4‘”:

The néﬁlyndévexeped offsiié economic consequence »ey aels

evacuation and temporary relocation, agricultural product

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

" The newly developed economic consequence models are appliedf

in an example to estimate the economic risks from cperation of

the Sutry #2 plant. - The analyseg indlcate that economic risks

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

dominated by relatively high-freguency 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

,\_ECONOHIC RISKS OF NUCLE AR nowea'RgACToRlaccrnENTs.»-f

_This: Bt“dy deV@1°P& ‘ang- employs ‘improved models to’ estimate”“i
~the- economlc risks from unanticipated events which occur. during . -

LjU S LWR operation. The models’ ‘have beer used in example = -

“epplications ‘to estimate the economic rigks from operation of

‘'the Surry #2 plant and to drav general conc‘us1ons concerning - S e

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

- cost benefit analyses for decision-making regardlng risk -

_W@ei;fozced outag

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

reduction measures

The newly developed models estimate the oneite losses from

. power produciion .cost ‘increases, plant capits]l losses, plant

decontamination .costs, and plant repair costs which may be

incurred after LWR events. : Posgible early decommissioning

costs and plant worker health impact costs are included but do o .

_not contribute 1gnificant1y to the expected ongite losses fLOm . ..ol
1ge - "‘The dominant cost for most LWR: outage - . A

" eventg is the power p:oductlon cost increase caused by the need. . . -

_ for using generating facilities with higher fuel-cycle costs. . -

. Replacement power costs, plant capital losses,and plant decon~,-"

“Jtaminatlon;costs are. impoztant to:wﬁeve:e -LWR.. .accidents. :e-ﬂm

iess costs:inueléar beQefwindustry‘costs. :and’ iitigation costs
_bave also been addressed in -the onsite economic consequence © o
ngodel development.x~ : T L T - R

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

release of radioactive material to the environment. The coste
of population evacuation and tempcrary relocation, agricultural
product dispoeal. 1and and property decontamination, land
interdiction, :and public health impacts and medical care costs
are included in the new economic conseguence 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.

- LB eomputez data baae of Ldm experience from 1974-1980 uas;& :
-»deVelqpeﬂeto estimate the_trequency~eevexity gpectrum of . . ..
_unscheduled, :unanticipated forced outage events.at U. 8.'ewne.w¢",,
_ -Analysis of: the data bage indicates that -unanticipated forced S
outage gvente occurred fzequently (approximately 10 events per .
teactor-year) during the 1974-19680 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 cauesed directly by regulatory concerns S
"showed ‘a consistently 1nc1easlng trend, causing an average LWR
“&vailability loss of iess than 1% in 1974 and 1ncrea"tng to o
'fapprox1mately 6% 1n 1980. -

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

] GRE- ‘for-‘the remaining lifetime of the Surry #2 plant. “The-

'°ianalyses are based on fregquency estimates for routine forced

... outage events (events resulting in no corée-damage) from 1974—
1980 hlstorical ~data- -and .on.the median core-melt accident -

‘frequencies..and source .terms from- the Beactoz safety Study.,.,i;-
The present value of the expected costs of severe. accidents for
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 costs over the re-
maining plant -lifetime (approximately 100-300 million .
dollars). The expected losses from routine forced outage
- events are large due to the high fregquency (approximately 10 L
'pex teactez-yeaz) and large power productlon cost increases for -
"these events. Expected: offeite losses are small relative to
2§expncted ‘ongite- loseee at the 5urry sxte. even- for core~me1t
accidents. T‘i% : : _

" The analjses of economiC*riske from LWR. operation performed”‘” |
onclusions:

.¢;with the new ‘models lead RO thewfollowing

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

‘operation ‘are: dominated by hxgh fzequency. small
"congequencé forced outage events.  Most of the cost ot
“‘thege events results from reduced availability-and-

capacity.factors ‘and the need for use of higher: margi-<
alﬁcost~tue1 seurceleor generation of electricity

2.~:>The economic rieks from LWR operetlon are uominated by
' onsite losees Tesulting from replacement power costs . L
sfor ehozt*duration ‘outages. -‘Severe accident economie ¥ T
risks are-aleo ‘dominated by onsite lossee including
treplacement power coets, plant caplital losses, and
- “plant decontamination costs. Only very low probability
»vcore—meltJaccidente with large releases of radioactive :_
. . -material ‘result in offeite costs as large as ongite . .
L ;plant costa. _ Cogra

: »Theee conclueione have important implications for - nucleat pewer' ;
~-industry. operation and reguletion in the U.S. -Although reduc-

~important ‘for- ontrolling public health risks, -economis analyees
4ndicate that imited ‘societal resources might be productively
“uéed in ‘controlling routine forced outage losses. Reductiom ol
~routine outage frequencies would also reduce the fregquency of - » - . - E
_plant trensiénts and would thus have gome. imPaftmon_QPEQ_ﬂ@lﬁewg_;mv; o

7" "accldent €requencieés and public health rieks as well. The
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-analysea 1ndxcate that focuclng U $. puclear power regulation '

- completely on-severe accidents. may be economically inefficient,
-~ --and-that- the most pzoductive expendi*ur@s for .plant. improvements.ui
... might bL¢ mude to increase the availability and capacity factors

of opezating LWR units by reducing forced outage frequencies and

"¢osts. Alsoc,’ expendltﬁ es for core-melt accident prevention are’
. _.likely 'to produce larger benefits than expenditures for systems
- which: mltigate the offsite consequences of core-melt .accidents = ...
. ... .since.a large portion of the expected costs result ftom ‘the
e loss of phys1ca1 plant. ,

BX-3
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CHAPTER 1

INTRODUCTION

. 1 1 BACKGROUND AND. SCOPE OF REPORT ‘

The risk to society poaed by po*entlal arc1dents at comme;— ST

el al nuclear -power reactors in the U.S. has been a focus of -
-research -for-the. ‘past decade.. Significant, effog;e"hqve,begg‘

'faade*tofestimatevthefpotentialnpublic:nealthLimp&cts:of,severeffijilA'”"°
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 measures can be defined to represent all
of the negative attributes of the consegquences of an event.
This report develops and employs analytical methods to investi-
- .gate the economic or. financial risks poaed by u. . LWR
- accidents.*

-»u“wé ent develbﬁhents in the U s nuclear power regulatory s
process have created a heed for. analytical tools which provide’

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

Fw~4m -goals-for-guidance.in.the. regulatory decision-making process.
. o-fregarding. LWR: safety.« ‘The ‘goals include - cr1tetia for publicuww.
‘health risks imposed by plant. ;operation, alsng. with a o

- cost/benefit«criterion to .be used in-evaluating plant 1mprove-,f

- ments for potential risk ‘teduction [NusOa, Nv°2a]. The NRC .
-should incorporate information. regarding both costs -and 3
-benefits (or costs-avoided) into decisions regarding LWR acci-
“dent risk reduction. systems. It is necessary to -understand the
“LWR economic risk spectrum to :estimate the .risk reduction
potential -of wvarious plant safety gystem modifications and
develop logical -decision bases regarding the effectiveness of

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

of events for which licensee financial incentives for accident
prevention exist 1] that regulation can be focused appro-
priately. : : _

Another issue which has recently been undex review by the
- NRC 4g the insurance regquirements for U.S§. nuclear power
reactors. - The requirements for licensee pu:chase of onsite

C.property damage 4{ndemnity -insurance have . recentiy :been upgzaded'ﬂ
by the NRC in light of the axperience with . severe accident costs

..c-...A. TN s ',;

at Thzes Mile Ialand’vnit Z;J{LOBZJ Requitements tor offsite

T The terma “economic riak“ and “financial riak“'are used

fo:egone and loasea due to accident occurrence.

synonymously in-this _study to refer to the frequencies and T
gocietal -costs. of -LWR events. Costg include the henetits“;V >ji
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- ..property:damage liability., currently limited by the Price-

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

.. necessary to combine accident cost and frequency estimates to.
@valuate the spectrum of LWR economic risk to be considered in
dec1sions regarding ~uclear power reactor insurance requ1rements.

s hnalysis of LWR eCrnomlc risks is ﬂseful for decision making -
'*;g;w1th1n~the U:8. nuclear power industry. The accident at Three .
“Mile Island Unit 2 dramatlcally demonstrated that plant licen-
- gees may incur very 81qn1ficant ccats for evcnts whicHh have ’
.ffnegligible offsite -costs. - Rfter the accident at TMI, nuclear - -
. industzy attention has focused on_eztimates. ol 'the financial.wgfl,_;;_ -
risks borne by utillties 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 -
decision-making prccess. Therefore, the estimates and methods
.. .developed focus on LWR accident costs from a societal viewpoint. _ :
T Thére. are many.. groups or organizations which may ultimately.bear - - .7 .
‘some of the costs of an LWR event. The transfer payments between
parties which lead to the ultimate distribution of costs after
an accident are addrecsed in less detail in this report. The

1_potentia1 transfers after accidents are complex beca.se of - thefﬂ;ng;%wa;}

T many groups ‘with an interest in the huclear power and electric .

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

. b¥ accounting for losses which dlrectly affect the plant licen- . . ...
.gee, ‘the public, the nuclear industry. or .the electric utirity -

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

" or _group may be interested in specific costs - and not_ incerested;,.~v- N

.. .in other costs. based . on liability for lossee incurred.v-rnr : :

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

 addressed in other-economic studies, but are not included in -
detail in this investigation.‘ o '

: Bocietal ‘accident .costs are calculated in this report within
a probabilistic risk framework. One of the most important and
difficult aspecte of this effort has been in estimating the
uncertainties associated 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
‘mitigation measures, ‘costs for lossee incurred, and future - ..
" policy decisions which would bée made after severe accident
.occurrence. ‘Uncertainties exist in both event frequency and ‘
"~ 7 congequence estimatee for LWR accidents. Both subjective and




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

analyt1cal analysxs techn:qaes are used to develop rough esii-
mates of the uncertaintieg in the LWR economic risk values
presenteo in this report. (learly, further research is. regquired
“to accurately estimate the uncertalntles in LWR accident fre- .
quencies and consequences. As new 1nformat10n regardlng LWR
accident risks-becomes available, updated uncertalnty €8’ Lmates '
should,be 1ncorporated S o

= 1.2 LWR EVENTS AND ECONOMIC CONSEQUENCE“

A wlde range of p0551b1e events can occur: during LWR opera—‘:f -

txon which can have societal "economic 1mpacts ranglng “from

benlgn 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-

- tion Of'event frequeacy versus cost (or event frequency versus’
‘severity) 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 events tesu1t1ng in

N_COS t 8 g r ea ter than a Spec 1 f i ed ma gni tude - “'——'-"“‘-"—"‘j_' ETREE e i ’:;"' £ ‘};:‘: Faes :

1.2.1 CATEGORIZATION OF LWR OPERATIONAL EVEMTS

- The- events which comprlse the LwR economuc risk- apectrum are@é
~wdxvided for-discussion in this study. ‘Three event categories .

‘which ‘result in. socletal costs. - This division of the economic"?ffiﬂ*

- risk spectrum énd -category deflnltions ugsed in this report are

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

"Tplant consttuction or decommissioning.

A Event category’ I 'ig defined to include all forced outage N
events at LWR facilities which do not result in core-damage or
eignificant plant ‘contamination (emall consequence events).
These events, some of which occur routinely during the life of
a nuclear power plant are not scheduled or planned in advance
(in contrast to reéfueling or pcheduled maintenance Jutages). The
'~ events result in unplanned plant forced outage tim: (outage time
refers. to a time ‘period of zero power production from the =
plant), and the. maximum outage duration included in this cate-
gory ie on tle order of a few years.. The events in this category
“may result from -spurious plant, trips.'operator errors, unsched- -
“uled maintenance: requirements. ‘external events, or a variety of-

-plant system failures. “There are no offsite radiation-induced A

- - public health-impacts or -property damage coscs resulting from,w.Mw"ﬂwwf‘:
. these eventa. "Plant outages cauged explicitly by regulatory ‘
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3—i5*fordezs (i e plant Bhut&cwna mandated by the NR” for regulatory li‘;f;‘.%
- -reasons):-are not included .in-this category.but are. diacussed T
--separately in. Appendix B... . - ol o R

: Event caregory 11 is defined to include LWR accidents S
resulting in core-damage and poesible fuel melting but which ac . ,
.. ~-pot rasult in breach of the :reactor veseel or any significant SR ‘ﬁé
=§%&éﬂralease of .. zadioactive material to. the,. environment A{nedium. ccnsL;,kW”Q,ﬂég
seguence evente). - These accidents result in the need for a T H
..plant .decontamination. effort followed by either tepair or I h
- decommissioning of the plant after cleanup.  LWR events result- - . -
swwmseing - bne fuel-damage- or core-melt are included in this. category. .. _. ... §
* - only if the reactor vessel is not breached by molten material - R
(i.e., vessel melt-through). There are no significant offsite
health and property damage impacts resulting from category II R
events. Plaat forced outages resulting from events in this - - -~ .~
-categury are- likely ‘to last ‘many years if the plant is S
repaired, or may be permanent if decommiesioning 1is begun o
o immediately afte ;' 1ant cleanup e o T B
Ceiiw. .. . Event category'III is defined to- include all LWR accidents R
’”—Tﬁx~which result-in-severe- core damage andueither -reactor_ vessel. SR |
breach (i.e.. vess4l melt-through) or a significant release of : Y
“radioactive material-to-the: .environment (large consequence - AL
~ .events). -This category" includes ‘gevere-core-melt -accidents = - RO |
.which. have -been.. predicted' ominate the public health risks
:from. ' t.opet n in-the U.8. [Nu75a). Sevare ‘acci-
o dents “Whiéh do - ‘not :result-in’ releases of radioactlve ‘material’
>:w~_~to the environment :butid i*x"‘.‘_ntataul‘é: 4in reactor vessel melt- through
~are ‘included in ‘this category..  ‘The accidents 4in this category °
‘may result in offsite public he&lth impacts and ptoperty damage
:w~coets. There i8-a need :for ‘a.plant. decontamination and cleanup -
-program. before plant repalr-or decommissioning.a These events -
“have not -been experienced’ 4An U.8. commercial ruclear ‘power plant
ope:ation to date and are predicted to be exttemely tare. i

Tt

1.2. 2 nzpmx'non oF- "om*sm'z" AND "(ms'rrz-- Ecomomc‘ ;} Lt
CONSEQUENCES /... . . . R

The discueaion of LWR accident economic consequencea in thie o
repott is divided based on the location of occuzrence of e
resulting logsés and the organizations directly impacted by
.'losses. ‘Two grcups of accident costs are discussed, -one -which .
-encompasses ‘mainly those-costs which occur at offsite locationa
-and another which includes -losses which directly affect the -
plant licensee, "the nliclear .power industry, the: €lectric utility
4ndustry, or: occuriatnhﬁ*‘te ‘16esations.~ This divieion of aceci- -
- -dent coneequences ie not Etrict -in the cense that some costs may
first -affect ‘the .plant 1icensee, and ultimately be ttaneferred
“to. consumers.at. offaite locatione. o B,

~-
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“Offsite costs”. nclude thoee ccets WllCh dlzectly effect the
public or occur, at offsite locations. . The offsite economic .-
_consequences .of reactor accidents whlch sre discussed 4n this’

_ repc;t_;nclnce_ccetq_acecciated with the‘tcuctcxmeesu:es takento
reduce population radiation exposure afrter 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 population living at offsite locations,

.and indirect or secondary . UQctS which may occur outside of . S
“Contaminated areas at offsite locations. Specific offeite cost

‘components include. population evacuation and temporary 'elocetion -
Co8ts, agricultural product disposal costs, -property. e T
decontamination coets, land area. interdiction 3nd permanent . PR
‘relocation costs., population health . cffects. and health care coets. e
gsecondary eccnomic effect costs, and offsite litigation costs. .. .

These costs are discussed in the development cf LWR acci&ent
offsite econcmic tiek modele. o ‘ ,

“Onsite" accident economic congequences include those coat ,

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

locations. ‘The onsite economic consequences of reactor acci- .. . .

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

‘electric power ¢osts, plant decontamination and repair coets."]' N

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

... .“business costs", nuclear industry impacts, plant worker .
. dr)alth effect -cost tigatlion-costs- which directly aftect
eeult of an eccident., These cost

economic rick models.,;,

_ Methods for estimating LWR accident economic consequencee
this study were chosen in- anticipation of ‘three poceiblel,‘r

: applications cf the newlycdeveloped models°r~Afg - ;;{fyng
"'1.ITEstimetion of the absolute onaite "and offeite ‘

S 'eeconomic xiaks posed by LMR opetetion 1n ‘the U 8..

. 2. Bits- epecific analyeic of cneite and offcite economic f;yfi:f
-~ . risks for use in regulatory siting.{coat/benefit.,o: ' [
- tiek reduction decieions. . - . S e e

“f""“a.*:Generic and site-epecific analysea of ofteite PR
: ‘ . -emergency -response coste and conseguence reduction
- -benefite -for :use in decisione regarding emergency

ﬁ;plannin ,&nd ;post- eccident population protective

~action mplementation. b s e gz .

The projected«mode @“pplicetionc eignificantly 1ntluence the cholA

-of -economie coneequence,models ena accident impacta which ara '

examined in thie atudy.luv. | , _ R P
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1 OUTLINE OF IREPORT

. Studiee have been p@rfovmed to estimate the écononic zisks
resulting from events in specific portions of the LWR event .
- spectrum. Chapter 2 of this repar*_zeviews results and conclu-

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

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

"'Models previougly developsd to estimate the economic conse-;vaf«+J~wf{é=w
_quences of LWR .events are also reviewed.» T :

Onsite costs of LWR accidents are discussed in Chapter 3 of—

Fﬁithis ‘report (see Table 1.1). -Onsite Cost component models ‘and -

'ﬁ‘_;tainties in event costa :

"’ LWR ‘economic- t‘Sk calcul&tions£e~The new offsite economic con--.

| lﬁability and limitatione are discussed

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

”ufcoat/benefitmanalysia ‘of ‘offeite protective action implementa-

estimates are deVeloped for all unanticipated LWR events.
_Aveailable 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- . U Fasic
re also addressed ’ S '2'_~~ﬂ«

T The offsite economic consequences of severe LWR accidents
--are.difcusged in’ ‘Chapter=4 ‘of this ‘report (see Table 1.1). S
new offsite ‘econsomic” consequence model is developed for use 1n"'““

-gsequence model is compared»to ptevious models. and data avail-

o "The economic :isk of small consequence LWR events is dis--
:ﬁcuased in Chapter5:of .this- report.vahlstorical ‘U.8. nuclear .
- plant- operatingsexperience from the years 1974- 1980 18 used ‘£o:
' estim2%e the frequency of LWR events in this category. The dat

gmall conaequence LWR evVents. . Potential risk- teduction measures .
- tfor small consequance LHR events are. also discussed

The economic tisks of medium and lazge consequence LWR
accidents are ‘digcussed 'in Chapter 6. -The newly developed ST
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 R8S8 ([Nu7%a}. Model predictions » . :

are compared with the résults of previous: studies which -employed
‘the CRACZ2 economic model to eatimate economic riske. The gen-
- :gitivities -of : predicted ‘offeite costs to source term 'definition -
- --and post-accident 9totective ‘dction implewentation ériteria are -
~examined.juThe:nev oitaita cofit models are used “in an example ‘

tion for Eéevere:- acciﬁente.;fThe ‘expected locses fron co:e -melt
accidente ‘are ‘compared-with ‘losses -from less severe events to. '
-estimate - the-relative importance of low versus hich frequency" *wais?
. evente. The latge uncertainties in the ptobabilitiea of sevete R
 LWR accldents a@re al1eo discussed R A
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-+ Table 171 - LWR Event Costs Discussed in this. Study =

Chapter 3 .

0ns1te Cos;s fdr'small,:Madium, and La rae Conseguence Evegts'

;Replacement Powar Costs‘;- e
"~ Plant ‘Capital "‘Costs o R
. 'Plant’ Decontamination/Cleanup Costs

-- - Plant Repair Costs :

- .. Barly Decommiesioning Coste. . . ...~~~ = S
-onsite Litigation Costa = -7~ 0 wRT LT et T
Worker Health Effect Costsa
Worker Medical Care Costs
Electric Utility "Business Costs" S - .

‘. Nuclear Power Industry Costs ~ ~ - = - = - Tt

Chapter 4

’vacuation Costs

emporary Relocation Costg -
gricultural “Pfoduct’ Dispasal COBtB
Decontamination Program Costs g
Land Area :Interdiction cOsta
ermanent ‘Relocation Costs
ublic Medical Care Cogts.
‘Public Health Bffect Coata
éOffsite Litigation Costs:
"iSecondary Impact Costs
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" imally, conclusions snd recommendstions coacerning the -

"predicted accident economic risks and the use of models to .
estimate LWR accident economic risks are outlined in Chapter 7.
Recommendations for furthéer model deve;cpment and applications

-of the newly developea mcdele are alsoc diacussed,: S




”_eetimates foz public protective measures which may be taken .
. 'after ‘severe LWR accidents. No estimates of -onsite damaqe or

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

.- (Calculation-of: geactOtwaccident cOnsequences) consaquence~
*%model [Nu?Sb]““" ‘ e S

"fdecontamination costa coatributed about 20%..and land -area =’

:;coeta of & typical

”5T CHAPTER 2

REVIEW OF STUDIE& OF LWR ACCZDENT ECONOMIC RISKS

"The results of. prevxous atudioe ot LWR accident economic

:Elﬁks are reviewed in thisg-section. The discussion is divided

into two sections which review studies which focus on “oneite"
ang-. “offsito” economic conscquences or LWR-accidents:.

thXA PREVIOUS STUDIES OF LWR ACCIDENT OFFSITE ECONONIC RISKS

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

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

. are contalned in ‘The Reactor Safety Study (RSS) [Nu75a, Nu75b]
‘which was sponsored by the U. 8. Nuclear Regulatory Commission
‘(formerly the UL 8. ~Atomic Energy Commission). -~ The objective - "~ . ..

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

~‘the operation of .commercial nuclear power plants in the U. B.P,,“_ ‘

"= The study~foxmeﬁ ~realistic- estimates “ofpublic riske from -~ ~—:°

nuclear power plants and’ compa:ed these risks with non—nucleatw

risks in society.t, 5*>f%' f*‘f'-

iThe -economic risk estimates contained 1n
the RSS are based on results calculated with the CRAC- =~ -

: “The otfsite 1oas estimates ptesented 1n the RSS 1ncludo the‘f*
" _costs of population evacuation, milk and crop dispcsal decon-
~+amination of contaminated - areas, and interdiction (or the. ,
prohibition ofthe ‘use)of -1and .areas and tangible wealth and . .
resultant population relocation. from interdicted areas. - The .
need for decontamination or interdiction of land areas vas
determined primarily by -concentrations of surface-deposited :
“long-lived isotopes (Cs-134, C8-137) in the CRAC model.: Por a RE A
very large release of: zadioactive material. evacuation and milk_u“"f

and crop disposal’ costs sach contributed approximately 10%,

i Jff,

"outside of diroctly contaminated areas.

W Secondaxy coata tafor to potantial accident otfeite impacte monfﬁiwgfgg
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ST The offsite property @amage riﬁ% prcfile est1mated foz a - -
typical U.S. LWR in the RSS ie shown in Figure 2.1. Thé damage
- estimates shown are in 1974 dollare. & comparison of pzoperty
_damage risk estimates for an induetry of one hundred similar-
nuclear powez plants and for man-caused and natural evente in~
the U.S. ie shown in Pigure 2.2. The. majority of man-cauvsed -
property demage resulted from fixem, Matural events causing
..~ . significant property damage included forest fires, hurricanes, ~ . .. -7
*ﬁ*“?%~and ‘earthquakes.” Nucledr plants were estimated to be about one ~ -~
' . hundred to one thousand times léss likely to- cause: comparable -
- large dollar valuemaccidents than other sources. All of the
et pEOPerty ‘damage estimates for LWR accidents ‘contained in. the
““‘RSS were bas3d ‘on the accident economic consequei.ce model -
- contained in tiie CRAC code which ié discussed and compared to
the newly develcped economic conscequence model inm Chapters 4
and 6 of this report. v : S .

- The property &amage estimates included 1n the RSS provide
_important information concerning the off- site economic risks
" of LWR core-melt accidents. iCore-melt accident atmospheric
raaioactivity releases with an-estimated probability of B
. 1X10°® per_reactotuyeat were- -predicted. to result in ~$15 ;~*»;"v***wwﬁfﬁ»
?#f.f‘ bi1116n (1974 dollars) in offsite costs. Core-melt accident S
e "releases with- p:obabilitiea larger than 1X10-° per reactor .
yea: were- predicted to xesult in leee than $1 billion dollars
— 1n offsite costs. N : - _ ST

;;;ﬁa;;¢_; Btudies have been parformed since the ass to provide it
- " “improved estimates of ‘the frequencies ‘of core-melt. accidents fo:
.-specific. LWR plaiits in-the U.S. " Because current nveclear plant
risk . analye@s focus .on potential public health effects of acci
o “dents, ‘no substantial effort has been made to improve offsite
—e - -cogt estimates fOr “severe . LWR ‘accidents. New modeéle for esti-
R matinq the offsite ‘economic consequences “of degraded core and-

core-melt accidents at specific reactor sites are deve)oped 1nf

Chaptet 4 ot this repott.‘,_. o _ o - , ‘

‘.z,. 1";;22 w Ss (a mM S

Ce - A-model has been developed for the purpoae of. assaasing the
"‘costa of emergency-countermeasures taken after &n accidental s
release of .radionuclides into the environment in the United 1zAx
Kinqdom {€181,C182).7..Thé model estimates the lost contribution
‘to Groes Domestic Pfoduct (CDP) caused by population pzotective
countetmaaauxaa mplemented aftot an accidental r@leaae. f,g

. : "he bas1 V-1 mption.nn&etlying the ECONO—M&BC &odel 1e tb

I ithe costs of ‘countermeseures like land area-interdiction will

- be a tunction of the area's contribution to Gross Domestic
P:oduct ptio: to tbe event. Groas Domestic P:oduct 16 a"u'

R Iy 2




VRN

F gure 2. 1 -

RSS estimate of offs

2 typlcal U S.'nuqleat_power_p

lant

ite economic risks from
[Nu7Sb) .

LR IREEEAL rryonnn R S R R

,.
L Ga Ra K1

IR SR E]

NSRS

BLABRARZ RALA I

il
i

U Y VRV

ARG URYIT)

DA RS AL
. i

La il
&

_Y LR ARLL

L s

3 A"n‘uh' Acdoiadadal oy a4l -

L gl

-

Adododid

“M

o’ wh wh

e e . 2".3

w10

. ‘Total Property Damago - X Dollars

w'




e B O

S~ .Figure:2:2.- RSS‘'‘comparison.of. economic risks from 100 nuclear
power plants and other sources [Nu75a).
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‘.P:oduct Accounts (NIPA) and reflecte 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-HARC mcdel asseeses the. 1mpact

of countezmeasure iwp]emenuation ©R regianal ‘contribution to R

COBDRL e

The lost conttibutions to GDP due to population evacuation,1

‘f;agricultutal product bans, and permanent popt\&tion relocation

'?which ‘might result from a contaminating event vere included in -

-the. ECONO—M&RC ‘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
analysis using ECONO-MARC are very similar for a rural site.

- Resulte calculated using 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 size of s

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

- ~tional-simplicity.: aelative to._the land usage approach which. - . - .. .
_requires tedious manutl aampling of data points from detailed o
‘land usage maps.ix ‘ P

There are two siqnificant ptoblems in the estimat1on of

“;acciaent 1mpacts using the ECONO MARC modéling approach:” Because
GDP. measures the rate of output in an ‘economy, it is necessary -
_ .to integtate GDP losses over time to estimate the total costs
T o 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 2conomy. This =~
‘adjustment of the economy, deménstrated in Figure 2.3, 13 fre- - .
‘quently observed after natural disasters and wars.  The reeil-

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

many times after earthquakes, hurricanee, and floods

- {ED74.,Pe77). . After severe disastera, economies of impabted

‘regions reaume,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 ig that the

lose of regional tangible wealth. (or assets accumulated prior
‘to the -accident)-is not properly accounted for, particalarly .
those assets which produce output which is not directly measured

'fin market transactions. - Thias is a very significant problem x
‘sinee results ‘from the CRAC2 model predict tanqible asset losaeagi

are vaty important. 3

- The Ecowo-xanc mode’ pzovides 8 broad maczoeconomic measure

””of the oftaita 1mpactﬁ of reactor accid.mt countermeasures for

measure ofieconomic eutput which is. used in Hatlonal Income and ST




2.3 -~ Teroorary natare of GDP loss due to population
pProtective measure implementation [Cl182].
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- economic-impant-predictions which dre based on mlcvoeconomi» ,
-models and assumptions which may be specific to.the U.S. . Also,
-the CRAC2 model estimates the direct costs of counte:measUres-
such as.decontamination which are not considered .in the

- ECONO-MARC model. Because of the limitations and accountlng

. problems in est1ma’inq ‘the GDF loss reaulflng from LWR dCPl#u

fldents. thls approach is ‘not employed in tnxs study '

1.3 . ESTIMATING THE- PO”‘E’NTIAL I_M_PA.éTS OF ,'A"NUCLEAR RzAcroRf-,‘ o
 ACCIDENT [Chs2] - oy SRR

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 and regional economic modelr derived
- from the Regional Input-Output Modeling System (RIMS-II)
-developed at the Bureau of Economic Analysis (BEA)’[CaBl] . 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 cZvere) teactor accidents for Environmental Impact State-:
ments. ,
e - Estimates of reactor acc1dent impacts were. based on the
: *~resu1ts -of-‘interregional, -—interindustry-analyses..in..the. BEA.

lifﬂtitain ‘Model predlctlons are not dlzectly comoatable to CRACZ,- e

- studies. . These-analyses.require large. amounts of economic. innut
data in the form of ir.erindustry transaction tables for each
specxtzc reglon uncer contideration [Le66]. - These transaction

T tables were defined in the BEA analyses bagséd 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 payments caused by.a reactor accident. . The . - ' ~
- basic input -output methodology used and the results of - BEA ]

studlies are analyzed in detail 1n Appendix C. Lo

: ‘Results of the BEA analyses for the St. Lucie nuclear
reactor site ar» 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. Lucie site-

- with a WNW wind direction. The "physically affected" area is
defined to include all areas contaminated by the releace of

» Standard Mettopolitian Statistical Area

**The 8ST1 accident category was defined for the Sandia Siting
Study to represent & severe core-melt accident which rexults
,' in a rapid, large release of radioactive material to the
pmes e @Vironment - [Al82]). . Accidents in this. category result in
release of approximately 100% of the reactogr core 1nventory
- - of noile gases and ~50% of . the volatile .radionuclides in a.
- very-short- tima period s . .
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' radioactive materiall fzom the zeactor 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- windA“'

direction is predicted. teo result in ~§0,000 annual job losses

-'due- to the reactor acc1dent The effectes in the physically

- unaffected area are: pred;c ed t0 be relatively small compared
~to annual ‘job losces in. the phvs1ca1 y affected area

'f};- The BEA estimates of reactnr acc1denc industrial impacts
“were presented in terms of annnal jobs iost. 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,quuired to adapt the LWR acczdent problem go that -impact esti—;

“ticular, the BEA irmpact estimates were based on areas defined
at the county level. The definitions of areag impacted by post- .
accident countermeasures either include or exclude entire coun-
"ties for ectimation of economic impacts. Because this can lead-
to significant changes in the definition of areas affected by

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

‘accidents, the BEA -accident ‘impact estimates cannot be directly .

.. compared to: other ‘accident cost est1mares, particularly those
-—w-from the-CRAC -or -CRAC2 -économic models. Also, the usefulness

of ‘input-output analysig techniques for modelinq non-= equilibriumj e

post-accident situations is questionable. The input-output

~technique is ‘far too costly iand data-intensive for considetatidnfi}i.a
‘in LWR risk analysia applicatione which reguire sampling of hun- .’

':d‘ da:of>meteorolo ical cond

itions for each accident caxegory.w

» 4’c .{Rrs»xs L e

EEACTOR ACCIDENTS rSTBZ]

. Preliminary estimates of tne 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 ¢leanup costs. . Dollar

"values were assigned to radiation {nduced health effects baﬁeﬂv- i§$

on a review of societal -expenditures for life-saving safety ‘
‘measures. . Health-effect -values .of $1,000,000 per early fatal-
ity, $100,000 per early. 4njury., -2nd -$100,000 per .latent .cancer. -
"fatality were used ‘in-the: analyaie.: Site-specific, life-cycle -
_core-melt accidentafinancial risk estimates were’ developad for
reactor- site combinations in the U 8. o




T--{,;.f,,h_;an,ion. ~Assuming-a-core=: ...

. flife -cycle core-melt aceident” economic. IIBKS ‘Thése ‘methods = '
" yere used to- calculate rigks ‘from core-melt acc1dents based on-

-85T2, and 8ST3 core-melt accident release categories at the B

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

.. at this plant is estimated to be on the order of 10® to 107 .- - -
. . .dollars. The estimated ‘risks did not include costs for any IR
- ‘accidents’ less severe than core—melt accidente..”?v~ ST

- a core-melt accident severity versus probability spectrum. The

- containment :failure ‘due . to ;rapld overpressurization and -

1reactor -year)-must -be-multiplied out in Table 2.2. These. multi—,;'j{,w,'”
;plicationa yield-the-total-discounted-risks-in 1981 dollars, - i .. . " ..

s AT

The etudy outl‘ned d1 counting methods to calculate

the remaining years in the LWR plant life, which ie assumed to = -~
‘be .forty years from-the plant.start-up date. This type of . :
anslysis is valuable for estimating. the ewpected cost avolided 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 estiwrui'awrn'f» T
‘wates for various claseifications of LWR accidents. ~The - : »
asaessment or tabulation: of site-specific, ac01dent probabilities

wasgnot addrefsed in the report.‘i;ijftﬁ

“The mean total predicted risks from t\is study for the- SSTI.;;inﬁglm

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 -

Onsite cost Components were predicted to dominate all other-cost.-

‘other costs for“the ‘SST1 telease. The onsite coste were large
because it wae assumed that the ‘plant would be decommissioned
~“Replacement- power-costs-were-
in*egrated over “the" remaining ‘1ife -of ‘the reactor- plant to~=~»ﬂ;
estinate the loss of -benefit .to- society provided by plan'. oper- .
‘_Taccident frequency ‘of . approvimately
10-4 per reactor-year, the life- -cycle core-melt:’ ‘financial risk

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

onsite cost estimates were based on rough estimates of onsite

* The S88T1-58T3 accident ‘source terms were defined in the
~.8andia Siting Study [Al82) to represent the range of o
potential releases of radioactive material resulting from

. core-melt -accidents with containment failure.  The 8ST1 '
telease category includea accidents which result in '

- release  of :a-‘large fraction of ithe core -inventory to the ;
‘environment. -:The 88T2 accident category includes core-melt
- accidents with slight containment leakage. The S8S5T3 release -
~category includes core-melt accidents followed by basement - -
melt-tnrough which result in small releaaes ot tadioactive

“materialTand” minimal ortaite ccnsequencea. - L T
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Table 2 2 - Mean Pinancial Risk Estimates for cOre-Melt Accidents

S
|
.
B

S
[
(¢

a
P

at Surty Unit #2 [St82]

“) CATEGORY

{lummmg'

omrmrs‘“”
HEATLH COSTS

PaorsRTvcosrq ;'

G)STS

omns’”

TOT AL
--;.COSTS

$ST1

3331:.-!—00)( N

. _l,§9E+lOX:f;

368E+10% f,

iﬂE+4oxL

SST2

1.16E408x f,

“3.53E408X 7

3.66E+10X /2

3TIEF10X f2 |-

SST3

36TEH10x fy|

f
f
f

UﬂNH

RERRV . .

38TE405% f5.

-ssiniss-r"a; jource terms aféf

“TBEHOIX f3.

’defi%éd'iné

SG6E+I0X Ja

[,zu-ez'] S

l

= ac:i:c:or-year)wj

, = frequency of SSTI release (per reactor-year)f
= frequency of SST2 telease (pet reactor-year)~»:‘
= fraquency of SST3 release (per




’societal coete for core- melt acuicente (largc consequence
" events). -The report incorporated the replacement: power cost

" model which is discugsed and. utilized later -in _this study.

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

life-cycle risk discussed in the etudy is useful for the utiii-'j

. zetion of rie) eatimates in xegulatcry dec131on maklng

'f:?)%’Z‘”"COPING HITH NU”LEAR POWER RISKS: ~ THEfELECTRICTUTILITY”

INCENTIVES" {sT8i]

CAS-a result of the accident at TMI 2 in: Merch 1979 much

"”fintereet has shifted to the potential ongite economic conse-.er-zﬁmm:~uff

" quences of LWR-accidents. A 1981 study by C. Starr-apd C. = = .= .=
““hipple of EPRI [S5t81) estimated the financial risks from
‘nuclear plant events by interpolating between frequency-severity

. data from routine outages and the results of the Reactor Safetx

“that utility self interest and the public interest in nuclear o
- -reactor- accident prevention ace coincident,__:ﬂe_éw_ o

" ‘coverage. The curves for prlic riek shown in 'Figure 2.4 ‘are-

. 'multiplying public health -effects by ‘constant: .dollar ‘values.-
The values assumed for health effects and the expected values .
“of public. risks are compared to the expected utility risks in.
 ‘Table .2.3.. Based on the analysis, it vas . ergued that utility
- - financial risks dominate public tiske.. BRI

.*7*2;3 SUMMARY OF azsunrs or PREVIOUS swunxzs

_'Je«conomic consequences. of . -gevere LWR accidents. Three separate
- models have been developedito estimate thée offsite economic -

" gtudy. The study included rough estimates of both the onsite
‘and offsite consequences of reactor accidents in estimating LWR

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

An estimated event frequency versue forced outege duration

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

Curves were elso eetimated for ut 1ity risks with insurance _,;

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

Tne need for coneideration ‘of both onsite and offsite tieks i;
over a broad range of poseible events wase emphasized in the : '
results of this study. Although the. gtudy was performed using

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

clusion that utility risk dominates public risk was determined

-to be insensitive to uncertaintiee in parameters. i

- T
Pzevious etudies have eacimated the rieks from the offeite

impacts of severe accidents, each of which employe a fundemen-

““€a11¥ different economic methodology for estimation of accident .~

. costs. The three models, CRAC (or CRACZ2), ECONO-MARC, and

. 2-12
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* PUBLIC RISKS-EXPECTED VALUE PER REACTORYEAR

. ... .  Eftect £xpeciafa¢m'_ . Vale (8) cfgeiOosNS)
~E&ﬁy fatalities . . 3% 108 . §Xi0d X‘&o,_, o
" Eardyliness .--'zmc-sz R 1 A
-letontfateltios = 7X%04 48 - 700
Thyrold nodules 7109 - 3ax¥0® - 20
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- UT SLITY RiSKS*EXPECTED VALUE PER RE,ACTOR YEAR
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Gausing 10 days oulsge or fongen) 24 X 108

wam $450 milion ensurame Al T T
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RIMS 1L, estxmate diffelpnt dttrlbutes Of the impacts of severe
CLWR accidents. ‘and ‘therefore their results cannot be ditectly
compared The -results of" ptevious studies of offsite-economic-
_,fconsequences and risks indicate a potential for significant -
-offsite economic impacts for very 1cw pI ohability accident
seqvences..,;AHP . . o

L In light of the. accident at TMI- z xnterest has ‘ocused 1n
-large part on- the- potent:al onsite losses resulting from LWR

accidents. Recent studles performed at EPBI and Sandia National

.Laboratories have. attempted. to incliude onsite costs in. examina-_”

hl*tions of "LWR "‘economic risks.  ‘Beth studies-concluded that onsite -
—accident costes are likely to domirate 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 THI-2 accident experience, where

offeite 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

- onsite and offsite -costs of :LWR accidents., particularly in
performing cost-benefit_ or zisk teduction calculations.

-
;
;



. Mthe plant licensee or occur &t onsite locations are ‘digcussed .
_.in-this section. -Mcdels- uveged in estimating the onsite- ‘€Conom1e -

"include. power'produotion cost :increases, reactor .plant capital
~V;investments lost, -plant decontamination costs, plant repair
o... COBt8,. costs due to .early. decomm1381oning, 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-ongite locations..and:are.the efore
..considered to be onsite costs. Each onsite cost .component.is .

discussed in detail.
1pqstraccidentcgasb

‘7F3 2 DISCOUNT:RATE uszn IN ESTIMATING SOCIETAL cosrs L

- %o ‘convert :all ‘cash flows which occur at different points in _j;;ﬂ_, .
vtime to :a common time basis. ..8tandard textbooks on economics Do

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

'thills).. Risk. premiume.-are estimated based on the risk asso~ .
ciated with gpecific investments.. Higher levels of risk imply P
.;higher :1sk p:omiums.v_wha xlsk free rate plus the risk premium g:i-v

| CHAPTER 3. L
e p NSITE Ecowomzc CONSEQUENCES oF. LWR EVENTS.. R R ST

Lwn event Pconomic coﬂaﬁquencas whlch most dlrectly affect

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

;ﬂ,@re;estimgsgd;tg;;gﬁsh;gétegory of LWR oaﬁnatienﬁl;9!9nssf;;;uug;,;;;-7?3

1 ONSITE COST COMDONENTS DISCUSSED

~ The onsite economic ¢onsequences 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 srate used in: ‘the analysie 5:
OWe. - ia also discussed.: SR T R

Present-value discounting is a method of xeprasentinq the " 7.
time-value of ‘money ‘in-financial -analyses. Discounting is used-

or finance review ihe basis and fcrmulas uaed in ptesent value- y
discounting {Brs1, 8a79 At76] o P SR Gyt T

The discount tate uged in financial analyses is normally

 chosen.to represent the “opportunity cost of capital“,baseq‘on’lﬁft”*
the level of risk assocliated with .a particulaer investment ‘
strategy [Brall.MMThia rate is estimated by adding a risk

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

the —available \real rate .of .zeturn on short-term U.S: Treasury -




R ;“"ft.w*the teal intetest rate.

for ‘an investment: édfsespéﬂdé’to.the“rate of return which can
-'be €arned by invisting the. same: amount of capital in a. dlfferent

9:03ect with equal risk. - v Lol

Discount rates are eommonly estimated from interest rates o

. charged in capital markets. Market interest rates include

‘allowances for general inflation in the economy. - A real

. interest rate can be estimafed from the nomlnal (oz observed; ‘
. market rate using A o T

z;ffffg;f.;_‘(l'+_r?)}j;fifibiA‘ifsxf_”;" rutéQiiﬁ' e

‘Ia s,the appatent intetest rate observed in the economy. }{”*

fi'é;the inflation rate in the economy

1t ie appropriate to: use real discount tates in performing
_analyses of -future .cash flows to avoid projecting future - :
“{nflation. tates. ‘and because real cash-flows and discount rates
show lese vatiation than nominal flows and rates.d;‘;ﬂﬁﬂ,WJNﬂm.

o today versus consumption at some point in the future. The rate
- can also be interpreted as ‘the opportunity cost of capital to - -
. .eociety for low-risk investments.  To ostimate the societal
. discount rate, the prime rate, which is the interest rate . . . .
- charged by latge U.S. ‘money ¢enters to thair ‘best business ; fffijf
- borrowers, i corrected for inflation to arrive at a real dis-. |

financial riek -unalyses for nuclear power Pplant accidents.  In-
general, -the opportunity coet of capital to industry is higher
- than the societal:discount rate [CR82). Also, the Office of
' Management ‘and ‘Budget of ‘the U.S. Government ‘recommends- the use
of a 10% discount rate for ‘government decision rmaking. Thete-_“~

A societal’ discount rate is cnosen in this study to :epre-
‘sent the value judgement of society for. consurption of capital =

count rata, 'This real ‘discount rate has averaged approximately P I

_4% per year “in recent years. - This estimate of the societal

éiscount rate is used in performing all ptqsent value analyses
in this scudy. : . ‘

The approptiate 6iscount gate for present-value analyses

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

priate for analysts in:the electric utility industry pe:fotminq

N

~“”—"“‘foze. “the sengltivity of projected costs to discount rate is

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

th@ tecommended eu societal discount rate. - -

; 3,“ 2




—mﬁ~~-euerqy ‘gource., . Thezetore because of the low marginal power

B S REPLACEMENT ?owza COSTS . .

spectrum Of LWR events is the incremental cost of replacement
~ power, or the production cost increase for supplying power t0‘4
_ the assoclated electric utility system during a nuclear plant
"outage. The net so6cCietal costs. resulting from the need to.

replace power which had been produced by a previously cperating”ulffi’ -

‘reactor can be wvery .sunstantial. The net cost is incurred

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

‘e than that available f:am sources used for replacement ‘power.

The methods a"ailable for compensating for the generatinq
capacity lost due to a nucleai reactor forced outage depend on- -
- the duration and timing of the forced outage event [Bu8&2)}. For -
‘shorter duratlon outages it is possible that a utility would not
have to purchase replacement power but through short-term = -
generation increases and .load manageient metheds could meet the

needs of its service area. - This hag been identified in a recent - ;,

. 8tudy of the ‘loss of benefits from nuclear ‘plant outages [Bu82].
~,Typica1 utility emergency operating. procadures for short tern .
outages (~1 month to 1 year) are shown ia Table 3.1. The fourth
. . .item in Table 3.1 is the purchase of emergency power trom other
s _'utilities. A,.;n,vcﬂmwwvﬁue L _ , S .

T For lonqer term. nuclear«plant gutages or permanent plant 97-

ahutdouns.{there exists an alternate set. of options to offset’
the need for qenerating capacity ‘lost due to the: ‘plant” cutage.

“Thege options ‘include long-term purchase agreements with neigh_ulé ci::”.

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

“ existing - dtruction schedules, addition of new ‘capacity to thei):ﬁlf»

‘utility ¢, dtruction schedule, -additional- interconnections in

‘the -power g-id, and the imposxtion ot testructured electricity

ueage rates. - .. : ./ . _ _
e

- All of . the. available optione for compensating for nuclear
. plant forced outage time have associated societsl costs. This

coet 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 genezating '
‘units- produce low marginal cost power, they are normally
employed in base-load gene:ation of electricity and higher mar- :
ginal cost non-nuclear generating units are used to handle
variations in power requirements on a daily or ‘geasonal basis. -
The lose of ‘power- 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 -
meeting base lo0ad requirements, any forced outage is likely to

T result in gome -net power production cost increase.

SRR TR s

One of the most 1mportant cost components over much “of the o




 Tab1e 3 1 Typlbal utllxty operatlng procedures fo:

short duratxen outages. [BuB2].

C Uedltey Aceton® . typical Bffect

Bypsce plant péllutfon comtrel . . Incresse svailsobla generating

equimnt capacity by a emall amnount
,Swt:ch l’roa eo:oﬁoﬁ&c dispotch to .. . . Proloag tfme defore more. nerious' B
. g_r}zi_c,a»‘ A,E_us_,l conservation diapatqh ~...: . ewpergency. acticne. ara. nececanry

... Purchase excess -fudustiial f&néruuen‘ . Add seneratina cepoex:y

Purchase emergency pomr from othar Often wake substentiacl power
utiiicies - . . vsuable. bnt at- hlgh coat

. ‘hsduce aiandby rcéervci o o Increase generaung capoctty by
: . . 30-100% of the capaclty of 2

A o 'lnrge nnit o
' _muct load comrol (cuctumr lmnl o ‘noduce load
T magmnt\ :

vammcevolmgebysx Lo Iaauceloadbyn

 Appeal to. tuutw S T Beduce Toad by 1-21
_"Appoal To wbne R n I &ndnce load by 2-2! :

_;'___Inwtruyt 1nterrupt1b1« urvtce S ;e‘__,,, Reduce load

: .hm gmatlag nlta et extrm outwte ' -Jncrom mnentins cupaeity by
: L o . '.'"l-3! -

;r_nedwe‘ ap_imins' reserve :o sm R “Incresae gmrulng camuy by :

R : - S ,.tho c&pactty of o large unlt .

 Reduce voltage 8% (en sdditional 3%) ° -’ " Reduce losd by IX

fhed leed (rotaring blackoute) o " Beduce lond by emount mdsur,
. " .- . .. .to balance with supply

N Saceione ere uatod in the awrmunau ‘order in which thcy mld be
mlmtd. -
B




Because of the vari tion 1n methodc and fuels ueed for genfl,_c}f

eratinq 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 outage event,. the plant location and likely
rix of units to be used for generaticn of -replacenent pover must

be accounted for. Also, the- availabiiity of interconnections andkg_;_
ST power transfer must be considered along with the. availability of oo

excess capacity to be ‘used for repiacemcnt power generetion

n this etvdy it is. aseumed ‘that. exceee capacity ex1sts for.

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

forced outage. - This assumption ir 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 [Buee]

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

of ‘replacenent’ power . for nuclear.plant. outages which are not .
.estimated in this report. Increased mining. shipment. and burn—
iuq of replacement £fuels may result in.impacts .on human health

-and safety. .Also, ‘the increased use of fossil fuels could resulti.ui'

“in environmental
climate effecte '

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

r:um3 3 l SIMPLIFIED MODEL FOR NUCLEAR PLANT OUTAGB POWER
SRR PRODUCTION COST INCREASES : e

A simplified metnod 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 modele‘that_eimulate the characteristics
of a particular utility affected by a2 plant outage. These
detailed models include regional locad 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 ies intended to provide rough’
estimates of the production coet increeees for a specxfic plant
cutage. - v o 4 _

~The eimplitied model relates girst year power production cost»ii},fﬂi

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

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

higher merqinel coet fuel sources (e.g., ¢gas turbinee)

(350



relationshlp between cil- Fl:ed and non- economy rpplacement -
. power - fraction and. the power. productlon cost incrs ease - due to a
full- year of” reactor outage time is’ ghown. - in Figure-3.k. ~Also
"“sHown is the range or- ‘results from detailed loss of "enefits
- case studies from which the simple model is derived.  The data-

from the analyees are.not sufficient to develop a detailed

relationship, but the data do provide an estimate of the o o
importance of -the- fractlon of--replacéement power—£rom.- _;,,ma;,gng;u_w;;
nén- economy “sources in detarmining production cost increases."‘ IR

" Beyond the ‘first year of forced outage- duration, the yearly -
v -power production cost_increase .can be. modified 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 Figure 3.1, it is

‘necessary to estimate the fraction of non-economy purchases
for a specific plarnt 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 ttaction .0f non-
~ economy replacement ‘power purchases for each- region in Tablae -
.3.2 [BuB2]). The average fraction of non economy patchases

- varies- w1de1y across the NERC regions

leen an estimate of the fraction of oil fired and non—'

forced outage ran be calculated by 1ntegrating over the outage
duration: .- _;;,“; S - S

- Dp" f F(t)e rtdt . e e (B R) e
where ' ' ‘ o :
_;Dp‘..,shpresent discounted value of production cost o

increases over the outage period (198: $).

_F(t) = unit production cost increases of outage
. .versus time ($/MWe- yeat). :

"Ms"fffhlelecttical»generation ratino of reactor .
'involved in'outage (Mwe). _

c _T[_gﬂassumed capacity factor of glant had °“ta9°
= rlgnot occutred (%), -

'Qro?ifgéfreal discount rate (per year).

SRR 't;.t,".start. end time of reactor: plant I
R .- . -o-outage.. :

- 3-6



' DUE TO.ONE YEAR OF OUTAGE TIME
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Figure 3.2 - Reglonal Electnc Reliabxlity Counc1ls:of the

National Electrlc
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Avcr@.ge Fractlon of 0§!~§‘§?ed and Non-Econcmy
__fl}eplaeement E"e?@ by NERC Regﬁcm (PuﬁZ]
-National Elestrls - - Pereont of R@plaeemezmt Em_argy. .
uiﬂ.eu&bmty .,Cmmcik. . from Oll-Fired Power Plants and
-~ _Reglon Non—Eeonomy Ponggr Punhmes
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® 3ased_on ANL. loss-of-beneﬁt ecnd!ee (Bu82] Data from other rmons derivedj_ e
[ _:rrom [NA81,DESI]: - S
“** Over a ten year ontnge period ‘the replacement fuel for a known outnge wonld .

o -'chanse as utilities make firm srrangemen&e for power tzansfers. The regions having = ..
- .the higheat dcpendence on: higb-priced fuels would be the most likely to chamge | ~
-over tune ln geueml, replacemene mpadey wonld not be avallable in lesa than 10
“years. ) o O LT - o




‘The &imple model was derived”in the loss of benefita stuéy onvnm

: ~the.. assumption that the plant would have operated at an average .

capacity factor of 65% had the outaqe not occuzred

S The real power produotlon cobt ‘increage as-a ‘function. of
: time can be specifled Two cases of imoortance include the ;nni
V,asaumption of --zero growth in real power production. costs

(F(t) = constant in equation 3.2}, and a constant real escala- '. .
...-tion. rate of -power -producticn oost ForAtne ‘latter case ‘the = .
' ;production coet model becomes' : o e S

‘ti

SRR | Sl R e e L T
R _'Db' u‘ 6_5_ f Foe—(r ﬁ)tdt T TGy

o e e
R AT o gl JS RN SR
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"ﬁ7~7This is the form of ‘the. ‘model which {5 used in. this atudy. with

e
or, . o
NCFo e-(fr_-'_”g?)‘ 1_o-(r-g) 2
R "85 - o{r-g) - T S
| where.
'}ﬂP; = powar ‘production. cost . inctease at iime\ffm~Q;
: zefo (8/MwWe- year).;_A Cn e o
:Ltgiiffff;j;féofﬂL%u real. escalat1on tato ot teplacement power

: coste (per year)

F, estimated from the average ‘fraction of teplacement pouet
supplied from ‘non- economy purchases (Tuble 3.2).

It is important to zecoqnize the limitations and assumptions :mjfw‘v'*

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

‘1. The model is 1ntended to provide estimates of the
-~ power production cost inczeases for long-duration
Vourages &t ‘nuclear power plants.

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

*Zemployod durinq plant outages.




‘The correlation between replacement energy from non- "~ . U

: 5¢pconomyrpu:chases-agd;the,ppqdqctionycgﬁt increage due

to the first year of outage time is based only on a

'j;range of Vulues observed 1n detailed case StUdleB. jm3””1~”ff““1"“”‘T

The - average (non uti‘ity pecific) f"action of

non-economy . replacement power purchasea for an NERC _

_reqicn is uEed 1n thlﬁ 8Ludy.

. ~'The cost estimates are- based on studxes performed at a- :
~ time when fossil fuel prices were high relative to- s
‘puclear generatlon costs. Drastic changés in world

““foil prices or other foesil fuel" priaes relative to-

‘nuclear generation costa could change the baaxs for ff.,'"”'
“ ‘the model.: .~~~ _ : T T

-Extetnal teplacement power costs such ae env1tonmenta1
-gffects are not: 1nc1uded in the nodel. - o

--The:simpie tép1ac§wentvpower'cpstamod61 is;ﬁaédnfo: outages - -
‘of less than 10 years duration in thie study. The model ie also

used to estimate the coste of short duration outage events

~ (<l year).. This lsean-extension of the intended use of the- -ﬂ?iﬁaq'f“m3'*'

“model since it was ' developed for use in- modelinq proauction co8L -
increases for long duration outages. The model does not account
for daily or seasonal effects which might have important impacts
~on"the- "cCoOsts” of ‘shortoutages, or-alternative-measures-to-alle=

viate the need- -for-replacement -power- ‘purchases -[Bu82) .-

There-f

 fore, the aimple model could: signi‘icantly ovetestimaté tre .
‘costs for very . ‘ghort dutation outages. “However, ‘the model _e

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

‘analysis performed ‘in- this study. - For plant outages lastinq

“moré than 10 years or pérmanent plant shutdowns, ‘the power- pro-"#

‘duction cost increase for the -firet 10 years ie combined with .
“the capital cost model ‘discuseed in the following section. The
. replacement power cost model is also used to estimate power .
" purchase’ costs fot multiple unit plant shutdowns at a- 8inq10 CL
"glte R _ T

- 3.4 REACTOR PLANT CAPITAL INVESTHENT LOSS AFTER SEVERE

ACCIDENTS

For some LWR eventﬂ. plant damage nay be 80 severe that the

. reactor would be permanently shut down sooner than originally -

: planned thus ghortening the ‘productive lifetime of the reactor
plant. -In these cases., the entire capital 4nvestment in the
“-plant may not ‘have been tecovered, ‘sc some part of ‘the" capital
‘cost of the plant represents investment lost. The normal method

for accountinq tor thia loss would be to calculate the depreciated .




" plant. ~After -the new’ replacement plant .
=4-brought on line. ‘the capital costs of the new plant are inte- .
..grated -for the remainirg lifetime of the original plant at which

};,mated in this stuay by 1nc1uding ‘replacement power cost
“increazes _and- capital

‘increases are’ integrated fet'a petiod ‘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
Qteplace the damaqed plent

'”L;nuclear Ppower ‘plant at ‘the time ©of plant stertup s assumed in o

value o7 the reactor plant at the time of the event: The

J--remaining book.value of the plant is a loss after - an event whlch
. results 1n early permanent shutdown :

Por example..if a nuclear plant 13 18 years old when an.

event causing permanent :plant shutdown occuts, 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 investment in the plant would be deprec1ated

- over. 18 .years. us*ng a.specified depreciation schedule (e. g
h:sttaight 1line; sum-of-the-years qQigits, _double- declining e Tl
- -‘balance). .This- depreciated value. -should. .represent -the remaxnzng
- 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 is not accounted for in estimates of
book value ‘using depreciation schedules. Therefore, the stan- = -

5*dard ‘accoanting book value ‘does 'not truly represent the poten- - SR
~-'tial future-societal beneflts of plant operation which are lostAgffunj“"

pcost of permanent plant shutdown is eeti»

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

-produc ive. capacity 0

~productive. capacity icould be.built to reflace the. shugdoug
8 constructed an

‘the accident occurred. “In the: example. the annualized. capital

completion of the new plant. This cost is added to the 10- yeat
integrated costof: 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

ffo: -ease of cost eatimation. : ..,4;

‘The preeent value of-the capital coste ot a'new 1000 MHe




Flgu:e 3 3 - Replacement powe: ccet w.-reases- and new ‘
replacement plant capital costs . in’ ez» ample’ pzoblem. :

1 Caphal coeta ﬁor remmnder _ L
of old p&am am IR |
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“this study to
. -'mate -ig used to- eetimate an annualized Cupital 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 costs are included for accidents which.rssult in replacement.
-—power purchase periods of leses than 10 years. Capital costs are. -
. only estimated for severe reactor accidents (category II and III
‘ygmmé_events) which mignt rcsult in carly -permanent - ‘plant shutdown: -~ -
woooe= o The 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 . .
77 "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, if for some resson sufficient excess -
~capacity does 'not exist for replacement of the lost generation :
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 :
replacementcpowet cost’ model .

. - R " ‘ ! e e e ,,'.. - ‘4 - P . woa PN . - . K .

:' 3 5 PLANT DECONTAMINATION COSTS

o

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

© . radioactive material-released from the reactor icore.. Cost esti-
' mates for the decontamination of areas within the reactor plant
‘after serious . accidents -are reviewed in ‘this ‘ection. These
costs are. negligible for routine forced outage events.,,h.ﬂ L

St Sl S . K BN el w

! 3.8.1 PLANT 'DECONTAMINATION COSTS FOR cmscoay I EVENTS
: - (MEDIUN 'CONSEQUENCES) IR

A tlowchatt fo: post-accident actions following LWR events
. of differont severities ie presented in Figure 3.4. After any
severe LWR accident the facility must be brought to a stable o
~-condition. "The stabllization of plant systems would result im
emall incremental costs relative to the costs of clearup and
_repair or Jecommiﬁsioning ‘The costs of post- accident plant
. decontamination 8% discuased 1n thia section. SRR

3 5 1 1' THI chccident “Bxp tience:*”””"%

The*expcrienca qained to aate with the cleanup ot the
accident at ‘Threo Mile Island Unit 2 provides a source of




4 - Flowrha ¢ of. postnahcxdent act1ons for
LWR evert caLegorxev.
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_1nformat10n tegarding medium consequence zeector accident

lg?Ycleanup/decontamlnation costs. ~The accident on March 28, 1979_
~.resulted ‘in-significant fuel claddlng failure and- perhape some

s aCCLGent

- fuel meltlng«ln -the -reactor core region. - The. auxillary and. .
‘containment bulldlngs for Unit- 2 were - contaminated ‘with radio--
active- materlal teleased from the reactor core durlnq the

'LSevetal time and cost eetimatee for tbe TMI 2 recovery wviéﬁfiLf”

”—tdproeram have been developed as the cleannp process continues.;}

- Because the process is a learning experience, cost estimates and
Uprogram: plans ‘mugt be continlally updated . to reflect. new. infor-;-

. ~matilon. : The-cost-estimates presented -in this section are based _ .
.on. Rev1sion 1 of the TMI-2 Recovery Program: Estimate dated - 0o

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

~July, 1981 [GPBl] Updated gecovery p.ogram pians and cost
estimates have been prepared but the cost estimates are not
, eignlfleantly different from the 1981 estimates.

_ The estimates of the cleanup coste for the TMI-2 unit
1contain allowances for delays resulting from problems in
financing plant: cleanup and regulatory concerns. " Revision 1l of
.the recovery program plan includes a longer time for plant '

-ilprogram “The. extended ‘cleanup program-plan incorporates nlgher'

' .. cost- estimates for base plant operations and maintenance which-

must be performed throughout ‘the entire cleanup process regard- ;_""“'

”V;less"of.tnentotal program duration.. There are distinct cost °

ifwadvantages to- completion of the cleanup program in the shoztest o
'*DOSSlble time petlod ST _ R S S .

The cash flow diagram for the" eetimated coete of the TMI 2

f:decontamlnation ‘and cleanup program ie shown in Figute 3.5. The,_'x“

- cash ‘flows represent.total. undiscounted costs in 1980 d°11333,l.'ﬂ,fQufw

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

~The -estimates include costs for disposal of radioactivejwaste._
except for the reactor core which is to be 4tcred in the Spent:
Fuel Storage Pool. “The estimates do not include allowances for
reconstruction or decommissioning of the reacior after cleanup.
The costs 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
~c1eanup costs per Revlalon 1 of the program plan is eotimated

‘*.Cost*astimateeftorTthe11979;1980 period are combined in ‘
. Revision 1 of the TMI-2 Recovery Program Plan. The total cost
for 1979-1980 has been scaled by the actual duration of the '
. kecovery program in 1979 and 1980 to eetimate expenditutes in
’ .these yea:sn_»n,w,,m, -
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Projected expendi TMI-2 decontamination ..
e -program versus time {GP81}. .. ... :

e
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iz7:using-discrete escalation and discounting: - -

_ B D il Rt I
E.(lu:) _

- ,A, nnG B i ] i e

“é;= the net“present v«lue of dpcontamination costs at S
the time- of. acc]_dent occurrence- DIl mTe s s sr oL

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

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

l}fofia real escalation rate fot program costs (aseumed : ef-gAﬂ-c}
..constant and uniform for a11 costs),m'"m_wﬂ'_‘w_‘ SR

; ;°;= real discount rate for program costs. o

o General-Public'Utilltiee (GPU) estimates oﬁ”total ptfnram costs“““”““"““
.. are computed using then-curtent dollars” (i“e.. not.‘in ¢éonstant .
. dollars). 'The GPU estimates of the coste include cost escala- '_.u_
- _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 =~~~ 1 °
';‘undiscounted decontamination program- costs . ot approximately N -
- $1.0x10% dollars. ... - ... e S W,fojilfj{fw

U

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 .

“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 discounted and eac&lated cost of the - - -
- T¥l-2 decontamination and cleanup program is ehown versus the -
parameter (l+g)/(l+r) in Pigure 3.7. If the discount rate
.chosen. is equivalent to the escalation rate chosen, ‘the dis- -
counted cost is. the same ag the total unescalated, undiscounted
__.constant-dollaz cost’ estimate. .For & 4% real diescount rate, and.
- .80% real ‘@scalation rate . (L.e:, no real growth 4n coets), the
~net present cost of the program as planned is ~750 million .
1980 dollars ( 850 million 1982 dollars) . '

?1na11y.‘the seneitivity ot tno total cleanup cost eetimate‘*"
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_for the TMI-2 accident.to the time period of the cleanup process. .

is shown in Figure 3.8. fThe "cold icon" cost of maintaining the.

plant 1n a’ stable conditlon wirthout any’ decontamlnatlon act1v1-~
ties was ‘assumed td be ~40 mllllon dollars per year [Ra83) .
“-‘The amount- estlnated to-be-spent-above- thxs amount was. gcaled -
“to. estimate -coscs for a 4 year and a 12 year pxogram duration
M_Dlscpgpted cost estimater for the 4, 8, and 12 year decontami-
‘nation. program durations are shown in Fldure 3.8.  This figure

'shows that a rapid, efficient program could reduce the deconta- =

m1nation costs substantially Howéver given the tegulatory and -

“"dent 1t ‘is unlikely that a rapld cleanup program could ever be
carzled out.,; R . P R

3 S 1 2 PNL Posf Acc1dent Clednup Study

BA-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 L

etudy'afe'shOVn in Table 3.3. The reactor core is assuned to
8tay’ w1th1n -the reactor - vessel in all of the. reference acci-""

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

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

‘program 'is possible-using available technology without - tinancial*
»ﬁfwor regulatozy conscraints.l_The ¢cleanup. cost.. estimates for.: the .

severe accidents congidered range from $76-378 million 1981

dollars and total preparatlon and cleanup periode of 3- 8 years.

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

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

‘ever, ‘it 45 unlikely that these optimistic .cost estimates could-
be achieved based on regulatory and financiazl considerations.

3.5.2 PLANT DECONTAMINATION COSTS FOR CATEGORY III (LARGB
L c CONSEQUENCB) EVENTS

o It is necessary to estimate ‘accident cleanup and decontami-
nation coste for an _accident which results in full-scale core
melting and subsequent breach of the reactor vewsel. Mo his-
totical data or projected cost.estimates for onsite decontami- -

_of the TMI-2 recovery program. The TM1-2 accident ‘is uimilat = T

"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 envlronmenta Experience at TM! has shown that
each man hou: apent ln high :adiatlon envitonmenta tequlres
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‘Figure 3.8
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Tuble 5.3
Remi%v of PNL Study of Pont-Aceldem Cleanup Cm [Muszbl

Eseﬂmated Parameters

Beemrio l Aee!denl

Beenuﬂo 2 Aeeldent

Seewio 3 Aecident '

Accldent Description

modemte mtnminaﬂbn

An wddant whicb
- "results in- 10%
fnel cladding fnilnm

Bo Tael melting,

-j of the ceatalnmens

An wcident whicb

L rmlta in 60% :" :
. fael clsdding failare, -

i spome foel melting, :

extens&ve radioactive
wnsnml-ation of the

An am:ideat whlch
resul&c in 100% '
: f‘se! ciadding l’m!ure, .
égniﬂc&st fuel ma!sing and
core damage, severe
radioactive consammasion

. Anddaat Cleanup

' building, aed no | bnilding, moderate: of the containment ;
dsnmmm pb,nical , consamim_tlon of tl:e building, mog!ea-a&e
" demage to | suxiliary and fuel contaminstion of the
bnildiny and " buildings, and only .suxiliary and fael
' equlpmant - .ixxingr physical damage]  baiidings, and méjeé
‘ - o 17 ¢ %o boildings physical damage to |
L L ' and eqalpment. umccura and equipment.
Total Moapower R :
Requhed for 405 mian. yma | 1823 man-yesrs 3564 man»yms P
: Prapnrs&ion Periﬁl%or lsyem P ,; . . 3.5 years . 3.0 :ez;zg 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 Totsl Aceident |~~~ .. . - | - S
Clesnup Costs - $78.0 million - $200.2 million : j$3?8.2 willion
(1081 doliars) | - f‘j ' 1
rﬂﬂﬁma&d Decommisrioning] - L
Costa Following 838 0-858 3 mil!lon 852.4-379... B Ilmn 819 3-3105 8 million

. Raane is based o8 . 'taru\ive deeommissioning metbods of dismantlement, aa!a asomge, or entombment ef
renctor plsnk S e : : P




" an . add1t1onal 10-100 man hours in prepa:atlon. regulatozy, and .

.--..related activities.  After a core- melt acc1dent with reactor
©..vessel melt- through the rad1at10n filelds ‘'within the plant con-

_tainment could be much hxgher than thcse observed thhin the
T.TEI plant ,

Based on these considﬁrations and exp@zlence with severe
accxdent 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. This is based on
the: assumptlon that permanent entombment of the plant in place

- after- the accident would be an unacceptable cleanup altetnative. ~;ﬁ; _

As a lower bound, twice the cptimistlc ‘estimate of ~400
million dollars for cleanup of a degraded core accident is used
-for cleanup of a core-melt accident with subsequent vessel
breach. As an upper bound, it is assumed that the coretmelt_‘ -
~accident 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 assumcd. A best-estimate of 2 times7the'_

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

 with the TMI-2 accident, the total man- rem incurred in the
_cleanup process is likely to be L3 small contributot to overall

m*cleanup progtam costs.

These estimatas of core- melt accident onsite decontamination S

et
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"icosts “Contain latge uncertainties—due towthe Yack-of--under s —--—

standlng of gevere accident physical processes and post accident -

'” cleanup methods and effectiveness. Estimates of the coste of the‘

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

" Yack of avallable intormation concerning the state. of the
reactor ‘plant. - Future intormation gained from expetience sbould
- be, incorporated into updated clcanup cost estiuatea. V_rg_.

|
. I

3.6 Pnauw BEPAIR COSTS.

Some events at LYWR tacilities uhich occur during operation
may result inm’ damage to piant components which would reguire
repalir before the continuation of plant operation. The magnitude
of plant repair costs for various ranges of accidents are dlis-
“cussed in this section. 'Only marginal repair costs are included
- 4n the analysis, not those costs which would have been borne. it
an accident 4id nol. ‘eccur. :

The maqnltude of plant repair costs is di!ficult to quantity

- for the majority of LWR forced outages or accidents. The major |
" geason fer thie is the difficulty in distinguishing between P

norma)l maintenance -of plant equipment and repeirs which are
forced by an event. 1In many cases repairs after an event can
be performed bv the aormal plant operatione crew, and outside
"_conttactozs are cot eaployad ~Also, for most routine operating
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. -events, teplacement patts for Lepairs have relatively small

. costs. .Moreover, the conts of repairs after routine forced

_‘outages. are-normally not distinguished on- financial. records.

" “Thus, ‘it is @difficult.to obtain any data on the repair cost (if
Zany cost uas incurred) for routine outaaes

. More seve:e LWR operatzonal events obv;oualy nght involve
“sighificant’ plant repair coste. For the purpose of this report,
repair costs are distinguizhed fzom 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 inciude-only the work necessary to-restore’ the
© - plant to” operational ‘status after decontam1nat10n .has. been con—
.- pleted (see. Figute ey

:3 6.1 REPAIR COSTS FOR CATEGORY 1 EVENTS

To estimate the ‘cost of plant repait aftez forced: outage
events. historical plant. operational data was combined with
onsite pzoperty damage data for LWR outage events [HoBZ] ‘Plant

- repair costs are compared with the magnitude of other coste for
. routine LWR events. The -data for plant repair cost versus the
----duration-of the resulting forced outage event are shown in -
.. Figutre-3.9.  This graph shows the plant repair cost per hour of
.plant oucage as & functiop of outage duration for the available

R —

-.-data- --Replacement-power-costs -are-shown-for-a- 1000 ----- Bue- plantnmw
An two NERC regions based -on the-replacement power cost model
'discussed in section 3.3.1. <Lines cortesponding to $250,000,

- 750,000, and $1,000,000 total repair costs are also shown in °
:Figute 3.9. ‘These lines correspond to commonly chosen deduct-

“”ible limits in'm site p:opezty damage insurance policies [Lo&z].

T Xf the total. :epait cost: tot an outage event is less than

'”the ‘deductible limit for the plant under consideration, then .
data for the total repalr costs resulting from the outage were

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

: These data pointa are abawn in Figure 3.9. SR SIREIRR S

: The zepai: cost dmta 1n yiane 3.9 shou that for 311 Lun
-events which do not result in significant plant contamination,
‘repair cost (per hour) is predicted to be less than 20% of the

- replacement power cost (per hour) for a 1000 e plant. This

- -data includea;:apagzgeost4escimates.fot.thé.azownrsuFetty~ft:a

7 .&nd the stedm generator re-tubling outage at THMi-1. The data
- zepresent the upper ilmits of plant repalr costs for routine
outages, since many events reeulted inm repalr coste lower than
the deductible limita.j The data indicate that typical plant
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Figure 3.9
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T repair ‘coste-are in’ the range of ~$1000 per. hcar ot outage‘
-duration :

S Based on tbe analysea of zepair costa for LWR plant outagee. »
it is likely that plant repair costs would be small compared. toi‘*'
:'replacement power: costs lncurred after & toutine forced outage -
.-event.. Rs.a.lower bound. plant damage zepair coats are assumed -

to-be" negllg1ble compared to.-replacement power costs for. zoutinaftl—uuilf

forced outage events. A best estimate of plant repalr costs of
$1000 per hour of outage duraticn is used in the analysis of

- -.8mall consequence -event costs. - Finally. as an upper bound plant

" repair coste for. routine: LWR- outages are estimated tc be. 208 of

':eplacement powet costs.

: 3 6.2 REPAIR COSTS ?OR CATEGORY !I EVENTS

- Estimates of the tepair ‘and the sum of repair and decontam-- o
, ination copts for the accident at TMI-2 are shown in Figure 3.9.- -
The estimates for repair costs per hour are higher than those- R

for routine forced outage events.  The repair costs represent

"'about ‘20% of the total -decontamination and repair costs. Also,. e

. the estimates of the total recovery ccats for THI-2 are compat—;-~f"~

- able to the estimates of -replacement power costs for the acci- ~— .+~ -
. -dent. Thus, for events which result in significant plant - '
.contamination, ‘it is likely that repair and ‘decontamination
costs will be significant in“:elation t0 replacement ‘power -
.coste. - However, “in_ the case of the accident at TMI-2, repai: o

_.cCostsg alone would only tepresent about 10% of the total esti- T
’ mated accident cost (includinq replacement power cos 8). RS

. The accident at TMI 2 is used to estimate the cost of plant
:epait for medium. consaquence (cateqory 11) events after’ plant
decontamination has been carried out. The estxmates 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 setimated to
cost between $190 and $260 million 1982 dollars, depending on
the costs included in reconstruction. These astimates are
- preliminary, and the final costs will not be known until the
__plant has been decontaminatad and tepair is unée:taken.

R minimum repair ‘cost ig estimated tor cateqory 11 evente
assuming that only the core must de replaced {(~80 million 1982
“dollars) and refueling and etartup teste must de conducted

{~22 million 1982 dollare). This regults in a lower bound
repai: cost ‘estiante of :$100°million 1982 dollare for these ~ 5.
events.. As :an uppsiobound on reépair coet estimates for. category
I1 events, it is assumed that the core must be feplaced (~80 ..
million 1982 dollars) -and plart reconstruction and associated
site support, -operations, &nd tfofueling services would require
.3 times the effort currently projected for TMI-2 (~520 milllion

Ct3e2r




- accident would ‘be’ the repracement of the reactor vessel after

-~ current LWR designs do hot—include plans for reactor vessel’

. potential severity of plant ‘damage after core-melt accidents - . . "~ .. .}

-events are treated _as though repair is not performed and eatlyf'
- -decommissioning-4e- ‘begun- immediatelyuafter -plant- cleanup —-This

; 7 EARLY DBCOMHISSIONING COSTS FOR CATEGORY II AND III‘:‘

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

of all decomnissioning costs at the time of plant stiutdown.

uwaolla{s)hv This leads to an upper bound egtxmate of ~600 ,
willion 1982 dollars. for plant repair costs. R best- estimate»

| 3'6 3" mf:mm ‘cos TS FOR CATE“CORY 11T BVENTS T

tamination..an ‘alternative to plant repalr and restoration to

-of-~275 million 1982 dollars as projected for the repair of.
. THI-2 after cleanup 18 used in the analysis [GPBI]

_ Repair costs aftet ‘severe LWR accidents involving core- melt
-and reactor vessel breach would be substantiaily higher than
-those for an event like the THI-2 accident ip the event that .
plant repair -is-chosen over immediate- decommissioning. A large
contributg: to the difference in repair costs for a core- melt

such an event. Also, very signiticant containment system damage
‘might exist £§er coré-melt accidents. The repair and requali-
fication of the piénixifbfzoected to be very nostly. because'

replacement. Because of the large decontamination costs and che

with reactor vessel breach, it is likely that immediate decom- -
-miseioning will be the most cost-effective action:. Even if : K N
. fepalir-ie. undertaken ‘and the plant is.returned to.operationm, it ... .. .
.is estimated that costs will be close to those for immediate .+ - . .

decommissioninqA ‘Thus; .all large consequence. (Categozy TIT)
ahould lead to small et:ors in cost astimation for these events

‘EVENTS = - _ R |
Artet accidents ----- at Lwn tacilities resulting 1n plant con-ﬁ‘

pre-accident condition is immediate decommiesioning. "This A
reeults not only in the need to replace the power which uouldn R
‘have been ¢cnerated over the remaining plant life, but also ~ .. .~ "
"{ncuriing costs .for decomnissioning earlier than anticipated.’ C :
Because of present value discounting, incurring decommissioning

‘co8ts sooner results in real costs. It is assumed that the L
decommissioning cost incurred after plant decontamination would
be-.roughly the same as that which is anticipated at the normal

- post-accident cleanup and decommissionlng ‘[Mud2a, Mus2b).

“#uch study hes been done on the costs of decommieaioning
‘L¥WRs. Most studies examine :elternatives of :mothdalling. ﬂis-
mantling. or entcmbinq reactota and egtimate costs for each .
“alternative. . Table 3.4 .showse & comparison .of ﬂeca@miseioning
COBYL . @stiﬁatee of different otganizations over a rauge of _
studiee. The coste represent rthe total undiscounted gummation -
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’(Sm?B Hu?ﬁ] All ~ost natxmatea have been upddted to. 1981
N Tdoliats using szmple price indexes [PP83] - An.undiscounted.
~decomm1651on1ng cost esrlmatﬂ cf $160 mlllzon 1282 dc‘lars is
. used in this: study, based on. 1mmedlare d1amant1°ment of the
,“,;zeactor plant._

The real cost incurred due to- acceletated de“ommlsslonlng

“of a reactor facility is dependent upon the time during the. lifetl_‘:_

of the reactor at which decommissioning occurs. The real cost

. _.due to accelerated decommissioning is calculated using:

'Dg = real cost incurred due to acceleration 3
decommissioning activities.

.fé 'p cost of decommissxoning at eni of plant 1ife {~ $100
¥ ,um11110n 1982 dollars).__< e

| £ s~rea1 discount rate.

1 = plant service 11fe (40 years),

e

1Qtd,4-time at which decomm1ssioning starts.-measured from BT L
E - the start of plant commercial operatlon ‘

by =S 1iome TUITRIE gy

e T N Y R

For severe --actor accidenta involv1ng plant contamination._aﬁf'“*'"”‘"““

long time period may be necessary for plant cleanup before

-decommissioning activities begin Thig is accounted forvin thg N sj-”

“cost ‘analyses. -

Sensitivxty studles vere performed to determine the
importance of early decommissioning costs to total costs for
" medium and large conseqguence accidents. For accidents which.
. occur very early during plant life, the cost 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

 A“to total costs for medium and large consequence events.

3.8 BJORKER HBALTH EFFECT AND MEDICAL CARE COSTS

L Any event at an LHR facilxty ‘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
_included in_ saction 4.4.6 on offsite health eftectm and_medical . .

- cate -cogte. - - -
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3 8 1 HEALTH uOSTS FO& LATEGORY EVENTS

. . Plant workez health efﬁec*s :esulting from routine LWR
_forced outage events are extremely rare. ‘These ‘health effects
~‘are ‘incurred as part of the risk of operating an LWR facility:
“and are nct 1nc1uded in the cost estimates for routine forced-
ocutage svents. Because of the low probability-of workez health
- effects, and the small- ‘COELS of guch effects, other costa. asso—"
:¢lated with routine forced- oucage events will dominate expected
worker. health effect costs. . . . .

'V*H;3 8.2 HEALTH cosrs FOR CATEGORY II*EVENTSJTl

, Acc1dents involving szgnlflcant 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 L
failures occur may also sustaln injurles 1nduced by causes other I
than radiation. L o _ o

L 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 do not .result in reactor vessel failuce or laztge. e
: releases of radioactive material to the environment around the o o
—ieplante it is likely. that_any. resulting. injuries. in the plant .. . . 0o
.. area will be -highly localized. Therefore. the acc1dents are. not T
- expected to be significantly different from normal plant opera- - -
tion for the poseibility .of worker injuries, and no sign1ficant
worker: health effect ‘Costs are assumed to res it from acclidents -
.in this category. This {s consistent with the historical
u,;.experience of TMI-2. ~Even 1f some of the plant work crew were  :
. injured during an accident of this -type, cost estimates for this .
W . impact would be small compa:ed 'to .other accldent costs (if tea—vw
i~ sonable dollar values are used for health effect. costs).

3.8.3 HEALTH COSTS FOR CATEGORY III EVENTS

The most serious core-melt accidents at LWR facilitles may
. result in significant i~juries or fatalities among workers at
~ the facility. PFailure of the reactor vessel and possible
" releage of radioactive material to the environment could lead o
to contamination of equipment and exposu:e of wozkers in many S
areas ot the plant. S e o . T

S An upper bound enttm&te of the costs of uorker health
- -effects after a -categ-ry ‘11l accident -has been evaluated and
included in the financial risk estimates of Strip (5t82)].
. Estimated dollar values for worker injuries (8$100,000/injury)

e

7 ;f_:;15,3l l  . o :4 ::'-‘.5 , | ,?': M;;?



" and fata11t1es ($1 000, OOO’fatalxtY) were used in the analysiéQ

A typical ‘work shift for a ‘single plant includes approximately

40 workers, aad it was conservatively assumed that a cotre-melt .
accident would result in 10 early fatalities and 230 earty . o
'injurles.v Thie results in an upper estinate of worker health DR

- effecte cost of ~13 million dollars. Thie co8Y is small ~
'_ compaxed:tn,qtner costﬁgam;onents ﬁﬂr cora—me}t.acggggnys“;“

" For routine outage eVéhts or severe accidents which db'hbt'-»

- 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 %o 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 ELEﬂTRxc UTILITY “BUSINESSmCOSTS" Ahﬁ"sﬁéﬁéiﬁfP¢Q§R°"”

gkaccidents are d1scussed 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 costa" 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 glowed growth of the nuclear electricity generating

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

3.9.1 ELECTRIC UTILITY "BUSINESS COSTS"

) ~ *Business cosgte® have been addressed in studies which esti-

- mate the costs of closing currently operating nvclear generating:
facilities {8t81b). . These coste might result €rom altered risk
perceptions {in financial 'markets combined with the n~ed for the

"1'plant“licensee'tO‘:eplace“the income once generated by the
. operating plant. These costs mainly wouid affect the licensee

of a damaged plant., but could 2i8c 2f£7lect the electric utiiity
.industry in general through the financial markets. ‘
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are used. For core-melt acc1dents with reactor vessel failure,



. "Buéineeé'éoets'6t£q1nate in the”ihcrmaéed'cost‘of'c3p1ta1
‘to an electric utility caused by increased borrowing costs in
financial markets or limitations on access c¢o financial markets.
Increased borrow1nq costs result from altered perceptlons of
"rlsk in investment in-‘a specific utility which ‘results in- a-

-higher demanded return Ok capitals " Limitations on access'towf':w-?

“financial matkets ¢an result-from the plant licensee's loes of . -

““income whic¢h results in 1nsuzf1c1ent coverage-on-existing - %;id

‘financial ‘se€curity’ commitmantss Thls cccurred-after-the- TMI -2
.accident,. as Metropolitan Edison's intecrest coverage ratio fell
[ ‘below 2.0; which proh1b1ted ‘the 1ssuance of new bonds. Capltal
borrowlng ‘costs: .and/or market .access. limitations can have :

“gerious impacts on construction prograns, flnancing options,.- and .

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

In dxqcusslnq business costs it is 1mportant to distinguish
between increased capital borrowlng costs due to- 1mproved

- information provided by an accident, and possible increases in

E borrowing costg -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 society through financial markets:

- which. eff1c1ent1y -value._.the. benefits of nuclear _power util: ties;mH,Wh,W;_

—-as-an_investment.. _An accident which results in an incorrect
_ percept1on of nuclear power risks can result in increased. elec-u
igxrlc Aatility capital. borrowing.costs _which are -true societal

costs. - To the extent that-ifncreased risk. perceptlons are not

supported by new accident information, business costs do result”f"”'""

-in a net societal 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 necessxty,ielectricﬁéaoi*
'_uity. in future years. : _ . A

_ P'°vious estimates of the business costs which may be
incurred due to ‘the loss or shutdown of a nuclear generating.
facility have been 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 dcllars, or ~15-30% of
the total estimated costs [St8lb]. The range of estimates
. shows the large uncertainties in these estimates.

S 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 represcnt net socie- . 7'
“tal-losses. Obviously,-the electric utility industry and 2

nuclear plant licensees should be very concerned with the
“potential business costs caused by an accident because they can
influence the stature of companies within financial markets.




- Becaure of the difficulties in estimaticn and the specific. .
‘n-%ure of bueiness costs after ¢ serious accident, these costs
- &8. 2 not explicitly estimated in this etudy .However,. particu- . .
larly in electric. Ltlllty financial risk analyses. these cocts =
¢an be important 1n estimating tha impacts of serious arc1dent::
"events (Ca¥egories II and T1II) and should be conoldered in some’
Wway in maklx; decisions. This area requ:ren nore. 1nvestlgatiop
“regarding’: "jalt1m¢te dlstL\bLtlon maglcitude,  and epecific .
‘"?charactez : R

s:whlch can ‘influence" nef gsocietal costs:

3 9 2\ NUCLEAR POWEE INDUSTR{ COSTQ

: Anotber potentlal impact of severs 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 cancellat1ons have occurred since the
' accident. . It has also .been argued that savere accidents with
offsite consequenceq ‘could result in societal overreaction and
a forced shutdown of-all or many operating: nuclear power reac-
’_ tors e€ffectively -eliminating. nuclear powet as an alternative
fot elecnticir, qenera’10n.~

a o ,everal stud1es have invest1gated the consequences of clos—':*_ L
w-~——<—~~:I.ng;-cc:mm:er:cial-—nucleau:—-ygwm.ter: -reactors—-in-the-U:S: [St8Lh;BUB2 - wmimimm it
- ?Table 3.5 shows the electrical generating capacitles ‘angd - actualﬁ»;*;a,f__j
‘1cads for ‘each NERC reglon in 1980 ‘and proiections ‘tor 1990 ° BT
" [{Bud2]). - Tae reserve margin with and without nuclear’ power_plant"‘ o
*voperation ig  gehown for each NERC rogion. The reserve marginfiS'
the total . installed capacity minus ‘the peak loa¢. for ‘each.’ IR _
region.~ A typ1cal ‘reserve -margin used for electric utility -~ = .~ .
- planning purposes is.in the range 15- 30% to allow for scheduled T
and unscheduled refueling and malntenance shutdowns foi each ‘
generating unit. The table chows that reserve margins wichout ‘ ;
‘nuclear power plants were under 15% in many regions in 1980. !
By 1990, almost all regions are predicted to have reserve mar-
gins witaout nuclear urits 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 with very large power produc-
tion cost 1ncreases. -

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

. .of total generation capacity). and “ 1990 four regious aie _
"o 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 nuclear
. units would result in the need to replace a large rraction of
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STable 3.5 = 104dds and ,menr\ratlnf} cap.rmtxeq ‘of NERC
regions xn 1980 and nroyectlons f>x 199" {BLB2).

TEETT T AEtGeY 18ds “dnd Genersting Capacities for Netfonel - ..
Electric Beliability Counci) Reglons in 1980

fRegfonsal
, ' Beserve
- s : Regionsl  lastelled Nuclear Margin
.. ... . _ Pesk _ Installed = Regerve - Buclesr ~ - T'of . . Withour .
NERC. " ' load - - Capecity - Margin  Capacity . ~Total” - Ruclear
Region -~ {GYe) (Gue) () (Gve) . T~ Capscity - (%)
BCAR 63:0 '88.2.. 40 4.5 s.1 33
- ERCOT . S ) U A Y - 34 0.0 0.0 34
CMAAC T L 34.5 0 45.0 - 30 1.1 15.8 B {4
MAIN L8309 41,7 - - 23 - 6.3 570 AU
MARCA-U.S.  19.4 25.6 B ¥4 3.? 28,5 13
BPCC-U.8. - 36.8 51.1 - - 3% 7.8 . 15.3 ie
SERT - 90.4° 115.9* - 28 “15.5 134 - 11
SPP © 45,0 50.6 12 1.7 3.4 9
HSCC-U. S, 72.9 102.3 T 40 2.6 -2.5 : -37
. WERC-U.S. - 427.6®  se2.9 3P - 7 4.2 8.7 20®
. ijected undl cnd cnpaclttn for Natiounl !lectric A
leuubillty Council chiona 1n 1990 - o
.
RBegional
- L = Reserve
. . hgionul In'su!hd © Hucleer Margin
o - Peek . Inﬂtnlled "Reserve . Nuclear X of ‘Without
-NERC : loed . Cepacity  HMargin Capncity " Total © ‘Nuclear
Reglon (Gue) ~  (GWe)- X) - (Gue) -Capacity (2)
ECAR 89.64® 119.2 3 14.1 11.8. 18
*RCOT 48,9 . 59.1 21 : 5.9 10.0 9
HAAC 41,8 .. 84,2 3o 14.5 . 26.8 -5
MAIN 45.) $6.1 19 16.2 29.9 -16
MARCA-U. 8. 27.8 32.5 17 3.7 11.4 4
WPCC-U.8. 43,2¢ 62.9 45 14.6 23,4 - - 1)
SERC - 22,7 0 . 158.1° .29 41.1 26.0 - -5
14 62.5 - 4.9 . 20 6.9 %2 e
uscc~v. 8. 104. 6 : 140.2 34 16.9 12.1 18
. MERC-U.S. 586.0° .. 7548 20% 133.9 17.7 s

‘\ﬂntot loada sad upunwo - gll mrm losds &nd copacities sro suummor.
bﬂueﬂ on mncolncmut mak ioadu. -
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" the electricity genefated ih the U.S. with hicher-cost power

from alternative sources. A forced. shutdows of all nuclear
units in 1990 is predicted %o result in the need to teplace

-1813x20“ EWhre with electricivy. qenerated from Ulhet souzees-

durlnq the txrst year of tne Qhutdowﬁ

- The: 1arge maqnitude of the cost'of r kmfxﬁq th*s power ﬂav

‘*be estimated Usitig tlie simplified power prmdufrxnn cost increace

model. Assuming an average &5% nuclear generating unit capacity’

‘factor, éand an average ncn-economy replacement power fraction )
‘of 0.5, the estimated cost of the first-year power product10n~~'>-

-cvstuincrease for closing all ‘nuclear units 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
_capac1ty and interconnections are available. to. teplace all of.

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

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

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

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

clese all. operdtlnq nuclear unlts afte: an event which occurs.
An 1990, s a0 il o .

,1nfo‘matxon concernlng the risks of nuclear power reactor. acci-

dents which should be 1ncorpo:ated rat1onally 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 S
'a serious nuclear reactor accident.  Other industries such as

~commercial a1r11nes. chemical- manufactur1ng, ‘and coal mlnlng
_have’ experienced devastating acc1dents and continue operatlons

with only minor safety modifications. ' Even the U. $. nuclear
industry has survived a serious accident without immediate and
complete shuidown. The loss of benefits to society from an
immediate, complete shutdown of any large industry after a
severe accident would be too larae 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 accidentse. These decisions may
hzve serious impacts on the U.S..and world nuclear power "indus-
txies. Therefore, from ‘the -nuclear power industry and electric

‘utility perspectives these decisions could result in significant.
~direct-costs. -However, -from the societal perspsctive 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 gsevere
reactor accidents have been investigated since the accident at
T™I-2. A study has. used the observed d[Oy in the performance
of PHEs in the. ‘westefn world to estimate a totazl cost of '

rept acement-power due-to-increased plant-cutage time as & tesult*’f7;i”i"”5

of the TMI-2 acc‘dent [(Eve2). - The lower bound ezXimate of the:
total cost. due to 1nc:"ase4 FWF outage time Tesulting from tLhe
accident s €7Cu million dcilars. However{vthe study does not
estimate the potential benefits: of increased piant safety and
confxdence which have resulted from the increased forced outage
time. The increased forced . outage time after TMI-2 has: lacgely

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

light of xnformatxan gaxned from the acc1dent._ The:efore no
significant societal cost ies assumed to result from the'
increased plant outage time tesu1t1nq from regulatory concerns
atter sevete accidents. o v

.anally.,studles have boen performed to estimate the
Jecrease in the valuation of nuclear power in the period
following the TMI-2 accident [Zi822,2i82b,Ne82). Studies of
stock. pr‘ces of utilities owning nuclear powcr plants showed no
ajgnlfxcant dec:easevln_the valrvation of ‘the investment one year -
sfter the accident‘occurzed.- 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

increaged uncertainty {n the time required to obtain an operat—
ing ‘license for - ‘plants under construction. ‘Studies of nuclear
1tility bond prices showed some decrease in valuation occurred
1fter the accident at THI -2, but this may have been 2he to a -
jeneral trend in the valuation of the ‘electric utility industry
is ‘an . investment. The results of these studies indicate that

-he nuclear utility industry was beginning to glow before the
1ccident .at TMI-2. Much of the industry 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 elactric 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. Frow the’ :
ijocietal perspective, any direct logses to nuclear power indus-
.ries should be balanced by benefits considered in the societal -
lecision-making process. If societal overreaction does not
)ccur and decisions-are made on a rational basis, then gignifi-
‘ant societal costs should not ‘be incurred for .nuclear power and
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._,:-'3,5;0 - az«zsm-e LITIGATION COSTS

: -W—After*very aev&re acc1ﬂeuts &t nublear BUIIEIXQACLOES,
issues of liability and cowpensanxon for losges lncurred can be
settled through }iravazxon. The U.S. 1@@&“ syriem Las pre-

_ viously and would in. the future play & méjor role in assigoing
1iability for the risk associated uvith nuclear power geactor
accidents to individual parties. The t:renufer payments tesuit-
“ing from legal settlements.and the -legal fees asaociated with
‘the litiqation process are discussed in this section

_ The legal awards foxr danmages incurred aa a2 resgult ot -an L#R
accident are transfer paymenre which result in the distridbution.
- of net coste. The societal costs of LWR accidents are estimated
. directly within this study without regard for the ultimate dis-
tribution resulting from transfer payments. Most of the trans-
fer paywments resulting from the litlgation pro*ess do not result
“in a4ditional net societal costs. It is possible that compen-
--eation. could be awarded for costs which are noc Quantified
~directly jn-this study.  The dollar costs estimated in this
study could be augmented to reflect the additional costs of . |
‘accidents quantified through litigation awards, but the contri- : ;
'ibution to total societal accident costs is<1ikely -to . be small..AMMW4;”m;m5

T The legal—fees— for-the timewand -efforts- ot»those indlviduals_‘
-involved 4in the litigation process- ‘do- represent. gocietal costs -
since 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-;»~
'3nificant accident costs ‘from the societal perspective. S R

Host legal compensation aw&zaed aftez a teactor accxdent
‘represente transfersof net. eocietal costs which are estimated
in other sections of ‘this ‘study. : Cost estimates could be aug-
mented to account for effects 1ike spain 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 aummary of the models and estimates tc¢ be used in the
analysis of the economic risk from ans.t2 consequences of LWR
- events 18 presented in Table 3.6. Lowei-bound, upper-bound, and
- best-estimates are shown for those cost- components where aub-,
Jective judgments have been combined with historical data and
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i No Plant_ Conitaininasion){No Reartor Vereel Brensh) Witk Besetoy YVossel. awmj
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.+ consMerstion. :
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. _for ‘cleanup ie assumed. A

"available studies of" pdyential costs. Por scme accident cate-
gories spec1£ic cost companerts may be n@gligible or not quan—
tified in this study - -

“3.11.1- CATE"oavwr’?oééén OU?AGE”Evtn 76 (SMALL CONSEQU&NCE:)

The L&R events in categoty I inciude routlne tnrced outaqe.r
events ef up to a few years duration which do not result in
" slgnificant plant contamination. The outage duration for these
‘events is estimated from historical 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 range of values
~upon which the simple model is based. Estimates of repair costs.
- aftet routine forced ‘outages show that in some cases these costs
~--are negligibie. - A best-estimate for repair costs of ~$1000
“per hour of outage duration is used in the analyses. RAs an
~upper bound on repalr ¢osts, 20% of the replacement power costs
'-a:a 1nc1uded for the entite outage duration.- _

_ ‘The remaining onsite cost components are neqligible 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, : o
decommissioning coste, and electric utility and plant licensee |
_““business costs"” for these events. Marginal worker ‘health
effects and health care costs 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 liti-
';,qation costs ate not 1mportant for these ‘events. | T

'3.11.2 CATEGORY II EVENTS (MEDIUM-CONSEQOENCES)

- 'Category !l 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 :
radioactive material is released from the reactor core in these

"accidents. The forced outage duration is estimated for these-
everts in cases where plant repair is chosen rather than imme-
diate decommissioning. - Based on etudies of post-accident
-cleanup -and decontamination.ma Jover bound estimate of 4.

N C: v ee! P
*-Jcleanup time 18 ‘based on the projectsd THMI-2 ‘8econtamination

C program and. estimates ‘from post-accident cleanup studies. An -
upper bound estimate of 12 years is used for plant cleanup
following the worst category.ll accidents. Plant repair, it
"@lected, is predicted to reqguire much shorter time periods than
the cleanup operations. Lower, best, and upper bound estimates

. ”<%f40]



'_3p1ant capxtal costs, decontamlnatlon and cleanup.costs, and.

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

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

used. This results in totgl ocutage duration estimates of S, 10,
. and 15 years before the possible return to cperation after-a = -
category 11 event. The option of 1mned1ata decomwxasiouxng
Sllafter. cleanup~1s also 1nc1udeé A the ana}yses e T

The modele and eetzmates used or rﬂpia ement power costs.-aea'af

possible repair or decammxssionlnq costs [or category Il events
are shown in Table 3.6. The only cost component which is
_assumed to be negligible for these events is worker health
effect and health care coets. Electric utility and plant:

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

power xndustry costs are small from the societal perspective,
but could be very xmportant to these spec1f1c groups after
severe accxdents . ,

.t3 11 3 CATEGORY III EVENTS (LARGE CONSEQUENCES)

Category III accxdents include full scale core-melt acci-
dents which breach the reactor vessel, and possibly result in a
significant release of radicactive 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 h1stor1¢al data exlst foz these events. and

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

° evehts, costs are estimated based on the ’ssumption that imme-
diate plant decommiss1oning would . be chosen over repair for .

these accidents. It is 90531b1e that the plant would. be

. repaired and returned to. operation,. but.costs are estimated to:

“be close to those for 1mmed1ate decomm1551oning after events in .
this acc1dent sever1ty category ‘

The onsite 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
agssumed 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 11 events.: At A8 assumed that - plant: .¢leanup would be - man—J
dated, and permanent .entombment of ‘the :contaminated plant at the
_site location would not be an acceptable .option (although .pos-.-
~'gibly technically feasible and less costly). 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 this severity category are
~explicitly excluded from quantification in this study but should
be considered in decision-making. Nuclear power industry and
oneite litigation costs are’ assumed to be small trom the »
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‘societal perspective but ‘could be important to particular
groups, particularly it societal ove:r@action occurs after
- severe accxdents.' ‘ : :

© 3. 11 Q EST'%ATION 0p L%E &CQ& &lC RZSK

The cost estimates developed in this eection are used in the
estimation of societal economic risk from the onsite conte- '
quences of LWR events. Models are developed in Chaptear 4 to
"estimate the magnitude of offsite costs of LWR accidents. -
-Chapters S -and 6 combine the onsite and offsite costs with fre-
‘quency estimates for LWR events to sstimate the economic risks .
from small medium, and large consequence eventa. Concluﬂionﬁ
concerning the contribution of specific cost compoenents to.
economic risks from accidents of various aevetities are ’
.discussed in thase chapters.

g e e
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C%Pma 4
onsx'rz ECONOMIC CONS‘?“QUENCES OF wm EVENTS

The offsite economic C@DQQQuencés of sevare LWR acclidents
‘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 consequence models developed for eventual
incorpozation into the MELCOR serles of risk assessment codes

‘are descrided. " 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.,assunptions ugsed to

- develop 3 prototype offsite economic consequence’ wodel £or usevt-

in the calculations ‘in this study sre outlined. L

6 1l LWR ACCIDBNT OPFSITB COSTS DISCUSSED

. The LWR accident offsite population protective measure costs
-~discussed 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 aocidents-involving::eleaseeﬂof-tadio-{

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

4.1.1 DBFINITION OP TER&S USED IN DISCUSSION

Untortunatoly. 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. used“are_a”_f5l

in close ‘agreement’ with those used in the RSS (Nu?Sb]
The term “evacuation“ is used to refer to the inmediate
movement of individuals out of an area at the time of an acci-
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_dent.. Evacuation. may be 1mplemented before any release of - -

radloactlve material occurs as a precauvtionary measure based on

in-=-plant conditions which could woregen. This is distingquished

from “tempo:ary zelocatlon"_whlch is the movement of .a popula-- : o

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

posal of mwilk or crops which are. contanxnated with [adloactlve

‘material. unt11 pzo:ected individual and populatior. doses from

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

" projected doses from important expoeute ‘pathways are used - in

':population protect1ve ‘measure. 1mp1ementatxon.

a-le;organs and nealth effecte o’ concern. for - each radionuclide.

process of cleanup and restoration of land and property in an

" area through measures which reduce dose rates by removing

surface-deposited radiocactive material. - "Land interdiction® _ e

“refers to - the prohibition of inhabitatiofi or use of areas for a 7

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

long-term exposure reduction measure. “Permanent relocation

;coets"etefet to lost incone, product1v1ty. and moving costs ,
incurred in -the rran81tion perlod of populat1on telocatlon from-.

~interdicted 1and areas. : e S

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

- - Detailed studles on the meortance of radiation exposure

. pathways for LWR accidents were performed as part of the RSS . T
“[NuU75b]. The studies included con51deration of both acute and |
“chronic-exposure- pathways -‘following severe LWR accidents: The“

both the CRACZ2 and new economic models to determ1ne the need for"

R The acute exposure pathways 1nc1ude groundshine, cloudsh1ne.
_*and inhalatxon of” radlonuclldes which may’ ‘be deposxted 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 release of radioactive material to the.
environment.  The population protective measures which are:
effective in redu01ng acdte exposures include evacuation and
sheltering followed by short- term relocatlon

The chronic exposure pathways of concern after serious LWR
-accidents include the milk ingestion, food ingestion, and the
roundshine exposure pathways. Studies performed in the RSS

concluded that these are the most importanmt 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

ways for the maximum exposed_individual to determine the need :
for population protective measure implementation in each area o
-affected by a release of radioactive material. The RSS con- : : i




SN e e

cluded that milk ingestion dose criteria are the most limiting -

~-for LWR- accidents. The-criteria for individual doses from crop -

ingestion are the next mcst 1imiting, and the criterion for the
’-grbundshine'exposure pathway is the least limiting of these
‘three pathways 1n terms oi areas that dould be affected

A 51mpllf1ed dlagram of the CRAC2 populatlon protectlve - -
' measure model is ehown,;n‘ igure 4.1. allk dlsposal is 1mple—'

7 mented in- thé- 1atgest area foilowing most accidents. with crop . =

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

est area Wheze ‘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 exposuro pathways after
LWR accidents vh1ch 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 determxnlng the ueed for populatlon ptotective ;-1
'i“measures 1n ~an area. - : R

3 "MODELING" “OF~ STAGED“OFFSITE PROTECTIVE MEASURE . “f;'wféf%fff“M“M”W“

IMPLEHENTATION

) The new economic models are based on’ staged 1mplementat10nJi
-of offsite population protective measures in post -accident

'.51tuations.1 ‘A time chart of protect1ve measure 1mp1ementationf~3'

';ﬁaftet the. start of A severe, LWR acc1dent sequence. is shown in
-Fiqure 4. 2.

Individuals liv1nq in areas near the reactor plant may begln-”ﬁ

evacuation after the start of an accident sequence but prior to
any releage of radiocactive material to the environment. If a
release of radiocactive material to the environment takes place,
radiation monitczing teams will begin the task of collecting
dose rate information at offsite locations from surface-deposited
radionuclides. This action is likely to occur within hours of
© any significant relezce of radicactive 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 doses from exposure to surface-deposited materials.

- The model assumes that-monitoring of milk-and-crops begins

immediately after any release of radiocactive ».-terial to
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o Pigure 4.1 - Example of prctective action implemen*atxon areas P
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Figure 4.2 - Staged ptotgqtiye-action implements“icn model Qéédzﬁ
- for estimating offsite costs. - EEREEE
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S The ‘modeling of staged protective mea
‘used to provide realistic estimates of the costs -of post- -

determine the need for agricultural product disposal.

As improved information becomes availabla concerning areas
aifected by a release of radioactive material, indiviéuals ini-
tially evacuated snould be.allowed to retwn to areas not . -

“Cimpactedy T This™is accounted for in ths cost estimates in the
- new.models. After improved information. becomes -available—-con-——- - -: -
fcgrn;ng,dpSg:{q;gg,ineaffecned 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 Jduring this period is compared to a
ciiterion for continued relocation from impacted areas.

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

"-estimated*in”thSé“éfééémﬁheteidecontahinaticn efforts can
reduce dose-rates to acceptable levels. The cast of population
- relocation as necessacy during the decontamination process is

- accounted for. . - o i SR

accident population protective measures. The proijection of

doses over multiple time periods accounts for the'durations of

~~vp:otectiye»meagu;es'whicnfmayﬁbe“nécessary'ﬁor short- and. - -
H;long—livedf;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 developed'for estimating the costs o2
offsite protective actions and radiation-irnduced health effects

~after severe LWR accidents. The models will be incorporated

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

tion, land interdiction, permznent population relocation, and

=—-“health-impacts which may be incurred after an accident are

included in the models. The modele developed for estimating

sure implementation  is -

':dgﬁfgfEWTHéMC°Bt“6£“9°§ﬁiati°nlﬁvacpﬂt1°n~_FGQPPIaIY.Ielocation;uiniwf;tT
'g'agrtcuIttralﬁpfbductTdisposa1.Hlanﬂ.and,ptopetty decontamina- - -



-'V"mented and lasts for very short time perlods i The costs of
- possible-relocation following the" ‘gsheltering period are 'included -
w_in the discussion of “"emergjency phase"_:elocation COSY®. ..

.. each. of these cost. components are. descr1bad in thig section.

The symbole uged in the discussion of the new fsite cost

. models -are deflned in Table 4 1.

4.4 POPULATION EVACUATIJN COSTS ﬁL,,i” ..ﬁ;;_,_, . _#,“w N

. Twc 1mportant protective msasurﬂs whlvh may be implemented ,*,_f

dutlng a serious reactor accident are:evacuation or. shelte:lng

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

-costg--of sheltering- {ndtviduals in ‘preparation for and dur1ng
the passage of a cloud of radiocactive material are assumed to- _
be negl1qib1e*‘ Sheltering i ‘homes or in places of work is aiﬁf~Tw'”"'”

The costs. of immediate evacuation are estimated in the new

~,':model us1ng

where

"The evacuation coets per pereon (E) include ‘the costs oE I "
housing, food, and ttansportation using comsexcial :or mags- catq

the .process. Thege ‘costs were estimated using & 1974 study of
~evacuation ziska [Ha?@}

‘vtransooctationgﬂand milita:y pay indexes ‘for- avacuation super~v

cev‘n»pev o uev . [E+(IoR)] -;-~;1-=» ; ’: (4 1)

[P YU S, PR B T

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

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

”:?du:ationzof'evacuatuon. measured in the numbez of e
~_..days for individuals to return o unaffected areas - ;U
“‘;(days)-,;,.:'-w i : S

1t
i

'“3§5coat ‘of food 1odgzng. and transpo:tation for each ‘
evacuee (ﬁlsvacuee day). o , o $,

L R L

i“} =?natlonal average pet—capita personal and cozporate
income. (slperson day), - 1 o o vvnfmq

R = tatio of tegion apecific to national avetage peraonal ) “3;,_l
‘ 1ncomea. . gy e

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

v-The ‘costs ‘fron this report. ‘have been
updated to 1982-dollars 4n:Table 4.2 ueing houvsing, €ood, + - -




e s e e e e s e ) . Tﬁble 8.1 - e weE e e
Symbols Used 1 Offsite Model Discussion
o Svmboll Unxts ' T _ 7"_v Defznition

‘i Axea axfected by protectzve e\ct:iox'u-r"j LT

.QOht of crop dispnsal

m;'cogt of dnconfamination progrmn'ﬁ_'1

”f'c;ifff [ 0 ;?,;éoftibnjwf<deqbntgmingtioq program costs for
L : : SYabor. . . .. o L : S

Tcqe L $ 3 o "'bosf of population relocation during R ’
e e e ..decontamination.. e e+ et e o e e e
L;i EETEEE T FEE D COBt ‘of population relecation a.:ing -
- ' ‘ SR '"emergency phase’ L
ti_Cév';lﬂtivtlrlJ‘ o CQst cf population evacuation ,..

“;;Qi;}a;ff~Cost of population health ‘effects “of " typé =

COst of land interdiction

"nggnof 9opulation relocation dutins
,,‘“ ntermediate phase" : .

fCoet of nilk product d1sposa1

Uhole—body gtoundshine dose to ?' |
econtamination workers :

OF [$/acrel nggtvpfjfarm:a:ea,decontaminatlbifbﬁ faciof:tj f

f i;“'

LQEY o (mnn—yeara] : '??Han—ﬁedrn ;f labdr Eequired in
- . decontamination program

- DRg ts;perséai ost‘of tesidential busineas, gnd publ&e
X i--r‘ gproperty decontamination by factor £

DT "tro@ll,fﬂ5?:“»“.,,: ndividual dose from constant exposuré

I ' I during the decoutaminatlon perlod

PR
Ly

nr NN

Jnf farm¢eales from duiry producta

'.oat of foad 1odg£ng. and tranaportation for ];
’eloeated indlvlduals S o



Tahle 4.1 (cont.)

Symbol Units - . pafinition

PR :wmfdiﬁénsﬁoniQGEIi1”??faé€?bh:of area. ufed for farmland

tdiménsidnlesajmu ,Brnction cf fnrm valuc in improvementsri,”;— N

-;ffi;, f'@oiﬁcnifoniessl ‘fffcciion:of non- farm vuluc in 1mprovements't:i‘fiivf?o-“;"rﬁ7i
L FLg .. ldimensionlessi - FractiOﬂ}°f farm ﬁ?ccntam}nat;qn,cost for L
S D : labor R R oS e
ﬂ?P‘"f'" sk&éréj”” T “”Aﬁnuax farm'broauéf'gaiés"“”- SRR

L THey -(3/hea1th effectl _Cost of health effect j

I A‘A[3/peraon74ay} National avorage personal and corporate
T ... income per—capita ~ : e

L “;t[o,df‘ﬁbékéfsj'”‘é Decontamination workers required for ,
S _ R _ e program U T ~._ S

rfmﬁh.m;;ﬁlﬂ of - health ;;;41 Numbcr of population ‘health effecta from
: j'_i.‘effGCtsl : diation exposure ;,f:‘_ e e

:.epreciation tate for improvements in.zfj"'

ST ST /yearl )
,,4.‘,,.‘ . .jwr;, P ._....:.A _‘ Jrinterdic ted areas ., - :_ _,_.:‘ -, e e

‘“fﬂioéag7lfﬁ(i"of peraons! T Populatlnn[ln area to be docontaminated

Pap % of | persons] KﬁfPopulat : located during decontamlnction if;rc

sPopolation‘relocated durxns tre "emorgency

Pop {# of persona] lat
o phase* - -

- Pgy - 1# ofgoaroonijg opulation initial.y evacusted
Pin 1@ of_oorsono) ﬁﬂuaaopulntfon in srea to be intcrdicted

' ?ip:: ”(# of‘poréonoff‘f:“Poﬁuiatlonorelocatedvdurins “lnterﬁediate
S PR phase” - e

ocietcl discount rate

‘Ration of resion speciflc ‘to natlonal cverage :_AN

-Q?;hvéf'{dinonslonloaél~ﬁ
v L B T per-capita personel income

c'RLf f‘fIdimonaionloenI"‘ Fraction of non-ferm aree deconteminmtion -
R costs for labor o

e




_ i Table 4.1 (cont.)
Symbol Units o - Definitiom

“Ratio of region- specific to nationnl everage ;Al;'f""”
‘ farm values o

abon fnctor if”}ff“;';ff"’gf_;;“
A.@d - [yeara] ;‘:" »A‘ Durat:on of deCOﬁtamxnation progrmm

tlep [dnye] 7;i5“ -=fStart of "emersency phaae" relo»ation period

t2€p>‘ (daysl - TA;Bnd of “eﬁé}genry phasa" relocation perlod ) )
. tey ~ ldeys) " o o ‘Duratics 'of evacustion for areas ~notfimpaﬂt‘ed)' _
t?év . -[days}... End of -evacuation period for areas not .-
_ lyears) . _ ouration of land area. interdiction N T

;{dayﬁl“;. start of "intetmediate phase" -

[dgya]wm

o b [yearsl

‘nd of “intermediate phase"

Decontamination,uorker dose reduction factor ;Q:H
Tfor farm ateas B

.xgyff-‘ [dimensionless)

VB _(G(pétqpu); Naﬁ!ona! mve:asa non-farm tangib;e weelth
o Lt per—capltn




R Food'”“'”‘

Iable 4, ?

'Qqsts'nf Evacustion Per Bvacuce-Day (1982 §) (Ha74)

'CSﬁmétéigliCafngééilfiiébQL:
‘Houging - - 1¢fe‘t.
Transportation (Private)

Hass Care Faciiﬁties'fww

Housing
Food

e Transportatlon (Hase)

%

Bvucnat!on ?ersonnel (~2% of . total - of evacuees)

"fu-”pensation
" #ood, Housing, and
; ‘transpor.tat_ion

”totni*uéiéﬁtéd,Costf;.

(Based on 80% commercial ‘care, ...
20% mnss care fncilitioa) »gr.ﬁ

3 16. 90
s g, 3e'..,

_2.40°
$ 24, 60/evacuee day

$ 6.9

3.70.

1.30°
8;11;90’evacuee—day

Sss OOIday

Same as evacuees

w $23 70/evacuee-day




Q_ience ‘with evacuation'coste from the.TMI- 2.;accident.in.: 1979, -

),torevaluate the distance..cest. ‘and total .duration..of population

“vigion pérsoniiel [Pr83,S& 3]. "Thé co8tE are wefgﬁtea'éseumihg”'ff""““'

80% of evacuated individu. s use commercial care facilities

(motels, restaurants, and , “ivate caré}. and 20% use mass care
facilities [Nu75bj. Using hera assumptions the average food,

. housing, and t:ansporta'xoﬂ ..t per evacuse-day is approxi- :
mately $24. "7? ;_N_”n..‘ o '"1'_(?? S J:ﬂff‘iﬁ"i;t:filtfﬁ?”‘;

- The lost wages of evacuees and the corporate income’ 1osses?-*“ﬂ
due to ‘tha- evacuat;on of "an ‘area. may be included in. evacuatjon - 7
“eosts. .This cost compelient -is. modeled by .accounting -for lost:
personal income .(not 1nc1ud1ng dnterest, dividends,-and - tran- - -
.sfer-payments) and corporate income and profits. during an eva--.
‘cuation period.. ALl income loss estimates are.weighted by .

o FOGLOR- specxfxc factors - which are-defined for each g¢grid- element

to account for variatione in population incomes.. The.national .
average personal income (minus dividends, interest, and ttansfer
‘payments) plus corporate profits and interest is estimated to

. be - $26 per person-day (i582 dollars) [Px83 SABJ]

. For vetygshort evacuation‘periods (~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 peziede the coste of lost income and pro-- T
ylductiv1ty may be excluded from evacuation cost estimates.v B

The new evacuation coe stimates cen be compared to exper—

‘Many individuals living near ;the plant evacuated at.some time .
.during.the accident prog:ession .and studies.have. been ~performed -

“‘movement ., It is estimated that: ~15,000 persons evacuated
dutlng the TMI-2 event, -each’ ttavelling an average distance of
-+100- miles, ‘and - etdying away from home- approximately 5 -days -

- [F180). ‘The costs incurred due to population evacuation wete .
covered by offsite liability ineurance.. Approximately -
'$1.2-2.0x10% dollare was paid in claims to evacuees. Based

on 15,000 evacuees and .a five’day stay. this corresponds to an
average cost of $16-826 per evacuee-day. This is .in good
ragreement with the values derived for use in the new cost model.
The study of TMI-2 evacuation costs zepo:ted 10 sxgnificant loes
of irsome from the movement [FlBO] ' :

4 4.2 EMERGENCY PHASE BELOCATION

It may. be necessary tOetelocete 1ndividuals away ftom areae
. in which radionuclides: have deposited after.a eevere LWR acci-n
.dent... These. individuals JHay have been evacuated beto:e ‘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 mlght b required. As
improved information is gathered concerning the dose rates from
- deposited radioactive material, individuais may be permitted to
reenter those areas in which p:ojected doses do not exceed
_unacceptable levels. , . . )

The new economlc coneequewce model allows spec1ficat1on of
.the time period: for integrailion of emergency phase. groundshlne
doses.ﬁthe criterion to which projected--individual -doses are.
'jcompared and the time period for temporary populatlon reloc.aw

tion in areas where the specxfled c:1ter10n is exceeded. The
'protectlve ‘actioncriterion for the "emergency phase" period is
. defined based on projections of individual doses from surface-
dep051ted materials. . .
) The costs of temporary population relocation durinq the
emergency_phase period are estimated includxng food hous;ng,
transportation;‘and income losses"' :

~Cep = Pep ."E;(;‘R))49‘Ttééb;m3Xﬁt;qutaev)3 R L L
~“whete :
Cep e cost of eme:gency phase populatxon :elocat1on f:om'"f

taev = end of evacuation petiod for areaa whete -
evacuation occu:ted (days). or 0.0 if evacuation ﬂid

and the othet parameters’ara deiined in Table 4 1. The compar-
igon between the énd 6f the évacuation period and the start of
the emergency phase relccation avoids double-counting evacuation.
and tempora:y :elocation costs.~~For ve:y short emetgency phase .-

) time period beyond he emetgency phase ia modeled in which
"1t ie anticipated that bettezuinformation concetninq dose fielde




“'ﬁbuid"be”évafiabié, the decision procese for long-term protec-

tive actions would be started, and preparatione for long-term
actiong would be made. ILike the emergancy phase, an individual
dese projection is comp&xed to the c~riterion for temporary pop-
uvlation relocation-from an area. All-previously-relocated - — -

7 individuals in-areas mot eaceeding the intermediate phaser cri—.. SR
-taricn are aasumed to te&um@ normal act1v1tieg 1n this periga N

“The cost of - interm@diat@ phase relocation- from an-area- is

F”iﬁﬁestxmated in- a manner similar to. emergenci phaae-telocation rnmﬁ{;t%ww

costg - o - : . : e o
where o o '
- Cip = éostfof'idte:mediaté ﬁhaeé“zélbcétﬁon ffom'én aréa'(S); m‘§
‘Pijp = population to be relocated from the area (numbet of o
- persoue).,_”@~tA f e
xip = time of sta:t of intetmediate phase telocation T
U (days),

,19 = time of end of intezmediate phase telocation (days).,

- discussed in the BRSS {Nu75b}. The disposal criteria for milk-
and crops useqd . in tnis etudy are identical with those nsed in
-tha RSS. : o .

,34 4.4 1 ?ooé‘~Ctop)

.;*land the other parameters areadetined in Table 4. 1., It is ~—“w¥ﬁufmm»wﬂ
- agssumed that the dintermediate phase relocation pe:iod does not -
v¢‘$ovetlap with theaametqency ‘phase- relodation period in ‘the- model
. (tyip2tsep). ;A8 in the emergency phase period, it is likely .

,;hat rslocat&d indiwiduals cannot continue normal p:oductivxty ,,f

.....

pé -
‘uperiod. The paramete: R can be defined for each spatial intet-:lf;l_(»_;

val to estimats tegion specitic :elocation costs.

6.4, e AGBICULTURAL!PRODUCT DXSPOSAL | &’

. = od

"R model vety eiailar to tnat employed in CRAC2 13 used to

‘estimate the coate of milk and crop disposal which may be

necessary after severe LWR accidents. .The method of projecting
maximum individual doses from ingestion of -crops and milk is

“:oduct Diaposal

. ﬂ Ditect deposition:othtadionuclides on crops ttom releases
-fwhich occur . durinq the gxawinq season can zeﬂult 1n the need to‘

- 4-12




dispose of the agricultural harvest which is affected. The cost
' of crop dxsposal 1n these cases . 1s esbjmated using : :

€ = FF s B FF o (1.0 - DY) S (s.9)

F 4’fraction of reg1on wh1ch 1s farmland

CBF e

farea where doses from incestlon of foods would be
."unacceptable (acres). A

iy

, FP ;“average annual farm producc1on (eales) in area
' ($/acre). C e e

DY = fraction of farm sales from da1ry products.

8 = geason. factor. = 1 0 in grow1ng season. s o 0 outside a
'“"f’?of growxng seaeon. :

BOE 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-
qzowing;season result in . no. crop: disposal costs, 'he parameters
“FF;FP, "and DY are’ a £ ‘ Cthe conse=
quence calculations.” Daizy products are’ consideted separately
in the milk disposal Hoat calculatione.j,y' Lo i

4 4 4 2 Mxlk And Daity Product Disposal

1' Population dose levels from 1ngestion of milk could exceed -

| protective action ccriteria after a release of- ‘radionuclides .
- because dairy cows are extremely efficiant collectors of radio-
‘nuclides deposited on pazstureland. 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
[Nu7Sb}. o | . R A :

The cost of milk disposal when necessaty is estimated ueing e
d}the folxowzng equatxon'ﬁ- : _ . .

~ ~whore

. Cpm = e




ty = time .or radiocactivity levels in milk to reach
acceptable leveis for ingestion (years),

_.and all other parameters are defined in Table 4.1. The value . e
_.of _one. year"of dairy product_production. is assumed to--be lost. ... ... ..
. in-all areas requiring the long-térm. protective "éctions of "T} —f'*'*' o
.decontamination or 1and interdiction. . For areas requiring only

.food pathway protective .actions, the duration- of‘milk'interdiC—na}
'mtion is normally: less than %0 days (.25 years). _The parameters

AM:,FF. FP, and DY can ‘be defined for . each sparial qr1d element.

lodine levels in milk and preclected thyroid doses are normally
" limiting consgiderations. for milk-interdiction. Because cows are.

. __ assumed _to.be fed with stored feed. outside of the growing.

"geason, accidents occurring during this period result in no ”f;,_pj'” '
'm11k disposal costs. 4 ‘

"4.4.5 LONG—TERM PROTECTIVE ACTIONS

After assessments of dose rates in various. areas have been
~~ completed, it would be necessary to make-decisions concerning
‘Jdcceptable doses over long" periods of time (~years) .and the
return of populations to contaminated areas. The dominant '
.. long-term chronic exposure pathway is likely to be ‘groundshine =
- from esurface-deposited radionuclides. - Two effective methods of
reducing long term population exposure via this pathway are

- projecting a long-term individual dose from éxposure to.
“surface-deposited materials and. comparing this dose to. a speci-

Tf:estimatinq costs of these two population protective measuree
‘;are discuseed'i this" section.:3' : S o f -

The needfforslong tetm protective actions is determined by>

fied c¢criterion for thevimplementation of . population protective
countermeasureés. - The time period for dose projection and the -
protective action criterion are flexible in the new economic .
model S oo . . ,

4.4.5.1 Decontami“ation ot Land And Property

, Decontamination is a-less ‘disruptive measure than long- term.
interdiction of .areas because after the cleanup process is com-.

fwrpleted normal ;activities can resume in the affected areas. == - .,
... . Decontamination .can restore much of the initial wealth and 5‘15;5327”* "‘y

\’,,economic activity -in .an area’ ‘without the need .for permanently

7}moving the pOpulation tornew locations.i_,;”__”,_,h

L Becently much attention has been given to the potentiai e
”Tefrectivenees end coete of decontamination tecnniquea atter Lwn %‘

A A




accident releases {Wa82,L183,0883). The experimental data which
exist concerning the effectiveness of_decontamination technigues

are dependent on radionuclides, particle tsizes, and the chemical
forms charactexlstlc of depozited materials. Tittle data ex1st

T Twhich are directly applicable to the small particle sizes
T {~001-10 um) and soluble mate‘1als which are- ant1c1pared in

_;eleases from most severe LWR accida2nts. The cost and effec- -

tiveness estimates for decontamination contain large uncertain-

- - ties, and:: teeults of  future experlnentarlon with decontamination - ...
“techniques ghould’ be" used to upd~ie models fo: decontamlnatlon.“ R

. The cost estimates used in this study for vazious levels of
decontamlnatlon effort in an area are taken from a detailed ’

" review of decontamination effectiveness . and ‘costs performed at

sandia National Laboratories (SNL) [Os84). ‘Cleanup cost -esti--
‘"mates were provided for farmland and residential, business, and
- public property based_on decontamination techniques which are
currently feasible.  The study also considered the large areas
which may require decontamination after the worst accidents in
“defining the var1ety of decontam1nat1on techniques which could

'(fbe employed

" level- @affort-are- “basud" ‘on plowing of grassland and cropland-

" The farmland decontamlnatlon cost and effect1veness values‘

”fﬁnation effectiveness ( n terms of ‘dose rate reduction factor)

. The study estimated decontamlnatxon costs in farm areas- R
‘based oa low and hi Vv level efferts. The cost estimstes tot low

" areas and reseeding of all grassland areas. Costs for high o
level ‘efforts ‘are based on deep plowingof g:asslands andg- - - -Jewa‘fnf
“gcrapingrand burial of contaminated cropland areas (deep ldw—’ T
~ing _could 4o damage ‘to. the quallty of cropland -surface soll). o

enployed in 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\:.q

‘specified. for each level of effort. ‘The estimated worker 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 costs for non- fa:m areas were estimated in
v.the SNL study on a per-capita basie. This approach was employed . o
in the ass economic congeguence nodel and is appropriate tor the
_‘new ‘ for the following teasons'v : S

le agse sain an area zequiring decontamination
ﬂbould be zoughly pzopoztional to tne population in the
area. ‘ .




- Dose Rate Reduc-

tion Factor After

. Decontamination -

ey

‘Decontamination

”Apﬁroximaie“
" Costs
(% acre). -

(oPg)

Table 4.3

Fraction of
Cost for
- Paid Labor_

7'(FLf)

Cost and Effectivengss Vélues for Farm Areas [0Os84) -

Worker Dose Reduction

Factor (Estimated wpgker

Dose/Dose. From. o
‘Continuous Exposure) .-

(WFg)

3

15

20

..-440

480

.30
.35

.35
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" multitude of possible methods to be used in the. decontamination = - 1fﬁf?}w

2. . The costs of decontamxnatlou should be roughly
- proportional to the tutal tanglble assets requ1r ng
Ci cleanup or: alspoeal in an area. .

“T3J“TDetailed analyse of decontam narzon costs based-on
land usage mapping and estimation of. decontaminat1on
- coste for - specifle area typec. is not justified for. risk
'“%fmodelsabecause areas requiring- deco.tamination are -
, large enough that average values provide ‘reasonable™
- cost estimates. The iarge uncertainties inherent in-
. 'estimates of reactor accident radionuclide release
,,prrocesses (source terms)., atmospnetic transport .and |
deposition, decontamination- effectiveness, and o
~decontaminaticn costs limit the ‘usefulness of" more
, detalled analyses. 3 .
The non farm ‘area decontamlnatzon costs and effectiveness values
‘used in the new economic model are shown in Table 4.4. The
decontamination cost estimates incocporate information oa a

¢ non-farm areas,. and have been weighted to account for resi-
~dential, commercial: and induetriar, and public use land ‘areas
based on national average etatietice ‘The méthods to be .
““employed for ‘each~level 'of effort-and- each type-of—-area include
combinations of decontaminatien techniquea._ ‘However, dose rate
reduction factors for decontamination techniques cannot

“an- area is. estimated by weighting farm and non-farm costs for<?*

" generally be multiplied to account’ for“combinations OF repeated
“applications ‘0of cleanup techniques. The egstimated’ factors for -
combinations of methods will generally be less than the product
of factore for each_individual decontamination method.u-ﬁf;~._

The total coatgof the neceeeary decontamination program in

the appropriate decontamination factor by the farw acreage ané -
population in an area*- _

g = (FP e A s DFg) s (P4 o DRE) a.,.s,,.

where ‘
- Cq ﬂ»COBt of decontaminatitn program in an area. (8).

AL .a~tota1 area- to- be decontaminated in interval (acrea)

. .DFg a:coat?of@decontamination of farmland by appropriate f”y
fon ,ﬁdecontamination'tactor £ ($/acre).‘v,., e

\

gPdiig;population living in area betore accident
T ,:occu:rence (DBIBODB ) . B




. Table u.4 . . ‘
“Decontamination Cost end Ef{ect_i,v_ege'ssf\'{aiues-'_f_cr ,Non%Fam‘A_;eesj (0s84])
o Dose. Rate Reduc-. "~ 'ﬁppré_&z’im@.té " Fractlon of " Worker Dose Reduction e
~tion Factor After . Costs : “Cost for- Factor (Estimated Worker
- Decontemination . : .(§/persom) . Paid Lebur .. Dose/Dose From - =~ . T
L T LUl L. 7] Continvous Exposure) T - .

CeeRg)

Ty




PRy = cost oI decontamination of residential, business,
and public property by appropzlate decontaminatlon
factor f£ ($/person}. ‘

‘;and rhe other parameters ar@ deflnﬁd 11 Table 4. 1. Decontamin§~7¥~>:i";i;.:

tion costs are not discounted because. it is assumed that the
program would be implemented 28 quickly ‘as possible after acci-

.. dent- occurrences -~Although weatherlng and decay -of radionuclides - il e
~.would provide incentiVeés to delay the decontiamination process, T T ¢
it is likely that migration and. fixation of radionuclides onto . . .

surfaces in an area with time would make decontamination more
difficult and_costly.__Also. ‘delay of deccntamination in an- area.

TMPIOIOngspthessocietal -and economic. disruption.caused. by -the.

‘process.  Therefore, the most effective approach. ig- to complete

’.decontam1nat1on of those areas which can be mestored to accept~ o
able 1evels as quickly as . possible. atxi.fm S .

--Z;zion program in each area i'

‘pa
-mated labor icostv€ractions.
effort in both farm and: ‘non- farm areas are presented in Tables
4.3 and 4.4. ‘These valuee are estimated based on average:
.decontamin&tion ‘1aboricosts of ~$10/man-hour .[0s84). . The

f The portion of “the" decontamination pzogram costs due to -
labor 18 estlmated uaing the follawing equation' :

“propetty decdntamination coat for the éppropriate
‘ "which is estimated to be paid 1abor.

) , x,‘,; /,. B

are Ad-efi‘ned in- 'rable"e 1. lrne entd
»or ‘#ach level ‘of decontamination

remainder Of - decontamination costs are s based -on necessaty 2t

“The total man yearsrof




where

DMY = tne total man years of effort required in area.‘

DW.. = the average cost of decontamlnation labot B
(slman -year), : :

R workets woutd be :equized ‘te ~complete the: decontamination

-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). S

- This cost is- eetlmated ‘based on costs for mxlitary and disaster
“ralief personnel. Thé total man-years of effort requited is S

.used to estimate the number 0f decontamination wotrkers required'“"-,».‘;i
to complete the decontamina?*on prog:am in a specified pzogram e et
duratlon'”“f S e N . o Do e mn T

(8.9)

~ where o :
;wwnd;= tnemnumbe: of. decontamination—workers zequirod to
- completeiprogtam in the estimated ptogzam duration 2

t& z)specifi d-:average -“time roquired to complete the
~deconta ination1e££ottm(yeats).;__ﬁ”,

and tno otner{parameters are’ definod dn Table 4‘1. For severe-ﬁ
‘accidents :involving ‘largeé ‘areas 'to -be ‘decontaminated, “many

program in & short time. .« :Costs and time perlods ‘estimated fo:nf
decontaminationjiosume tnat combinations of military pe:sonnel

tamination effozt are estimated ip the model by accounting for -
-the time wozkern*gill be in contaminated areae and possible




miere

DD = the total dose incurred by decontawination worke:s in
o an area due to exposure to surface-deposited
_'radlonuclides (Man RLm).J_‘
LT . = the dose which would be - incurred by an 1ndiv1dua1
. - frowm constant exposurs to surface- deposited
ﬁ-~Wﬁ~raqionuclides for the enti:e decontamination period
'“”““YWem). R , ‘

= ratis of. decontaminatlon worket éose for

"~ appropriate level of effort in. farm areas to
" inaividual dosé from constant expoaure durxng
- decontamination period. -

'fﬁki-é':atio of decontamination wotker dose £OF
T app:opziate 1evel of effort in- residential. business.

exposu:e auting decontamination peziod.

.. ¥

o and'the other paramete;s a:e’deftned in ‘Table 4. 1.

: ﬁworking in areaawyet oébe aecontaminated

Jhwof concern .ate’ ha”d“

“'eliminate th&se

" worker dose tatios

”“ﬁmodel to accoun;

' The doee tatios for eecontamination wozkers in :esidential

“"business, and- public ‘areas - (WPp) ‘are -estimated for -all levels

. of effort assuming.that wo:ke:u ‘Work 8 hour days. - ‘are constantly
and leave the.- :

Vthe effort 13 likely

;T tadionuc1idee and tho wor é:é«exposed ﬁotket beta doses f:om
“radionuclides deposited -directly on: skiu and doses from' worker - -
- inhalation of teauspended radionuclides .aze not included 1n the -
model.

74

- workers is 1nclua

vTables 4.3 and Q.

P b :
o R : L
PN

Doee - tatesllnscettaih:azéha:ﬁidhi'warféhtméheﬁfééﬁot§k§mw, : C
relocation of the:population duriag the decontamination and = =
~cleanup procegs qptionsﬁa:e included in the new economic :

:i;at option includes a checx to
ng= =tors pretective action v




Skl 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 decontaminazion 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 individuals to be relocated during .
- decontamination-can be signizxcantly dxitﬂzenu-tor the two- .- o
Hw_assumptlons..w”fMA.m\, L e _ - . S
s The (ost of relocatlng 1ndiv1duals during the decontamina— Ce
tion pro~ess is estlmJLed uslnq e . S

'cdg ' Pdr_ofé;(I-éa)v']'o’{d‘faé,é T sy

e L -

.Cér a;the cost of ﬁbpulatxon reloca?ion from an area ' S
- .duting the period of decontamination (s). L s

';? tom etart ‘to ; completion:"'
”:ocesa (yeazs).w_ : Lo

7 taminated .
Ft*‘“**araa afte.

The new economic coneequence model;estimates attributesvof
_the ‘decontamination program which can be examined with cost
. estimates ‘to -identify:potential resource and logistic limita—f
-tions for: severe Lﬁn accidenta.- ‘The model includes estimates -

;calculations.%mk 1arqe»sca1e decontamination proqram ie - likely
‘to create additional employment in specific industrial sectors -
due to the labot.*building materials. and equipment needs ot the




“population protective measure. -The .population originally- . .. ... . _ _
inhabiting the &area is assumed to be permanently moved to an
alternate location. After decay, weathekan. and possible
future decontamination effo:te. it is poesible that individuals
‘would move back to the area. Land interd1ct10n costs are esti-
assumption that some porzz n-of the 1nitia1 value of the - -
p:operty &ay be tecovereﬁ it the area can be used in the future
. Theze are two baaxc methods for estimatlng the economic loss R RN
 due. z0. land interdiction #fter a release of radioactive’ mater- B
. ials. . The fi:st method mesgures the ptoduction rate (or rate
o ,of output) of" the land and all tangible assets contained within -
rumamregion ~and_integrates this value over the interdiction or . -
“some other specified time period ~This _approach -is used . -
"i{n both the BEA economic model and the ECONO-MARC" consequence
-model. .. The BEA_analyses 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~ . - .
crates the total. p:oduction Tose over the entire period ot land B
_ 1nte:diction.:~0ne ‘problem - ith this approach ie that .all . S
: attributes of “an ‘afea which~ ‘contribute to societal productivity%
are not measuted in Gzoss Domestic Product.» Fo: example.m . :

?tovtden. This productivity is ra:e y meaau:ed throuqh matket-“
‘transactions, .and e -not tncluded in GDP. -vAnothei .problem.with
integzating productionw_ interdiction -cost is

"'~’eriod £or production'tesumpiion
a-total coat oE land intetdiction

.‘4Paat invastmants in?tan;
ectog,by_integ;ating

.-* dible assete in .an area.. Wealth :
provides the capability %0 produco output and income (including
.non-market :output and income) ‘over a succession of accounting .
peiiods [Ke76a,Ke76b). . The wealth of the United States has -~
. grown constantly.:over. the lifetime .f the nation due to contin-
uous investment 4in tangible. goods to increase ptodnctivo Capac-
ity, studies -have examined both the buman and non-human wealth
of the nationftof :

: _linq the btoad ﬂofin\tion of - pzoauction.-
woalth mnd discounte inture production should be oqual.fé,.MM
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CRACZ employs a wealth model for =#stimating 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 o
.in the wealth model is the. assumption that investment can éreate -
new wealth in a different area. The wealth loss.in an inter- j .
~‘dicted area can be estimated using available data for past . },”;n.uﬁa
- integrated.capital investments. Finally, weéalth loss’ estlmates '
et 23 - I comparable ‘tolosses from historical. events which? have
" resulted in'significant costs. Fites, 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. restore the tangible- property to its o L
1nit1al (or often ‘an improved) condition.. ' . . R SRt

‘Wealth and preeent-value concepte are used to- estxmate'ﬁ‘u,de-~
"interdiction.costs in the new economic model. ' Non- tangible - - .
‘financial assete such as stocks, bonds, and precious metals are
not included in cost ‘astimates 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 ce e
analysis.yﬂ : : ; R

"xm- The wealth '"1ue of-iand and tangible assets contaxned

; ’ftzansactiona.ﬂ “Thie_ abbtoach haé*been~used
i 3 ecent Censls of . Governments ‘to ‘éstimate ‘the - ave:age Teal
estate valuas inrvarious :eqione of the countty [Ce77] 4.

: arks) *For:
it is most appropriate to measute ‘wealth by isumming total past
" investment {n these -itémes and subt;ac»ing net ‘depreciation and
-losges (from accidents,’ diaastere) Poesible appreciation of
o wealth can- also ‘be taken into account. ‘‘Accounting for ‘the net .
~wealth stoek- fot@ tion using~thla apyroach is tedious ‘because -
investment stzc ms ‘from th statt of the creation of wealth'in

. stu ¥
: which has employed mhe\net stock fozmation appzoach toseatimate
-:the total taqqib‘e(wealtb of the United States [Lo72 Hu74.v

: &eptaciated f&ppreci-
,et laaseSnaubtracted

'onduct Accounts to eutimata in'estment in new tanqibla wealth.
The ‘current gtocks’ ot ptivate and reaiaeutiel wealth qove:nman
wealth. conaumex durs ; ‘




estimated_in the . study.. Reseatch to estimate-land wealth i
underway to complete the estimation of totsl net tangible wealth
in the nation. Once these estimates are compléte, net tangible
wealth estimates can be easily updated in future years by using
national income and product accounts. ‘Results of a previous
study performed by The Conference Board are used.in esg;mating

uwthe wealth of: land in the- U s for this grudy- {Ke76] )

P _The new economic model estimates wea}th containea in farm
'areas by usinq M

.. where - - -

ﬂ;'vf',ATtotal farm wealth in an area fzom land and
-av“-~-w1mprovements ($).@e :

e
<
#

kj-average market value o“farm land and structures in
 eg1onjepecific to national ave:age market,f;d
”farm 1and and structuzes 1n the area,

fThe values
’gl in the.

Total residenzial buainesa. an& public wealth in
an a:ea (8).:} L : .




~--Potal trugible weéalth estimates 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 weightec by.
Amregion sp901fic perscﬂa; income statistics- slnce Wwealtph to:some .
"éxtent represents income producing’ capacity. RAreas with high
--incomes are likely to have mofe tangible wealth and_more poten-
- tial for wealth‘_reat¢on than low. income areas.-- Interdiction- Co
“"go6t. treatment based..on.per-capita allocation is consistent with™ ~
"the 1’!81 of getail treated ia the conseguence model. Other more[

_hnct just1fied in this type of ana1ysis»

: The estlmates of wealth included in each interdicted area
‘are dep:eciated to account for the societal cost of a period of .
" .land interdiction. -1t is- 1ike1y 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). -
_ A depreciation.rate of . pe.-20/year is used for improvements ia . .. s
both farm -and non-farm areas. . The cost -of ‘interdiction of an * o
‘area is estimated by subtracting the value of ‘land and improve-‘¢j5A7’”
ments when. zeclaimedfaftet interdiction fzom the initial presen;
'-value ef the area' B S ‘

o otal tangible wealth in faxm lan& and
improvementsﬂin:the area affected ($).




.‘asocietal COBLB of nealth -effects which.result from vaxiods

estimates individual or..societal ptefetences fcr avsidance or

“The parameters Flg, Fl,., and ty can bé defined for €ach =~~~
spatiai interval in the new economic model. The interdiction

period is estimated bassd on the time period necessary for

tadicactive decay, weathe:ing, and decontamination efforts to

reduce . the 1ntegrated long-term populatlon dose te an acceptable

-level. If an area is predicted to be interdicted for more than U
30 years, the entire initial wealth in the. area is agsumed to
‘be-lost. The costs of decontamination, interdiction, or a com-
bination of .these-messures 'is estimated for each area where ... .. .. . . ...
. long-term actions are. zequzred and the. lea 25t COStL- alternatlvef~ﬁ+u~fw~£-~
‘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

immedlately after the cleanup process. T T e

It is llkely tnat personal and corpozate incomes would be oo
~lost-for some- perlod due to permanent population-relocation from™
‘interdicted areas. Permanent relocation costs are estimated ‘n;", S
 based on personal ‘income losses for a 100 dey transition period .~ . . .
and corpcrate .income losses for a 180 day. transition period }l' ' :
. [Pr83, SA83).: .Costs .of .moving. belongings to new_areas. should -
be small since akl tanglble .property in the interdicted area is
~assumed to be replaced "Therefore, .the cost of permaneut ielo-
- cation results entirei, ‘from temporary income losses in the
“‘model. This cost 8 estimated to be ~$4C00/person in the'3¢$”

{nterdiction area, which is small compated to wealth loss .
predic*ions.is . = , ,

 ':f4 4 6 HEALTH'EFFECTS‘COSTS

Studies {hc73;Co81,Hes3]ohave been perfo:med to ‘estim
- ‘gources. ~There até two general approaches ‘which have been - uﬁed'

' .to estimate the costs o0f health effects. -~ The first aD,zoach

reduction of -health effect risks. Studies [2.c73, “Co81} using ,
. this approach have concluded .that preferences for health effect‘<
rigk reduction’ ate,dependant upon the activity or ci:cumstance, ,

- which leads to ‘the tisk.uaEstimating he2lth 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 pze—‘
ferencesg. . However, the interview proucess necessary for elici-
tation of tisk_zeduction preferences can be difficult and R

,costly. ‘ o

A second app:oach <o_hea th*etfect coets evaluates the loas



' dual's expected lifetime loss of earnlngs 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 coste, and in no way reflects individual pre- . .

‘ferences for--avoidance 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 radlatlon induced health effects
'-fpat of581te 1ocat10ns ‘ :

: In usxng the human capital approach to est1mate the 8001etal

- logsses due -to-health effect occurrence, it is necessary to. adqd -

the direct gocietal costs of -health care to est1mate the cotal

 cost of ‘radiation- induced health effects A previous study” has
. egtimated the direct (medical care)-and the indirect: (human.
.capital) cost: of possible radiation-induced health effects

after severe LWR accldents [We83]. The study used detailed

.calculations to account for the age. ‘distribution and. earnings.

- distribution of the population, aveérage 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 wasd

T~developed in ‘the study to :estimate health effect costs for spe- .

'Atzom the study ‘are shown. in Table 4.5, "Early fatality costs

~-afe--based-on-a-typical population .exposed .to.radiation_after_an .
| LWR ‘accident, a 4%/year real societal discount rate,.‘and a RN
'1%/year real growth tate in medlcal costs and earn1ngs.-"

fhealthheffects by average¢societa1 coets for each type of
jhealth effect~ Lo , : T A -

cific consequences and discounting assumptions. Estimates of . .
base-case radiation injury. .cancer,. and genetic effec.3 coats T

vere not directly estimatéd ‘in the- study.¢ The cost éstimates.

The costs of :adiation induced health effects are een::\mate(’l'3
‘ w‘economic ‘model b fmultiplylng the'expected number“ot

Ly s e ey

vhe.e

4p”ToLal medxcal care and human capital cost of
r,zadiation induced health effecte of type j (8).

B3, a;Average medical care and human capitei coat of
R apecific health affect b (sleffect).= f‘, v

ovalsnnmbervof health efﬁects ‘of type j pzedictedﬁ;

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
esultlng from early'erposuxe, latenc eance' fataliti_s result—_ij AAAAA
ing from- chtonlc .exposure; -thyreid health effects resulting from
total exposure, and geneti> effects resulting from total expo—
sure. The total cancer fuatality costs include leukemia, unq, : o
. .gastrointestinal, -breast, -pone, -and all -other-fatal cancers: from334‘f*=
“exposurew “The-health- effe t costg-alec include the ¢osts of o
‘non-fatal effects.  All health effect cdést predictions in the
- new economic model reflect short- and long-term protectlve S
~ actions which are’ assumed ta be implemented in each area afterf¢; o
O " the accident., 1nc1ud1ng do -ncurred by decontamlnatxon L
e workKers: when approprxate : o

- . The new. economic: model estimates the societal costs of
mjzad1ataon 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]. ‘Txe.‘
.. -values represent only societal-economic losses, and do not in - -
... any way reflect true individual .preferences for-risk teduct10n-=-*v-“-
“from radiation-induced health effects. Therefore, the health "
- effest costs presented- in this report represent lower-bound
estimates. Dollar values. for health effects.: teflectlngdsocietal_
" preference or k oidance. could be 1ncorporated into :the
~t-peWw-@conomic models;f“However. it is questionrable- ‘whether true
];jsocietal preferences -can. be appropr1ately ‘represented. us*ng
s constant dollat values for health effects [KeBOa KeEOb KeBOc]

’ 4 5 OFF"ITE cos'rs NOT INCLUDED IN THE NEW ECONOMIC MODE‘LS'

FFSITE LITIGATION COSTS

. i
Aftet any gevere accident resulting in a release of radio- e
';active material it is likely that parties affected at o6ffsite .- . =
«'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 itself are @~
“1likely ‘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 - CU e s
" damage rewards for offsite parties represent transfers of . - - .. ..
. losses which are included in direct 'societal cost estimates and Lot
='do_notvtesu1tv1n additianal net(costs. Leqal awarde for costs‘f

RY

-- Five times the avezage value of a zadiation injury trom the

- -health effect cost-study [Ne83] is used as an estimate of-
. early fatality costs in this study (~$500,000). The .

'rconclusione of this etuﬁy are insenaitive to this value.:




~ Yable 4.5

Estxmates of Economxc Costs of Radxatlan Indufed Health Effecta*{wes3]

Hedxcal Carn and
Productivntv Costs (103$)

e Bealth BEfects (§)7- s

Clemite

"Radiation Injurles- -~ -~ - - o oo fér'ifi

‘Prodromal < Uy
Bone- Marrow - - R 129
. Lung B .76
._»Gastroxntest1na1 . ... 100
. .Prenatal- S e S - 281
' ‘Average , 118
Cancets — L c e

Leukemia .
T Lung . el
e Gastrointesti
- “Btesst
.Bone

. _Genetic Effects

""*Cost estimates are based on- a% dxscount rate end- 1% real growth rate »
‘in medical care costs‘. No estzmates for early: fatnlity costs are
',pres?nted in [Ne83}. ‘ ‘ o
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ffourside of the area.directly. 1mpacted by population protective 7 ¢

S AR S T E A e e et

_ hot quantified could be included by augmenting the dollar costs

used in this study. No societal costs for offsite litigation

- cases are included in this study. . . | o o AT o

a. s .2 SECONDARY IMPACTS

It is p0331b1e that an acc1dent could have economic impacts

;,countermeasures .Also, increases in the cost of electric1ty in f'

:'specific regxons could ripple through the economy affecting
~o-prices-, ~employment;, -incomes, .and.productivity. in. -a: region. .
" These secondary costs or ripple eifects of accidents are - - - -

dlscussed in this section.

One problem in discu551ng seconda'y impacts - is that the -

‘magnitude of impacts depends on the size of the area included
.-in the analysis. . Negative impacts_in one speczfic impacted .

_1rU S. icould lead to - gradual 1ndustry relocation and- 1ncreased _
.--economic_ activity. on.the West coast of. the country This type
. of .gecondary. impact results in 'small net societal- costs due ‘to

region are often balanced by positive impacts in another area.
For example. increased. labor costs on the East coast of the

B _the balancing of costs - and benefits in the economy. ‘However,

- when viewed" ‘from a- regional ‘perspective, this- secondary impact
_{gof higher 1abor,costs could be important e

cameasures such as .milk- disposal icrop disposal; decontamination,
—-and--land. 1nterdiction have been estimated as part of the Bureau

. “limitations of the BEA analyses are- discussed in detail in
- Appendix C. Analyses for various rcactor sites indicate that

~ .secondary impacts of population prot .ective measures will
‘generally be small compared to the direct cost of measures taken

.did not estimate the .potential secondary impacts -(which may .
‘largely be beneficial) of -a large decontamination program after ;

The. potential secondary impacts of population protective

D ”aoutput analysis techniques Ths results and“‘

in the physically affected areas. However, the BEA analyses

- 8evere accidents. .In general, it is likely that the flexibility"ff?

most disasters would =esult in a:lessening of the secondary
impacts from population protective ‘measures {Pe77,ED74]. It is
~possible that ‘specific- inetances could be found where seconda:y

- Al “
o e

in the national ‘and regional e Jnomies which ie observed after

impacts are important;

Another potential sourc ,of;secondary impacts after ac"’-“-r

“dents which: :result i reactor plant ‘shutdown is the increased -
_teal cost of electricity ‘in’ .a .particular region. This potential
~impact has_ been .discussed in studies of the coste of ghutting
doun operati g reactors [Stalb] Increased,electricity prices




~=metiic models to predict-the total- regional ‘impact'of an“energy:

"”~Tycosts and. benefits in different regions. e

'svnecessary to estimate secondary impacts for a specific event

" viewed from the ‘sociétal- perspective. ‘Results of input-output

. . tective measures- ahould be generally small. This view is . =~
. supported by data from disaster experience [Pe77 ‘ED747). The
,.T?impacts of” electricity -price’ increases due to reactor shutdown =

"_could be - serious in a particular region; but are likely to be

“"be” con51dered to

‘7;1n this study~i~w

- population protective measures and public health impacts at

.'model ie shown in Figure 4.4.

-iu 3 region can have adverse effects on employment income, and

. production in the area. These effects are normally estimated

“using simple multipliers The multipliere for regional impacts

of higher electricity prices have ranged from negative values , R

o (indicating a net benefit to. electrxczty.price increases) to. . ... ..___ . .
positive values of 5.5 (indicating that secondary impacts are. . .
4.5 times as great as the direct costs). These multipliers are
normally estimated usinq region-specific input-output or .econo- -

_yprice increase. "From' tne societ 1 perspective, it is’ 11kely T
" that secondary impacts will be reduced thrcuqh cancellation of

T Secondary 1mpacts of severe reactor accldents are not ) -
‘explicitly estimated in this study because costs are estimated -
from the societal perspective and the level of detail and cost

are not warranted for risk analysis applications. It is’ likely'";jffjfiyf
that secondary costs will largely be cancelled by benefita whenL,H ‘ -

“‘analyses indicate that the secondary impacts of population pro- ef:T

';positive ‘effects-in. the_society .viewed..as..

‘ p stimating secondary ‘costs should
complete eocietal costs of devere
" accidents. . .No. societal;costsufor secondary impacts are included"

w‘a.vhole. Furthe

"‘A £10wchart of the new offsrte economic consequence model
ie shown in Figure 4. 3. “The model estimates direct costs. of

offsite locations dafter :‘teactor -accidents, and incorporates
estimates from onsite: cost_modela in the calculation of distri-
butions of economic zlsks.: ‘flowchart of the CRAC2 economic
"“The major diffe:ences between
the new model and the CRACZ modcl are: :

SR T *The new model accounts for ghort-term emerrency phase‘f
-+ .. and intermediate phase population: movement costs not -
vincluded 4n the CRACZ model., L :

T '."-'i

2. . The. modelp ncounta for .population relocation whichamayx
o be necessary. during the decontamination and cleanup ’
~_process. - .- .
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Figure ¢.4 - Flo ch'_art nf CRAC2 economic model. ‘ T
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3. The modeiwél1ows‘user definition cof all'protective
action crlterla to be applled 1n post accident
sztuanons :

"°42T'MoetTeCOhomié parametere can be specified on a spatial-

-~ -interval basis for'site-specific-calculations;

S,;.All cost values have been upéated and expressed in 1982n_' o

. G“M“Additional attributes of the" decontam:nation program .
... /are estimated.in the new economic¢ model. Dose 'to .- . ... 7. .
“““decontamination workers is estimated and_ included in ”ﬂ'

Tthe health effect calculat ons. ;_r,.ﬁ_,“ c ]

7. Dose calculations correspond clicsely to the protective
S .actions which are implemented in each area. Th1s
-~ provides the -ability to estimate both costs and-
rbenefits of variOLs protective actions. :

'3g8.1;ﬁealtﬁ¥§£fect¢coste.andjonsite;costgcompouents1can be
'”‘ffiqg}ndeﬁ”iu?thgfe§t}uotioo?ofototarfaccideut costs. =

development and teEting'purposes.:hw
dionuclide concent:ation data from CRACZ

: Tne prototype economic model 1nc1uaes eubroutines ‘to- calcu-.
,iate individual ﬁoses»trom expoaure to surface-deposited ' ;.

B,

‘implementationgcrtteria -Hep of the dose projections necossary
for the new economic modéls ‘are ‘not included in the CRAC2’ ‘code’.
-Appendix E contains .a discussion of the equations ‘employed in o
the prototype model to: integrate 1ndividua1 exposures over K
~wvarious time peri«ds.‘ P e -

4.8 c‘oucz.us zoﬁé'i

DO The new;ofﬁsite; , model ‘can be used to eetimate th«
“ﬁ;a;coete “of ptotoctivofectiono aftet any accidental release of
" material from .an:LWR facility.  Since routine forced outage
- -gvents result-in-negligible offsite conseguences, there is no O
. need to employ the offsite cost models to estimate costs for =~ .
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" 7rTroutine 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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The fzequencies and costs of routipe LYWR outage events are

. combined in .this. section to estimate the-economic risks from
- -these events...Plant outage data are used to estimate the fre- =~
“guency of LWR-forced outage -events and- the. . severity {ox.. duta-;ﬁnif;ﬁf'lff
~ tion) of forced-outage-events conditional upon forced outage . ...
.. occurrence. Onsite replacement power-and. repair cogts for rou-: . . -
__tine forced outage events aré estimated ‘using the omnsite cost'~~‘~“
_models described in Chapter 3. . Offsite costs -are: negligible for

“this -category of- operational .events. _The possiblé benefits -
resulting from the reduction of the £tequency and duration of
_£orced outage events ate diacussed .

P

5,1 LWR- PORCED ou'rmE EVEN‘I‘S mcwnsn IN. cu GORY ,xf :-.(:ému, L
_ CONSEQUENCES) . e

e The primaty goal ‘0f - this study is to estimate the economic lf»_ T
"V%Iisks poeed-by abnormal occurrences or unusual events which ,,@gf SR
. ‘occur .at U.S.. nuclear "POWer ‘Leactors. Thezefoze. acheduled 4 R
-iplant events such-asg refuelinq outages are not. inclnéed in

A data'baae ‘wag formed 4n this study to estimate U s. LWR x
- £forced ocutage frequencies by iising the annual .feports . of- nuclaa:
" plent operating experience published by the NRC [AE74, Nu77b, ;.- ;
. ‘Nu77c¢,'Nu7%a.“Hu7%b, Nubla, Nusld). -Each NRC tepo:t ‘presents - ' S 4
" operating. atatlstlce:an& ‘data for "each plant in»commerciai b RN
.-operation at the‘andﬁo fa%given calendar year.““The -data- base




nature 0f the outage, the cause of the outage, the reactor
shutdown metl.cd. and the plant components involved for each v
.operating U.$. LWR outage. - The data are used to develop esti- - - .. - ..
‘mates of the. frequency of forced outage events and outage dura-
tions for LWRS. -The czuse of each outage is also considered in
- ~the formation-of the- di@tribution of forced outage freguenclies-
_in this study. . . . _ |
f&
o Unfottunately; inclusion of-all forced outaqe eventa in the
“fotmatian of-the” age dietributions ig ' not appropriate for~ the
“purpose of- this" ‘ptudy. -~ 'Events eéuch-as regulatory forced outages
_‘résulting f¥om NRC mandates for plant shutdown are inéluded in L
- ‘the NBRC data base as forced outage events. ARlso, the: distinction 'ﬂl,:fm
sbetween forced. and scnedulad outages . in tne NRC data base isg o :
“gometimes gueetionablé. :Therefore, the cause of each: individual
- forced outage event was reviewsed and only those gvents 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 extenéd actoss calendar years -by summing the outage -
“~contributione-into.a"single total outage duration. This eumma-‘
- -tion-is-not -performed-in:the -NRC-event -summariee,-but is. - -
" included in thia{zeport.g All regulatory forced outages are.

_ A theFteactorrelecttxcal ratinq. ‘the- total numbet oﬁ
-Ajforced ‘outages-occurring ‘within ‘each . :ea:tot—year.‘and ‘rthe dur-

~ation (in ‘hours) iof ‘each .forced ‘outage ‘event which occutted
‘?during each cale“dar year from 1974 trrough i980. . - T

Y '31 ~ ants;rsxsd‘r-xL&

The newly ‘developed plant opetating expezience data baae’
1nc1uding 367 Complete ireactor-years of .operation is used Lo . -
sgstimate the . frequency of :forced -outage .events at. ‘operating LWR
Plante. -Partial years of operation, :which occur immediately. ..

- -after plant startup (i:e., the yeosz -of the .etact of; comme:cial
~w:pezation) &tefexcludedﬂftom the analysia because of- dif!icnlty

Sl : : & @yortaoutag@e which occux ‘before . thenﬁw:~f
- gtart.of . plant:commetuial operation. Therefore, any partial.:
.yeare of experlience at the ‘time of plant stattup are QXcluded L
ﬂftom the analysla.»;__ : . Coule
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- forced outage events occurring ie a given plant year are sta-.
tistically analyzed and tests for tita of standard probability
dxst:ibutions are performed

The statistica] parawetezs af the data set used to estimats

the forced outage ﬁtequ&n¢y ueing e%uﬂl weighting of a1l -

Teactor-yéare.are shown in Table 5.1. The total. number- of -

- forced outage events included in the set ie 3681, resulting ..
8 mean estiuate of 10:0 forced outage events per reactor—year»’r"‘
‘ ‘ 179 ' :cud outage avents observsd in a. o

B "The standacd deviation of
thi ,O events per zaactoz-yeaz._ Statistica -are algo oL
“ehown for PWR and BWR plants considered separately.. Small- dif-wA~-ii4mﬁ
terences exist in the data for the two plant typee, . uith BWR. Lol

““"plantes on average experiencing slightly fewer Eorced outage

eventa than PWR plante over the atudy period.

‘A histogr&m of the uumber ot forced outage events occutrinq
in each reactor-year of data is shown in Figure S.1.  The e
" empirical complementary cumulative distribution functions for "
PWR, BWR, and &ll LWR plants are shown in FPigure 5. 2*. The _ . ,f-{;L‘gﬁ
_dianzihuxinnsmahnu_small diffetgnces between BWR and Pun_plants IR
in the ‘study peziod ) , o i.ml

“alyzea to estimate the distribution ot

- he;ugta pasg ‘Was

cial operation duzinq the:etudy petiod Simple statistics for
-he.average forced. -outage frequency. at. each nucl : .

this period are ‘shown  in Table 5.2, A toral of 67 uclear. plants
.are included with a uean plant average forced outage: frequency:
~of” 10 6 outages pqt ‘feactor-year. A histogram of the »lant-
“average forcod outage frequency data for all 67 LWRs ¢ shown -
in Figure 5.3. The plant-ave:aga forced outage frequencies show
-less variation- thau the ‘forced outage frequencies obgerved in ‘,;;
each individual - zeactor-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 individuel nuclear plant.,.»-?

. The complementary .cunulative distribution functions for plant- ER
:average fo:ced outage f:equencies tor BUWRse, Pwna, ana all Lwan:}*ff

o Parametete wm:,.h~ L &te ot tha nozmal. loqnormal.
ﬂk;uexponeutial." " ,
- - -using a 1aust<‘qua js‘estiaation technique [Chssl A W@ibull

‘.ﬁiut:lbution vag- the'bu1¥ hypo:nesizaa di@trtbution accepted
at a .10 level-of :signif cance. uaing a Kolmogotuv-ﬁmituov

teat of the hypotheeis [0:721

o)




__;;ﬁ Ww; Table 5.1 ~ Statistical. parameters of.data used-to - - -
est¢mate forced outage freguency. '

Ln,StatieticalvParameter ' s PWRS “"BWRs“;fﬁll LWRs ~

__Total Reactor-Years

S

Mean“Forred Outage Freqnency ST e
Based on ‘Equal Weighting of ;_ung-loyB'f\“,”:” S
;Reactor~¥ears {per ‘R.=Yr,) . e

Medlan Forced Outage Frequency N - '10- ‘ e
_(per R.-Yr ) - SR

- 62,0

Standard Deviation of Forced f'i'ﬁ.i _7'9fﬁ;;;sﬂa - f;
Outage Frequency (per ‘R.=Yr, ) o R BT

Mlnlmum Forced Outage Frequency
“in a Single Reactor-Year




Figure 5.1 - H"is'trc;gﬁi'am”df”'f’d'zﬁce:-d” sutage frequency data
S for 31l LWRs, 1274-1980.




Figure 5;2f

- CCDFs of foiced outage freqdenéy for BWRs, PWRs,
cand all LWRs, 1974-1980. S -

@=3 ~ Al}l 1R, 367 reactor-years
.68 ='A)] BRo, 148 roactor-years R
 O~@ --A1l Pump, 219 resctor-yéars N T

4ti’ A:?!o 18 1:9 iég K 3 ‘3‘ ;§5~i.§s e
i, .VNBER OF FORCED OUTAGE EVENTS IN REACTOS-YEAR . . .

5.6




" Table 5 2 - Statlsulcal -paramaters of data used to
estimate plant-average forced cut age frequencies.

" Statistical Paramete¥ < - PWRs BWRs = All LWRs .

Total Number of Plants = = 41 .26 67

“;Mean Plant Spcc1flc Forced Outage
Frequency (per Reactor—Year)

;;,iif3;1;;§;4gﬁ_;,; P,

'Medlan P1ant Spec1f1c Forced Outage -
‘ Frequency (per Reactor—Year)

"Varlance of Plant-Spec1f1c Porced S Tl e
Outage Frequency . ) 24'5 '17f011 o 2?‘1_

e Standard Leviation of Plant Spec1f1c.>’4'gv 4 i - 4'7‘7 ‘ o

Forced Outage Frequency (per Re=¥r.) 77 o T T e

. Minimum Plant-Spec1f1c Forced Outage - 8. 2.3 o S TR -

- Frequency (per Reactor-Year) ~ =~~~ “*% %7 . @ssmooon 0

'fMaxlmum Plant-Spec1f1c Forced Outageufjif;i 21.0

Frequency (pcr Reactor-Year)

. 5-7.




"Figuré 5.3_— Hxstogram of plant average fozced 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 g
age, design, and operatioun and maintenance programs of each - -
»opecating U.S. LWR unit contribute to the" observed variation in -
plant- avetage foreed outage frequency L . IO

iThe data base wa walso-used_to test foz correlatione between; B
.. .the number of forced outages in each ‘reéactor-year “and reactor - e
'ﬂ“age (during: tne reactor»year). ‘reactor. eize,.:reactor type,.and.
~N§8S vendor. Significant correlations were found _to éxist - .}v«;w,_,.g
_‘between reactor age ‘and ‘the number of - fo:ced outages observed . . . . |
in each reactor-year of data. For nucleafr unite with electrical:*"
ratings larger than 500 MWe &nd less than 1000 MWe, signifi-
cantly more forced ‘outage ‘events are experienced in the first
few vears of plant operation than in later operation years. . o
.This is consistent with- standard ‘bathtub® fa11ure rate behavior -
which is observed ‘in ‘most ‘technological devices. The- higher
rate of forced .outages in the first few years of plant life =
~reflects “teething“'and wear-in problems which often arise in
engineering devices. Signif:cant differences in ‘the mean numbet
of forced outage. events per unit time were found for emall S
. .yergus large teactors. No sigrificant correlations wers found .
T"’“'—'"“'l:»et.ween the--number-‘of - forced cutages pet reactor-year and the
plant type or<Nsss venGOt' 4 . - - .

o “the number -of forcéd'outage evedts in each’ reactor—yeat ‘and’ the
: mean forced outage dutation.~ Althouqh it wag - expected ‘that -F

-;;_1n which forced outage events may occnr).gno eignificant corre—
' lations were found. In.addition, no significéant’ cor'elationc
~were found between- plant age and the mean or total forced outage:
‘duration -in each reactor-year -of data. ‘Results of detailed |
analyses of the LﬁP outage data base are reviewed in Appendix D.‘

5.4 DISTRIBUTION 0? LWR FOuCED OUTAGE EVENT DURATIONS

- .. .The LHR forced outage data base 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 analysis. No outages from .
- .. -partial years .of .xeactor :operation are included. . .The minimum
outagw du:ation in the uac teporting system is 1 hou:“' ;The o

':«*More Tecent Nac :eporte incluae outaqe durations lees than 1
hour 1n du:ation. : : , A




T TFigure 5.4 - CCDFs of plant-average forced outage frequency for
BWRs, PWRs, and all LWRs, 1974-198C.
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Tooig” approximately 420 hours. A higtogram and complementary .

7 _..the. émpirical data are presented in Figures .5.5 and 5.6..

’?‘ event severity 1e-independent ‘0of . forced outage frequency) 1n_the

‘Q-,;Pwaa. BWRB

- duration of outage events which extend across calendar years ig-
taken to be the total eummation of a]l plant downtime resulting
fzom 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 nean forced outage duration. during this . period
.is approximately 82.5 hours; and the median outage ‘duration is.
‘15 hours. The standard deviation ‘of the outage duration data" T

.. .icumulative distribution function of forced .outage.durations. from. -

z;Relatively small differences exist in the forced outage durationfﬁ1:]f"”
diattlbutions for PWR and’ BWR plants duran the study period*' ’

;5 4. 1 FREQUENCY DISTRIBUTION OF FORCED OUTAGE DURATIONS

A distribution of forced outage ‘event’ frequency versus out—ﬁ“
.age -duration is obtained by cowbining the frequency of ‘forced .
~.outage event .occurrence ard- the distribution of ‘outage durationsf*

. ¢conditional upon ‘eévent occurrence. ‘The distribution of forced :
. outage event duratione is assumed to be independent of the total
- frequency ‘of -forced ‘outage .events (i.e., the distribution of . i

omplementary cumulative frequency dis-

%ttxbutions ‘of .outage event dutations are ahoun 1n Figure -y¢
and ‘all LWRs. P P RS

"‘nxsTRIBUTxow*oF ECONOMIC‘ﬁ“M
OQTAGESw

K ‘FROM: CATEGORY

- oTHe complementaty cumu‘ative frequency distributione of
_zfo:ced outage duration can easily be converted to economic risk
. distributions for forced outage evente by correlating each
~forced outage ‘duration: ‘t0:a cost- using the models discussed in
_‘Chapter 3 of this. tepo:t.,z 8 ‘discuseed in section 3.2, the real
. soclietal discount ‘rate used in this study is 4% per year. The.;
- costs of events in this. catego:y are insensitive to discount
rate because of the short duration of the cash flow streams gcz_
;routine torced outaqe evants. . o : L Cem

~,»*Parametets ware;eatimatad fo: fits of the normal. lognOtmaI
_..-exponential, .and Weibull distributions to the forced outage»v

- duration data:for ‘all - LWRs -using a least squa:es technique.,~
. “All- of the hypothesized distributions were rejected at a o. 1
. level of significance using ‘a- Kolmoqotov Smirnov test. = -

se11




& pofirvscnd
ST TR

Table 5«3’~fstatisti¢al~parameters of data used to
-,estimate'forced,outage event durations. :

B Staﬁiatical=Pafameter~ fr;+~~7~¢~~?PWR5~7»~@BWRsm23111LW§s5}wj;hvﬂ

O Total ‘Number cf Forcea Outage_
-y -;pwavents ;

3681

Fovced Outage EVents*”*“**

“Mean Forced Outage Event L eme e 0 e CelhE e
Duration (hours) L _-; B ' S SN

'“Medlan Forced Outage Event o ' -"11 o ’52 R lril
Duration (hours) e o : "

TSVariance of orce "0utage Event ,:.,,.,¥_;¢~ 4163 179,462 -
- ‘buration. (hour s .‘f’ l?lf58l 284,163 179,462

533.1  423.6

34807

P E*Maxlmum Forced'Outage Eventi&
- ‘ Duration hours) "= - - .




Figure 5.5 - Histogram of LWR forcad -ouiage event duration )
‘data forx the years 1974-1980. L ‘
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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, PWRs,

S e

and all LWRs,
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The lcsaes foz routine fctced 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
“twis 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-‘early: decommiasioning costs ‘or -offsite consequences :
7T results from ‘this category of events. ~Common-mode’ failures which _
““result in- multiple unit forced outages" at a s;ngle site ate T
gvunlikely for this evcnt category.~, N e L e

L : sing the replacement power correlatlon from equation 3. 4.—~-c.‘%:n-f
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 - ‘

he: discounted societal cost of a. plant fotced
utage ot duration Ly hours (SY””“““' ST

A discounted cost ia calculated for each outage dutation and the
vdistribution of disconnted cost ‘versus event frequency is :
4tormed. = . .

iy ; oes -not account for- electric utility
=£options. seasonalqeftecta. .ahd other considetationa ‘which may .
avert the need for -the ‘purchase of replacement ‘power. ‘However, - -
" the model does provide a reasonable ectimate of the costs due
" 'to forced outages of .ghort duration assuming replacement. powa:
";purcbasea o: equlvalent cost meaautee are necaasary.

Mstlﬁ'v




‘"Complementary” cumulative fréquency dlstributions for cate- =

~gory 1 forced outage costs are shown in Figure 5.8. The curves

are based on frequencleﬁ estimated for & generic 1000 Mwe :
~.’‘nuclear plant. “"Curves for plants located in the WPCC, MAAC. and
" BCAR NERC regiona are shown to demonstrate the effects of . LR
replacement power cost variation on economic risks. A plant.- T
"repair cost.of ~$1000 per hour of outage duration is ipcluded T T
- in the analyees. The curves are ‘based on an average total - '
o forced outage frequency of 10 avents per z@acto: year. The

~Table ‘5.4 shows- the expected hours of foraed outage time ‘and

~dellar costs per reactor-year -£0f an average LWR in the MAAC’
tegion for forced outage events of various durations. Outages
‘of less than 28 days duration account for ‘approximately half of
-the expected costs f:om category 1 forced" outage events.

o The forced outaqe ftequency sevezity data wae also employed

- to estimate category [ outage ‘economic risks for PWRs and BWRs
< - based - on reactor-year . and plant-average forced outage frequen- -
o cies. The- expeeted costs of category 1. forced outage events are .
“the same for both methoda of analysis. The forced outage :
. frequency-is. sliqhtly lower .for BWR.plants.than for PWR- plants
"~ 'in:the study period, but the mean outage duration is lonqer tor
BWR plants than-for- PWR plants. ~The differences in outage -
rtendﬂxo canceIWMT

frequency. and seve:ity ‘£or -the two.plant. types

It ia useful ‘to estimate the total" ]
,risks ‘for_each category of reactor accidents for use 1n e
costlbenefit decisions regarainq economic risk reduction
- measures. .‘The total .integrated -economic .risk over the temaininq
‘life a nucleazsplant -corresponds .to the amount which socliety -
ghould be willinq to gpend ‘to: ‘reduce the economic losses from
-events to .zero, ‘assuming ‘expected vaiue maximization is the
- decision objective (i.e., risk neutrality). Measures of risk .
~aversion or proneness to ‘events could be incorporated in the .
analysis but are not addressed in this study.‘ The integrated
economic risks reflect the present value of expected costs of
events over the remaining plant productive lifetime. The sen- |
- sitivity of inteqrstea lifetime economic risks ig examined: usinq
..0,.4, and 10% rxeal -dlscount rates. It is assumed that real
fossil fuel power: pzodnction ‘cogte 4o ‘not ‘escalate relative. to
Auclear -power generation coat1 over the :emaininq lifeti-e of a
:eactoz.. T L ; _ . _
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Figure 5.8 - Economic xia? di&tribution for category I outages
at an "ave:age“ 1000 MWe LWR in 3 NERC xegions.
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Table 5.4 < Expected costs of category I forced outage events
. pexr reactor-year of operation - "Average". LWR
plant, 1000 MWe, MAAC NER{ region.

A . - o Expected stcounted
»-fForced Outage ’**Expectnd Gu*age Hours~ ‘Cost (4%) Per -
' Durations -~ . Per Reactor- Year' "+ Reactor-Year

‘hours

i a0

TR 0w sea
24-72 hours 73 7 Usiiexi0®
72-168 hours Coes o s2isxa0f
7-28 daysr 205 : $s.._4><1.6‘
_-28-183vdaysf-_ L ms L sssaet

'HWK 12 months;w

Crmes Dl LB s

RN PRI S, s v

"iTotal Expectation
:Per Reactor-Yearf

,,,,,,




o 1775‘HWe plant; located- in ‘the SERC-NERC region, has been in :
ek-opetation for: apptoximately ‘10 years._with an-estimated’ remain-

'f x The fzequency fi in the above fotmula implicitly allows

The lifetime- integrated economic tiﬂk from each cateqorf of
LNR events ie calcu’ated using:

t = L : C »
.t e e Ry N e e

: "’;‘“:"t"'r{é"pfeseﬁt”{ra'iﬁé of economic fisk ‘from -
ezl scgtegory i -LWR' events- over-the remaining
ptoductlva plant 1i£a ($)¢. . L

ST ”,;” & the remaining lifetime of the :eactor plant
el tTE e LWl Ees ol (years) o v —- . . .
£f§ = the frequency of accident category i'”(per

. reactor-year) assumed to be constant over
:emaining reactor life»

T ci(:) = the cost of event i uhich occurs at time t L
Giscounted to the ‘time of event occurrence ($). M

d‘n the real sociecal diecount rate ueed in the
analysle (per year) . o _

i I A ,nuclear power plant ia'wsed as an examplebi
for.inteqration ‘of-1ifetime economic-risks in-thie- study.j"The

time of 30 years. The estimated intQGIated B

period combined with the new onsite cost model estimates for ‘the.
Surry plant. The integrated fo:ced outage event risks vary by = -
a factor of ~3 for the 0-10% range of discount rates. The =
present value offcategoty 1 outage costa for the temaining
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 remaininq lifetime of
the plant. ' o o . . '

- repeat ‘events ‘at 'a reactor. The formula can be corrected to
ptonibit this situation, particularly for .core-melt accidents
.which ‘are-1ikely to reeult in early plant ehutdown. “The -~ - -
correction would considerably complicate the tormuna.,and
.-becaugse the frequencies of eevere accidents resulting in- early
shutdown ‘are: vary low. the ditfarenca in zesults would be '

- exttewely zmall.




"“Table“5:5~mnpresenf‘value'Of'iifétime’ihtegféﬁéd categjory 1 - -
i - forced 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

o 8$1.06X10%- e

S $BLax107 o iomeho

- Based on average forced outage fregquency of 10 events ‘per -
reactOr-year over 30 year remaining plant lifetime. All
Tosts are expressed in 1982 dollars. o ’




5.7 rREVIOUS Es'TxMATEs o~ Foecéo’ ourédﬁ'économc RISKS =

. The frequency versus outage duratlon spectrum for LWRs.

has ‘been’ previously estimated ae part of ‘an-EPRI study of the:

financial risks of teactor outages and .accidents [St8l1). "The

“forced outage frequency-severity curve derived in the EPRI study
16 siiown in Figure 5.9. The upper portion of the curve, at high

tfrequency and small repa*r time, was egtimated from. -data_

e atisti‘s [KoBO] The report estimated the frequency of forced

“foutages ‘based on‘dataicollected for 54:U:S.commercialinuclears
power”reaCtors larqer“than”lOO“MWe“and’in commercial operation .
C'béforeé Juné 1978. Thé maximum time ‘to repair estimated- from the
data was approximately 500 ‘hours, at an approximate- frequency

“of 0.4 per reactor-year. “The frequency of severe accidents with_“m“‘LJ:w"

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-

iﬁrand frequencies of -0 :5-to 63(10"S per.reactor- year.~

: . The BWR. PWR, and LWR outage frequency OLtage duration . S
curves dnrived in-this: study are compared to the EPRI curves in =
T ghort duration: ‘outages "are’ -gomewhat lower than the “estimates -
“from the EPRI “study his: djfference in- estimates -for short»
_lduration outages resalte from ‘the exclusion” of regulatory A
_outages- and the use of a .more extensive ‘operating experience.""
_.base developed in. this study. For outages: longer. than 500 hours
'—in ‘duratior jhistorical ‘data- agrees with- the-EPRI: interpolatio”
‘very well . maximum outage duration-“for which' historicaIJ
data exists for category I events is-~12 000 hours.r - o

A The estimated economic risk curve for category I forced
outage evonts for a genaric 1000 Mie “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 increases on the order of
~81 million dollars per day of outage time (see section
3.2.1). This curve is compared to the economic risk curve
estimated in the EPRI study for outages of greater tham 10 days
duration. The two estimates of the economic risk curve agree
remarkably well. The expectation value for both curves for
cutages greater :than 10 days and less than 5000 days in duration
is ~$17 million dollars per reactor-year. The total expectation
‘cost for all’ cateégory I ‘events 48 eetimated in ‘this study to be

S ~$3¢ million 1982 dollars per*reactor-year for a 1000 MWe plant o
1n the NPCC region. e S -

‘tion extends from mean repair times of ~500 to.~250, 000 hours ;f}ﬁ‘”f”f

' Figure 5.9. The estimates of PWR and BWR outage frequencies" for_“”’”'”"”
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~ Figure 5710 - Comparison of category I economid risk distribution
to electric utility risk distribution from EPRI study.
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‘generating capacity to produce teplaceweﬂt powar and costs of

fossil fuels become more uncertain when projecting costs for

years in the fututa._

More detailed analysﬁs af replacement power costs fot -]

11'8pec1fic plant under consideration would take into account. the ..

reactor electrical rating, historical capscity factor, and

'".utllity—specif1c consideraticons regarding replacement power ;m[;;;aifq

‘agreements, load variatians. "and-excess generating capacities

T which might ‘exist.” 'Planc-specific cost analysis could substan—cJ:;ggii

“tially ‘reduce"the’ uncertaxnties assocxated with' xeplacement

pouet cost estimates

- The- generic estimatas of categoty I economic riek presented!{ﬁj;ﬁ:;

in this ‘gection 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 -1 event economic riske ranging from a factor
of 10 lower -to .a factor of 5 higher than those presented. Mostrwf
of this variation is .due to. the variation of forced outage fre-
“guencies -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 " = .
T1/3. This dnalysis can be petformed within the fremework . . - S
presented-using ithe forced outage data base discussed in Appen-

.dix_ A and detailed- utility-specific ‘replacement - “power cost = i

~estimates. 'The uUncértainties are larger for future year projec- -

‘tions ‘due "to possible changes which affect the’ assumptions that,:
unu*rlie the f:equency and cost modela employed._u>- B

CLWR event ‘category 1 is detined in'this study to“cover a
broad range of events from short duration forced outages to “j-ﬁ
severe LWR accldente which 4o not result in significant core- '/

- damage or radloactire contaminaction of plant equipment or

systems. -The ‘best ~estimate of category I event fregquencies

ranges from ~10 per re&cto:-y&at for outages of any duration

‘to ~2x10-" er reactor-year ‘for the most severe category 1 . S

.~ LWR events.  ‘The expected societa) cost of events in this .cate- '« .

gory is pxadicted t0o be: ~$1 $32107 per reactor- -year based Lot

‘on forced ouatage event. t:equencies ard costs for an ave:age : S

1000 Hite Lwa in the U s. . . : R T
The - latge magnituda o£~the coeta for categozy I evente is-,"

" important ‘for two reasons.--The expected losses result from the

- high-frequency ‘of LWR iforced outage -events. Because of the g

pradictad power - production cost increases Zor LWR outages, and

-the use of ‘nuclear unite for bsse-load generation of electric

_power, an évent which :results in & period of no power :production




g En result in signitiCant gocietal--coete. . The prevention of

" fo ced outages should be given high priorlty to reduce the
expected forced cutage lossesd. The expected losses from this
‘category of LWR events indicate that there may be significant

n"societal (and electric utility) savings from ‘a well organized

'-:;foutage time ag it becomes available.-5w-

There is another pot@ntial benef t to—the reduction of the -

" plant maintenance program and a plan tc take advantage of plant .

T}fifzequency ‘of 'LWR forced outage evente. Every LWR forced ou.age T‘ jf T
T event :equires that the reactor be shutdown either by, nuclear.ww“,ﬂJ_wmﬁ,w

“plant ‘safety systems or by ‘opéerator control. Each forced outage

event results-.in some transient of the nuclear steam supply

'fSYstem., Nuclear plant transients place demands on systems which

are not Tequired for ‘normal plant operation. Probabilistic risk.

analyses have shown that routine plant transients car 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._ Thus._teduction of forced outage frequency .

“.sghould result in some conseguent reduction in the’ public health
ﬂfrisk caused by plant operation.zg;.t,ﬁj_,oi, R N

Analyses of forc«d outage tzequencies voraus plant age and

" electrical rating in Appendix D shows “that large LWRs (>500 MWe)

have cenezally -experienced larger Eorced outage event frequen- .

"cies early in plant life than in later years. This is ccnsistent
" ‘with the fallu-e tate cu ve which {is observed in. most,technolo-;

“-"variation in forced"
‘this variation indicates . that ‘the economic risk of category ‘I.
‘reactor accidents -is ‘not constant over the life of an LWR. ..

.. Expected losses :from-these -events would be-larger during the:

- - first few years “of" operation than over the’ ‘remainder of plant ‘
”ﬁ;life. Secondly. public health fisk posed by plant operation may .
‘not “be constant ‘over plant life. 'Thie is due ‘to the effect of .=

traneient-induced sovere accidents resulting from forced outage
‘eventse. ‘The analysis in Appendiz D indicates that the frequency

- of forced outage eveuts early in plant 1ife may be factors 2-3

higher than for older plants. -Experience would support this u,' '

0 impoftant consequencos of this

‘gical devices. There . \
‘frequency over plant 1ife. "First.

‘hypothesis, .tince the worst two accidents in U. 8. nuclear power
plant operation occurred at large reactors (>500 Kie) which vere

in the first years of commezcial opetation.

7777 Pinally, the potontial societal costs of routine Lwa outageil
events have received relatively minor attention compared to the : - -
losgses of low probabdility, severe core-melt accidents...-Because . ..". .~ ...

the eventg in category I are bigh ttequoncy evonts and occurg.

“thoao eventﬁ .are continually being paid ‘and little attontion

" is d4rawn to these even:s by electric utilitioe. gtate rate

" “comnissions, the NRC, or coﬁsumeta. The telatively minor

.5 -:2 7.
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~attention given to costs of category I LWR accidents may be in
large part & result of .the nuclear powez regulation system in
the U s._ :

' The socletal coste of rcutlne forced outage events show up
'ih reduced availability and capacity factors for LWR plants in
‘operation.  Historically, LWRs have achieved poor capacity fac- -
tore relative to-the:projected capacity-factors for. plant oo
designs. “Part of ‘this decreased capacity factor hHas' resulted
fzom forced outage events whichwwere not anticipated.-  .Figure - . ...
“§.11 "ehows ‘the complementaty “cumulative distribution functlon" -
~of- availability -logs-due to outage -events of various causes from -
‘the 1974-1980.data base. - This figure shows that a. 10% avail--uv ’
ability 1oss in a reactor-year of operation caused by forced
'outage -events was not uncommon. The availabiiity 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 factérs for LWRs have decreased based on experience '
with longer and mo:e fzequent plant forced outages.‘

L The current U s.znuclear power regulato:y system ptovldes :

'only emall incentives ‘for reduction of tine frequency of routine
?fozced outage ‘events. ‘The NRC ie only concerhed with routine .
LWR forced outage evente with : ‘fegard - to ‘the poesible’ contribu-
tlon -to-:public health- riek -from- plant operation. Low probabil
ixx core-melt ‘agoidents: hava &r&wn a large. poqtion of: ‘the NRC:

Ji;point. ‘toutine LWR foréded’ outaqe events»'“

T”*"city ‘from ‘higher“marginalcost ‘plants. Normally," utilities are

-and public attention..

1t "{n decreased -
plant- capacity ‘factors :and - ‘the need ‘for ‘generation -0of electr

allowed to earn a fair return-on their-investments, and small "
percentage- operatlng coet incteasea due ‘to "the.increased use of
,higher cost _fuel§ can often-be pagsed on to consumers, ¥
“Conversely, -if a plant ‘Iicensee is 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-bdack-to consumers so that an electric 1??
‘utility does mnot ‘earn an excessive profit.  This truncation of
tisks to electric utilities results in decreased incentives tor AR
the reduction of societal coste from routine LWR forced outaqes.i

Public utility commissions ‘limit many market forces which SRl

provide incentives for plant 1licensees to achieve the hlgheat ,
‘ poesible capaclty faﬂtota toz societal benefit. B

‘ s,.,...j.l.o,.u;_;c‘gwcz..us{zoﬁ

.+ “The economic rieke of" cateqory I forced outaqe events

impottant ‘becauge ‘of -the high ‘frequency (~10- per reactor-year)
“of routine fTorced outages. A ‘typicel 1000 MWe U.S. LWR 'in opera- .
tlon is estlmated to - lcse approximately $10-30 million: dollara Pl oy

”xs‘za.




: Figure 5 11 - CCDF of LWR plant availabilxty 1osses dumng the
1974 1980 period.
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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.»_Tne variation in plant forced cutage. fre-
queHCies*indicapeS~tnat,it"may‘be.pqsnible to reduce forced out--
age losses through improved apﬁtaniOn,and‘maiqtgnancefprog:ams*é

~for plauts in.operation. A reduction in theqnumberjsﬂdﬁdﬁxétjén“fﬁfﬁ;“m

'*aﬁuforced»ontageAeventsfc0u1d result in‘eighificént;Bdciétal_gcg;*,m;iﬁ

.~AnomijbenefitswﬁtomatncreaSed~gIant”avaflébflityiéﬁd'béﬁééii?'“ _
factorse. . The expected costs of routine forced outagefevents;a;ej._iiAw

e severe accidents in.

= - compared to.-the expected costs of mor




| CHAPTER - 6
'ECONOMIC RISKS FROM MEDIUM AND LARGE CONSEQUENCE LWR EVENTS

61 INTRODUCTION

ﬁ range of. eeonomia rishs trom catego:y 1I anﬁ III cor@-.. .. .

itaamage ‘and coke-melt accidents is ‘estimated in this® eection.vfﬂ””;#;  -

.. The effort is hindered to some extent by ‘the limited under-

i

" standing of severe. accident phbysical 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 IIIl economic-risks are - -

considered jointly im this study It 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 is estimated for the Surry #2 plant :
~using the median PWR core- nelt trequency 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 (categozy 111 event costes). The latter assumption is
consistent with those employed in PRAs 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 Howgyer. this range does not
jinclude the uncertainties 4n total eevere ‘accident- frequencle
‘The large uncertainties” “in.the total severe accident trequency
v.;qstimates are&diacussed latez 1n this aection. ST é:gf,

“-total severe accident -economic-risks-are-not-very -sensitive:to- :
,jﬁassumptions regarding the relative likelihcod of core-damage .‘,
" versus core-melt accidents bécause of the large contribution of
onsite costs to economic risks. Results of other probabilistic
risk studies are used to éstimate the variation 'in economic - R
" .rieks from medium and large consequence events at other U.§. - -~ i k¥
reactor sites. - Sensitivity studies of offsite core-melt acci--
dent conseqQuences and potential -applications of the newly

.-'~c0mpazed. ‘The urzertainties ‘in the eastimates of core-damage -
- ..ang. core-melt accident“

dent economic risks if ‘the total" fzequency cf core-melt events

instimates 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-

accidgent countermeasure implementation are discussed.
Estimated economic risks from category I forced outages and

category I1 and 11l severe accidenta at the Surry #2 plant are .

oste ate also discussad in this aactidn




6 2 ESTIMATED SEVERE ACCIDFNT ECONOMIC RISYS BASED ON
- CRTEGORY II COSTS .

An estimate of severe accldent economic risks for the Surty*'
#2 plant is calculated ueing the median core-melt frequency -
from the RSS with che assumption that all severe accidents . . ..
result in limited core-damage and-do not cause direct’ breach of -
the reactor vaeggel or result in a gianificant release of T
. .~radlonuclides ‘to the- environment This assumption is- cleatly

.. Untréalistic and ‘leads to 2. "lower boung" estimate of severe

~accident economic risks.. _.The cost models from Chapters 3 and & =~ =
" are  used to estimate categcry 1T accident cbnsequences at ‘the -

f;:WSu:zy #2 plant..:The:.cost oOf precautiona:v cffsite population’
““evacuation’ for category I events is shown to be unegligible

:Q;compazed to” the expected onsite costs of core-damage events.

6.2.1 PLANT REPAIR AFTER CATEGORY 11 EVENTS lf;,f];jmc.

As discussed 1n section 3.5, any severe core-damage event
‘resulte in the need for a plant decontamination program to. . .

T . remove . radioactive materiale which have been released from thef
. reactor core. Following plant decontamination, -a decision must
"be made concerninq ‘plant repair or permanent plant shutdown and

“cfdecommtssioning.i ‘Thie decieion is likely te be delayed uatil. nw~“75f

" "has not been made yet. . The. present..value -of lifetime- integrated

‘the end of the plant: decontamination process so that full xnow-
- ledge of plant ‘equipment damage from the accident is available.
~The decision concezninq the.ultimate-repair-of "the TMI-2 unit ™~

*“”categozy 11 accident risks ie relatively-insensitive to~ assump- .
~tions tegatding post- accident plant repaiz or decommissioninq :
' (Iess than ‘a factor of 2 variation) S

'7ff?s 2.2 'zngaczucv azsponss 'COSTS. FOR- CATEGORY xa EVENTS

T

: It is anticipated tnat public protective meaaures uould be s
- implemented.at offsite locetions during most accident. sequences»Fgwe;':ﬂ
- '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 Il-eventg. - It is assumed that the i
area within 10 miles of the reactor site is evacuated for a
period of 3 days as a precautionary measure during accident ™
‘sequences leading to significant core-damage. Thie action is )
Lredicteé to result in offsite protective measure costs of - . ...
$7x104 to $1x107 forithe range of current U.S. reactor sites,
The variation im. offsite costs results from ditterencee in the
___number of .people-moved .for .various reactor-sites. = This offsite
. 'ORMergency Iesponse. cost‘is small compazed to onsite losses for -
- -core- damage accidents. , . .

Y




6,293 PRESENT' VALUE? ‘OF'LIFETIME- INTEGKATED ECONOMIC RISKS FOR =~

~ SURRY .#2

'"The societal costs ¢f category II accxdcnts 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 -

"~ an LWR plant's pzoductive lifetime becauso 11tt1e of - the capital
'"”value -of  the -plarit-is recoversd. early in. the plant life.. . This:~

l"i{variation of accident economic risk-is ac counted for- in~the %":?"**
hog;integration of.. economic -risk. over tne remalning lifetime of ‘the
’i‘:eactot plant (Eq S 2)

A ' Estlmates of the present value of 11fetime 1ntegtated severe
.accident economic - risks -at-:Surry:#2 are-shown in Fable 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

"~ 111 Events = 0}). The risk estimates are based .on category-

il event costs -and an assumed core- damage accident- frequency of -

_ 6::10‘5 per reactor-year of operation. The core-damage frequency_'
. .ig-assumed to-be‘constant over the reactor lifetime in the 'eco- == =~
| ;nomic risk integration.. “The: integrated economic risks are shown - . . -

_for real discount rates of 0, 4, and .10%. The present.value of

-i,offsite evacuation costs is estimated to be-~$2= -8%703 dollars BT
cver the 30 year remaining piant lifetime. - The present ‘value of = . "

~lw4mportantacontributo:-30¢£he~total_cost~ofethe=Tmr-zﬂaccident.gﬁf
- For identical units at.the same site (like Sutry #1 ard #2), .

~onsite economic tisks - including plant decontamination. replace—

-..ment.. power. -and :plant-repair or-capital-costs -is-predicted-‘to ‘be---

©~$1-4%x109% dollars over. the . remaining plant” 1lifetime for the: '”"‘;“

. -0-10% range of -discount rates.  The integrated-onsite costs are .

' 2-3 orders of magnitude’ higher ‘than’ integrated offsite losses . -

» “for category 1T accidents. :Most of the onsite costs result

C from” replacement power and plant- ‘capital losses. with: ‘about . one - W

“fourth of the Iifetime- risk from category ‘Il accidents resultian i

- .- 'from-plant decontamination and-cleanup- costs for these aceci--".- . -0
‘dents. The total present value of lifetime risks varies by a

factor of ~4 ‘for real discount rates of 0% 10%

" The potential loss of multiple reactor units 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 problemes and-
regulatory concerns after the accident have forced continued
shutdown of the TMI-1 plant for nearly 5 years. The cogt of
- replacement power for the undamaged TMI-1 unit has been an

equivalent time period. resultg in a lifetima«integr&ted eco-
nomic risk ~60% higher than that for single unit shutdown.

e '~:'=,¢ LR T e L . o S §e3




| Table 6 l - Present value of severe aculdent economic risks
based on category II event costs, remaining
. llfetime of eu*ry #2 plant

‘V'Present Value of Llfeelme Economlc RlSkS
Off31te Costs (Evacuatlon) I Onsxte Costs

0% : o sa 4x103- s3.9><1o6
B T leo’;_’_.f‘ . s2.1x10%

-106_- e $2. 6x10" -‘ o si.oxiot
All coste are expressed in 1982 dollars.‘

_ Eetimates ‘based. on: the median core-melt frequency from’ the
RSS with the asmsumption’ that ‘all severe accident sequences _ e
'resultTonlyin ‘limited- core—aamage (category II event - ue-itmfft;;;gmwm~
it coneequencesL‘ “This assumption.is. clearly unrealistic. and :
mﬁ_,'§is used to provide .lower bound. estimates of..severe: ccldent,
Lt «xcategory II: and III event) economlc rlsks.-¢ S S Y
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Because category II"acc1dentf are limited in scove to exclude
core-melt accidenti which breach the reactor vessel, and most
multiple unit reactor sites have gsome separation of plant
gystens, ‘forced shutdown of mul-iple units-caused by plant
‘equipment problems tshould bé unusual. It is more likely that
. regulatory concerns could-result in multiple unit shutdowns -
-after category Il core-damage accidents. The large coct of
.. muitiple unit shutdowns. like .that which uccurred after the _
- TITMI=2- accident should be*considered 11 postaaccident regulatory«‘

ESTIMATED SEVERE ACCIDENT ECONOMIC RISKS BASED ON
- CATEGORY III COSTS o 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 11 -
~Events} = 0}). - This is consistent with the assumption used
~_in the RSS for estimating public health riaks fzom plant
' operation.

'ental releases of rad1oacttve material are’
‘estimated using the new offsite cost models. ~The offsite
consequence estimates for an accident are dependent on. the L
. site= specific -demographic. .characteristics 'of.-the areas . RS
surrounding the reactor. Also, the meteo:ological conditions._,
wind direction, and" emargency Lesponse neasures. 1mp1emented
-"during a severe accident have important impacts on the public
health effecte 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 conseguence model -
for input to the economic calculations (see Fiq 4.5).

. 6. 3 1 'ESS PWR CORE MELT ACCIDENT SOURCE TERMS
The source tetma defined in the RSS bascd on analysis of the

. Surry plant are shown in Table 6.2. Seven categories of PWKR

core-melt accidents were defined in the RSS for ‘input to the

offaite. consequence ‘analys.s. Specific core-melt accident

‘sequences were assigned to one of the seven release categories.
'Tuo‘cateqories of acclidents less severe than core-melt events
were defined in the RSS (PWR8-FWRY9) to estimate the potential

palo= OO
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.~impacts of design basis accidents. Because the offsite eucnomic
consequences of the PWR8-PWRY event categories 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 III accidents. '

. "The RSS PWR source terms- are used in the .offsite economic
- - risk calculations in this study. . Recently, there has. been.
‘“concern-that these.source (erms. may, be conservative or ..
zancco: BON=fealistic. for. most LWR accident.sequences [LeBl Nuelc] _
-+~ Research-is- underway to redefine LWR_aécident gource terms- S
- --based on -detailed accident. phenomonoloqy gtudies for LWRS'”' """"" S
- - 4ASN83,5p83). .The new economic model -has been designed to.
=+ - -.incorporat@é any ‘new source term definitions with minimum. effort
without invalidating the assumptions which undérlie "the model.
- Economic riske from core-melt accidents can be reevaluated when
‘new source term definitions are available. The sensitivity of
.. offsite economic consequences to source term. def1n1tion is»*
r_dxscussed in section 6. 6. v v S

fo 3.2 SITE-SPECIFIC DATA USED R fTHE'{é?_rfsr'rE ;:Efcqnbmci.-;-- R S
'CONSEQUENCE CALCULATIONS - R o S

~ The new offsite .economic consequen:e model provides the
" capability to use site-specific economic data in estimating. the
“e-—CO8t8.-of .emergency..response and population protective counter- .-
... measures. after an. accident._ County economic data for- annuard”“
. . farm preduct aales. ‘the fraction of each ‘area used in ‘farmland,
" market values of farmlard and improvements, and the fraction of o
farm sales from dairy products are used in the offsite economic j;~:21
~JF'~consequence valculations for the. Surry reactor &3: 2.  These. '
_© . data are taken from the 1978 :Census of Agrlcultup;-and updated
. .t0.1982. dollars Awhere: appropriate) ‘using cost infiators .
© - {Ce78a, SAG!] ‘County data for per- -~capita‘personal income are.
taken from the Bureau of Economic Analysis Local Area Pezsonal
Income Series for 1982 Iazaaa] ' -

County,economic dataﬂate~allocated to a 16x34 interval polar
grid which is,normally used'for,consequenceVcalculations-with

* Caleculations petfotmed dith the prototvpe economic model

indicate that ~%0% of PWRES offaite costs and ~99% of PWRS

offsite costs result from population evacuation. -Although

these events have higher frequencies than core-melt acclidents, s
they contribute minimally to the totasl economic risks because - '
the -ongite and offsite costs of these .accidents are small wﬂﬁ,gq,_
relative to category xx -and IXI accidents resulting in severe. ; - 7
-plant damage.. . e



the CRACZ code [81831 A computer-code. was developed - to allo- 7. 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 qud element. The locatione of county

population centroids are taken frorm the Bureau of. the Census

" PICADAD data base [CE7T8c]. This data alloca:ion scheme leads

to slight errors in the asaygnment of county economic . date to

consequence model qrid elements.  Howesver. this allécation -
, gscheme is appropriate. sincs. economic data- qenerally -VEry '
g.smoochly around small-counties, and much averaging is perfotmed
ofallocate ‘Census” population data to theé consequence mode;_#ﬁ”
-grid s ~-Countys= avexage economic data &re assiqnea to gria . .
elements within"100 miles of the reéactor site for the calcula-v___
**tions ‘tn 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 these

- distances, .and since accident economic consequences ate gener— Co

ally small-in- these areas.A S R

A graphics display ‘code was developed in :his study to p:o-
",vide a map of county boundaries surrounding a reactor site. with
.an. overlay 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 datas from:
"the PICADAD data base to map the area surrounding & reactor site
' [Ce78b.Ce78c). The scale. of a map is user-specified.-allowing -

- detailed ‘mapping of ‘the area 1mmediately surrounding a site. or -
- mapping of the” ‘entire’ conaeqnencu calcu*ation gtid., Maps of WT;
‘the Surry reactor site with the 16x3¢ consequence calculation

'grid overlay are shown in Pigures 6.1 and 6.2. The graphics -
routine is used to clearly identify those grid elements which,
_cover ocean areas only. The economic data for ocean inte:vals
-are. set . equal ‘to zero since -only small economi _consequencec Ll
occur in these ateas.$;-'_A_H+,__i_ B R h,gc;gfffﬁf'ac

 6.3.3. fédt:um'riou PROTECTIVE MEASURE ASSUMPTIONS

The offsite economic consequences of any large accident at
a 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 withim 10 miles of the reactor site {e
. evacuated 3uring all core-melt accidentg [NuBOb). Individuals
.are returned to .areas -pot impacted by a release of radioactive
material 3 days after the -initiation of evacuation. Am inte-
gzated groundehine exposure of 1 Rem in the time period 1-7 days
~after deposition ‘of zadionuclides in an area 1s used as a cri-
" terion for -emsrgency -phase relocation from contaminated areas.
“An fntegrated qzoundahine exposure of 2 Rem in the time period
7~ 30 days after deposition of materials in an area ie used as



_}LiFlgure 6 lﬁ— Map of. countles and consequence calculation gzid
ool D within 500 mile radius of Surry site.

* SURRY RERCTOR SITE, 0-500 MILES
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Fxgure 6 2'— Map of countxes and conssquenﬂe calculat}on grld
L withln 50 mile radius of Su'ry site.
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he czite:ion to. intetmediate phase :elocatien R 1ong term

L protective action eriterion ¢f 25 Rem-integrated groundshine o
~exposure during the period 30 days - 30 years after deposition

of tadioactive materiales is used in the calculationg. The dose

"~ levels and organs considered for disposal of contaminated agri-

~aétion- implementation criteria. “The critezia chosen in this

~rgtudy-are baged on sensitivity ‘studies pexformed with-the: new:
" economic model, " and-‘guidance - provided by the-Environmental :
Protectlon Aqency. the Federal Radiation Council, and the RSS -

cultural products are the BaMEe as. thoee use& in the RSS [Nu75b]

The economic ceneeqwencee and public health 1mpacts ‘of an f_;;ng_f_

. [EP75,FR64,Nu75b).  The sensitivity of offeite economic congse- . = = =
T .guences to- offgite protective action implementation criteria is - ..

examined in section 6.6.

g 6 3 4 DISTRIBUT(ONS OF CORE-NELT ACCIDENT ECONOMIC |

CONSBQUENCES AT SURRY #2

The ‘nev-onsite and’ ofteite economic’ consequence models are " v

'employed to estimate risks using the RSS source terms for the

,7melt accident economic c¢onseqguences over the remaiainq 11fet1me>k

‘Surry reactor. The consequence calculations are.based oa 100 -
sarples of Washington, D.C. meterological data using the metbin
.. .sampling technique {RiB81) and the yearly average wind rose for Ry
" . the Surry reactor site. .Rll economic. data have been updated and'_
”tesults are pzeeented in 1982 dollare. _:ﬁ;~fvrff“f e 3_ rwﬁﬁ,~

The complementary cumulative distribution function for ‘cores-

(~30_years) of the Surry plant ie shown in Figure 6.3.. The

"T;ffigute .shows the: ‘probability of .occurrence of- core-melt acci- .
- dents with economic consequences . greater “than specified magnif-;;;;f

“tudes over the remaining lifetime of the Surry plant.  The . . .
“lowest Pprobability accident consequences shown have an estimated

ichance of one in a million of occurring during the entire

itemeininq 1ife of the reactor plant. Consequences with ptobebi-

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 curvee for lifetime core-
melt accident risk are also shown in Flgure 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;  howaver this leede to
‘difficulty ‘in inte:pxetetion of economic congequence - ‘ e
~diettibutions. ‘ .

-are not discounted to the p:esent in the economic consequence

distributions in Pigure 6.3. ‘Diecounting of future accident

o Tue‘ecoeomic tiekeaiettibutione,anc means pteeeuﬁee:in'A’




Figure 6 3 ;-A.Distributsons of .core-melt acc1dent ~économic rlsks?--v.i'i:-” '
S for xemaining tifetime of Surry %2 plant ~ -
’ (based on Joss of sxnole unit). '

vL'f’eUme Core-Melt Accidént Economnc Rusks
Surry Recuor Site, RSAU Source Terms
% Boseld on’ Lo's}s of i

* PROBABILITY OF ACCIDENT COST 2X-IN REACTOR LIFE

S T w‘“ Gt 10"
ACCIDENT COSTS WITH DECONTAMINATION (DOllARS)

o f“o;;}‘s_ﬁt COSTS EXCIUDING WEALTH EFFECTS . WEAN'= - 3.78405 © N
(- 0 0FFSITE COSTS INCLUDING WEALTH EFFECTS - .. MCAN = . 4.5£405 . . .
* ‘ONSITE B."PORER AND CAPITAL COSTS ONLY  * MEAN =  1.9£406
c? ons‘nb’s POVER, CAPITAL, AND CLEANUP COSTS  'WEAN = 8.30406 o
R om ousm AND OFFSITE ACCIDENT COSTS M. ’s sme_ L
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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 losses, and plant decontamination .
after a core-melt event dominate the offsite property damage and
~public health effects costs except for very -low probability .
accidents at this site. The economic conseguence distributions

" “show that the-most likely core-melt-accidents would result in. . -

small offsite consequenceés relative to the onsite costs of plant
‘3968 and cleanup Expecred qffa*te groperty damage and health o

3

~7 7 The ecdnomic rigk” aistributions in Pigure 6 3 ‘are based on
. .the loss of a single 775 ¥we unit at the Surry 3ite after a-
"ﬂcore~me1t ‘acéident. .Because of the severity of core-melt aceci-.
“dénts with reactor” Veasel breach; and ‘the potential for large
. releases of radloactive 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 event 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 - '

- site are forced out of service after & core- melt accident at e
© - -Unit-2. The fiqu:e 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 rTemaining lifetime 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. distridbutions in. '
TUTTFigure 6.4 6how an even largét” dominance “of “ongite coats ovet~
T,*_oftslte cost components for the Surry %2 plant.. e =

T The conttibution of each of the RSS PWR1A- PWR? core-melt
. accident. :elease,categories to. expected coats over the lifetime
- of-the Surry plant is ‘shown’ in"Table 6.3. -The.contribution of
;each release category ‘to onsite costs is. ditectly proportional
- -to' the accident ‘category fteguency eince the .onsite cleanup, i
replacement -power. and capital losges ‘are approximately the same-
- for-.all core-melt accident categories. The high-frequency core-

melt accidents resulting in small releases of radioactive mate- .

rial to the environment are the largest contributors -to expected

onsite costs. . In contrast, ~90% of expected offsite coste .
result from low .probability PWR2 and PWR3 release categories.

The offsite core-melt accident economic riske are dominated by
lovw frequency, large consequence accidents. The expected onsite
“‘accident costs are larger than expected offsite accident costs

for all release cateqoties. .

N The RSS astimate of offsite costs for the PWRlA PR :eleas@_
,_Q_cateqories for i '*compoaite’ reactor gite is also shown in Table
' -_6.3. . Although ithe “composite* site estimate ‘ig not directly

. comparable to the- results presented for the Surry reactor site,
‘the rough comparison im Table 6.3 shows that the new model
- . predictione are similar .in megnitude to those from the RSS.

6-13




Figure 6.4 -~ Distributiona of core-melt accident economic risks
L .:~~;tforhrema1ninq lifetime of Surry #2- plant

(baaed on loss of both units).
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-*?able 6 3 - Contribution oﬁ PWRlA—PWR? cbre-melt accident categories to _
L s lifetime-integrated economic risks, Sutry 92, sirgle unit loss.,
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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 small compared to the expected costs of '

replacement power,: capltal logses, and plant cleanup after ‘

core-melt accidents. Howaver, offsite impacts of core-melt

acc1dents could be much higher for more densely populated sites.

_ gxscu@sed in section 4.4.6; the public health effect dollar o
.ﬁvalhés‘vsed in the -analysis are based on purely economic. coste,” .. L
~-"-"wand do not include societal preferendces for avoiding health

: ealth effect costs which-reflect preferences. for : - i...-
Creisks avoidancebcould ‘easily be. incerporated into-the-new offsite - -
economic consequence model if desired. The dollar values for

... offsite health effects must be increased by factors Oof 50-100
. to 'make them important contributors to the expected costs of
“‘doré-melt accidents at the Surry site. This supports the con-
- clusions of earlier studies which found the.total costs of -
...~ ¢dore-melt-accidents to be relatively insensitive to’ health
~-effect dollar values even including preferences foz health
;effect risk zeduction [St82] ,

6. 3 5 PRESEN‘I‘ VALUE oF LIFETIME INTEGRATED comz-msvr Ecouomc
. _RISKS FOR SURRY. #2 .

Bstimates of the present wvalue of lifetime ia&eqta%ed
.. .economic risks of .core-melt accident costs for the Surry *z
~.plant -are shown 1n Table 6.5._  The economic risk: estimates are
"baged on the core-melt: accident -‘frequencies and eource terms:
"defined in the RSS. .The integrated onsite.and offsite economic
-risgxs 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«%gratzon.u The -present-value . of ‘total offsite core- melt” acciden
- costs is-estimated ‘to-be ~$1-4x105-dollars over the 30 year .
* - remaining plant lifetime. The present-value of. onsite economic---
"'risks including plant decontamination, replacement power, and
-, splant regait or new plant ‘capital costs are predicted to ‘be
~8$2-6x10% dollars over the remaining plant lifetime for the.
~ 0-10% range of. discountwrates., -The integrated onsite costs ate
approximately -a factor .of 10 higher than integrated offsite
costs for core-melt accidents at the Surry site. ¥Most of the
onsite costs result from plant decontamination and cleanup
‘costg, replaceme.t power cost increases, and plant capital
.. losses for these accidente. The total present value of o
lifetime risks varies by -a tactor of ~4 tot real aiscount ;
- rates of 0&—10%. A el : : e

e . The eatimates ot al severe acciaent economic ‘risks based-
}awon categoty 21X coatesxTable 6. 8) are about a factor of 2
-higher than the estimates based on category II event costs -
- (Table 6.1). 'Thise gactorl;esul a tzom tb@ aaaumgtion that all




Tab]e 6 4 - Llfetlme cnremmflt acc1den* eﬁonomlc rlsks for
' Surry %2 based on 1oss of 8ingle generating unlt.

Expected Costs :
P e e : Ovar Plant Lifetime Due -
~ Cost Component : =" e D - to Core-Melt Accidents-

 Onsite Replacement Power, Cupltal Costs.fi;;is;,gxquu;;{%.:;t;\. .
TOnslte Decontamlnatxon/Cleanuo Costs L $3.,4x108.

i RS 7*1°’,mh‘
myzoff31te _Public. Hedlth Impacts .. §6. Oxlo“

rOff91te Property Damage

¢5,7x109’3:

-Based on purely economic costs of medical care and productivity
losses due to early fatalltles, early injuries, and 1atent.
health effects.;' '
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"7}Table 6 5 - Present Value of severe aCCLdent ‘economic rlsks
. basad on category 1II1 event costs, remaining
‘lifetime of Surry &2 plant.

?*Pxesent Value of Llfetlme Economlc Rlskag-““
’ Off51te CostsAHJ;_m Onsxte Costs..

" Discount.Rate -

Loy 154.48105_';":V‘,; ,,,A;ss.sxloﬁ',[i,_"

ey sausxio® . $3.3x10%
B RIS + T3 15 ('L R S 13 Y. LS

A @&117c65tsfére:62pfeésed ip l982_do11ars.

T L e , : : )
"Estimates baaed on the medlan PWR core-melt dCCldent frequencies :
and source terms defined in the RSS with consequence’ L
calculations for the Surry site. (category III events).

= “

W5‘18'¢*>




R RS RT SR

category L1 acczdents wer A result in early plant shutdown.'aid'""”"";”

~the hlgher plant dacontnmr;uilon coetl estimates . for category Y{I
accidents “The' ccsts of -. Fcite property damage ‘and health

effects for ‘core-melt accid-n%e also contrxbate te the d1ffer-v
~ence in economic risk estimates.

6.4 . UNCERTAINTIES.IN. ECONOM] RISF "STIMﬂTES

“‘=7vWUnc9rtainties n}the categoxy II and III e\ent economic risktwﬁ:
estimatesrare"¢9m1nated by uncertaintles Ao, event frecuencies. -

‘are’ hlghly “Uncertain due to 1mperfect 1nformat10n regarding

severe LWR accident initiators and physical processes. The
" uncertainties in the RSS core-meic frequencles were estimated.

“to be factors of 5 and 1/5 [Nu75a). - However, a cr1t1ca1 reviw

-of the RSS concluded tlat uncertalnties were sign1ficantly ST
" . underestimated in the stuvdy [Le7¢]}. Urcertainties in 'the reia-" =~ " 70
tive frequenc1es of core-damage versus core-melt- accidents are’

also 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 - ~ =
frequencles are motre. important in determininq the uncertaintiea LT

in severe accident economic rlsks R N :

Uncertainties in’ onaxte costs for category II accidents are ;
" dominated by uncertainties in replacement gower cost’ increases, "~ T
plant decon;amination costs., and the duration. of plantcoutaa°¢ N T
“after category II accidents. For the entire. range. of core- . ..
damage accidents, it is estimated that t'e total onsite crsts
could range from a factor of 3 hlqher to a facior of 3 lower. - =
than thogse presented. This range is dominated by nncertainties S
in plant.outage- duration and plant decontamination:costs for .
y;_core—damage accidents. - Because ‘offsite cogts of category. 11 S
‘,events are . small relatlve to onsite costs, the uncertiinties 1n“?“
offsite costs contribute negligibly to the’ total uncertainties
in total category 1I accxdent costs. _

Uncertainties in onsite costs. for category 111 accidents are
‘dominated by uncertainties in plant decontamination costs..
replacement power cost increases, and repiacement generaiting
capacity capital coste. The total onsite costs are estirated
to range from a3 factor of 3 higher to a factor of S lower than
those presented for core-melt accidents. The uncertainties in
offsita costs of core-melt accidents are dominated by unczrtain-,
ties in offsite property decontamination costs and the criteria
chosen for izplementation of long-term population protective S
measures sfter contaminating events. The :total offsite cost. tor» Ll
core-melt accldents are estimated to range from a. factor of § o
_higher to.a factor of :5.lower than thoge preﬂented for a defined
relesse of radioactive material. The uncerta‘nties in onsite
costs are the most important contributor to uncertainty in total
societal core-melt accident costs for the Surry #2 plant. -




_:\NGF"'GF RISKD FOR OTHER PLP.\!mc\

The range uf gevere. acc1dent economic risks at other plants

‘isbxa ‘gely determined by piant gspecific 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 operaelon A comparison of the plant

spec1f1c core-melt freque icies from ‘probabilistic safety studies
‘performed since the KSS is. ghown .in cmare 6.5 [Hag3]. The ' :
values presented represent medlan ot "po1nt" estimates ot
. -core-melt .accident-fr equen01es at each plant unless” otherw1se
~fndicated in~the~figure. —~Comparison of the plant ‘specifie”
. :frequency estimates can be misleading becausge the studies have -
[.fnot been performed using consistent. methodologles and assump—~f-f
- tions. “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

- of core-damage event frequency from the TMI-2 accident and.U. s._W_w_.;.;
" LWR experience (~2x10-3 per reactor-year). Some variation in~ =~

core-melt frequencieb results from the- use of different tech-

f;niques and assumptions in the risk studies for each plant. Lo
Plant- specif1c design characteristics-also. contribute sign1f1-~--“-
. cantly to the varlatlon in .core- melt frequency estlmates :

Calculatlons were perfotmed to ‘examine the 1mportance of

 site demographic characteristics in determining offsite economic

,,mj-risks from core-melt accidents._ ‘The new offsite cost models .
—-gere—employed-to- estimate core-melt risks for the "SUFEYy #2~ plan T
.- (RSS--PWR--source-terms) -at the-Indian-Point ‘site.- ‘The expected

. offsgite coneequences of ‘each of the PWR1A-PWR7 accident cate--.
"gories at the. Indian Point site are approx1mate1y a factor of

1C graater than for the equlvalent plant at the Surry site.;wq

Thie results in comparable offsite-and onsite economic risks for

" "“core-melt accidents at the Indian Point site.’ The total esti-.

. ilated ongite -and offsite.economic riske at- the Indian Point. sitefiif?3f¥
‘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.

Based on the range of core-melt accident frequencies from
plant-specific probabiiistic risk studies, historical experi-

. ence, and U.S. LWR eite 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 likcly tc be the dominant

~contrinutor to the total variation in core-damage event economic

Ti18k e«timites for specific plants. Site-specific demographic
characteriztics are also important for determining the total
offsite economic risks from core-melt accidents at other U.S.

Lwa sites.

.20
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.Calculations nave been performed. to.e¢stimate the lifetime -
.@severe accident economic riske for other reactor sgites using the

new onsite and offsite e¢conomic conseqguence ‘models. Economic -

risks for the Peach Bottam reactor site based on the RSS release
categozies BWR1-BWR4E are s'milar .0 thnse presented for the )
- Surry reactor site. Re‘ults for sites with higher population N _
"densitiee show. hiqhet of‘s“re cogts for core-melt accidents tham .~~~ "
“those’ presented for the Surry site. However, for all.sites which};;;-f,;
‘have “been:examined, the offsite- ‘costs of severe accidents are B

w..predicted:to.be small-relative to-onsite: costs except £or Low- i wws

. probability core-melt-accidents whlch ‘result in large- teleases -
_of. :adioactive mate:ial L S

6 S COMPARISON OF CORE-MELT ECONOMIC CONSEQUENCE ESTIHATES

{ 'WITH RESULTS -OF PREVIOUS STUDIES

‘ The results of ‘previous studies of core- melt accident N

- economic consequences are compared to results calculated with :

- the-new economic model in thisg 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" estimatea the economic consequences nf post-aee%dent
pnpnlat&en-ﬁfotecttva measures which are implemented after a
—release -of-radioactive-material-to-the-environment: - The -CRATZ

~+ congequences-of-core- melt- accidents (NUREG/CR-2723) {8t82}- Hhicpf”~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 '
T i{ntegrated SST1 accident cost ‘estimates from that gtudy [8€82])"

- "and the new economic models is ‘presented-in’ ‘Table 6:6. - The -

table showe that the total cost estimates for the Surry reactor
site are very-similar. Siqnificant differences 2xist in health
effect costs due to the use ¢f 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 coete which were not included in the previous
estimates. The estimate of onsite cleanup costs in this study
.18 - 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 cumpa:ison‘of'tae.meanfOftsite cost compcnente for an S$S8T1 = « -
release at the Surry plant from the CRACZ and new economic con- "7 ..
sequence models is shown in Table 6.7. The CRACZ2 model doeg not
have the capability of estimating emergency phase relocation
costs, intermediate phase relocation costs, or costs for popu-
lation relocation during the decontzmination period. The




vTaLue 6 6 - Ccmparxson Qf new model pre»dxctxons and resul*s

from’ NUREG/CR -2723 fcx the SST1 xelease, Surty zeagtor

NEW MODEL RESULTS VS. NUREG / CR-2723

?@p&ﬁa&%@h&cﬁﬁ&@“ﬁa&Ca&s&wﬁﬂmwtLH%

E&uammkﬁ&h&eﬂmBSST!Euﬁmmm(kwﬁywy,Swnylhwwuw

CmuChmmmmthkmﬂdm%d

hﬂﬂMEG]CR4W38

wx lo“’xf;

New Beonomls Modekf o

0.8 x 1010 x 1,

 Ofie Health Fffcts

32x%100xf, |

8.5 %1000 x fy

 OnsiteCleamup .~ | 25x100%x1 |  64x100xf
. Onsiie To'ta.lf-Céata 1 871000 fl' 18 8 x 1010 x. '-‘

. ﬁins plmnt. lifetime in dollan

e f ia defined to be the SSTl release cat.egory frequency (per reactor-year) Muluphcatwn
' "by f; in the table yields the-total. expected cwts of SSTI u:cxden&s over the remsm




Table 6.7 - cOmpatison of affaite cost estimates from cnncz and new wode?e, o

conditional on SSTl accident releaae, Surry @2 plant._“_:

‘ 'Intarmediate ”hase Relocation f« .i.%;gﬁ~~”-;
‘”;-Agricultutal Product: Disposal :

'tPopuletion Relocation: -
Durinq Pecontamination

b fLanﬁ and Property Decontamination .*§f§$
| Land and Property Interdiction Ty 81,9100
_ Interdicted Population Relocation o |

Offsite Health Effects _ L
Tbtal Offsite Costa

X ‘-5. ]

Othet Attributea Estimated
in New Model :

-i CRACZ Mean cOsts

: L CRER I L83 Oxlo‘ ~~ir-;'
"Eﬂmrqancy Phass Relocation ,~gj_;_' - E,f%' -

S se.oxi0? |
$4.2:00°
- s4.9x107

C$7.4x0°

xew Hodei ﬁsan Costm

. jss leoe

| s2.3%107
i sB.6x107

| '$8,1x10”

$9.3x107
186.6x10°
©$1.6x10°
$2,6x107
©$1,5x10° -

;s 1:10’

 ¥otal Population Dose Incurted, o-1oo Years | 7 1.8x10” Person-Rem
% Yotal Population Dose Avoided by Protective Meaeures n ;f4.iX10’-Petson-Rem

" Decontamination Wbrker Dose f?? T R -'"fffiiéxioﬁ;Person-Rem
. Labor 8equired for Decontaminaticn Ptogram . 1.1x105 Person~¥ears

" Rumber of Decontamination Wbrkere Required
for -ompletion of Ptogtam in 90 Days; T

o 6.6*10% Petsons




’ roaulto of both models inaicate tnat tho coBt of propetty

~decontarination~is the most lmportant conrtributor to total -

offsite costs for an SS5TL release at the Surry plant. The cost

‘of property interdiction. in areas where decontamination cannot

reduce dose 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 lmportant for this large -

- gource term. The emergency phase’ relocation. intermediate - - oo

phase relocation. and decontamination petiod relocation coats R

‘are telatively ‘s@al) fot this accident release cateqoty.A, R

"However, these costs dominate the imitial evacuation costs

vhieh are the only populition relocation costs included in the

. CRAC2 models. Updated costs of decontamination, interdictiom..

‘ang’ reloc&tlon'in the new economic model result im total cost

estimates leas ‘than a factor ot 2 highe: than tboae from tbo

CRRCZ aodel a—_— -

Additional attributes of SSTI accident consequoncos-'
eatimated ‘in the new economic model are shown in Table 6.7. Tha .
.4implementation of population. protective measures (including
decontamination, interdiction, and trelocation) results in a
‘factor of four reduction ‘in total population dose incurred in
the first 100 years after accident occurrence. The dose to:
..decontamination workers during the decontamination period is
Of the total popnlation dose 1ncutrod

on ptog:an to tednce population“

roquire a work;to:ce ot.mdé 000 man. c1eatly. ] larqe i
decontamination program after -a severe reactor. accident would
~have -8ome. important ‘beneficial -economic impacts-in an attected
area. Hovevet. ‘MANPoOWer limitations may force an. extended
period for completion :of ‘the offsite decontamination gtoqtaa
<'aftet large releases .of tadioactive material.

. Calculations performed for various u. s LYR sites ‘have
-shown that the ‘new offsite economic model predictions of
offsite costs are .geaerally factors of ~2-¢& higher than thoso e
‘predicted by the CRAC2 code. . :This difference results from more ..
accurate accounting for costs, inclusion of more cost R
"compenents, indexing of costs to 1982 dollars, improved -
estimates of decontamination :costs and effectiveness, and tbe
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
-.benetits of population protective measures in.terms of U?{.“"
. population dose "avoided.: ‘Thése bonefit ;:estimates can be used
4n ‘cost/benefit analysisof protective measure implementation
a8 disoussod in tho tollowing section. ' s




Ecomwc ccmsmuemczs

Thie new offsite econnwic congeguence models nave been used
_to evaluate the sensitivity of offsite costs to assumptions
regarding source terms and offsite public protective measure
impleaentétian'éxitéria. An example cost/benefit analysis of
otfsite protective aeasure impleaentation is also ptesented.'

6 6 1 SENSITIVITY OF OF?SATK COSTS TO SOURCE TERHS

o The:e hag been concezn expzessed recently that the aouzce
“terme defined in_probabilistic safety studies may overestimate
the releases of radicactive material to the environment from
gevere LWR accidents. fLeBl]. The. conclugions of research aimed .

" at defining new source term values based on detailed accldent
"~ physical progression studies can be incorporated into future .= - -

-Vﬁ~at -the -Surcy.- zeacto:~site.,xrab1e 6.8.8hows the .results.of . ...

‘economic. risk studies [SN83,Sp83]. The reduction of source term

- values: would result in small-or no changes in onsite cost esti- - . . ...

“mates for severe LWR accidents. The offsite costs of necessary
~protective measures and public health effects. could be aubseen
tially impacted by aigaiﬁicant source term. zeductiona. e

- The- aensitivtty ofﬂcora-meltmaccident otfsite costo to- ,
‘source term magnitude is :examined for the ‘8ST1.release category

-offsite economic .consequence calculations for: the Surcy reactor
-pite conditional on the SST1.source term, .and for the SST1 . T
‘source term with release fractions for all -elements -except noble“
gases reduced by factors-of ‘10 'and 100. :The table shows that tne
-mean total offsite economic: consequencea vary . approximately
linearly with the source ‘term telease ftactions.u Propetty
vary non-lineatly due to ‘the threshold -nature’ of these etfects. &
The cost of evacuation is independent of source term and becomes

‘more impottant relative to total costs foz small source tezms.;mi;,;

~ The sensitivity of ofﬁaite eoets to gource term nagnitude
4s important -for consideration of offsite .economic riskse. How- .. .
ever, since onsite costg contribute significantly to the '

economic risks from core-melt accidents, and these costs ate'notl;,

sensitive to :source term values, the total economic risk from . ...
core—melt»accidents ietlgaaaaqneitive-torsou:ce tern definmitio

, The otfsi:e costs of -a zelease ot zadioactive ‘material -
an L¥R accident are dependent ‘upon poet—accident ‘decisions




Lz-9

AN . SEERREE I
: Sensitivity of offsite economic conaequences to source tarm
definitxon. Sutry cz, SSTI redease »ateqoty.

Hean Offsite Costb

: “Property Decontamination?
”fProperty Interdiction 7~

1
N
1

- se Siios

,‘gsz 23 1 LR
68.6x107
*fSS 1x107
5?;;59 wio?
fi$6 6x10® -

,}isl 6x10°

on . $2.6x10"

. s1.5x10"

OEisite ﬂaalth Effects IQZ",?7

v;,?%&al_Offsite Costs S

factor of 10.

,:;sz 1~10’;

STIZLO

'”“%34.5x10°
$3. 4x10‘

51¢2x101

e 81.5%107

“$1.0x10°

. $5.8%10°

- $1.3x10°
$2.8x107

$1.5x10°

P

Outce term with a11 teleaae fractions except tha noble gases reduceﬁ

T;§§TI’100”fg o
sl 4!108 |
f36 3x10%-
“$1.4x10°%
%Qioléla"
. $8.3x10°
s2.6x10%
1 $8.9x30°
'$1.6%107




vatea 1mpacted by the’ relaase.v The. post-accident decision-making
" process is modeled in the- offsite economic. consequence model .by. .
' comparing projected individual doses to criteria specified for
protective measure implementation. The sensitivity of offsite
- gconomic conscguences to the. lcng-tesm protective action imple— o
mentation criterion is exam&ned in this section.‘ ' _ e
The 6@peudance of the mean ofteite caata foz the §ST1 - B
zelaaae cataegory at the surry reactor on the long terms pzotec- o .
“r-give ‘action-criterion is presented in Table 6.9. . The.: -long-term. . .. ...
" protective action~criterion ‘is based on- individual do8e68-int@—. i
. .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 rem individual whole-body expo- :
.....sure during this period: ‘The total affsite accident COBLS va:y-”.
_...: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 -
. icosts 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 -
- regarding - -population protective measure implementation eriteria -
- ‘because both costs andibanefits of counternaasu:e implementation e
ijf*are estimated.wu-;_ T _ :

o -7 The ottsite economtc consequences of Lﬁngaee%dentn &te“;.fw.;
- ‘:sttongly dependent upoa ‘the yopulation protective measure
" A-prementation criteria Gefined ‘in the new offsite econcmic
.. -er.isequence model. Offsite cost ‘astimates ‘could be increased
~.-by.large. factore based on. the assumption that very stringent
criteria are applied in post-accident ‘decieion-naking. Rouevet
¢ this assumption may be untealistic given the limited" benefits
" -and potential resource limitationc which uould tesult ttom such:
actiona.

ix
W .
EE3

| 6.6. 3 COST/ﬁENEF» ANALY318= ?=POST-ACCIDENT COUNTBRHEASURBS

;--.r ;; . ,m R

5

omic “cor aequence model can bo applied to " .
todies .6f yost-acclaent ‘pudblic protective action
mplemantation eriteria. ‘example. ‘of - thia application of the -
?nodel 13 pressnted in this aection.‘,ﬁ o . _ R

; ?ha prototypa odel” ostiaatea the population :
<Eexposure avoided - (n&n-tem}windtha emergency phaaenxintacmedlatev
‘phage, and: long-term pexiode. 4The costs ‘'of protective measures
“implemented: in :each. postqaccident -period are ‘calculated in theﬁ“
- model. Por exposure beyond the acute time period, each ' o
.population man-rem incurred has approximately an equivalent 3
'impact on ptedicted tadiation-induced public health. etfects. Pl




After Haterial Depoaition
(Individual Whole-Body Dose)

..?Hean Costs of
‘1?O£fsite Health%

Mean Tot&l

S

.- g’;,\w' "»"-_

,§Offsite Costs

§s4 1x10°
T $2.4x10°
I s1.3x10°
- §9.3x10°
| $7.7%10°
$8.3x10"
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'1nerefore. fot populaixen protective measures beyond the acute . .
—--=-time-period, man-rem avoided ig a useful me. sure of the benefit -
ﬂr_cf implementlnq populaticn pzotective measures. . _

Results of sensitivity studies of protective measure imple-
- mentation criteria are presented in Figure 6.6,  The figure is
. .based on results of c¢alculations performed. copditiona}-on an .
.- -85Tl-release at the Surry site.  The emergency phase period fs .~~~ .
;oo defined to extend-from l-7 days. the intermediate phase from ST
- ~ 7-30 days, and the Iong term phaee from 30.days-390 y2ars- aftet-u&m«lwx
+the-denosition of materials. _The figure shaws the mean. e
“¢o8t/bérefit 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 e
. period. - The figure showe that ‘the costibenetit ratios based on
_.average cost are smaller than those based on marginal cost. '~ =
'This behavior is ocbserved because a large portion of protective-
" ‘measure costs and benefits are incurred in areas where dose R
- rates. are. high.N.as more. teetricti"e criteria are applied, . . .= ..
—-additional costs and "additional man-rem averted a:e small . .- .o
relative to total costs and benefita.;_-- : : = a

LR ey more- usetul meaaure of [costs and’ benefits for decision-'5f7
gmakinq 48 the mar inal cost/benefit ‘ratio. 'This ratio is the
‘cost of 1, 9dditlonal man-rem (at themmarginﬁmby

gwulika the average cost’ per ‘man- :em
cost )or: maD-rem averted is deterinined
and benefits in those areas which only
rotsctiva action etiterion._ This :atio

4amarginally‘
:gexplicitl
° - ‘additional man- tem a8’ thewyzo?ective action:implementatian
-4ns¢cr1terion 18 deczeased.,wﬁ,iwﬁ7ww e

. cOst/benetit studies of protect lve action critetia cau be
o ;useful for -decision-making regarding recommended individual
-exposure limits for ‘different -time periods. .For post-acdident
-response beyond -the acute time period the marginal .cost 1ncutted{
-£t0o avold populatiou ‘exposures should be roughly. equivalent for
efficient use of societal .financial resources. The dotted linea ;
~in FPigure 6.6 demonstrate the protective sction ‘criteria in’ each
- time period which . lead to .an egquivalent- marginal cost -of ~$500
..:per man-rem averted.~fzhe ‘neyw economic model:can ‘be employed in
~yosthe future to dava1op consistent._eftieientqsopulation protec-
itive measur vmplementation ceriteria for use. in post-accident
‘ L

om0 T

_L*aftactiveneas ‘ot evaeuation plnna zo_‘
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6.7 COMPARESGV OF ROUTINF OJTA aE AND QFJEPI &CCID&N“ ECONOM}C
TRISKS . FOR SURRY w2 . . :

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 geueric frequency estimates-from Chaprer 5 combined with

. ‘outage costs for the Surry plant-estimated with - the new onsite .
eopt ‘models.  The ewddhomic risks for . categorv 11 and III events .~ .
are based on the PWR core-melt frequencies and scurce terms from. = .
wﬁthe Rss with offszta consequence calculatlons for. the Surry
‘gite. The 1arge uncectaxntiee in the RSS core-melt accident

frequencies are not reflected in the economic risk estimates in

.gTable 6.10. Results are shown for societal discount rates of O,

and 10%. Societal economic zlsk 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. The expected offsite economic risks of gevere 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 hlgh
frequency, low consequence events: This cost has been paid

“historically through teduced LWR plant availabllity and
._capacity factors. = - ... RO

'ﬁ*ﬁé‘“ﬁﬁ‘é@fté*{ aties 1

" relatively small .(~factofs of 3.and 1/5) because of the high

--frequency of these events. (~10 per reactor-year) .and the data

-availability for. .xoutine outage costs. The estimates of cate- -
gory 11 and. 111 economic Tisks are highly uncertain because of
=the large uncertainties in ‘the:estimates of-total” core-damage - - s
and.core- melt accident trequenc1es ‘and. the.: 1im1ted understandlngA,h,wh .-
“i'of “severe: accident physical processes. : 'Results ot probabx]zstiijf;;;'
“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 coste are the most

"~ important contributors to ‘the uncertalntles in total severe

accident cost estimates.

Uncettainties in core-melt accident source term definition
are extremely large and have important impacts on offsite acci-
dent consequence projections. -Thanges 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

costestimates - for:a. given gource term are dominated by uncer-

tainties in decontamination costs, which are factors of appro-

‘ximately § and 1/5. A detailed uncertainty analysis of offeite .
core-melt accident economic conCequences is planned ae part of
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Table 6.10 - Present- value of cntegory I and category i &;III event
economic rlsks for remaining life of © urry §2 plant.

Category II & IIZ Eventsﬁ,
(=6x10~"% /reactor-<year) .
~0ff31te ‘Onsite ;t_To;al

$4;4810’-%5$5:sx10€-355;9x195
,,§2;5x105.f3$3;3x105 $3.6x10°
$1,3x10° : $1;7x1o€ $1 8x10€




the MELCOKR program. The new economic consequence mocdel is
structured for easge cf 1mplcmentation of uncertainty analysis
Vtochniques E .

The comparison of economic :Lsks from the entire gpectrum
of LWR ‘events indicates that snuietal econctit risks are
dominated by high frequency. . 10w consequence for-ed outaye’
events. Also, the offgite economic risks from severe LWR:
accidents-are- predicted to be small relative to onsite rlsks _
"These conclusicns aré not significantly influenced by - .
(uncertainties in severe accident frequencies ané source terms.

6.8 SUMMARY AND cowcwsxows ,

e Calculations 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 costs of
post-accident decontamination, replacement power cost © - ' :
- increases, and plant capital lossee. 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 cf radioactive. mate:ia1.~ The offeite costs of
~propefty decontamination costs.” The costs of~ offsite public
- health effects are small based on purely economic costing of'
“hedlth”care anu ‘health-effects. —Calcuiations -performed. for
~‘various U.S. LWk sites“indicate that-offsite c¢ost predictions

. from the new model are. qenetally factors of 2 4 larget than e,‘fjc.f§71‘

ffthose from the CEACZ code._;'4

: The new offgite models have been used to °xamine the

jsensitivity of offsite economic consequences 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 offgite protective
-measure implementation criteria.  ‘The new =conomic models have

been used in example cost/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 coste and benefits cf LWR accident popu-
" lation protective measures. o

The new onsite and offsite cost models have been ased to

estimate the economic tieks at the Surry #2 plant with frequency

_eatimates from generic outage data and the SS. - The -example - -
“economic risk calculatiens for: “the- 5urry ‘Unit - 2 plant . reeult in.ﬁﬁ
the following concxusions" v , oL




'“ﬁﬁifféwbﬁgiféwﬁ;%ith'Eig%s, economic rlsks from LWR.
.operation are dominated by high freguency, small con-

'~sequence forced outage events. The soclietal costs of

these events result frem reduced availability and
capacity factors and th: need for use cf higher margi-

'.nal cost fuel sourceﬂ for generation of: electriclty

" The econonic rlsks frum LWR opexatAon are aomlnated by
. onsite losses, specifxcallv reblacnmnnt power cost -
~increases:for short duraticn’ outages. Severe accident

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

radiocactive material are predicted tc -esult in off81te

,Wcoets 18 lazge as. on61te p1 2t cests.

. These conc1u31ons result fxom the comparison of economic risks
-from various categories of operational events at the surry #2

plant,

with the assumption that gociety is risk-neutral to ail

economic losses. The conclusions 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 prlmary goal of this gtudv was Lo develop models to be --
used for analyses of econcmic rigks from events which occur
during U.S. LWR plant operation.  These models have been : _
xdeveloped for.- potent1a1 use by ‘both- the nuclear- power industry -~ .-
‘and regulatory agencies in cost/benefit analyses for decision- o
making. purposes. The newly developed models inciude capabili-
ties to estimate both onsite and: offsite costes of LWR events
»ranging from routine plant forced ouv.ges to gevere core-melt
accidgents resulting in large releases 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 patticulat interest groups
in the u.s. nuclea: power industry .

'The new onsite cost*models-eatimate'societal'loeses from
power. production cost increases, plant capital losses, plant
decontamination costs, 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 cost for most LWR outage events is tbe
‘power production cost incréaseé caused by the need for using .
-generating facilities with higher ‘fuél-cycle coste.’ Replacement;
‘power purchase cost increasés arc.estimated based on the mix of '
units available in each region of the U.8. .Plant repait costs .,
for reutine forced ‘outage events. have hietorica 1y been small .
relative to replacement power cost increases. “Plant decontami-,n
‘nation:-costs and capital costs of replacement power generation :
‘facilities are important for severe LWR aczidente resulting in "
core-damage or core-melt.: Electric utility business costs,
nuclear power industry costs, and litigation costs for severe
“LWR. accidents -are-1like.y :to_be small from the societal perspec- -
tive. However, ‘these costs,may ‘be important and warrant careful
consideration for specific qroupa within the U. s. nuclear power :
industry. _ . S 1 , : ¥

The newly developed otfsita economic models esti ate the
costs of post-accident population protective measures and public
‘health impacts. .  The costs of population evacuation and tempo
rary relocacien.wagricultural ‘product diaposal. land and

_the ‘economic models for population protective measutes. COBtB .
“of "health impacts ‘including medical care costs are algo 4ncluded
in the new offsite ‘econonmic ‘consequence models. The new offsite
models ofter several adventages 0ver the CRACZ economic modela.'




" including. mcre.accurate--accountingof short-teim population

o The data base was combined with the new onsite economic cost R

mif1974 ~1980 'study period. The average. .availability loss due: to'fﬁ-,x;:~;a,;

relocation cogts, accounting for population relocation costs
_during land and- property decontamination, flexibility of all
- time periods and protective action implementation criteria,
incorporation of site-specific economic data, estimation of
additional decontamination program attributes, calculation of
_both costs and benefits (in terms of: populatioh exbdosure ) B
" avoided) of population protective measures at ¢ffeite locations. : e
- and estimation of medical care and heal:lh: effects costs., A.. il e
p:ototype model was-developed in this study for- development and e
test;ng of ‘the new offgite economic 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, ‘nos-regulatory forced’ outage events at U.S. L¥Rs.

models to estimate the expected losses from routine forced out- . _
‘age evente. The losses from routine LWR forced cutage events - - B
~are large due to the high frequency (~10 per reactor-year) ‘ : S ¥
and power production cost increases for these events (see Table . N
6.10).. .The costs of LWR forced outage events are paid through . L
reduced availability and capacity factors for plante in opera-
tion. - During the 1974-1980 study period,. -forced outage events
caused ‘an average 10% availab11ity loss per reactor-yecar of
U.3. LWR operation Forced outacne events caused by regulatory
. concerns showed a consistently: incteaeing ‘trend during-the-

tegulatory forced outage events increased by roughly a factor - C
-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 highe: cost fuel sources.4f§

s
A

Detailed analyses of the forced outage ﬁata base. showed thatv;;
forced outage ‘events occur more fregquently at LWR plants in the -
first years of operation than later in plant life. This trend
is conaistent with "Satntub"‘failure rate behavior observed in -
_most . technological .devices.: This behavior is important because -
it indicates that economic riek from forced outage events and o
transient-inducec icore-melt accident risks are not constant: ovet Lo T %
the life of LWR plants. Risk management programs in the U.S. o g&
LWR industry should dirnct special attention to plants in the S o
.first few years of conmercial operation. Historical accident L
experience supports the hypothesis that risks are increased in . =~ .4
‘the first years -of :LWR -commercial operation. Wear-out related. - . -
increases in forced outage . frequency were not apparent in the i
1974 1980 oporati data - :

L 1-2
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o The new onsite and offszte ‘gconemic consequence models have

been applied in an example caiculation to estimate the ecohomic
rleks from core-damage and core- melt accidents at the SsSurry #2
plant. The analysis included the assumption that the median
core-melt accident frequency from the RS8 included all accident
sequenves resultlng in either ilmited core damage or full scale
core-melt. - The present valie ¢f exXxpe.ted coste of severe acci-
dents over the remaining life of the Surzy #Z plant is less than
-6 million dollars, based on. che RSS median core-melt acc1dent
_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 3nd 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 effects are small for. most
‘core-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 %1 million dollars. Only for extremely
"low probability events are offsite costs equal to or greater:
than ensite eosts. The expected coure-melt accident costs are
- small compared to’ the expected losses from high frequency Lou-‘
.tine forced outage events.- The- uncertainties-in the economic -
Tisk estimates -are large and are dominated by the’ uncettainties:"’
~in event. ftequencies for severe accidents, and by replacement

mpowet cost uncertaintiee for-. toutine forced outage events.v L**~w9"*~~f~

E The example applications of the new onsite and offsite eco~

_nomic risk models in this study lead to some -important conclu—“'?ﬁf-;ﬂcA‘
- 8lons . concerning LWR economic rigks. - Current probabilistic risk = -

-analyses predict .core-melt frequencies ranging from ~2X10-3
per “edctor-year to ~1x1o S.-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 ara
dominated by low frequency core- melt accidents, societal .
" economié risks from plant operation are dominated by high
frequency. routine forced outage events. From an economic
perspective, assuming soclety is risx-neutral to economic
losses, the maximum economic benefit could Le achieved through
reduction of routine forced outage frequencies and durations.
The econcmic risk calcula- tions performed in this study B
indicate that reduction of core-melt accident frequencies
gshould result in smaller economic benefits. . Thus, although
reduction of core-melt accident frequencies and conseguences 13
important for. controlling public health risks, economic analyses
indicate that limited societal financial resources might ‘be more
productively used.in controlling routine forced outage losses. -




'”RedﬁFfiBﬁWSfofl?’7§M56t5ée‘fxeédencies_wouid aiso reduce the
frequeﬁcy of ,*mgu;transient» and would thus have some: impact
von core welt ac¢ Jdent frequency and public health zxsks as well.

The analys1s of LWR economic risks ‘ndlcates that focu51ng
" U.S. nuclear power regulation completely on.severe accidents may
" be-economically inefficient, and that the most productive
expendltutes for plant improvements might be made to: increase g
~the availability and, ‘capacity factors. of -operating: LWR units by-]
.. reducing forced-outage freguencies and- costet - Expenditiures for
core-melt accident prevention are likely to produce larger -
benefits than expenditures for systems which m1tiaate the off-
site consequences of .core-melt-accidents since a large portionm .
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 uged in o
‘detailed sensitivity and uncertainty analyses as part of the
MELCOR severe accident risk assessment proygrem to more accur-

"ately quantify the range of economic risks from severe acci-~ |
~dents, The LWR forced outage data bage has already been wsed :
“in support of actuarial analyses within the nuclear lnsurance, o
_industry. It is recommended-that the new o6ffsite economic con- -
sequence models be used to perform cost/benefit analysee to T R
as5ess. post accident population protective measute 1mple Q}Q;ﬁ;w%w,w“W"m

H
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| U.S. LWR OPERATION EXPERIENCE DATA BASE

'Thé»data~ﬁa§é-ofﬁLWR'oééraﬁiﬁg-expétiehéé déQé1opédHtﬁ;fﬁfé""”"”’”

.study to estimate the freguency ¢f LWR forced outage events is

discuseed in this section.. The data base for 1974-1980 is "~ -

caviilable on magnetic tape in either -ASCII or. binaiyﬁdaxazmis?~w“~“*“"*”“*

“furmats.

" "'The data base was formead. from arnual. publicationa of. fozced~f=o

”'oﬁtage data from the U.S. Nuclear Regulatory Commiesion [RE74,
"Nu77b, Nu77¢, Nu79a.. Nu79b, NuSla, NuBlb). Only forced outage

events {not scheduled) have been included in the new data

~base, " Also; all régulatory cutages have been excluded from the -

~‘data base for the purpose of this study. Finally, the total
‘duration of a single forced ocutage event is recorded in the
~.calendar. year in which the forced outage event was initi{ated.

'*The plant start and end of - op@tation are reported to the S
“The 'shutdown year is reported aa o O tot 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, M86S. vender, plent electric rating, startup

-and shutdown year-, and the number of forced outage.events.
“observed are tabulated for each recorded plant year .of data. R
An. example of the data base format ‘for a single teactor-year of-’«
;operat1on is presented on the following page _

nearest 0.1 YeAar.:
plants atill in commezcial,operation.-




" ASCIT FORCuD OUTAGE -DATA,’ ALL PLANTS, .1574-1980 4203 PTS.
. CALENDAR YEARS 1974 THRGUGH 1980 :

ﬂﬂ****kﬁﬁﬂ**ﬂ'*wﬁ*ﬁﬁﬁ*ﬂﬁ9ﬁ‘ww*n‘***k*ﬁi&*w*x**t*ﬁ**ﬁ*****ﬂ**ﬁ*

‘:fPLANT NRME = BIG ROCK PO\NT 1. ‘_f CRL”NDAR YEAR . 1974
. . PLANT TY?E o= BWR 88. VENDQR CH GENERAL ELELTRIC
"PLANT RATING (MW&) a 00072 -

PLANT STARTUP., SHUTDOWN YEAR = 1963 3, 0.0

* FORCED- OUTAGE EV!E'.N"I"z IN CALENDAR YEAR = 2

i "’”_'FORCE'D OUTAGE EVENT DURATIONS {m HOURS) 25 3"179?"}'

ﬂ‘ﬁf*’kili**tt*ﬁﬁ*ﬁ*ﬁ***tﬁ*m*ﬁ**ﬁr#*xﬂ****ﬁ***ih&*tt*ﬁ*ﬂﬁ**aﬂ***ﬁ e
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”, APPLNLIX 3

ANRLYSIS OF REGULATORY FOPLED OJTAGES FROM 1974 1980

Nuclear plant outages cau&ed by regulatory orders are - - :
ehplicitiy excluded in the forced outage data base develowed in .
this study. The economic Tisk profile presentsd in this report .
includes only losses from those events_ tesulning from plant S
Speration; not TisKe which result directly from :egulatozy
policies or mandates.- The regulatory outages which occurred
during. the calendar years 1974 1980 are discussed 1n this ‘
gectiony ,

Fiéuté”Bli‘éﬁdﬁé the total number of U.§. commercial LR

reactor years of -experience which were recorded in-each calendéar -

yYear from 1973-1980 inclusive. The number of U.S. operating
reactors more than doubled during this period of study, beg.n-
ning with under 30 in 1973 and concluding with nearly 70 opera-
tional LWRs 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 terme of electrical power rating) of new

reactors grew--throughout this pericd—finally peaking at—=1000"
MWe ‘per unit at the end of the study period. Thus, the port-
10ii0 of U.S. ‘ﬁﬁRs vas. constantly changing with time duzing the .
study pe:iod o e e 4 B . .

power plant is*available fot 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 apptoximately 68-73%, averaging about 70% -
during this petiod.- U.S. LWRs experienced a v.~y good year in -
1978 averaging a 75% ‘availability during the c¢: ‘endar year. In

1979, regulatory lmpacts of the TMI-2 eveht and other unrelated.jf{:?:ff f“

Tegulatory impacts sent the average availability 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.S. LWRs dropped nearly 11% in the two years between
1978-1980.

" -The LHR~tegu1&tcry~out&ges recozded between 1974-1980 wvere
analyzed to determine the impact of changing regulatory policles
and standards on the availahility ‘of U.8. LWRs. Figure B.3
shows the approximate decrease im reactor asvailability due to
»:egulatory fo:ced outage evente in each calendar year®.

w This is only appzoximately cortect eince 12 tewer xegulatory
outages did occur; ‘it 1s likely that outage houte from other
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,

2gs than 1% of the available commercial reactor years were lcst
ie to zegulatory causes. From 1976-1978, regulatory.. outages
ccounted for a2-3% loss ‘in average plant availability. B
inally., due to the¢ regulatory 1mpa ts of the TMI-2 accident and .
ther concerns, nearly 11% of 211. available -reactor years were

et <due: to- outaqe -events in 1979.ﬂ Regulatory ‘outages- decreasedilffi:?ﬁ':i

smewhat in 1980, but the 105@ of avallabllity was still higher
1an 1n pre -TH1 years.

The total number of hours of reactor operation temoved by
:gulatory outages in each calendar year is shown in Figure B.4.
ince -the total number of reactors operating increased through- .
it- the study period, this data shows an even larger incxeasing
'end than the average ava11ab1lity loes data. 1In 198G,
)proximately 20,000 reactor hours were involved in tegulatory
itages (nearly ¢ full reactor years). Assuming the reactors .
iwvolved would have operated at an average 70% capacity factor -
id the tegulatory outages not takan plac2, and ucing the simple

:placement -power cost model ‘discussed in Chapter .3, the socie-»f-éféﬁ

1" cost’ of "these outages in’ 1980 {8 estimated to be Setween
% and 0.9 billien dellare. The. large number of regulatory
tage events in recent years :esulted in very large costs.

Flnally. the average u. 8. LWR fotced .and.. scheduled outaqewmww
rcentage throughout the: study period is shown .in. Figute B.5.
ain_a general’ increasing trend in the ‘time lost-due:-to- sched= >
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.. “The annnal forced .outage percentage shows signs of -
versa corzelation to the scheduled outage percentage. This

to be expected since more downtime is available during
heduled outages to perform mdintenance which may otherwise
ve required a forced outage for completion. The forced and
heduled downtime percentagec in & given calendar year can be
ded to determine the .total average availability loss due to
1 outages. The average availability decreased from ~70% in
73 to ~65t at the end of 1980.

‘ yn-s R -‘.'v, ;




Ffig_gr_eg B.4 - Total reactor hours involved ir regul-étory out.age.
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The analysis of regulatory outages,over.theAEtudy periog
W8 a conaiaténﬁ“indf@qéing trend in the number ‘of plant
mtime hours attributable to regulatory actions. -In. recent
rs,~:egulatpryjactidnglhéve“bEGome increasihg}y imnortint in
ermining the average Lwn_perfcrmance in the U.s. The inclu- -
n of regulatory foiced outages in the analysis of LWR per- .
mance..can-.carqnifi gtlyfbiqs;reshltsfdownwaﬁd;1“Regulatéry
ages. areé exciuaed in the estimation +f event frequencies in
8 report to remove the influence of Past regulatory policies.
refore, the outage frequency and severity estimates contained -
Chapter S 'inc¢lude only events which result from plant opera-
n, not those tesulting,from.regulatory%mandﬁtes‘or,poliCies.-
. - S
8
;
e e e -




- . region.
nature:of‘the'economy;idt,isva very powerful tool for predicting

APPENDIX c

5;": BEA Ecowovrc ANALYSIS METHODOLOGY- AND RESULTS

Recently the Bureau of Economic Analysis (BEA) within the =

U.S. Department of Commerce has applied an input-output econom¢c.,'
-~ 'model, -
. nuéléar -reactor -accidente.

- RIMS II*, to estimat9 the potential impacts of severe.

the. results of the BEA analyses are. reviewed 1n this section. -

~'C l BASIC INPUT OUTPUT METHODOLOGY

The essent1a1 principlee of the input-output method of eco-
nonmic analysis are most easily undetstood through a transaction. .

table, which summarizes the transactlons whlch occur in an’ eco- - %o -
Table C.1 thows a hypothetical S

nomy during some pericd of time.
. 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»ai‘f o
wertical cclumns. show. _how each sector .obtains-needed inputs of - ———=- ¢
~-...g00ds and services from otrar gectors.

Each entry in a hori-
zontal row is also an entry in a vertical oW, 'thus the table

" shows the fabric of ‘the economy, the flows of trade and services
o . The composi—4+3.j -
tion-of. - the transaction table-is--based-on- transfers of 'goode and " T T

‘'by_which all of the sectors _are-linked. together

-,services in.a-region, and may: be’ constructed using. available .
- industrial transact1on statistics. The transact1on table used

in’the RIMS-II model is based on the 1972 BEA national I-O tableffj,;fig-*

" which ccntains 496 individual ‘industrial sectors (a 496 X 496
VVmatrlx) _

~-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 wuich are used as inputs in-
t* ., production of agricultural cutput. A change in one indus-
.rial sector inevitably affects the entire economy, each sector
ppropriate y adjust.ag to approach a new equilibrium in the
‘Because I-0 analysis does reflect the fabric-like

. economy-wide effects .of changes in demand for goods ip one eco-.
nomic sector‘(aemqnd—driveh*analysiu).

P

_ * Reglonal Input;butputVModélinq.System I

" The basic ‘conceptual ‘methodology aﬂd”ai*"”” “’

. 'nput Output econdnmic analyais is moet often used to show -
the effect on a regional economy of a change in demand for goods

The I-O methodology can
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alsofbe modrfiedwtoipredict eco xomg-wzde effecte of input
shortages: in specific economic sectors: (supply- constrained
-analysis). . The basic mathematics used in these forms of
regional l 0 analysis are discuseed in BEA reporte [Ca82]

In’ order ¢o use the I- 0 methodology in mcdeling severa- LWR
‘aceident” 1mpicts, jt- ie necessary to specify the ‘areas which are-
affected and -the impact’ on‘lnduerrlal output in each area
.affected.  The BEA analyses divide the entire region considered
~into: ‘the "physically. affected" area which is-contaminated by the .
accident. and the "physically unatfected" area, which is the 7
.area . 1mmed1ate.y surrounding the contaminated area. The physi-

- a‘l; ‘affected area is divided into the interdicted. decontal1-5v~~*ﬂL
nation, crop. interdiction, and milk interdict’on areas based on- -
“the mearn ‘results of .CRAC2 -analyses -for a given accident source .

term. The assumptions used in the analyses for the percentage

-0f annual ‘output. lost due to post-accident couptetmeasurese in

each area are defined in Table C.2. -These estimates of output

lost are used to drive- the I-0 analyses for each region. - The-
“analyses are intended to account only for the-first year after
accident occurrence, therefore the maximum output loss in any

region 13 defined to be 100% of annual production.' - :

One problem with the. RIMS II ana1y81s of post accident I
countermneasure impacts is that the areas affected are defined:
--at. the county level. Only entire counties are included in each
area gpecification and no sub-county land areas are included.
_The assignment nggourties te production loss-categories- for~the
3t. Lucie reactor site, ¢conditional” upon an SSTI” release and ar
CWNW wind direction. 18 ‘shown in’ ‘Tadle C. 3. A map of ‘the L
‘sSt. Lucie site, with ‘an overlay of a typical straiqht line _
Gaussian plume coverage area as predicted by: CRACZ for the WNW

wind direction ls shown 1n Figure C 1 The incluslon of the.

in the . basic problem for.the BEA versus the CRACZ economic J;"f;_ A
" analyses. Even for the. widest plume coverage areas predicted - ¢
by .CRAC2. (~70°), the areas specified in the BEA St.! Lucie gite
~analyses -are much larger as shown.in Figure C.2. Thus, the BEA
"apalyses may overpredict impacts due to the inclusion 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 =
CRACZ predictions is currently difficult because the specifica-'
tions of affected areas differ subetantlally. .

C 2. ANALYSIS OF . BEA REBULTB

Althouqh ‘the. BEA analyses do not exactly correspond to~ preﬁ
_dicted .areas..of :contamination for specific accident seguences,
the resulte are useful for analyeis because they provide K:1:34 i-:

c-3
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‘technique. The B A analyaee eatimate secondary 1mpacts. or
impacts which occur outeide of the giuysically affected area.
“The..zesults of -the BEA anal;ses ‘predict the secondary impacts
“to be small relative to effecte in the contaminated L.ea. Thie
result, which geems intuitive based on economic prlnciples.<ia
-useful ‘because. secondary ‘effects are not accounted for in the
CRACZ or new economic models

- The- BEA predictions of jobs lost ‘after accidents at . e
dxffetent sites wvere. checked for correlation with the population
‘within the counties assumed to be 5ntetdicted This correlation
would-be important becauge the CRAU2 anhd new economic -models -
-assume that interdiction and decentamination costs will be
d1rect1y proportlonal to the. population in a given area.
‘Studies performed with the British ECONO-MARC economic impact
model indicated that per-capita interdiction cost models provide
teasonable eetxmatee when compared with more detailed analyeee

BEA analysee nave been performed for a variety of reactor
‘gites with a wide range of affected populations. Figure Cc.3
.ghows. the total- employment in ‘each of the study areas which wvere
-available for analysis. The total employment in the study a;eae
ranged from under 1 million to over 12 million pereons.

' Three. pred‘ctions of - accidenf area employment impacte are
p:eeented in- the ‘BEA analyses based on.different. aesumptions
‘uged in the I-0 analyses. - "‘The maximum’ direct job logses
predicted include all ‘jobs lost in the physically effected area.
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 predictions
are based on the assumption that cutput :increased to the maximum
-degired: capacity in-the physically unaffected: area, but directly:
affected households do not resume normal consumption 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
households resume normal consumption expenditures. EBach 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 glite, accident, and wind direction
considered in the BEA studies ([Ca82,BE82b,Ne82b). .The results-
.of “1inear regreseéion performed on the results are alao ghown in
the figures. _The predicted .job losses from the BEA enalyees are
remarkably linear with the interdicted area population, all -
three correlation coefficients being in the range of ~0.95.

The results of the BEA studies predict the lossee in the
directly affected area to vary apptoximately linearly with the
population in the a:ea.A .
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'he -BE2 reactor accident eccncmic impact studies are useful
eceause of the appllcation of 3 different economic modeling
echn‘que ‘to the estimation of reactor accident. economic
mpacts. The I-C modeling technlqu@ is very data intencive and

omputatlonally expensive and is therefore inappropriate for use . .

n risk-analysis- applicatlons requ1ring ‘analysis of hundreds of
ccident sequences. weather scenarics, and wind directions. The.
IMS-II model has a&lso been used with areas defined at the

ounty level which results in-large differences from CRACZ pre- -~~~

jctions. 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
redictlons _

" The BEA results indicate that secondaty or spillover effects
ill generally be small relative to the airect 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 aqrees 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
onsequence models is supported by results obtained using
ifferent modeling technlques. -Future research and assessments

f indirect effects and populatic.. based loss predictions ahonlqmw;xﬁ

e analyzed for._ ver1fication of. the assumptions undetlying the
W offsite 1mpact model. SRR

c-13
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APPEN’IX D

ANALYSIS OF LWR FORCED OUTAFE DATA BAS&

'his appendlx reviews the resu’ts of detaileé analyees: per- - L
d on theé LWRforced outage data base developed in this o
. - The Aata were analyzed to determine impact of reactor
(~lectrical rating). age, NSSS vendor, and reactor type

vs. PWR) on’ the forced outage frequency observed in each

dar year. Regzeaslon ‘analyses were performed to check for

ble correlations. between forced outage event duratlons,}

d outage event frecuzucias, and reacror age. Regulatory

4 outages are excladed from all analyses in this section.

FORCED OUTAGE FREQUENCY VER US REACTOR PLANT AGE

Ligure,D,lushous»the.number.of forced outagenevents.0ccurr;fﬁil
n -each-reactor-year versus ‘the age of the LWR during the -
" The ‘raw data—include367 U.S. commercial reactor years
eration between 1974-1980. The high density .of raw data'
s -for emall reacior ages reflects the large number of
s whlch began ccmmercial operation durlng the study period.ﬂn
aw-data-points—also show a- ‘trend—towards ‘larger numbers of
(] outage events: in ‘the first few- years of reactor opera--
A ‘moving’ average of plants in 3-year age groups,_inc‘udi-'
11 of the raw data .points, . is shown in"Figure D.1. .~ -
ctlvely. all plants averaged about 15 forced outage evente
e first year of. operation,’ dropplng steadily to aovout’ 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. approximately three times. as large
e forceu outage frequency for older plants. .

he curve for the number of forced outage events versus

ocr age is consistent with a "bathtub® failure rate curvae

he learning curve observed in many technological ‘-devices

]. The high incidence of forced outage events for new -

ors 'is caused by "teethinrg" or wear-in problems with the -~
“As the reactor becomes older, uw2ar-in problems become

important. and the base forced ouvtacs rate is approached.

@ reactor plant nearts the end of ite producztive lifetime L

ected to be ~40 years from startup). an increase in the oy

d outage rate would be expected due to wear-out failures. :

--none-of -the-reactors -included-in-the-data-sample -are more - — -~ -

20 years old, the lack of wear-out related effec*ts is not

ected. " Also, Tegular -maintenance work may be effective in
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Flgtze D 1 alsc shows curmes for the yearly forced outaqe
;‘rate versus 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 collectively,
~exhibiting a ‘relatively constant forced outage rate of ~7
forcea outage events per reactor year over ail LWR agee The

outrelated _,pi‘,o_bI'Gms.'._bie_fot.e'_;f.orcedﬁ..c.u.t’,a.g.e,_4-,'

‘curves for plants _between 500 MWe and 1000 MWe .in size: 8h0W~~~~‘=t“

“gignificant-wear-in forced outage rate effacte. Finally.,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 vezeue 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 PlaBt6. ... oo
.based. oen the Xsss.vendor...—The cuzves-for-all four U.Ss Nssswm e e

»vendors show 51m11ar wear in or learning curve effects

The results of the above analyses indicate that for LWRe

larger tl.an 500 MWe and smaller than-1000 MWe, the plant - forced IR

-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 1/3 of its ,
”in1t1al value. This trend in mean forced outage frequency. is .. ~
‘observed fcr LWRB independent of plant type and NSSS vendor,
except for those plants smaller than 500 MWe or larger than
_1000 MWe. For the smallest plants, the forced outage frequency:
was approximately constant for all plant ages. Possible.
‘explanations fcr this small plant behavior include small sys=* en
simplicity., improved system reliability, or extenzive operations:
experience in the U.S. with small reactor startup and operation.
For latge plants, the forced outage frequency did not show a
significant decrease with reactor age. This could be explained
by the.small- amount of data iccluded for large plants, a lack
of experience with large feactor startup and operation. or
decreased system: xeliability due-to- increased eize and
complexity :

The decreaee of forced outage frequency observed with 7
longer ‘commercial oper:ition of an LWR plant may have important
implications on-the economic and,public health risks posed U.S8.
LWR._ operation.. HMany safety anslyses performed-on- LWRs-to-date
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‘have found tran31ent induced ac"ldent sequences to be an impor—

- tantcontributer ‘to. rish from LWR operation [Nu75a). Each forced
. outage event at &an LWR" facllity resulte in at least” ‘some trans--

“ient of-the reacter system to achieve either 2 hot or cold

shutdown condltion._ﬂEach forced outage event results ia ‘demands
placed on systems required for transient operation, and possible o
- demands for engineered safety systems if normal systems fail to .~ "

.operate correctly. - Since transient frequancy can be important
in determining the riek from plant operation, the risk from

plant operation may reflect a “bathtub®" curve over plant. 11fe.,.Q
CRisk’ ‘reduction .or. control programs ‘should focus efforts on very -

" new and very 0ld (if LWR system:wear-out is indeed an observed
effect) plants in operation. This conclusion is supported by

‘historical -experiénce. with the worst two U.S. commercial. reactozm;"c"
“incidents™ occurring at reactor facilities in commercial opera-

tion less chan 1 year. The 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 pltnt has been- recovered in
‘this’ perlod. :

D. 2 _POSSIBLE CORRELATIONS BETWEEN FORCED OUTAGE DURATION.
' FREQUENCY AND PLANT AGE. :

It may be.expected that some- corre]ation would exist ‘batween .

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_ _Q;[} ;,-:

" numbers of forced outage events might be in 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 dutations nay be dependent on plant age,

‘older plants requiring longer outages for major system repairs.. .

" The operations data base developed in this study 18 checked for
such correlations in this section. . R :

. Figure D.4 shows the mean duration of forced outage eventa

versus the total number -of forced outage events observed inm each ==

reactor year included in the data base. .The data shows much
vatiatlon and no clear correlation is obgerved in ti2 raw data.
Using standard linear teqreseion the correletion coefficient

between the two parameters (R ) is less than 0.20. .The duration“;'rﬂge.‘_}*

of forced outage events shows little consistent variation with

" the ‘total number of forced cutage 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. Matcn. 1979 and the Brown's Ferry
Fite in March 1974.'“;$f ‘ : o S
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ffﬂietfibutiongof “foTCed ot ags sevefit?wfof”Eﬁf&fion)fiewfn&e: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
1nsurance (i. e. fzre. floods, auto- acc1dente) :

;ffﬁﬁ-hs»discussed.=the.frequencY of'LWR.forced outage events .
gshowe 2 strong dependence cn reactor age for moet LWRe. 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 Versus. the age of the LWR at the time -the data were
-recorded: - The data. show very. little consistent: varietion and- - P

Cthe: R2 of-a. 1inear 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
zegre381on coefficient. Thus, the total duration of forced out-.

age events appeats to. be 1ndependent of LWR age

- Dy CONCLUSIONS

. . Based_ on’. the results of detalled analyses of forced outage .
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 ) o - e -2
-or._ NSSS vendor. - The variation. of .forced outage frequency with [
reactor age is consistent with a. "bathtub" shape due" to wear-in-
~effects, but increases in forced outage frequency due to . e

- 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

o The increase in forced outage frequency due to wear-in . =
effects for large LWRz (> 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 years 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 reacter age could have important
implicationa for. :1ek reduction and risk eitigatzon programa.

L The analysie of the data bese to -check-for cor:elatione
between forced ocutage durations and forced outage trequency
ghowed that no signiflicant correlation exists. This supports
the assunption of forced outage severity distribution and
frequency independence wnich ig used in cnaptezs 3 and S. The
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mEan and tofdl Guratlon of forced outage events also showed nr

siqnifi nt co:celation with feactor. age.. ~Thus,. the assumption
of fregq ncy and geverity distribution - independence ig used in

all. actuarial analyses con»ained in thls xepcz

RS 15 B SUREECIE




APPENDIX E

DOoE PROJECTIONS IN THE PROTOTYPE OFFSITV ECONONIC MODEL
- Dose rates from surface-deposited radiocactive materials are
>:ojected in tre prototype economic model by accounting for

adioact1ve decay. ‘weathering. and shxelding provided by struc- - -

urea and geomatry using the RSS model:

o - A S t ‘>“:_" t.L_x L L
) RD (t) = SFODCi¢SD1° a e. Xw + aae kw” e it ) (Efl)

fhere _ . e ‘ ‘ . o ,
RDj(t) = the dose rate from isotope i as a function 6%
’ - time after depésitiOn‘(Rem/Year). o |

- 8F =t shielding factor to account for dose zate;
"“‘f““"f”reuuction afforded by buildings.‘etc.
(dixonsionless), ‘

“ffDC{”ffﬂéfdose conversion factor which relates deposi*ed

ST 7 activity: levels for ieotope ito whole body doaes'""f*'] :
‘ -;w({Rem/yeat}/{Cilm**Z}) e P S

Tt

8D§ = initial surface deposition level of. isotope i
T ey, .

1S g'radioactive decay constant of nuclide i
. (fyear), - o ,
‘ é, :ié“weathe:idg4qonétant ftom Rss (0.63);.
a, = weétheiing.cons;ant-ftom RSS (0.37),
-}:‘ = weathe:ithqdeffiéiént from BRSS (1.13/year),

N, e weathetiuqicOatticient from RSS'(d.OO?Slyeaz)a

nie model is based on data collected for dose rates from

esium-137 versus._time but ig employed for all deposited. radto~vfﬁ

uclides in the RS6-model. {Nu75b). Thie equation is integrated
etween two points in time, t, and t,, to project a maximum




"ind1v1dua1 ‘dose fri'cénstant expcsure to depoalted radionu~“
vclldes durxng 8. spec1f1ed rzme per1od

- A o o 0.6P3
- Lt T { 0&93t —-ex [-—2\ itz — ———t3
‘ p’*-" - §F . DC.- sv’ o | A TN T S TR T T e
| ® o {X +g;3§§{ \ | T/ - \ T, ,

p( o 0.6523 - . 0‘893 } '
t, i gy | - 2D —-\uefa - “‘""fﬂ :
K )‘02 3 - T:/ 1) ( Td -

e
TR s h,a+~%ﬁ§
where . . | . (E.2,
'ﬂ--Dzlft’-a;iﬁtegratéd”GOSe commitment during period t,-t, for
R ‘ isotope i (Rem).
T;/’ = half-life of isotope i.(years);~.
v-t,.t, = beqinning and end of dose inteqration period

(vears).,

shere all other parametets 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 depoaat@d isotopes in an-area to -estimate"total’ ‘dogse
o-an "individusl durxng each p.riod. Details on the derivation
£ thls equation are provided in the Rss [Nu75b]

- Caleulations’ wvre performed to identity the isotopes which ’
ust be considered to accurately project doses from groundshine =
xposure in d1f§erent time periods.  Reduction of the number.of
sotopes which must be considered can considerably reduce the
omputational expemse using Equation E.2. Figure E.1l shows the
ontribution of important isotopes to inte¢rated groundshine.
eposures ia various. time periods after deposition for the SST1
>urce term [Al1823. Over 3 period of many years, the cesium
jotopes dominate the projected groundshine doses for this
)urce term. The sake is true for other LWR severe accident
urce terms. The CRAC2 model includes 10 isotopes in the pro-
rction of 0-30 year groundshine doses. .The prototype economic

del considers 5& isotopes in the projectxon ot qroundshine L
posures for the following reasons:

1. The pro;ot;pe model allows: user epecification of the = .
- integration periods for projecting doses for protective
action {mplementation. . These integration periods may A

‘de only & few hours or many years, taerefore considera-

tion of both shott— and. lonq -1ived.-isotopes- ‘may be- S
--necessary. -




cont:=antxons of short’ anﬁ langmlxved isoLapea to
"“groundshine doses.
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