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ABSTRACT

The radiological {mpact of degriced core accidents postulatad for :the
Sizewell ?WR was assessed ia an earlier study. Ia this report the sansi: vicy of
the predicted consequences to variation in the values of a3 number of izportant
parameters I3 lavestigated for one of the postulatad accidental ralasases. The
Jarameters subjected o sensiiivity analyses are the dose=mortalicy ralarci cnship
for bSone zarrow irradiation, che enerzy contant of the release, the warning time
bSefore the rala2ase 2o :the anvirsnmen:z, and =he dry deposition wvalocicvy for
airtorne matarial. These jarameters wers identiiisd as among :he u3r2 iaporsant
in detarminiag :he uncertainty in the resulzs sbtaized ia the fafteial ssudy.
With a faw exceoticns the pradictad ionsequencas vere found 3 %e st verw
sansitive Ic cthe carammcer values iavestigatad, :ae Tange of variacion iz :he
icnsequences Ior Ine limiting values of 2ach paramecar rarsly sxcaseded a facsor
3f 3 few and i3 many casas was considerably less. The conclusions reached are,
however, oarticular %o th releases analvsed from Sizewell; far iiffarane
releases from diiferent locations the sensitivily zay change siginiliicancly.

In che 2arlier study an anal7sis was undersaken of the {apact 9n :the
sredicted consccunnccs cf potential overestizates in the release fractiocns of
radionucliides, Since the results of shat study wvere published some relativalz
niaoT aumerical errors tave heen identifiad., Whila sore 3f ‘these affects =n
tenclusions reached ia that scudy che Jpportuniiv nas Seen taken in this rapors
f0 Jresent Tavised values for cthose results <nown 23 he ia arrar. This ravizad
t2%t and resulis are oresented 1S in appendix =5 :his report and they replace th
:orresponding macarial La the earlier scudy,

This report was prepared under 2oncract o the Cantral EZleccricicy
Generating 3oard (CZC3). It i3 one of a number of reporss whica
have jeen prepared by or for CIGB on the sudject of degraded zore
accidents for the 3120"‘1; PWR. Ao overview of this subiect zan Se
found in Appendix M of “Sizewell '3' Zower Staticn Publih Ilaguizry:
CECB Statement of Case”, CEG3 (July 1982)
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As fr— 1 April 1978 NEPS adopted the Iatermatiocral System of Units (SI).
The relationship between the new ST units which are used in this report and the
previous units are shown in the table delow.

Gantity ,.;amt g ::::i e u.n?t.: A Conversion factor
and symbol
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b LNTRODUCTION

The radiological impact of degraded core accidents, postulated for :che
proposed pressurised water reactor (?WR) ac Sizewell, was assessed in a racencly
published study(l}. The methods and parameter values used in that assessment
were, as far as practicable, 'best-estimate’ values, although occasiomally a

cautious approach was adopted where data were lacking. Zach of the models ancd
paramecer values has associated with it some measure of uncertainty, the
magnitude of which may vary considerably. These uncertainties may bYe associated
with the physical description of che release itself (ag, the guantity and
physico-chemical Zorm of each radionuclide released, the height and 2nergy
content of the release) or with the parameters wnich describe the ctrausfar of
released material through the environment and its impac: on man. The exsent =2
which am uncertaiaty in a given paramecer will Se reflacted {n an uncertaincy
in the predictad radiological impact will depend upon the relationship between
the CtwWo guantities. W“here the relationship is linear, :the uncertainty ia the
radiclogical impact will be provorticonal to that ia the value of :he paramecar of
iatarest; where the relationsnhip is nors complex, as in zeneral is che case, the
incertainty may DSe enhanced or reduced compared witlt that ia the iaisial
Darameter valiue.

An astimacte of cthe uncersaiacy in the predicted radiological izpac: has an
important role in any quanticative risk assessment, ia Jarticular, iz decerainiag
the confidence that cac e placed =n 2he rasults cbtained. A rigcrtcus astimaca
3f the uncertainty is, aowever, axtremely difficuls, 20t Jnly because 3¢ zhe
large numper of variables wnich are intar-relaced ia a2 zomplex amanner, 5uc also
because of cthe lack 9f precisior with which cthe uincertainty ia many 2% the
rariables can 2e speciiied. for :hese reasons a¢ atctempt i3 =made hars o

evaluate the overall ugscertaiaty in the radiolaogical iapact of degraded core

agcidents predictad {a the iaitial s:udyf'i. dowever, some appraciation of the
possible magnitude of the uncertainty can Se gained 5v ascimacing the sensicivizy
3f the radiological iapact to wvariatioms in the vaiue of parsicular parazeta:s
yver their range of uyncertaiaty. The results of a sumber of such sensitivicy
studies are presented ia this repors.

The aumber of paramerters which may significancly ianfluence tne uncertainty
ia cthe opredictad radiologizal i(aspact is considerable. These for which
sensitivicy analyses have Heen undertaken ia this study zcmorise

= the dose mortality rcve.ationship faor bone ZarrTsw irradiation

= the 2nergy content of <he release

= the warning tioe before cthe release to the 2avirsamen

= the dry deposition velocity for released material.

These paramecers vers identiiied as leiag among the zore important in detarmining
the uncertainty ia the results obctained in che initial stcudy. la identifviag

these parameters a considerable measure of scientific judgement was a2xersised



both in terms of the potential uncertainty associated with a given carametar
value and how this might be propagated into the uncerszaiaty ia =h pradicced
radiological impact. -

The sensitivicy of the radiological <impact to variation in zhe wvalues of
each of the above parameters is analysed for one of the relaase categories, UXI,
specified in che inicial study. The characteristics of chis release are
summarised ia Table l. [t was selected for analysis as being one 2f the zora
iaportant release catagories in detearmining the health impact of degraded core
accidents. The release fractions of radionuclides for UKl are ia gemeral
comparable with those specified for the ocher release cacegories (mainly UK3 and
UKS) which make major countributions to the zocal Healch impace. for some
paramecers, cherafore, it is possidle to draw more genmeral conclusions an the
sensitivity of the overall radiological impact of degraded core accidencs :a
variatisn in the paramecter value from zhe results abctaineg specifically for UKL,

Two izportant pcints need 9 Se nade when considering the results of cthe
inalvses. First, they are particular o raleases frsm Sizewell and :o the

characteristics of the release :atagorv analvsaed. Far raleases naviang iifferent
inaraciaristics, or originacing fvom different locations, che sensizivisy 3£ the
rasults t©o cthe investizacad »aramecer 2ay change zsasicerabdly. Aay attempt o
draw more generally apolicable conclusions Srom the sesul:cs gresentad here shou.ld
therefore De approached :autiously. Second, cthe sbservacions made ind zhe
conclusions reached on the sensitivirv of the radiological izmpact o changes ia
paramecer values are applicacle ocaly sver cthe ranges of consequences investigated
and their associated »robabilitias of osccurrence. Typically the analyses aras
valid for levels of procability, conditional upom cthe relaase occurring, down 2o
about 10"} o 10=v. These conditional jprsbacilicias correspond to cverall
frequencies of occurrence of the statad consequences »f abouc L0~L: v"* or less,
given the pradicted Zrequency of occurrence of :the larger degraded csre acsident
releases of adout L0 y~i,

Ia che inictial study an analysis was undertakan of :zhe impact on zhe
radiological consequences of potencial ovarestimates in =hs oredicted ralease
fractions for selected releases. Since che results were oublished. some
relatively minor sumerical 2rrors have deen found. Whils zome of these affacss
the conclusions reached on the impact of potantial overascimacas ia the ralease
fractions, the opporsunity nas deen taken here 23 provide a Jorrected version of

the results. For convenisnce, :he corrvected rasulss of :that analysis are

reproduced in full as an appendix to zhis repors. They replace the correspon ing
7
lacarial contained in che f{aitial seudy .




b SENSITIVITY OF THE 2REDICTED INCIDENCE OF EARLY DEATHS TO THE DOSE-MORTALITY
RELATIONSHIP FOR 3ONE MARROW IRRADIATION
b9 | Iacrodggtion

(1)
For the accidental releases analysed in the initial study’ }. early deaths

occurred as 3 result of irradiation of the bone marrow and the lung. The former
#as by far the more important in determining the overall incidence of aarly
deaths. Attention can cherefore be confined to this source of exposure ina
assessing the sensitivity of the predicted iancidence of early deaths to
uncertainties in the dose-mortality relationships adooted.

There 1is considerable wumcertainty associatsd with che dose-mortality
relationship for bSone marrow isradiation in =an, hHecause of cthe Limited human
daca and their variable gquali:cy. Uncertainties exist aot only ia the
ralationship for acute axposure bdut also with regard to the benefics deriving
from procraction of irrvndiaticn, the prevision of simpla supportive medical
treacment and the state of heaith of :he axposed iadividual. In the fnizial
study, the dose-mortality relationship adovcad was intarmediate within zRe rangs
of uncertaiaty and a cautious (pessimiscic) aporoach was adopted in allowiag far
protraction of irradiacion. The sensizivity of che sredicted iacidence of 2arly
deachs 13 analysed for i1 rsange of dose-mortaliczy relationsiips whicn are judged

£9 bound the uacertainty. Ia aadicion, the influence of cakiag wnat is delieved

",

%2 b%e 3 nore realiscic account »f che affect 3f oprotraction of exposure is
iavestigacted.

The selection 3f che dose-morszaliczy relationshis for Hone marrsw rradiation
ior sensitivicy analysis requires axplanacisn 38 3123 uncer=ainty is as¢ unduly
large compared with that ia many ocher jacamecars, ind 1ay e consideratly lass.
its significance, ia the presant contexc, results from the potantial for small
zhanges {2 the dose-mortality relacionsnip co alcer considerably the predicced
number of early dca:ns<". This is a zonsequence of the thrashold in the dose=
mortality relationship; when dosez are in the thresheld region, small changes in
chat threshold can lead to much larger changes in tie pradicted sumber of 2arly

deaths.

2.2.1 Unce acy ia the LD., for acute axposure
(%.JI

Reviaews of the relevant data sn the dcse-mortality relationmship Zor

onne=marrow irvadiacion have i{ndicated cthat the LDE (the dose at which the

3
probabilicy of death is 30%) for acute exposure of z:an i3 unlikely =0 lie sucside
the cange of 3 = 5 Cy (low LET). An incermediate value of + Gy was adogted in
the iaiegial scudy The upper bound value 15 comparable with the gy of che
dose=mortality relationship adopted in the US Reactor 3afety 3Study (US=-2SS

and a similar German Ris« Scuav‘s). where sisple supportive medical treatzent

(eg, anctibiocics, bdlsod and fluid transfusions) was assumed o be provided and :o



be effective in increasing the provability of survival. The semsitivity of the
predicted numbers of nealth effacts to the adopticn of an ’..D” equal to cthe two
bounds of J and 5 Gy is avaluated {a this study. The two dose-mortalicy
relationships correspondiag :o these choices of Ls,, togecaner with that used in
the initial scudy are shown in Figure L. These relaticnships are appropriate for
acute irradiation of the bone marrow. Where che exposure is protracted, the dose
to be used in usociat‘.oﬁ wicth the relationships néeds to be modified. Ia the
initial study, the bone marrow dose used in conjunction with the dose-mertality
relacionship was defined as follows (equation (1)) and chis procedure was also
adepced i3 this part of the sensitivity analysis.

[Jose accumulated in, _ + [Dose accumulatad from,
the firsc 7 days ' T ° day 8 to 30 J EEERRLENE

2.2.2 [Cacertainty ia the tafluence of orotraction of axposurs

Zguation (l) assumes conservatively that doses accumulated ia the firse
seven days are as effective in inducing early deaths as a singla brief Zose of
the same magnitude, while that accumulaced from day 3 zo 30 is half as affeccive;
further, dose accumulated sevond 10 days is assumed %2 be ineffaccive. Theras is

a0 scrong radiobiological juscification Zor this relatiomship, rather it

rapresentcs an 2mpirical judgementc. [z was formulataed Zor use { the US-2§5° "~/

given :he likely variation of dose with time following large accidental relaases
of radionuclides from reactors and :the knowledge that a dosa accumulatad ac Zose
racas of several zens of =0y 4™ would not significancly increase the srobabilicy
of early death for the exposed individual. Ia general, the dose razas afser 1C
days to chose inaividuals exposed ia the dose range whera death oczurs (and who
nad not already accumulaced sufficient dose o cause death) would at most se of
the order of cens of a6y 4™° and typically very mucn lass. Ia practice, the
exposure of such individuals, ac least from external radiation, is likaly 25 bde
serminated by evacuaction within a much shortar tize.

Thers is some cv‘.aonco{'” from experiments with animals zhat cthe effecs of
protraction of exposure is more proncunced than would be indicated Sy use of th

3)

expression in equaction (i). 3Saith’ has proposed a procedure o take account of

the protraction of dose based on analyses of available animal daca. The dose
recommended for use in conjunction with the dose-mortality relationship for acuta

axposure (shown in Figure l) can be expressed as:
R}
o sarn e bl g
i=l *

~
]

“here the sum is over prescribed ceriods, cthe first seing Q0 = | nours and
the last being 29 - JO days

and ?‘ is given YHw
Ocse accumulatad ia the, _
S 1th period & T 2R



where At is a constant dose for each prescribed tize period.

The periods and corresponding values of A, are given ia Table 2. Zxposure

-

accumulated after 30 days is again assumed 20 bSe ineffective far zhe reasons
previously given. The iafluence of adopting this alternative formulacion for tue
effect of protraction is evaluataed for a dose-mortality relationship bSased on an

g, for acute exposure of 4 Gy (ie, that used in the initial study).

2.3 Results

2.3.1 § yity to the choice o
i.3.1.1 Average individual risk of earlv deach as a funmction of discance from
the celease

The average individual risk of early deach, counditional upon the relaase, is
shown in Figure I as a function of discance from the release. The risk is
givan for the dose-mortality relacionsnip used in the initial study (Lley = = Gy)
and for the upper and lower bdounds (LDg, of J and 35 Gv) of its range of
ancertainty. The wvariation in the average iadividual risk with :.D:; iacreases
wich increasing discance from the rcalease. Tor tha lower Hounc 2. 3Z 3 Gy,
thwe 13 an {acrease ia the individual rcisk of sarly <death compared with cthat in
the inisial study of apbout 1O = 205 at | xm, abeus 30% ac 5 xz, and about 3
factor of =vwo at iU k3. 3ayend 18 <m, whers the individual cisk was zars ia cthe
inisial study, the assumpcion of an '...."3: 3f 3 3v Leads %o a3 ncn-zero iadividual
sisk of early death for asout a further L0 «=3.

for cthe upper Dbdound '..3!: 36 3 Gy, there 13 a decrease ia the average
tadividual risk of early death comparec with thac ia the isitial study 3f about

0% ae | @, about 30 = <O% ac 3 «m, and about a faczor of faur at 0 k@. The
iadividual risk of early death is zers sevond abouz L3 ka.

2.3:0:3 Condit: tobabilizy discyi!

The conditcional probability discriductions of the sumbers of aarly deaths,
predicted Ior each of che dose-mortalicy rvelationsnips, are comparsd inm Figure J.
Soth cumulative and differsnce oprobabilicy distributions are shown. The
difference discributions, ia particular, show chat, for a caduczion ia Z.:,: -
3 Gy, there is a general shifc in che discribution towards nigner aumbers of
darly deatns: for an increase in Z..‘Js‘: to 5 Gv, there i{s a general shif:s -owards
lower sumbers.

Characteriscic quantities of the conditional probdability discrisuctions of
early deachs are compared ian Table 1. For the Lower bound 2.35) of 3 Gy, the
axpectation value of the number of 2arly deachs increases Sy about a factar of
two. for the upper bSound LD, of 5 Gy, the axpectation value decrsases 7 adout
30Z, The variaticn with LD¢, ia the rercenciles of the distrisuticas show 4
siailar trend, although it is {a geaeral greater at the 30ch sercant.le and less
at the 99th purcentile. The probability s cero sarly deaths (s margiaally
smaller than that in the inicial s<udy for aa LDgy of 1 Gv and marginally greater
for an LDey sf 3 Gy.



The numbers of other healch affects avaluated 2ay also vary with the dose~
sortality relationship for bone-marrow irradiaction; rthis occurs only bSecause of
the variacion in the aumber of <arlv deaths and the potential for differiag
aumbers of rfeople remaining alive to 2xperience the other effects. Character=-
istic quantities of the probability distributions of each of the health affaects
are given in Table 4 for each LDg, considerea. The variation in the numvers of
each effect with the choice of dose-mortalicy relationship is small in all cases.
The numbers of lung morbidities show the largest variation. There is a decrease
in the expectaticn value of the number of lung sorbidicies by a factor of about
two to three for an LDgy; of 3 Gy compared wvith the number esctizated iz the
initial study; similarly, there is an iacrease ia tha axpectation value Sy about
a factor of twe for an LD, of 3 Gy. Ia all cases, however, the absolute sumbers
of lung zorbidities are such less than the numbers 2 early deaths.

Ia summary, the predicted numbers of early deaths are 2ot very sensitive to
variation in the dose-sortality relationship within (ts range of uncartaiacy, at
least for the release and location, analvsed. The variation {a the expectation
value of early deaths is only about a Zfactor of two Sor variaction in the ;35:

-

between its bdounds of J and 3 Gy. This sensitiviiy 20 the L0z, is consideradly
Lass than was fouand ia an esarlier s:udy“" waere i somewhat larger ralaase 7as
analysed from a different location and for a 3zore restrictad saeat of
meteorological conditions. Clearly, much depends on the: release zagnitude, the
meceorclogical conditisns and the surroundiag sozulation distribution; zhe
conclusions resached nhere on the sensitivicy of che aumoer 2f early deachs =20 the
LD., are particular zo the conditions analvsad and wvould aot necessarily S
applicable for other circumsctancas.

An iandication of now differenc population distributions aizhe significaacly
influence the sensicivizy to the choice of 1.333 can bde Zained by raference 32
Tigure 2., If che population within, say, 20 a of cthe release was distribucad
such chat sost, by far, was locacted at 2 km. thes the variation in the predicted
aumber of early deaths ia that population for the Bounds of che ws: considered
would be iess than a factor of ctwo (tha racio »f the average iandividual risks fZor
the boundiag values of the !.DSJ at 2 «m). Alternatively, if the populacion werse
all located at say (U km, the range of variacion would e amore than a factor of
ten, for variation in cthe '.333 withia its range of uncertaincy. For Sizewell,
the major population centre close to the site {s locactad at about 4 zm; ac :=his

distance the variation in the average individual risk with LD., is small and :his

£A
<

is reflected in the limited sensicivicy of the numbers of early deaths nsoserved

ia this study.
0 Ty { - low for oracrageisn of exposure

The average iandividual risk of early deacth, condiri~nal on :he release. i3
shown in Figure % as a function of distance from che release., for the :2wo

procedures used to allcow for protraction 3f exposure. Adsption of the aore

cso



{(3)
realiscic procedure proposed by 3a1:h‘3 results in a decresase in the individual
risk of becween l0% and 207 at | %m, by a factor of batween three and four at
5 tm, and by a factor of about eight at 10 «m, compared with that evaluated using

-m

the conservative procedure proposed in the U3-R3S ) and used ia the inizial
s:udy(l). The iapact thus becomes nore zarked as the distance from che rel:aase
increases and is due to two factors. First, the countarmeasures model adoptad
assumes chat cthe time of evacuaticn increases with increasing 4istance and this
results in an increase in ths protraction of a given exposure with distance; as
the protraction increases che differsnce between the two approachas will be
enhanced (see equations (l) amd (2)). Second, in the revisad »>rocedure (see
equation (2)) the dose o be used in association with 3he dJdose=-mortality
ralacionship is evaluated as the sum, over varying pariods, of chat fraction of
the dose above defined levels. 3ecausa the dose in general decreases with
distance, the fragtion of the dose above a ziven level will declias wich
discaace.

The condictional prodability discributions of 2arly daaths for she =wo
proceduras used tO ailow J{or protraction a3re coampared ia FTigure 3, ia both
cumulative and difference formacts. The use of the rcevised prsocedure fesulfs in a
shift iz che probabilicty discribusion cowards lower n~uspbers of eacly dsatas

cmpared with thosa jredictad ia cthe iaicial scudy. Characsarisctis quancisias of
1

o
s

the gsrscabilicy discribucions of sarly ieaths ise compared :a Tagls 3. “ae
revisad procedure results iz a3 decrease ia the axpectation value 37 the sumser af
early deaths Dby a £f3etor sf about :wo comparad with chose escimatad {1 the
inicial scudy. Decreases arsz ilsc ipparent in the nungers of 2arly deacns a4t che
varicus percentiles of :tae discridutions. The decrzase varies with che
percencila of interest; ac the 30cth and 39.3th zerceatils, the reducticns are 57
factors of about four and L[.2, respectively.

Charactaristic guancities of tha condicional probabilicy distribucions for
the osther health effacts evaluated are ziven ia Tabla 3. The iacrease ia :zhese
other effects, wi.h the revised procedure adopted 3 allow Zar srocracsioa of

xposure, is due solaly to the dacrease in tne pradictaed aumber 27 earlvy daachs
and hence to the aumber of people rcemaining Co experience ocnar affaccs. The
largest variation in che ocher health effects is iz the aumber of lung
morbidicies wnere the expectation value i3 3 factor of swo %2 :hree ireacer than
that {a the izitial scudy. The wvariation ia :the sredicted numbers 3f other
health effects is very small. The aumber of cases of zrodromal vomiting rcemain
unchanged ecause they would jccur defore sarly death.

2.5 Iafluence oo the overall cisk of degraded core acsidents svaluated i3 the

iaiczal study

The overall risk of early deach from degraded scre asccidents evaluated in

the initial study was largely determined 5y ralease category UKL, with UKJ and



UKS also msking significant concridutions. [ an analysis was o be undersaken
of the sensitivity of the number of early deachs to the dose-mortality relaticn-
ship for bone marrow irradiation for release categories UK3 and UXK3, some diffar-
2nces aight bde expectad from cthe resulis presented hers for UKL, dowever,
because of the similarities in the nagnitude and composizion of  che respecciv
releases, these differences would not in general be large. Consequently, the
variation in the number of =2arly deaths predicted in this study for relaase
category UKl can, with reascnable confidence, be considerad represeatative of
that in the overall asumber of early deaths (summed over all rslease categories)
avaluated in the iaicial scudy. Ia summary, therefore. =he overall numbers of
early deaths (and overall risk of early death) predicted ia the initial study ars
ralatively insensitive t0 uncertainties in the dose-mortality relationship for

bone-marrow irradiation. Variacion of the LD., within {ts range of uncersainty

2f J £o 5 Gy would resul: ia a change in the predicted number (and risk) of sarly

deachs by only about a factor of two. The adoption of a less zautious procesdurs

to allow for the iafluence of protraction of exposures would raduce che sradictad

numbers of early deaths bv a siailar faczor.

L4 SENSITIVITY COF THE RADICLOGICAL CCNSECUENCES TO THE WARNING TIME 3EF0RE
RELEASE TO THE ENVIRCNMENT

3.1 Introducczion

A features of the counctarmeasures 2z0del adoptad ia =he ianisial study was an
sption to include precautionary ountarmeasurss when :zhera was sufficient delav
Jetween che recognition of an accident 3equence and =he release of radicactive
asaterial to the anvironment. The period detween the unequivocal recognitisa 3¢
an accident and the relaase of macterial %o the envirzsnment was defized is =he

(%) p -
e + The length of the warning tize aay have a3 major influence cn

varniag ¢tiz
the predicted consequences of a release, 4t l2ast over cthe area whera
precautionary countarmeasures might he implemented. The sensitiviecy of the
predicted consequences to variation ia the warning ctize has ctherefore seen
investigated. )

A aumber of raservations need 20 de axpressed about the analvsis and zhe use
that can be amade of its cesults. First, the range of waraing :izmes analysed is
not intended 20 reflect che uncertainty in the warning :time for any particular
release catagory. The values analysed were chosen with rafarence 25 the
characteristics of the countermeasures model adoptad 3o that the complate range
of variation ia the consequences would be investigzated. The results obtained zan
then Dde vsed o evaluate the uncerzainty in consequences for any specified
uncertainty in the warning time. Second, the sensitivicy analvsis was undertaken
for release category UKl, and the results obtained and :onclusions reached are
7alid only for releases of like magnitude and cowmposition. Tor radically
different releases, che sensicivity of cthe consequences to warniag ot would

need 0 be investigataed separatelv. (Equally, the results are parsicular to the

w8 »




counterseasuras mnodel adoptad. Changes, particularly in the area sver which
Jrecautionary countermeasures ire taken and their tizing, may significansly alter
the genaral conclusicns r2ached (g cthis analysis.

3.2 Range of warning tizes analvsed

The countermeasures =2odel 1s illustrated in Figure 5. The couatarmeasures
taken in areas A and 3 (sectors of wideh 50° extending 2 km and 3 im downwind,
respectively) are assumed toc be iniciated as precauticnary de3surss at the
baqiudxng of the warning time. B3eyond areas A and 3 countermeasuras are assuled
to ba iniciated only after a releases o the anvironment has commenced and are
based on dose critaria. The {afluence of waraing c<ime oan the =adiological
:onsequences will charefore de limited co areas A and 3. Zvaczuaction 37 arsas A
and 3 is assumed o occur 2 hours and 3 hours, respectively, aftar cha szars of
the warning tize, while shalctering 1is assumed 20 occur eacliarc, Quzing
evacuation those affacted are assuzed to recsive further exposure of equal
Sagnitude to chat whizh chey would 1ave received outdoors ia the Zollowinz aour
nad they not been evacuatad. Thus, for warniang cimes ia axcass 2% 2 ours, zhe
population from areas A and 3 would be evacuatad refors recaiving anv axsosurs;
the radisiogical zoasequances will chereforw e iasansictive %9 warning :ize fsr
periods greacer than this value.

The sensitivity anmalysis nas bSeen underzaican #3r zha r3lidse zharacteristics
specified for UK. (see Table 1) with che excepiion »f the warniag :isze. ~Varning
ciaes 2f |, J and 3 hours nave Seen analysed ia addition %9 the zars waraiag ci3a
assused for UKl in che iaicial study. The valie 3f % hours was :hosea 32
sorrespond 3 tha Taximua extent 30 which wvarniag si3e culd lessen zhe
radiological conssguences. A waraing ci3e 3¢ 3 hours woull ensure chat :che
seoulation in area A would be avacuated Yefore any axposure jccurrad.

A further relevant jarameter ia dJetermiaiang zhe coasequances is ine delay
Jecween reactor shut-down and release to the anvironment., Clearly :his =ustc e
equal to or greatar than the warniag tize and, ideallv, should e <ept constant
throughout cthe sensitivicy analysis. However, ia %he (ncerests of maimisin
computacional expenditurs, c=he delay between jautdown iInd release was issumed
tgqual to the warniag time for 2ach case analysed [apart f{rom zero warniag tise
whave a delay of | hour »osetween shutdownm and ralia82 was assumed). The
faplicacion >f adopcing this procedure Lis 2hat 2ne amnunt of radicactive zaterial
released in each case will decrease with iancriasing warniag =ize due %o ennanced
radicactive decay tefore release. For warning tizes i3 the range 4analysad sai
approximacicn dees a0t significancly influence :he resulzs obctained.

In the fsllowing section, accention is confined %5 the influence of warniag
tize on the predicted aumbars 3¢ fmalth affects. The rcestricctions on
agricultural production and sn the Auabar of people (3¢ ires) evacuated ire
independent of waraniag tise, Lf (¢ (3 assuzed that the delay Ddetween saut=down

and release %0 the eanvironment ioes not vary with this parazecar.

.9.



3.3 Resulcs
3.3J.1 Average fadividual risk
The average individual risk of early death as 3 function of distance ‘rom

-

the release is illustrated in Figure for warniag ctimes of Q2, !, 3 aad &
hours; the risks are czonditisnal upon the release occurring. The values for a
warning time of zero were avaluated in the imitial study. Withia 3 km of the
release, chere is a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>