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':egraded Core Accidents for :ne Sizewell ?'JR: A Sensi:ivity
Analysis of the Radiological Consequences

' '

C N Ielly, C R Hemming, D Charles, J A Jones,,

> L Ferguson, S M Haywood and R H Clarke_9 .

I
i

..

'% AS S'"RAC'".

{ i ne radiological i= pac: of degraded ccre accidents postulated for :he'

Si:ewell ?WR was assessed in an earlier study. In this report the sensi:1vi:7 of
.} the predicted consequences to variation in the values of a number of i=per:an:

; parameters is investigated for one of the postulated accidental releases. Sa
} paraceters subjec:ed :s sensi:1vity analyses are the dose-=orta11:7 relationshio

*

-, for bone : narrow irradiation, :he energy contant of :he release, che warning time
before :he release :o :he environmen:, and the dry deposi:1on veloci:7 for*

airborne acerial. ~hese parameters were identified as among the nors importan:'

in determining :he uncer:ainty in :he resul:s obtained in the ini:ial 3:udy.
'li:h a few exceocicus the predictad consequences vere found :s be 'to t very
sansitive :s the ;arameter values investigatad, :ne range of variation in :he
consequences for :he li=iting values of each parameter rarely exceeded a factor
af a few and in =any cases was considerably less. Se conclusions esached are,
however, car:icular to the releases analysed from Si:cuell; for differant
releases from different Locations the sensi:ivi:y =ay change significan:17

In :he earlier study an analysis was undertaken of the 1:roac: on :he
predicted consequences cf potential overestisa es in :he release frac: ions of
radionuclides. Since :he results of : hat study were published some relatively
minor numerical errors have been identified. ~4hile none of these affec:s :ne
conclusions reached in :hst study :he opportuni:7 nas been :aken in :his report
to present ravised . values for : hose results known to be in error. ~ais ravised
:et: and resul:s are presented as an appendix to :his report and they replace the
corresponding material in :he earlier study.

1

;

"his report was prepared under con::ac: :o the Central Elect:1ci:7
Generating 3oard (CEC 3). It is one of a nu=ber of reports which
have been prepared by or for CZG3 on the subject of degraded cors

*

accidents for :he Sizewell PWR. An overview of this subject can be
found in Appendix M of "Sizevell '3' Power Statica Public Inquiry:

. i, . CEC 3 Statement of Case", CEG3 (July 1982)
, ) *

..i
,

d

.

.:

National Radiologi,:21 ?;ocection 3oard-.

Chil en
* Didcot

Oxon CIll CR0

October 1981

HMSO, Ef.00 IS3N O 95951 192 3

.



-

a

.

'
CONTENTS,

<

Page No.

1. INTRODUCTION . 1
-

2. ' SENSITIVITY OF THE PRIDICTED INCIDENCE OF EMtLY DEATHS 3

TO THE DOSE-MORTALITY RELATIONSHIP FOR BONE MARROW IRRADIATION
~

2.1 Introduction 3

2.2 Dose mortality relacionships investigated in the 3
sensitivity analysis

2.2.1 Uncertaincy in the LD50 for acute exposure 3,

) 2.2.2 Uncertainty in the influence of protraction of exposure 4
'

,,
1 2.3 Results. '

I
e

i 2.3.1 Sensitivity to che choice of L3 55g
*

2.3.1.1 Average individual risk of early death. 5

as a' function of distance from the release'

2.3.1.2 Conditional probability distribu: ions 5' '

of eary deschs
2.3.2 Sensitivity to the procedure adopced to allow for 6

protraction of exposure

2.4 Influence on the overall risk of degraded core accidents 7

evaluated in the inicial study
,

3. SENSITIV!!! 0F THE RADIOLOGICAL CONSEQENCES ,TO I3E 'JARNING !!ME 3

3EFOPE RELEASE TO TEE ENVIRONMENT

3.1 Introduction i

3.2 Range of warning :ines analysed 9

3.3 Resul:s 10

3.3.1 Average individual risk 10

3.3.2 Condi:ional probabili:7 distributions of :ensequences 10

4 3ENSITIVITY OF THE RADIOLOGICAL CONSEQUENCES OF PLUME RISE 11

1.1 In:roduction 11 ,

4.2 Results 12

4.2.1 Average individual risk II

4.2.2 Condicional probabill:7 distribucions of consequences 13

4.3 Influence on the overall risk of degraded core accidents la
evaluated in the initial scudy

5. SENSITIVITY OF THE RADIOLOGICAL CONSEQUENCES TO ORY CE70SITION 13
- VELOCITY

.' 5.1 Incredue:1on 15
~

5.2 Range of deposition velocicies snalysed 16;

5.3 Results 17
- *

..*i
*. 5.3.1 Average individual risk 17

* '5.3.2 Condi:ional probabili:7 distributions of consequences 18

5.4 Ir. fluence on the overall risk of deg aded core accidents 20
evaluated in the ini:ial study

6. SUMMARY AND CONCLUSIONS- 20

7. REFERENCES 24
,

__:



'r
l f ,

CONTENTS (contd)

Page No.

TABLES (see list below) 24

FIGCRES (see list below) 41

APPENDIX 1 The inpact of potential overestimates of the predicted 68
release fractions: Revised results

TA3LES

1. Characteristic parameters of release category CK1 25

E * 2. Periods and corresponding doses, A , used in the procedure 26g*

proposed by Smith to account for protraction of exposure
!

'*
, 3. Characteristic quantities of the probabill:7 distributions of 27

early deaths conditional upon the release of CK1; their.

variation with the LD50 for bone arrow irradiation,

.

I 4 Characteristic quantities of :he distributions af consequences 23I *

conditional upon occurrence of CK1: variation vi:h :he C3
50for bone marrow irradiation

5. Charac: eristic quantities of the probabill:7 distributions of 29
early deaths condicional upon the release of CK1; their variation
vi:h the procedure used :o allow for =cotrac: ion of axposurs

5. Charac: eristic quanti:1es of :he distribu:1ons of consecuences 30
condi:icnal upon cc:urrecca of CK1: variatica vi:h the procedure
used to :ake account.of protrac: ion of exposure

7 Expec:stica values of :he aunbers of health effec:s condi:ional 3;

upon rslease category CK1: variation with warning :ine

3. Characteristic quantities of :he probability distribution of early 30
effec:s conditional uren release category CII: variation vi:n
warning :1ne

7. Expec:ation values of the radiological consequences condi:1onal 33
upon release category CK1: variation w1:h energy content of :he.

release '

10. Characteristic quanti:1es of :he probabill:7 distributions of 34
early effec:s condi:1onal upon . release category UK1: variation
with energy conten: of :he release

L1. The deposition velocities assigned in the sensi:171:7 analysis 35
, to various radioactive sacerials
*

12. Characteristic quanti:1es of the distribution of consecuences 36.

conditional upon release category UK1: variation vi:h :ne dry-

depositien velocity.

* 13 . Characteristic quan:ities of the distribution of consequences 37,

conditional upon release category CK1: variation with the dry
* deposition velocity

,

e

u .



-- .

.

* 1

CONTENTS (contd)'

' Page No.

14 Characteristic quantities of the distribution of consequences 38
conditional ;pon release category UKl: variation with the dry
deposition velocity

,

15. Characteristic quantities of the distribu:1on of consequences 39
.i conditional upon release category UKl: variation with the dry

deposition velocity
,

I,

'

16. Expectation values and values of the 99th percentile for the 40
radiological consequences conditional epon release category CKl:
variation with the dry deposition velocity' .

i ,

{ FIGURIS
...

i 'l. Dose mortality relationships for bone marrow irradiation 41
,

considered in the sensitivity analysis

-1 2. Average individual risk of early death conditional upon release 42

{
- category UKl: sensi:ivity to the LD50 for bone marrow irradiation

:
i 3. Sensitiv1:7 of the conditional probability distribution of early 43

'l deaths for CK1 to the LD for bone marrow irradiation$a

4 Aversge individual risk of early death condi:ionsi upon release 15
estegory. ;Kl: sensi:ivity to :he allowance sade for protrse:ed
exposure

i

5. Sensitiv1:7 of the conditional probabili:7 distribution af early 46
deaths for 7K1 to the allowance ande for pectrac:ed exposure

6. 3asic features of :he countermeasures model for sheltering and 47

-evacuation

7. Average individual risk of early death condi:ionsi upon release ad
category OK1: sensi:1vi:7 to warning :ime

3. Average individual risk of fatal cancer condi:1onal upon release 49
I category UK1: sensitivity to warning time
E

9. Sensi:ivity of the condi:ional probability distribution of 30
early deaths for UKl :o the warning time before the release''

;

10. Average individual risk of early death conditional upon release 52
category CK1: sensitivity to the energy content of :ne releasa

' .11. Average individual risk of fatal cancer condi:ional upon release 53,

j' } category UK1 sensitivity to the energy content of the release

f' 11. Sensitiv1:7 of the cosdicional probabili:7 distribution of early 34
deaths for 7K1 to the energy content of" the release

, ,

'! 13. Sensitivity of the conditional probabili:7 distributien of $6

''i fatal cancers for CK1 to :he energy content of the release
'

.

14 Averste individual risk of early death conditional upon release 58
category UKl: sensitivity to the dry deposition velocity for
particulate sacerial

L

+



- _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ - _ _ - _ _ . _ _ _ - _ . - - - - - _ .

. -

h - CONTENTS (contd )
Page No.

2

'I

- 15. Average individual risk of fatal cancer conditional upon release 59*

category.UKL sensitivity to the dry deposition velocity for
particulate material

16.
*

Sensitivity of the conditional probability distribution of early 60
deaths for UKl to the dry deposition -velocity for particulate
material

,

+ 17. Sensitivity of the conditional' probability distribution of f atal . 62;) . cancers for UKl to the dry deposition velocity for particulate,
* * material
;

*
.

*j 18. Sensitivity of the conditional probability distribution of the 64
number of people evacuated for UKl to the dry deposition velocity;

I

6
-

for particulate material.

, ,; 19. Sensitivity of the conditional probability distribution of the 66;. *
per:1culate sacerial
area evacuated for UKl to the dry deposition velocity for

;

.

4

.

I

'

*
s

.i *

-.a i
1
i

'' '
.

.- ;

.

$

4

- .



....

* .
.

J
_

,1
:,

3

As fr.1 April 1978 |EPS adopted the Inter..ational System of Units (SI).

| The relationship between the new SI unita shich are used in this report and the
j previous units are shewn in the table below.
:

,

!
-
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~
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!
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, .
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1. I'l*RODUCTION

The radiological i= pact of degraded core accidents, postulated for the
,

'[ proposed pressurised water reactor (PWR) at Sizewell, was assessed in a recently
published study The methods and parameter values used in that assesscent.

.
vere, as far as practicable, 'best esci= ace' values, although occasionally a*

cautious approach was adopted where data were lacking. Each of the codels and*

f parameter values has associated with it some measure of uncertainty, the
!

; magnitude of which may vary considerably. These uncertainties may be associated

.{ with the physical description of the release itself ( e g ,' che quantity and
1

: physico-chemical . form of each radionuclide released, :he height and energy-

i -

-1 concent of the release ) or with the parameters which describe the transfer of
.

' released ma:erial through the environment and its impac: on man. The extent :o
-i

which an uncer:aincy in a given parameter will be reflected in an uncertaincy*

in the predicted radiolospeal i=cact will depend upon the relationship between,

i
.j. :he two quanci:ies. Where the relationship is linear , the uncertaint7 in the.

o

j. radiological impac: will be precortional :o : hat in the value of :he paracecar of
.

{ incarest; where :he relationship is more co= plex, as in general is :he case, the

uncertainty =ay be enhanced or reduced coepared wi:h : hat in the ini:ial

para =ecer value.

An escisace of the uncertaincy in the predic:ec radiological i= pac: has an
1:portanc- role in any quanti:acive risk assessment, in particular, in de:er=ining
the confidence chac can be placed en :ne results obtained. A rigorous estimace
of :he uncertain:7 is, however, extrecely difficul:, not only because of cne

large nu=ber of variables vnich are inter relaced in a :omolex =anner, but also

because of the lack of precision vi:h wnich the uncertainty in =any of the

variables can be specified. For :hese reasons no at:eepc is ::de hare :o

evaluate the overall uncertaincy in the radiological impac: of degraded core

acciden:s predicted in :ne initial s:udy( ilowever, sece appreciacion of the*
.

possible magnitude of the uncertainty can be gained by es:imating the sensi:ivi:7
.

of :he radiological i= pac: to variations in :he value of particular - parameters

over : heir range of uncer:alacy. The resul:s of a nu=cer of such sensi:171:7
studies are presented in this report.

; The number of paramarers wtiich may significantly influence ene uncertainc7
6 '

;
-

in the predic:ed radiological impace is considerable. These for whica,

[ sensitivity analyses have been undertaken in :his study c:cprise
,

[ ,
- the dose cortality relacionship f or bone mart:w irradiation

ej - :he energy concent of :he release
*

| - the warning time bef are ene release to :he environment
~

- the dry deposition velocity for released sacerial.-

.

These para =ecers were identified as being among :ne more importan: in determining,

~

the uncertainty in the resui:s obtained in che inicial study. In identifying

these parameters a considerable measure of scientific judgemen; was ener:ised

-L-
_

,
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both in terms of the potencial uncertainty associated with a given para ecer*

value and how this night be propagated into che uncer:aincy in the predic:ed,

radiological impac:. *

* The sensitivity of :he radiological impact 'to variacion in the values of
j i.~ each of the above parameters is analysed for one of the release categories , UK1,

specified in the initial study. The characteristics of this release ares

2

: summarised in Table 1. It was s' elected for analysis as being one of the more.J
s important release categories in decernining the health impact of degraded core,

s . .s

,| accidents. The release fractions of radionuclides for UKl are in general -

g comparable wi:h those specified for the ocher release categories (mainly UK3 and
.

| UK5) which make major contributions to the tocal heal:h impact. For some
,

paramecers, therefore, 1: is possible to draw more general conclusions on :he
>

sensi:ivity of the overall radiological i= pac: of degraded core accidents :o*

i
; variacion in the parameter value from the results obtainec specifically for UKl. .

Two important points need to be made when considering the resul:s of the.< ,*
analyses. First, they are particular :s releases f cm SL:ewell and :o :he,

charac: eristics of :he release :stegory analysed. For releases naving different
! charac: eristics, or origina:ing from different locacions, :he sensi:ivi:7 of :ne

results to :he 1:ives tigated parameter =ay change consicerably. Any atte=pt :s

draw : sore generally applicable conclusions from :he resul:s presented here should
:horefore be approacned :au:1ously. Second, the observations made and :he
conclusions reached on the sensi:1vity of the radiological i= pac: :o changes in

, parameter values are applicable only over che ranges of consequences inves:1 gated
4

and their associated probabili:ias of occurrence. Typically the analyses are,

valid for levels of prooability, condi:1onal upon :he release occurring, down :o
] about 10-3 :o 10-'. These conditional probacilities correspond to overall

frequencies of occurrence of :he stated consequences of about 10-11 y or less,~l

given :he predicted frequency of occurrence of the larger degraded core accidene
releases of about 10" y~l.

In :he ini:141 study an analysis was undertakan of :he ispac: on :he
: radiological consequences of potencial overesti= aces in the predicted release
4

j fractions for selected releases. Since the results were published, some
' '

relatively ninor numerical errors have been found. '4h11e none of these af f ec:s ',

:he conclusions reached on the impac: of pocancial overesc1= aces in :he release-
~

f ractions, the opportuni:7 has been taken here :o provide a correc:ed version of
.

*

:he results. For cenvenience, :he corrected resui:s of : hat analysis are3 -

reproduced in full as an appendix to :his report. They replace :he corresponding*

.

nacerial contained in the initial study (.
.

-j.
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2.;, SENSITIVITY OF THE PREDIC'"ED INCIDENCE OF EARLY DEATHS TO THE COSE-MORTALITY

RELATIONSHIP FOR 30NE MARROW IRRADIATION

2.1 Introduction

For the accidental releases analysed in the ini:ial study ( , early deaths
occurred as a resul: of irradiation of the bone carrow and the lung. The for=er

( was by far :he = ore important in determining the overall incidence of early
deaths. Attention can cherefore be confined to this source of exposure in

r assessing the sensitivity of the predicted incidence of early deaths to,

-r][, uncertainties in the dese mortality relacionships adopted.~

} There is considerable uncertainty associated with the dose mortali:7.

I relacionship for bone =arrcw irradiation in =an, because of :he limi:ed hu=anA

{ data and their variable quali:7 Uncertainties exist not only in the
j relacionship for acute exposure but also with regard to the benefi:s deriving
j from protraction of irradiation, the prevision of s1=ple supportive =edical

!.
~

:reac=ent and the scate of health of the exposed individual. In the initial

f study, the dose-mortali:y relationship adopted was intermsdiate within :he range
of uncertain:7 and a caucious (pessi=istic) approach was adopted in allowing for
protraccion of irradiation. The sensi:171:7 of the predicted incidence of early'

deschs is analysed for a range of dose =ortall:7 rela: enships whien are judged
to bound :he uncertainty. In acdicion. :he influence of :aking unac is believed

:o be a = ore realistic accoun: of the effec: of protraction of ex;osure is

investigated.

The selection of :he dose-=ortali:7 relationship f or bone : arrow trradiacion
'

for sensitivity analysis requires explana: ion as i:s uncertainty is not unduly

large co= pared vi:h that in many other parameters, and say be considerably lass.
Ics significance, in the presenc con = ext, resiti:s frem the pocantial f or s=all
changes in :he dose mortali:y relacionsnip to alter considerably the predic:ed,

number of early deschs This is a consequence of the :hreshold in the dose-.

=ortality relationship; when deses are in :he thresheid regica, small changes in
cha: threshold can lead :o =uch larger changes in the predicted number of early
deaths.

2.2 Dose-mo rtality relacionshios investigated in the sensi:171tv analvsis

2.2.1 Uncertaintv in the LD for acute exeos mtc, .

_.]
- Reviews (1'3) of the relevant daca on the dese-cor:ality relacionship for

~

,

*
bone-marrow irradiacion have indicated that the '.D (the dose at which :heg

probabili:y of death is 302) for acute exposure of =an is unlikely :o lie cu: side,
e,

" ' the range of 3 - 5 Cy (low LET). An incermediate value of 4 cy was adopted in
!

the initial study. The upper bound value is co= parable w1:n the 1Dg of :he,

dose-mortality relationship adopted in the US Reac:or Safety Study (US-RSS)(
and a si=1lar German Riss Study ( , where simple supportive nedical crea::ent

(eg, antibiotics, blood and fluid transfusions) was assu=ed to be provided and :o

-3-
.

.
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be effective in increasing the probability of survival. The sensitivity of the
.

predicted numbers of health eff ects :o the adoptien of an LD $a equal to the evo
bounds of 3 and 5 Gy is evaluated in this study. The two dose mortali:y

e.

relationships corresponding :o these choices of LD50, :ogeener with that used in
; the initial study are shown in Figure 1. These relacionships are appropriate f or
- acute irradiation of the bone sarrow. Where che exposure is protracted, the dose
N ,

] to be used in association with the relationships needs to be modified. In the
initial study, the bone marrow dose used in conjunction with the dose mortality* *:

'r- relacionship was defined as follows (equation (1)) and :his procedure was also *

_

j- adcpted in this part of the sensi:1vity analysis.
.

.

!- Dose accumulated ing I Dg ose accumulated from,
'I* day 8 to 30 i ********* Il}' j the first 7 days '

,

2.2.2 Cncertaintv in the influence of crocraction of exoosure'

i Equation (1) assumes conservatively that doses accumulated in the first *

1

i seven days are as ef fective in inducing early deaths as a single brief dose of
3 the same sagni:ude, while : hat accu =ulaced from day 3 :o 30 is half as effective;

furtner, dose accumulated beyond 30 days is assumed to be ineff ec:1ve. There is
.

no strong radiobiological justification for :his relationship, rather 1:
/

represents an empirical judgement. I: was for=ulated for use 1 :he US-RSS'4),

given :he likely variation of dose w1:h time following large accidental releases
of radionuclides from reactors and :ne knowledge that a dose accumulated at dose
races of several : ens of cGy d-! vould not significantly increase the probabili:7.

of early death for :he exposed individual. In general, :he dose ratas af:er 30; a

days to those incividuals exposed in :he dose range where death occurs (and vno
had noc already accu =ulated sufficient dose to cause dea:h) veuld at =es t be of

the order of cens of 3Gy d~l and typically very cuen less. La practice, the
' '

exposure of such individuals, at least from external radiation, is likely to be
:erninated by evacuacion within a =uch shorter cize.

There is some evidence ( ' from experiments wi:h ani=als that :he effec: of

protraction of exposure is = ore pronounced than would be indicated by use of the
expression in equation (1). Smith has proposed a procedure to cake account of
the protraction of dose based on analyses of available anisal data. The dose

-j recommended for use in conjunction with :he dose-sortality relacionship for acuta
.

I exposure (shown in Figure 1) can be expressed as: *,

.] N*
,

: r, (2) ...........' .

i.t
-

.

'
wnere the sua is over prescribed periods, :he first being 0 - I hours anf

.

the last being 29 - 30 days
and F is given by

= (Oose accumulated in thel - AF if Fi>0i ich period i'

=0 if F 5 0,

g

:
t

- '
4

*
t

I

'
__
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where A is a constant dose for each pres::ibed time period.

The periods and corresponding values of A are given in Table 2. Exposure< ,

g

accumulated after 30 days is again assu=ed to be ineffective for :he reasons

previously given. The influence of adopting this alternative for=ula: ion for the
7

effec: of protraction is evaluated for a dose-=ortali:7 rela:1onship based on an
LD for acu:e exposure of A Gy (ie, chac used in the initial s:udy).g

2.3 Results>

2.3.1 Sensitivity to the choice of LD,a.

' .r
: - 2.3.1.1 Average individual risk of eariv death as a function of distance fro =
4 .

! the celease

The average individual risk of early death, conditional upon :he release. is

shown in Figure 2 as a func:1on of discance from the release. The risk is
*

given for the dose-mortality relacionship used in the ini:ial study (LD g = a Gy)

| ,
and for che upper and lower bounds (LD of 3 and 5 Gy) of 1:s range ofy

unce rtain:y. The variacion. 'in the average individual risk vich LD. . increases
n

*
vich increasing discance from the release. For :ha lower bound LD of 3 Oy,g,

thtre is an increase in the individual risk of early death cc=:ared with that in

:he initial 3:247 of about 10 - 20*; 2: I k=, abcu: 50% a: 3 k=, and about a

f ac:or of :vo at 10 ks. 3eyond 18 km, unere One individual risk was :ero in the

ini:141 s:udy, the assuspcion of an LD of 3 Oy leads to a ncn- ero individualg

risk of early death for acouc 4 further 10 k=.

For the >:pper bound *D of 5 Oy, there is a decrease in :he average.g

individual risk of early death conparec vi:h : hat in the initial s:udy of about

LO% ac i km, about 30 - 4G: at 3 km. and secut a fa :or of four ac LO km. The

individual risk of early dea:h is :ero beyond abou: 13 km.

2.3.1.2 Cendi:1onal orobabill:v distribucions af earlv deachs
The condi:1onal probability distribucions of the numbers of early deaths,

predic:ed for each of :he dose-cortali:7 relacionships, are compared in Figure 3.
3och cumulative and difference probabili:7 distributions are shown. ' The-

difference distributions , in particular, show : hat, for a cadue: ion in L0 :og
- 3 Gy, there is a general shif: in :he discribu: ion towards higher au=bers of

early deaths; for an increase in LD :o 5 Gy, there is a general shif: :cwards3g
1 lower nu=bers.

.'

Charac: eristic quanti:1es of the condi:1onal procab111:7 dis tri:ucions of. 1

,

early deschs are compared in Table 3. For the lower bound LD of 3 Gy, :he. g
' expectation value of the number of early deschs increases by abou: a factor of, ,

two: for the upper bound LD of 5 Gy, :he expectation value decreases by aboucg
#

30%. The variation with LD in the per:enciles of :he dia::1:utions snow ag

; ; similar : rend, al: hough it is in general greater ac :he 30th percenGle and less

at the 99th pwreencile. The ,probabill:7 of :ero early dea:hs is .ar;inally

smaller than that in the inicial s':cdy for an LD o of 3 Gy and narginally grea:er$

: for an LDu of 5 Gy.

-5-
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The numbers of other health ef fec:s evaluated may also vary with the dose-

- sor:ality relationship for bone-marrow irradiation; this occurs only because of

the variation in the number of <.arly deaths and the potential for differing

nu=bers of people re=aining alive to axoerience the other ef f ec:s. Charac:ar-
J istic quantities of the probabili:7 distributions of each of the health ef fec:s

.. | are given in Table 4 for each LD considerec. The variation in the nuncers of50

i. each eff ect with the choice of dose =ortali:y relationship is small in all cases.

The numbers of lung morbidities show the largest variation. There is a decreaJe
j in the expectatica value of the number of lung :orbidities by a fac:or of about s

two to three for an LD of ~ 3 Gy ec= pared with the number estimated in the -33

{ initial study; similarly, :nere is an increase in the expec:ation value by about
,

,

_

a factor of two for an LD of 5 Cy. In all cases, however, the absolute nu=bers ;33

of lung orbidi:ies are much less than the numbers of early deaths.

In su==ary, the predic:ed numbers of early deaths are no: very sensitive to
variation in the dose-cortali:y relationship vi:hin its range of uncertainty, at *

least for the release and loca:1on, analysed. 'he variation in :he expec:stion

value of early deaths is only about a factor of :wo f or variation in :he LD ,
34

between its bounds of 3 and 5 Gy. This senst:tyt:y :o the LDe, is considerably
''

less :nsn was f ound in an earlier s:udy(2) where a socewhat larger release was
analysed from a differen: location and for a : ore restrie:ed set of

_
=eceorological conditions. Clearly, =uch depends on the release :agnitude, the

=eceorological conditi:ns and the surrounding oopulation distribucion; :he

conclusions reached here on :he sensi:1vi:7 of the nu=cer of early des:hs to :he
..

LD, , are particular :o the conditions analys.2d and would not necessarily be
-~

s ,

applicable for other circumstances.

An indication of how diff erent population distributions sight significantly

influence the sensi:1vi:7 to the choice of LD can be gained by reference :o53

Figure 2. If the population w1:hin, say, 20 km of :he release was distributed

such that most, by f ar, was located at 2 km. then :he variation in :he predic:ed

nu=ber of early deaths in that population foe :he bounds of :he LD considered3a

would be less :han a f actor of two (thee ratio of :he average individual risks for
,

the bounding values of the LD at 1 'cs). A1:ernatively, if the population wereg

all located at say 10 icn, the range of variation would be core :han a fac:or ofj

ten, for variation in :he LD wi:hin i:s range of uncertaincy. For SL:ewell. -

|, g ,

the major population centre close to :he si:e is located at about 4 km; at :his.

distance the variation in the average individual risk with L3 is small and :his *

g ,
,

is reflected in the limited sensitivity of the numbers of early deacts observed -

in this study. .

2.J.2 Sensitiv1 v to the crocedure adooted to allow for ereerse:1en of exeosure

The average individual risk of early death, condief anal on the release, is

shown in Figure 4 as a function of distance from the release, for the two

| procedures used to allow for protraction of exposure. Adoption of the more

i
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realis tic procedure proposid by Smith results in a decrease in the individual
risk of between 10% and 20% a: 1 km, by a factor of batween three and four a:

5 ks, and by a factor of abou: eight at 10 km, compared with that evaluated using
the conservative procedure proposed in the '.73-155 and used in the ini:ial

study The impact chus becomes more :arked as the dis ance fron che release.

increases and is due to two f actors. First. the countermeasures =odel adopted

9 assumes that the time of evacuation increases with increasing distance and this

e resul:s in an increase in the protraction of a given exposure w1:h distance; as
3

g , the procraction increases :he difference between the two approacnss will be

{ enhanced (see equations (1) and (2)). Second, in :he revisad procedure (see
.. equation (2)) the dose :o be used in association with :he dose mortality

!

i relationship is evaluated as the su=, over varying p.triods , of that frac: ion of,

the dose above defined levels. Becausa the dose in general decreases wi:n

distance, :he fraction of the dose above a given level vill declinen wi:h;

f
'

dis:ance.

The conditional probabili:7 dis:ribucions of early deaths for :he :wo.

p rocecures used to allow for procrac: ion are co: pared in 7tgure 5, in both

zu=ulative and difference for acs. The use of :he revised procedure resui:s in a
shift in :he probabili:y distribucion :owards lower nu=cers of early deatns

ceccared v1:h : hose predicted in :he ini:111 study. Charac:eris:i: quan:ities of
the precabili:7 distributions of early deatas are comparec in Ta' ole 5. *he

revised procedure results in a decrease in the a: pec:a:Los valt.e 'of the number of

early dea:ns by a factor :f about :wo compared vi:h hose esti:a:ed in the

inicial study. Oecreases are also apparen: in the nuscers of early descas a: :he
varicus percentiles of :ne discrihu:icos. *he iecrease varies wi:n :he

per:en:11e of interes:; ac the 90th and 99.9th ;ercencile, :he redue: ions are by
fac: ors of about four and 1.2, respec:ively.

Characteristic quanci:1es of :ha conditional probabili:7 dia:ribu: ices for

the other health eff ec:a evaluated are given in Table 6. *he increase in these
other effec:s, vi.h the revised procedure adopted to all:w for procrac: ton of
a::posure , is due solely to :he decrease in :ne predicted nu=' er of early deathsc

and hence to :he number of people :emaining to experience a:nar effec:3. The

largesc variation in :he other health effec:s is in :he number of lung
'

.

morbidi:1es vnere the expec:a:1on value is a factor of two :o :hree grescer :han.:
that in the initial study. The variation in the predic:ec nu=bers of other

heal:h effects is very small. The number of cases of pred::ctal vomiting re=ain,.

~ P unchanged because they vould occur before early death.
2.4 Influence on the overall risk of derraded core ac:idents evaluated in the-

initial study

The overall risk of early desch from degraded : ore accidtnes evaluated in
the ini:ial study was largely decernined by release category UK1, with "JK3 and

7_
-
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; 33 also =aking significant contributions. If an analysis was to be undertaken

of the sensitivity of the number of early deaths :o :he dose mortali:7 rela: ion-
ship for bone sarrow irradiation for release categories 23 and INS, some differ-

.

ences sight be expec:ed from the resul:s presented here for 31. However,

because of the si=11 art:1es in tue =agnitude and composi: ion of,. the respec:ive
releases, these differences would not in general be large. Consequently, the

variation in the number of early deaths predic:ed in this study for release-

-I category El can, with reasonable confidence, be considered representative of
- ! s

; that in the overall number of early deaths (su=med over all release categories)
-

'

| evalua:ed in the ini:ial study. In sucmary. therefore. :he overall numbers of

h early deaths (and overall risk of early death) predicted in :he ini:ial study are
relatively insensitive :o uncertainties in the dose =or:ality relationship for '

f bone marrow irradiation. Variation of the LD wi:hin its range of uncertaintyg

j of 3 to 5 Gy would resui: in a change in :he predic:ed number (and risk) of early
.

. | deaths by only about a f actor of :wo. The adoption of a less :au:1cus procedure
to allow for the influence of protrac: ion of exposure would reduce :he predicted
nuseers of early deaths by a si:11ar fac:or.

3. SENSITIVI*Y OF *'3.E RADIOLCGICAL CC:ISECt'ENCES TO THE '4A?l!!NG !!ME 3EFORE

RELEASE TO THE ENVIRC:: MENT
"

3.I Introduction
" A feature of the counter =easures :odel adopted in :he initial study was an,

option to include precautionary countar:easures when :here was sufficien: delay
between the recogni: ion of an accident sequence and the release of radioac:ive

sacerial to the environment. The period between the unequivocal recognicicn of"

an accident and :he release of material :o the environ =ent was defined as :he
varning tize( The length of the warning ti=e say have a :ajor influence en.

the predicted consequences of a release, at leas t over the area where,

,

precautionary councer:easures sight be i=plemented. The sensi ivity of :he

predic:ed consequences to variation in the warning :1:e has therefore been

investigated.
,

9
A number of reservations need :o be expressed abcut :he analysis and the use

j : hat can be made of its casults. First, the range of warning 01 ss analysed is

not in: ended to reflec: the uncertainty in the warning :iss 'for any particular
,

j release ca:egory. *he values analysed were chosen vi:h reference to the *

,
.

charseteristics of :he countermeasures model adopted so enac the c:mplace range
,

'

of variation in the consequences would be investigated. The resul:s obtained can -

.

' chen be used :o evaluate the uncertainty in consequences for any specified
.

uncertainty in the warning time. Second, the sensitivity analysis was undertaken

f or release category 31, and the results obtained and conclusions reached are

valid only for releases of like sagni:ude and cocpositien. For radically '

; different releases, the sensitivity of :he consequences to warning :ime would
t

j need to be investigated separately. Equally, the results are par:1cular to the
?

I

: 1 -s.
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countermeasures model adopted. Changes, - particularly in the area over which

precautionary countermeasures are taken and their :i=ing, =ay sig tifican:1y al:er

the general conclusions nched in this analysis.

3.2 Range of warning tires analvsed,

The counterseasures codel is , illustrated in Figure 6. The countermeasures
.

taken in areas A and 3 (sectors of width 50' extending 2 km and 5 km downwind,
I

respectively) are assumed to be ini:ia:ed as precautionary me asures at :he
.

.

Beyond areas A and 3 countermeasures are assused, beginning of the warning time.

.f \ to ha initiated only af ter a release o the environ =ent has co=menced and are
'

based on dose criteria. The influence of warning time on the radiological

4 consequences vill charefore be limited to areas A and 3. Evacua ton af areas A
i and 3 is assumed :o occur 2 hours and 5 hours, respectively, af:ee che s:ar: of,
4

the warning :ise, while sheltering is assu:ed to occur ea:11er. Curing
,

| evacuation those af f ec:ed are assumed to receive further expcsure of equal
t

^

j =agnitude to chat whi:h they vould have received outdoors in the following hour
had they not been evacua:ed. Thus, for warning :isss in excess of 6 hours, :he

populacion fres areas A and 3 would be evacuated bef ore receiving any ex:osure;
:he radiolo;1 cal ::nsequances vill :heref ore be insansi:ive :) varning :ize for

periods greater than :his value.

The sensitiv1:y analysis has been undertakan f or die 31 ssa :narac:eristica

specified for 31 (see Table 1) vich the excep:in af the warning :ize. Varning
01:e3 of I. 3 and 3 hours have been analysed in tddi: ton to the :ero warning :iza

assumed for 31 in the ini:1.11 study. *he va12e of s hours was :hesen :o
:orrespond to :ha tart us en:ent to vnich varning :tse :culd lessen the

radiological consequences. A varning :1:e of 3 n:u:S vcult ensure :ha: :he

populacion in area A veuld be evacuated before any exposure occurred.

A further relevant parameter in determining :ne consequences is One dela7
between reactor shu:-down and release to the environment. Clearly :his =ust be
equal to or greater than the warning c1=e and, ideally, should be kept constan:
throughou: :he sensitivi:7 analysia. iioveve r , in the interests of sini=1 sing
computational expendi:ure, the delay between shutdown and release was assumed

squal to :he warning :ise for each case analysed (spart from zero warning time
- where a delay of I hour between shutdorm and rilassa was assumed). The

i=plicacion af adopting this procedure is tha: :ne amount of radioac:ive sa erial,

.

released in each case vill decrease vi:h increasing warning :i=e due to ennanced
radioactive fecay bef ore rele as e. For warning :1:es in the range analysad :nis.

,

'

approximacien does no: significancly inficenes :he resul:s obtained.

In :ne following see:1on, at:ention is :enfined to the influence of warning*

time on the predicted numbers of health effec:3. The restrictions on

agricultural produe:ica and on the numb +se of people (se area) evacuated are

independent of warning :i=e, if 1: is assu ed enat the delay between shut-doun

and rolesse to the environment does not vary vich :his parameter.

9
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{ 3.3 Results
'- 3.3.1 Aversee individual risk

- I The average individual risk of early death as a func: ion of distance from
1
i the release is illustrated in Figure 7 for warning times of 0, 1, 3 and 6

hours ; the risks are conditional upon the release occurring. The values for a
s
*

warning time of zero were avaluated in the initial s:udy. '41:hin 5 km of the
>

j release, there is a significant decrease in the risk of early daath with
.

.i increasing warning time. Bayend 5 km, the small diff erenc>ts that are apparent
s
'j arise solely from the approx 1=ation : hat the delay between shut-down and release

.
.

t

] (rather than being constant) is equal to :he warning time. Coccared with zero -

'

! delay assumed in the initial study, a warning time of I hour leads to a reduction
-

.,

j in :he risk of early death w1:hin 2 km by up :o a f ac:or of about two; between 2
,

' and 3 km :he redue:1on is =uch less. This reduc:L M is das to the whole
t

|- popula: ion within 5 km having shelcared before :he eilassn to the environ =ent,
! and the population being exposed for a shorter pertad before evacuation fres :he "

*

1 affected area. For a warning time of 3 hours, the risk of early death is zero

within 2 ks of the release. This is because the evacuation of the population
wi:hin 2 ks (area A) has been co=pleted bef ort the etiaasa :o the environ =ent.,

3etween 2 ani 5 ks, there is a redue:1on in :he risk of early death by a f ac:or
of between about :vo and three. For a warning :ise of 5 hours :he r1Jk of early
death within 5 km of the release is zero. This is because enryone potentially
affec:ad within 5 km (.trtas A and 3) has been evacuated before :ha release :o the
tuvironment.

k *he average individual risk of fatti cance r , condi:ional upon :he release
a

; accurring, is :ompared in Figure 3 for each value of warning :i=e. 3eyond 5 ks.
the apparent differences in the risk of f atal cancer are solaly a consequence of

i :he approx 1=ation that the warning time and the delay between reactor shut-down
;

and release to the environment are equal. '41:hin 5 km, :vo competing f ac: ors
affec: :he risk of f atal cancer. First, an increase in the warning :1:e reduces
the time for which the population in areas A and 3 is exposed bef ore evacuation,

:hus resulting in a reduction in the risk of f atal cance'r. Second, an increase
,

in the warning time may decrease the risk of early death and :his will be

reflected in an increase in the subsequent risk of fatal cancer. Over the first

i, few kilometres, the probabilities of fatal cancer are signifiantly reduced by *
.

the probability of early death. '4here the warning time is long enough for people '

within a particular region to be evacuated bef ora the release to the environment, .,

the risk of fatal cancer, lika that of early dea:5, becoces zero. -

.

3.3.2 Conditional erobabiliev distributions of consecuences .

The condi:ional probability distributions of early deaths for each of :he

warning times considered are illustrated in Figure 9. 3oth cuoui ttive and

I difference distributions are shown. *he shif: in tha distribution of early

deaths from higher to lower numbers is apparent as the warning :iw is increased.
1

- 10 -
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i For a warning time of 6 hours the probability of zero early deatns is al=os:

I doublad :2mpared with that for zero warning time.
' [.$ The expectation values of ths numbar of health effects, conditional upon the

1, release occurring, are comparnd in Table 7 for the various assumed warning ti es.
i ! There is 11:cle varia:Lon in the number of late ef fects at:h changes in varning

'I time. This is b.acausa most late ef f ec:s oc:ur at distances far from the release
1

point; within 5 is of the release (ie, the area over whl:h warning time :ay
->

' influance the consequences), the contribution is very small and any differences
e

i in :his area with warning time vill have 11::le overall impact. Many of :hes
"

,
, small differences indicated in Tabis 7 for :he late effects resul: from the

! approxisation adopted with regard to the 1e117 between shut-down and release to
.9

; the anviron:sent. Greater variation is . 'toua ve r , appannt in the expec:stion
I* '

values of early effects, and charac: eristic quanc t.: t es of the :endi:1onal
|

probabili:7 dis:ributions for these effec:s an giten in Table 3. *he nu=cers of
early deaths show the grea:est variation 11:h warning time. Compared vi:h the

zero warning ti:e assumed in the ini:ial s:udy. varning times of L. 3 and 6 hours
! result in redue:1ons in the expec:ation rslue of early deatns by 'fac: ors of aboa:

1.1, 2 and al=ost an order of :agni:ude, resoec:1vely. *he variation in the

nu=ber of early deaths vi:5 varning :1:e he the higner values of the :ercentiles
quoted is. in genstsi, somewhat less : nan that for the exasc:stian val 2a. The

nutter of cases of prodrorasi vost:ing also varies si;nifi:antly vich vsening :1:e
but less so chan for ths number af early deaths. The exoec:acion >alue for
prodrocal vomiting decreases by a factor of about four for an increase in the

warning :ime from zero :o 6 hours,

in summary, :ne warning :ise can have a tajor influencs o's the predic:ed
number of early ef fec:s (up :o an order of =agni:ude) but not on :he numoer of

|. Late ef f ec:s in an exposed population. 'ihile :he overall auscac of late eff ects

is not greatly influenced by warning :1:e, this parameter does significan:17
affect the individual risk of lata effects wi:hin :he area aver which

precautionary countermeasures ara isole=ented. : should be notec that the
I results obtained are particular to the release and :he coun:ernessures model

analysed. Variation in ei: hor of these, in particular, in the lat:er (eg, in the
i *

|
area for and timing of precautionary countar=easures). could lead to tarked

| j differences in the sensitivity to warning time evaluated here..

1 3ENSI*!VIT! 0F OIE RADIO!.0CICA1 00NSEX*ENCES TO p!.'OtE RI3E*
.

.ir -

'

4.1 Introduction
..; The radiological consequences of an accidental release of radioac:1ve

j sacer141 say be significantly influenced by any plume rise enac =ay occur. In
..

I general, plume rise will result in a redue:1on in the predicted consequences due
.

to the elevation of the released sacerial and the reduction in the exposure of

:he population that would then ensue. Plume rise say occur f or various reasons,'

including int:ial buoyancy and somentum, and any self-heating : hat say

- 11 -
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subsequently occur due to processes such as radioactive decay or chemical

The initial study (1) included only plume rise due to buoyancy1
reactions.

'

resulting from the initial heat (or energy) content of the released material.
.

'

The cautious (pessisistic) assu=ption was made that the initial momentus and
' self-nesting of the plume did not contribute to the rise. The momentum component

was excluded because of the difficulty in deriving representative values for :he,

,j- direction and velocity of the released material in the wide range of accident

] sequences considered. No account of self-heating was :aken because of

deficiencies in the theory currently available to describe this process. I7.

The sensitivity of the predicted radiolo'gical consecuences to the heat (or
energy) content of ' :he released cater 141 is analysed. The values of energy -

*

content considered are chosen to enecepass the range that might reasonably be -,

postulated for the types of accidental release analysed in the initial study. In
addition to the energy concent resul:ing from an energy release rate of

i
0.3 ltStu/h (0.088 W), as su=ed for release category 31 in the ini:ial stucy,.

i

values of zero, 20 and 200 :13tu/h (3.9 and 59 W) are analysed as part of :he
sensitivity analysis. ~he range of values investigated should not be construed
as being indicative of the uncertainty in the energy content for any particular
release. Subject, however. :s the specification cf the uncertainty in this
para etar. :he results presented can be used :o deter:1:e the uneartainty in ene

'

predicted radiological consequences for releases of magnitude and compost:1on
similar to : hat analysed.

To a 11:1ced extent, the results of the analysis can alsu be used to provide
some andication of :he potential uncer:sinty in :he predicted consequences due to
deficiencies in the :heory and =odel used to predict plume rise. Two areas of
uncertainty in plume rise modelling are the prediction of the final heigne
achieved by the plume, and whether the buoyancy of a plume will produce lif t-off
from the ground. These aspects are discussed in sore detail elsewhere '

.

Most plume rise theories have been developed for releases from point scur:ss and

the validity of their application to releases into building vanas, whi:h is the ,
situation of current interest. is uncertain. No model or theory has yet been;

developed to describe adequately the benavtour of buoyant plumes in such complex
circumstances. Meanwntle, the zodels developed f or releases from point sour:es

",are adopted vnile recognising their potential inadequacies. The radiological *

consequences predicted for zero plume rise, when compared with those for other
energy contents , provide a seans of esticating the taximum extent to which the **

i consequences sight have been underestimated if the rise of plumes (released into
'

building vakes) has been overestimated significantly. *

4.2 Results

4.2.1 Avertte individual risk

The average individual risk of early death, as a function of distance !;om
the release, is tilustrated in Figure 10 for the f:ur values of energy concent

i
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if considered. As the energy content of the release inersases the average indiv-

idual risk at a given distance decreases. Beyond about 10 km :he four curves>
,

!
: converge and, to a good approximation, the individual risk is then independent of
1

i the energy content of the plu=e. The risks of early death are only =arginally
j different over all distances for energy contents corresponding to :ero and

L i 0.3 seu h~l . Energy concents corresponding to 20 neu h~L and 200 neu h~l lead

] to redue: ions in risk (at I km), co= pared with that for :ero energy conten:, by
.,

.] ! actors of about two and seven, respectively; the redue:1on fac: ors decrease with

,

increasing distance. The isolications of these differences in individual risk.

j for the predicted numbers of early deaths vill depend on the surrounding

( population distribution. At Si:evell, =uch of the popula: ion within 10 km of :he

sita is located within abcut 3 :o 5 km. The recue:1on in individual risk over
I -his distance band is likely therefore to be typical of the redue: ion in the

1
-

predic:ed numbers of early deachs.
I
i The average individual risk of fatal cancer as a function of distance from*'

1

| t the release is illustrated in Figure li f or :he f our values of energy :en:en:
|

| ; analysed. The general features of the varia: ion of :ne r144 of fa:21 :ancer vi:h
r

energy conten: are similar to : hose f or the risk of early death. ~he e:Jk a: a
given distance decreases with incitasing energy content; :he :agnituda :f :ne

decrease declines with increasing distance. A: distances in excess of a f ew tens
of kilocatres the individual risk of f atal cance is essentially independent of

the energy :o'ntent of the release. The initial increase in risc vi:h increasing

| distance is due :s the risk of fatal cancer being recuced by the octurTence Of

sarly death. Oespite the significan: differences in the risk of f atal cancer

| aver the first 10 k.s. variation in :ne energy concen: of :ne eslasse is unlikaly
:o al:er significantly the precic:ed su=cer of :ancers in tne exposed pcpulati n.

I This is because :ost of the cancers arise at distances far re=oved from the
t ?

release, where the risk is essentially independent of the heat content.
i

t 4 2.2 Conditional erebshilief distributions of tensecueness
v

The expec:4 tion values for each radiological endpoint, :endi:ional apon :he

| rslease, are compared in table 7 for eacn of :he assumed energy :entants. Wi:h
the exception of the early health effects, :he varia: ton in ene expec:stion'

; values with energy concent is very small, never exceeding 10*.
' Characteristic quantities of the c:nditional probab111:7 tiatributions for.

*4
; the early health eff ects are su=marised in Table 10 for each energy contant of
4

j the release. The g;eatest enange with energy content ts in the numeer of early,

| Mi deaths. An energy content of sero results in only a snall (20 cut 10 *. ) increase
; ,

j i in the expectation value of early feaths compared with : hat evaluated in ene

initial study (energy content corresponding to 0.3 h3tu h*l). Energy contents
corresponding :o 20 and 200 M3tu h-i lead :o reductions in the expe::ati:n value
of early deaths predicted in :he initial study by f ac: ors of about :Vo and three,
respectively. The magnitude of these redue:1ons vsties w1:n the characteristic.

*

l
L
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?
*

I

!

dy

. . ' 1, -.
>

-

i, .; quantity of the distribution considered; in general, as the percentile of :he
). -f *

'y distribution increases the differences in the predicted constquences are seen to
.

. .j decrease. At the 99.9th percentile (conditional probability of occurrence of

f| 10*!) :he variation in consequences with energy content is small. The variation-

)f with energy content in the expectation values for the numbers of cases of prodro-i'

a .

?? a mal vomiting and of lung morbidity are both kichin a factor of about two to

d three.

- The conditional probability distributions of early deaths are coc: pared in
Figure 12 for each energy content assu=ed. Both cu=ulative and difference proba- *

''

bility distributions are presented. For zero energy content the distribution is
only sarginally different from that evaluated in the ini:ial study (0.3 M3tu I*

h"l ) . As the energy contant increases the probability of essentially :ero early ~

g

I deaths increases considerably while there is a corresponding decrease in :he
| probability of the larger numbers of predicted consequences. For completeness,

similar distributions for fatal cancers are illustrated in Figure 13. *he varia-
; tion in the distributions of fatal cancers with energy content is very small.

In su= mary. apart from the overall number of early healta eff ec:s and :he
,

probability of both late and early effects within aoout 10 kuo of the relassa. the'

energy content of the release (within the range analysed) has li::la impact on
the predicted esdiological consequences. 7or energy contents corresponding to 20
and 200 M3tu h"! the predicted expec:ation values si che cumber of early deaths.

are reduced by factors of atout two and three, respectively, co= pared with that
4 fer'zero energy centent. *he variation in the predic:ed consequences with energy;

! :entent can be used to provide some indication of the sax 1=us extent to vnten the

I early eff ects night nave been underestinated in the initial study if the model
i

adopted were to overestimate significantly the ugnitude of any pluce rise. De
max 1=um energy content of the releases analysed in the initial study corresponded
to 20 M3tu h*L and for several release categories the value was much lower.j

: Thus. if the extreme assumption was =ade that, despite these energy contents,
there would be no plume rise, the numbers of early ef f ects predicted in the;

initial study would increase at cost by a factor of about :vo.

e.3 Influence en the overt 11 risk of degraded core seeidenes evaluated in the

initial study

{ Ihe influence of the energy content of the , release on the radiological
*

.

| consequences is essentially confined to the incidence of early health effects
,

{ in the exposed population and to the individual risk of all health ef f ects within
*
*

,

about 10 km of the release. ||ncertainty in the energy content af the releases
*

analysed in the initial study has sinimal impact on the other esdiological
endpoints evaluated.

The nuster of earl / deaths predicted in the initial study were decernined
' minly by release :ategories t.ti, tT3 and tJx3. The u gnitude and composition of

these releases are similar, and the variation in the risk of early death with
,

t

1 -n.
>
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h

energy content predicted in Figure 10 for C<1 will be si=ilar for all . three
' releases. The specified energy contents of the releases do, howeve r , differ;

values corresponding to 0.3, 20 and 20 M3tu h'i were as si;ned :o C(1, ';K3 and
UK3, respectively. If the extre=e assu=ption was :ade :ha: esca release was

'

associated with zero energy content (ie, no plume rise) the numbers of early,

deaths predicted in the initial study would be increased by about 70%.

Alternatively, if all three releases were to be assigned an energy conten:
,,

orresponding to 200 M3tu h*l the predicted number of early deatns would be
* reduced by a factor of about two compared wi:h that estisated in the ini:ial.. .

4

q.
- study.

*
3. SENSITIVITY OF T42 RADI0t.0CICAL CONSIOUINCIS TO ORY OE?OS!!!ON 7I!.0C!""f.t

f 3.1 Introduction
,

' The deposition of radioactive uterial f rom the at:osphere on to the ground
I leads to the exposure of the population by these :ajor pathways; :hese are

external y radiation from ene deposit, ingestion of :entaminated food produe:s
and inhalation of tacerial which =ay subsequently be resuspended. Of these
pathways only :he first *vo are significant far releases of isotopt: cos;ost: ion.

typical of those ;ostula:ad for P'Gs. In the initial study, exposure patnways
involving deposi:ec a:artal vers shcwn :s be very 1:portant in de artining born
the heal:h impac: Jf the Telease and the 1334c Jf counter easures :M.dn to lisi:

this health i=cact.

Depost: ion of =atettal f rem the at:osonere .ay be caused by boca wet and ar~
procesJes. Ory depost: en occurs by impaction ;f :ns dispersing pla:e wi:h the
anderlying surf ace. "h e process is aodelled 2 sing :ne :encept of a dapositica
velocity which rela:as :he airborna concentration of sacer141 near gr:und level
to the rate of deposition on to the ground in ene following way.

| 0*Y Id
dhere 7 is the dry depost:1on velocity (s sM )

3

t is ne concentration of airborne sterial near ground level

(34 n~3)
3 is the deposition ra'te of zacer141 (3q sd s"5)

The dry deposition velocity varies considerably wi:n the pnysical and :hecical
| f orm of the airborne sacer141 and the surf ace on to vnich 1: is being deposited.

.j .he sensitivity of the radiological consequences to dry depost: ton velocacy has
"

therefore been investigate 4 and the risul:s are presented in the following.

sections. As in scme of the other senst:1vity analyses fascribed in this report,.g
* the range of deposition velocities cnosen for analysis enculd not be inter 3rsted

as being indicative of the uncertainty in this para:e te r for the release

analysed. The values of depest:1on velocity considered were chosen to encompass
the extremes of variation that 2.i ght reasonably be proposed for releases af the
type analysed.

- 13 -
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5.2 Range of decosition velocities ansivsed,

Numerous investigations of deposition veloc1:y have shown that it can vary.

significantly in different circums tances .' The chemical and physical form of the
material. the underlying surface. the a:sospheric conditions and size of the

particulate sacerial say all have an influence. Slinn(9) Sehmel(LO) and.
|

Carland(11) have reviewed data on deposition velocity and described the processes,

involved in the deposition of both particulate material and gases. Dese reviews

have shown that measured deposition velocities for the same element may vary over,

#

j a large range. In Sehmel's review the deposition velocity for iodine is quoted *.

i as varying from less than 10-3 s s*l to more than 10-1 ms -1, although part of -

i this variation may be due to differences in the chemical form of :he iodine. For
.,

| particulate material a wide range of deposition veloci:1es has been reported.
.

; For a particle of I cs aerodynamic diameter (AD) the deposi:1on velocity is
| :ypically in the range from a few ti=es LO' :o a f ew :1:ss LO-3 m s~l. The

deposition velocity varies with the si:e of the particle and that for a LO as
'

(AD) particle is abcut an order of sagnitude greater than for L as (AD) particle.,

Garland ( concluded that only in exceptional circu=scances will it be possible
'

to predic: deposition w1:h any great accuracy.

It was considered :na: the sensitiv1:7 analysis Ahould eX2:13e the 1:04Ct of
varying the deposition veloci:7 over 4 very wide range. *here are a number of

~

considerations involved in the choica of that range. First. there are

uncertainties in the physical and :hemical forts of :ne released tatar 141 and the

range of deposition velocities chosen must refisc these uncertainties. In :ne
'

initial study, the particulate material vas assumed to be released as a 1 as M.AD
aerosol - a :hoice involving a considerable :easure of judgezanc. The #.AD of
the released aerosol 4y vary considerably with the characteristi:s of the

.

! accident sequence, al: hough a range of 0.1 to 10 a AMAD would pronaoly encompass !

'

sost situations that might be encountered in practice. Further ore, inorganic
iodine was assumed to be released in an elemental f orm in :he ini:ial study; CIO3

,

have judged, however, that the iodine, both in the :entainment atmosphere and

when released to the envir cment. would most likely be present as caesius todide
in a particulate form. The deposition velocity say vary significantly with the

form of the released todine and also with the AMAD of the released serosell the'

! range of deposition velocities analysed should be suf ficiant to encompass such '

.

' ~

variations in the physico-chemi:a1 form of the released material. Second. there
are inherent uncertainties in the depoettion velocity for a given zaterial over a (
particular surf ace and, moreover, variations with the surface involvedt these '

also need to be reflected in the range of feposition velocities analysed. .

The potential f or variation in the teposition velocity is considerable and

the impact of its varistion on the predicted radio 1J(ical tonsequences has been
investigated for three scenarios, in addition to that analysed in the initial

,

- 16 -
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study. The deposition velocities assumed in each case are su=marised in

Table 11. In the initial study different deposition velocities were assigned to

| :he noble gases, organic Lodine, inorganic iodine and particulate :aterial; :his

| same system of classification was adoated in assigning the deposition veloci:1es
for each scenario. In the additional cases analysed in the sensitivi:7 analysis,

3

j the depost: ion velocities of inorganic forms of iodine were :aken to ee :ne same
; as that assu=ed for the particulate material. Deposition velocities of 10 *' ,

l 10 -3 and 104 ~las were assumed and this parameter is subsequently used :o

a'i identify the particular deposition velocity scenario under consideration. The-

'

deposition velocity of noble gases was assigned a value of :ero throughout the

d. analysis , while that for organic forms of iodine was varied fr s 10-4 s s~l to
! 10 -* a s~i. a comparatie variation wi:h the value adopted for particulate.

i

material.
Some comment is l'.nally appropriata on the variation of deposi: ion velocity

o

! :o accommodate changes in ene physico-chemical f ors of the released =ater141.
I

Changes in the physico-chemical forss of the released radionuclides v111 also

have implica:1ons f or the doses received by the population via innslation; both

the CAD of ene aerosol and tne chemical form can to importsn:. In a rigor:us

analys;a of the possLble inpact of :nanges in the pnysico che.ical f orm. :he

dostsetry scopted (ie. :he dose per unit intaae by inhalation) should be varied

togetner with the deposition velocity. *he si=plifying assumption. however. was

made in this study that the dosi:stry vaa independent Of the :epositian velocity

and. :oreover. was based on the Atarial being in :ne fors )f a L .s .4% torosol

with eacn element (w!.th :ne exception af :ne noble gases and Ladine) teing in an

oxide fors. The ado; tion of this assu=ction will, h:vever, have 11::1e 1: pac: on

the predicted results. Kelly et s1( snalysed the variatian in :he pesdic:ed

consequences of :odifying the dosi=ecry to account f or the particular physt:o-
chemical form of the released material. For accidental releases of magni:ude and

composition similar to those analysed here. 1: vas found :ha: :odifying the

losi=etry for sero 1ols with MAD in the range 3.1 10 .s and for ex:es=e-

assumptions on enenical form. the predicted numoers of early deaths and fatal
cancers varied at cost by a few tens of per:ent and , in general, by much less.

' in enat analysis the deposition velocity was assumed to to independent of the
'physico-chemical form of :ne released aerosol.*

. ,

3.3 Reentes;
*i * 3.3.1 Averste individual etsk

. e
The average individual ris4 of early death, conditional upon the release. is*

t illustrated in Figure L6 as a function of distance f or eacn deposit 12n ve14ei:y.
At any downwind distance. tne trend is for the ris's to tecline with tecreasing-

ieposition ve1Jcit7 The reduction in risk Vith facreassag depo 8111on Ve14dity

is due to the decreasing contribution then sade by deposited flaterial to the
total does. For low values of dry tepoststan velset:y. tne :ajort y if the

11-

,

9
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doso arisss froa tieborna material (exposure via cloud y and inhalacion) or from

vet deposition during rainf all and any change in the dry deposition velocity has
a limited impact. The characteristics of the population distribution relative to

Sizewell are such that the variation in the number of early deaths with

deposition velocity will be similar to that in the individual risk at distances

in the range 3 - 5 ks; typically this variation is about a factor two to three.

! The average individual risk of fatal cancer conditional ,upon the release,
is illustrated in Figure 13 as a fune:1on of distance. Within about 20 km of thei

'

release. the variation in the risk of f atal e,ancer decreases with increasing
! deposition velocity (the opposite of that observed for early deaths) even though.

*
/

* in general, tne dose at a given downwind distance in the above range (and hence '
>

the probability of cancer) will increase with increasing deposition velocity. *
-

Two factors contribute to the observed variation in the probability of cancer -

; being the opposite of that which might have been expected. First, the *

probability of early death, if significant, will result in a *edue:1on in the
!'- subsequent probability of an individual developing cancer. Second. the counwind

*

distance over vnich counterseasures are applied will. in general, increase with
increasing deposition velocity (due to an increase in dose vien increasing
deposition velocity at a given downwind distance. At least f or distancas up to
several tans of kilometres). Where countermeasures are tas.en. Enere will be a

.

reduction in r1Jk co= pared with that vnich would otherwise have been experienced.
~~ 3*cause the area over which councer:easures are applied in general increases with

increasing deposition velocity, the resulting risk -sf cancer over a range of
distances :ay te greater f or the lower values of feposition velocity. At =uch
greater devnwind distances, when tas influence of counter:essures becomes

'

progressively less important. the variation in the risk of fatal cancer beg ns to
follow the expected trend of increasing with increasing deposition velocity.
$.3.2 conditions 1 orobabittev tiseribuetone of consequence.

Characteristic quantities of the distributions of consequences, conditional
upon the release, are summarised in Tables 12 - 13 for each of the deposition
velocities analysed. The expectation values (and consequences at the 99th
percentile) of these distributions f or each radiological endpoint are compared in

.

Table L6. The conditional probability listributions for selected endpoints
(early death, fatal cancer, numbers of people evacuated, area evacuated) are also

^

illustrated in Figures L6 - L9. Both cumulative and difference distributions are *

.

presented. The difference distributions are particularly effective in

illustrating the influence of varying the deposition velocity on the predicted .

I consequences.
*

! The variation in tho' expectation values (see table 16) of the various

consequences with depostaton velocity is not large and rarely exceeds a f actsr of
two to three. The veriation in the consequences at the 99th pertentile
(conditional probability of occurrence of LM) shove similar trends. The

- 18 -,
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nunbers of early deaths and cases of prodromal vomiting generally increase with
''

increasing deposition velocity reflecting the trends indicated in yigure la for

the individual risk of early death. The nunber of cases of lung norbidity

generally decreases with increasing deposition velocity; tht:s decrease is a;

: consequence of the increasing probacility of early death and thus a reduced
6

| protan 111:y of people surviving :o experience subsequent' lung morbidity. The

expectation values of the numbe rs of late effects generally increase withs

increasing deposition velocity, althougn in' a few cases a decrease is obset red.

,; The variation in the numoers of late effects at the 99th percentile shows similar

trends. The variation of late effects with deposition, velocity is not large and;

! rarely exceeds a factor of three for the range of deposition velocities
,.* I

j analysed.

; Be variation in the restric:icas on people and agricul:ure arises largely
| because of diff erences in :he spatial distribution of deposited material. The

absolute magnitude of any variation will also :e influenced by the level at whien-

6

counternessures are applied and the distributions of the population and of

various agricul: ural products eslative to the release location. Again. the i

over:11 variation f or the range of deposition velocities analysed is not large
and is generally vi:hin a f ac:or of about tvo :s three.

In sunmary, vsriscion in ene deposition velocity leads to dif f ereness in the
spatial distri ution of cegosited uterial relative to the release loestion. The

1: pact sf this re-tistribution of teposited uterial varies with the tsdiologital

endpoint tonsidered. In general, the range of variation in the expectation

values of each consequencs vita tepositian velocit*? La not large, rarely

excte11n( e factor of :Vo to tnree and generally much less. Be numbers of tost
consequences increase dita increasing fepcsition velocity. Althougn entre are a

few ex:eptions. i
,

Jose final observ.itions are aggropriate on the consequences evaluated in the i

initial study and the extant to wnich they would enante had other assu:stions

been nada about the deposition velocity of the released utarial. Far a fepos-

ition velocity of L T* s s*! (for particulate natorial), the values for the

numbers of early destas and fatal cancers vould increase by factors sf 4teut 1.J '

and tvo, respectively. The expectation values of the number si people and area
1 .

L.i to 1.3. alsilar inersasesevscuated would incr ease by a factor of about,

,

- would occur for tne tase integral of agricultural restri:tions althougn the

effect on the initial restrictions is less pronounced. For a deposition velocity
., ,

of 10** s s*L (fJr particulate 14Cer141), the expectatiJn 141Jes fJr the nua0ers.

of early deaths and datal cancers would decrease by factors of aneut two and 9.5, i
respectively. The expectation value for the nuster of non-f atal thyroid tancers
vsula, however, inrease by a f actor sf about 1.3. The expectation values for
the numeer si people and area evacuated would decrease by a f actor of no more

|

|
'

,

l E

| l') . |
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| than 1. 2 : wnile the restrictions on agriculture would decrease by a factor ~
*

| cypically in the range 1.5 to three.
'

! 3.4 Influence on the overali risk of deeraded core accidents evaluated in the
!' initial studv

'

| . The overall risk of early deaths from degraded core. accidents evaluated in
| the initial study was largely determined by release category UKl. with UK3 and

UK3 also making significant contributions. If an analysis was undertaken of the

! sensitivity of the number of early deaths to deposition velocity for release

categories UK3 and UK3 some differences might be expected from the results *
.-

presented f or UKl. However, because of the similarities in the magnitude and
composition of the respective releases, these dif ferences would not. in geceral. .

.

- be large. Consequently, the variation in the number of early deaths predicted in
..

! this study for release category UK1 can, with reasonable confidence, be

| | considered indicative of that in the overall number of early daaths (susced over
| all release categories evaluated in the inittal study). Variation of the * *

'
deposition velocity over the range analysed would be unlikely to result in a

I change in the predicted number (and risa) of early deschs in the initial study by
more chan a factor of a few.

The same three release catsgeries are also the major contributors to the
overall incidence of sany of the other radiological consequences evaluacad.
Therefore the results obtained on the variation of these consequences witn,

deposition velocity for release category UX1 tan also be considered indicative of

| the variation in these torsequences, summed over all release categories.

( 4. StHMAAY cD C0'tCtU$tcNS

in an earlier studyl U the radiological impact af degraded tore accidents
postulated for the F'a at Sisevell was as sessed. The sensitivity of sne

! predicted radiological consequences for one of these accidents (release category
i

wXI) to variation in a number of parameters (which either characterise the
,

accidental release or vnich determine its transfer through tne environment to.

and its 1spect on san) has been investigated in this report. The parareters
,

which have been the subject of sensitivity analyses are the lose-sort 11ty
_

.| relationship for bone marrow trradiation. the energy content of the release, the

| verning time before the release to the environment. 4nd the dry deposition,

l ! velocity for the released material. These were identified as being among tne .

*

! sore imeortant parameters in determining the uncertainty in the results setained
I in tne initial study. ' . .

| *Setore summarising the results and conclusions far each sensitivity analysts
| ,

| 4 auseer of genersi qualifications need to be placed on their vallatty and range
! of applicability. First. the results are particular to a release froa 114 ewe!1'

i

and to the characteristics of the estesse analyseil f ar releases of 11tf ering
,

sagnitude or cosposition, or free a different location, tne predicted sensitivity
.

say change considerably. The conclusions reached for the particular release

'
t, -M.

,

I
'

f

|
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analysed cannot therefore automatically be assumed to apply to the overall

consequences of degraded core accidents evaluated in the initial study. Morea

; generally applicable conclusions have. however, been drawn where possible.

3econd, the conclusions reached are applicable only over the range of conse-

| quences and associated conditional probabilities of occurrence (down to levels of*

about 10*3 to LO**) investigatec, These conditional probabilities correspond to
,

j absolute frequencies of occurrence of 10*ll y*l or less given the frequency of
I degraded core accidents of about 10 -3 y*l. Third. the range of values over which

a particular parameter was varied in the sensitivity analysta (with one excep-

| tion) should not be interpreted as a measure of the uncertainty in that parameter
; f or the degraded core accidents postulated for the Sizavell P'iR ene ranges were

chosen solely to encompass the extremes of variation that sight reasonably be'

* proposed for releases of that type. The results of the sensitivity analyses can.
however, be used to estimate the ancertainty in tne predicted consequences'

| | subject to a specification of the actual uncertainty in the pareseter
t ;

'
investigated. Finally the separate results totained for the variation in the

I predicted consequences for each parameter vslue cannot te combined in a simple
sanner (eg, additively, =uittpli:stively) to provide an indi:stion of the range
af variation in the :enaequences if all the ;4rs: star is14es were earted

st=ultaneously.

[ a) fensitirttv to the dose-9ertalter relsttensnte fer %ne-=errew

irtsdisti3n

*he radial:gt:11 :ensequences were evaluatad as a function of the f.J .
g

!se acute irradiatian whien was earied :ver its range of ancertainty.

judged to te fres ) 3 Gr. The expectation value of the predicted %2cera
|

! of early deaths was fsund to vary only by a f actor at about two .f or tais

enange in R The aver:11 risk of early teatne from jegrsded core9
!

| ac:idents evaluated in the initial study (1) is largely detersined ty release
'

| category flK1 (the reisese analysed here) and other teleasse af ide

i sagnitude and cottposician. Theref ore the variation in the overall risk Jf
early deaths with U vill be similar to that indi:stad soove for tiX;.g3

The impact on the prediated number of early deaths of adopting a less
conservative procedure to allow f or protraction of exposure, than used in

I
the ini:tal study, ves also evaluated. The tdspeton of the sore realisti:.

[ appr.ach resulted in a reduction in the prediated numbers it early destas ny
a factor of aeout two. A similar reduction vou11 result in the overall risk

8 .1

of terly deaths free degrsdad acre accidents prediated in tMe initial,,

study,<

I

b) 54nstttuttv ti tma ver9tst it e 5ef ?re 19e release 13 the an"tr* 9ent
| The sensitivity of the prediatad consetuences to warning time (defined
1

as tae time between the unequivocal tecognition (,f an acc14snt tad tne
release of radioactive sacerial to the environment) has Oden evaluated,

|
- 11 %
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Warning time only has an it. fluence over an area in which precaution.try

countermeasures are taxen, is, where countermeasures are taken before, and
.

in anticipation of. a release to the environment. The results obtained are
,

" therefore particular to ths countermeasures model assumed. Variation of the

warning time f rom tero to 6 nours resulted in a reduction in the expectation'

value of the predicted numbe r of early deaths by about an order of

sagnitude. No further decrease in consequences would occur for an increase
*

in warning time due to the characteristics of the countermeasures model
'

adopted. Warning time has little influence on the overall incidence of late .
, -

;

j effects in the exposed population but it has a major impact on the
'

.
,

! individual probability of late eff ects in the area over which precautionary
.,

'

| countermeasures are taken.
'

c) Sensitivity to the eeerr r content of the released iscertal-

| The sansitivity of the predicted canaequences to the assumed energy
content of the release has been evaluated. The energy content of the *

release will influente its rise above, the ground and thua the resulting i

radiological consequences. The i= pact on the tsdislogical consequences is
essentially confined ts the predicted incidence of early health ef f ects and
the prooability of late affects within seversi kileettree 1f the release.

An increase in the energy content of the release resulted in a decrease
,

in the predicted numbers of early deaths; for an increase in the energy
"

content :orrespondia; ts an energy release rats f r:m zers to 20 and 200

MJitu h"! the expectation value 2f early deaths decreased by factors of shout
two and three, respectively. The predicted numbers of late ef f ects in the
exposed popu14 tion are relatively insensitive to the energy tantent of the
release; the individual probability of fatal cancers say however vary,

significantly with the value af tnis parameter for the range of downwind
,

11 stances over which the plume is elevated.
The sodels used to describe plane rise are uncertain in a nummer of

respects. in perticular in predicting the final height si r14e and vnetner

or not plumes lif t of f wnen released into building vaxes. The differences
in the results obtained for aero snergy content and those for the other

,

specified values provide an indication of the maximas extent to vnich tne
consequences sight have teen underestimated because of uncertainties in the .

,

plume rise model.
Some more general conclusions can be drawn from the results obtained ',

because of the sta11arity between the release analysed and the others vnich -

contribute significantly to the overall risk af early cestas. The numeers

of early deaths predicted in the initial study would increase by less than a
f actor of two if no allowance were sade f or plume rise (ie, aers energy

content assigned to each releasell alternatively. if each af the teleases

22 =a
,

,
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were assigned a 1er greater energy content corresponding to 200 .v.Sta h*l,
'

the predicted number of early deaths vould decrease by a similar f actor.
d) Sensitivity to dev deeosition velocitv

The sensitivity of the predicted radiological consequences to the dry

deposition velocity for airborne material has been investigated.

Considerable uncertainties are associated with this parameter both be:ause

of innerent uncertainties in the deposition velocity for a particular

material and uncertainties in the physi:o-chemical form of the sacerial

.g released in accident conditions. A vide range of deposition velocittas was
,

{ ~lanalysed (eg. 10'' s s to LO-2 3 .-t for particulate r.at e r141; see
'

f
Table il for other forms of sacer141) and was chosen to encompass che, . ,

! extremes of variation that might reasonably be proposed for releases of the.

type considered. '*hile some correlation would be expected between the'
.

I deposition velocity and the physico-themical form of the released material.
'

the latter was assumed to remain unchanged througnout the sanoitivity

analysis. Such an assumption nas ':een shown in earlier investigations
to nave little inoset on the predicted :ensequences far releases of

:omposition typt:21 of these analysed.
74rtation in tne tepo s it 14'1 'g1 xity leads es differences in . thu

spatial liatribution of airborne and deposited sa c e rta' raiative to the

release 1scation. The 1: pact of enia re-distribution af releasec =aterial

will vary with the rad 1J1Jgical 1:nstilence considersd and Vill be

influenced 3y the nature and extent Jf any countermeasures aspeeed. In
general, tae variation in the extectacian values of eacn tonsequence over

tne range af sepositian ve12 cities cons 1Jered was not large, rarely
exceeding a f actor of two to enroe. and of ten nacn less. For most of the
radiologi:41 consequences, the nu=cers were found to increase with

tacreasing deposition velocity, although there were a few ex:spetons.
The deposition velocities assumed in the initial study ('3riginal' or

,'first estimate' sourte terms) were intermediate vit'11n tne range anal / sed
in the sensitivity analysis (see Table 41). The results obtained far
release category UX1 can be used ta estimate the tapact of adopting tre
bounding values of deposition velacity an the initial s tu.ty . For the,

' largest deposition velscity considered of 10 2 a s*k. the expectation values. ,,
^

f ar the numbers of early deaths and f atal sancers evaluated in tne tattial

i study wonid increase by f actars at about L.3 and two. respectively. 'or the,

lowest deposition ve1Mity of 10 ** s s*l, the corresponding ex:ectation
-

salues vould secrease ny f actsrs 'of scout two and 1.2, respectively. The

I variation in the numbers of ather aanse1uences is at tosparsele magnitude.

| In summary. the sensitivity of sne prediated isnsequences ta variat1Jn in the
I values of sont si the parametere investigated is not !arge. The aver:11 ranje if

= 23 -
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variation in the conaequences for the'11miting values analysed for each parameter
rarely exceeds a f actor of a few and in many cases is considerably less. The

consequences predicted in the initial study were evaluated using parameter vslues

| vhich, in general, were interu diate in the range investigated in the sensitivity
,

analyses; these predicted consequences are theref ore relatively insensitive to '
,

; uncertainties in the values of the parameters investigats<i. This observation is.

! however. particular to the releases a.nalysed from Sizewelli for different

releases from differsnt locations the sensitivity may chan6e significantly.
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*sble 1
Characteristic earameters of release category IIKll"9

.

. .

- Frequency of occurrence (y'1) 2.4 109
! Time before releasel (h) 1
|

|

| Duration of release (h) 3 I

8 (M3tu h*l) 0.3Energy of release*
.

| Elevation of release (z) 10

Warning time *8 (h)? O3-

I
*

;.

|9to-t| x.-x:;
'

' Fraction of . Organic I 7 10"I
I the core Inorganic 1-Br3 7 10*L

'

j invoutory Ca-Rb $ 10-1
'

released to Ta-$b .| 3 10*L
|the environ =ent* 34-$r 6 10*1e

1 7.u8 10*

:.4? 4 10-9
| 3 i' .

.

.Jace,

Me time 'Jetween reactor snutMown and ne release of activity to the
environment.

| 2. More than M of the radiasctive satarial is released eith14 the first hourg
| to sinimise co utational expenditure the whole release was assumed in the

int:141 study *q' to occur in the first hour and the same assumptian is
adopted here.

| 3. The verning time is the time available for the initiation of :ouncarcassures*

bef ore the release of activity to the environment. It has been evaluated
conservatively as the time between vessel selt-through and the release of

: activity to the environment.

| 4 The specified fractions of the core are sseused to be released uniformly
over the specified release duration and apply to stanta 14ctopes of the
specified elemet La. -

5. The Lodine and brosias are assumed to be released in an elemental form.
.' 9. Includes Ru, Sh Co Mo and Tc.

| ; 7 Includes Y, L4, 3 r , Nh , Ce , F r . Nd , 'ip , Pu , Aa and Ca.,

\ .

8.| The values specifiedfor the energy content and warning time are taen adopted
! in the inital Study \ | both the64 parlseters are the subject of sensitiftty
| analtees in this study and in these cases their values are 14 1e4
| accordingly.

|
:

|
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|



.

) ..

L t

i

Table 2.

,

Periode and corresoondina doses. A , used in the procedure prooosed byg

Smith (3) to account for protraction of exposure1

,

,

t

| Period Dose. A
(Gy) g; *

,
,

.
0-1h 0.3

i 1-2h 0.2
. -

, t 2-4h 0.2 1 -

I & - 10 h 0.2
.
.

10 - 24 h 0.1 ~

4

j 1-24 0.1
,

2-34 0.1
; 3-44 0.1 *

I . .

. .

. .

i
. .

. .

28 - 29 4 0.1

| 27 - 30 4 0.1
!<

!

.

!

e

L

.
I l'

i
~'

!,
'

J

O

,

e

t

9
*

| e
i

i 4

I .

,

l '
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| :: *able 3
. Characteristic quantities of the orobability distributions of early deaths
1.

conditional upon the release of UK1: their variation with the LDe, for bone
| . )

marrow irradiation< ,
,

,

| t 1
'

U11 FREQUENCT: 2.4 104 y*1'

| 1.D50 = 3 Gy LD$a = 4 Cy LDg3 = 3 Cy
.

; ,

Parameteri = -

i Number of early deaths, N |\ .d
! f, Expectation value. ! | 2.1 102 t,3 to2 3,9 toi |s *

pal 0 0 0

; p.30 1.3 100 1.7 10-1 2.1 10-1 -

j
'

Percentile (p) p=90 3.0 102 2.6 102 t,j to2,

; ; p=99 3.3 103 2.6 103 2.2 103
' '

p=99.9 3.1 103 4.5 103 a.2 103 |

P. Probability, P |
j T Probability P(:!=0) 43 45 t.?

P(:l> E) 16 13 11

|

|
,

j,[ gig)!

1. The frequency (y*l) vich which particalar cansequences spec 14144 in

the table are exceeded tan be obtained se 0.01.f(r).(100 7) wnere f(r)
I is the f requency of the release category (y*L) and p is the percentile
3 appropriate to the value of consequences of interest.
t

'
i

' .

. , .

|, - -

| .;

4

i| ei

4

,

b
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Table $
; Characteristic quantities of the probability distributions of early deaths,

| conditional upon the release of UK1: their variation with the procedure used to
allow for protraction of exposure

1

UK1 FUQUENCT: 2.4 104 y*1
,

I i
,

j ' Initial procedure Revised procedure*

for protraction 2 for protraction 3,

Number of early deaths, N,

Expectation value. I 1.3 102 6.3 101.

. a *

; p=1 0 0

; p=50 1.7 10*1 3.3 10-8 j
'

Per:encile (p) p=90 2.6 102 6.4 101 i

'
p=99 2.5 LO3 '.3 103.

p=99.9 a.3 103 3.7 103
. I

i

Probability. P

P(Na0) 45 48. Probability.

P(Y>E) 13 9.9 ,

f'

Note:

1. The frequency (y'l) with which particular consequences specified is
t

the table are exceeded can be obtained as 0.01.f(r).(100 7) where f(r),

is the frequency of the release category (y*l) and p is the percentile
appropriate to the value of consequences Jf taterest.

2. See equation (1).
3. See equation (2).
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Table 7
1

Expectation values of the numbers of health effects conditional ucon release
'

categorv L'K1: variation with varning time

! 1

*1UKl FRZQUENCT: 2.4 10~9 y

i

Expectation value of the number of eff ects

| f
'

6 |
I 3Warning ti:na (hours) 0 1

* i
* I4riv.

i
; Death 13 0 110 65 15*

,

.

j Prodromal vomiting 370 350 250 100

I.ang sorbidity 8.3 3.3 11 4.A
.

Ii
i 1.at e ;t

| 3300jFatalcancer 3300 3300 3aC0,

t

7'00 7700 i 7700 ! 7300i! Ton-fatal thyroid cancer j, ,

t-
r

2100 6 2500 i 2500 i:lon-fatal skin cancer i 2000 '

| | 1

|:fon-fatalbreastcancer 490 490 500 I 510-

| Hereditary offacts 2500 2500 2500 2500
', I

-

r

!!o ce

1. The frequency (y'l) with which particular consequences specified in the
table are exceeded esn he obesined as 0.C1.f(r).(100 p) vners f(r) iJ the
frequency of the release category (7"l) and p is the percentile appropriate
to the value of consequences of interest.

t
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Table 9
Expectation values of the radiological consequences conditional upon release

categorv UKl: variation with enertv content of the release
,

'? 1

'i UKI FREQUENCY: 2.4 10-9 y-1

Expectation value of consequences |
,

d'; Energy content of 0 | 0.3 20 200-

.

release 2 (MBtu h-1) |
' '

'ariv..

| i Death 1.4 102 t,3 102 3,4 tot 4.3 101
Prodromal vomiting 3.3 102 3,7 102 2.3 102 t,3 to2 i! .

!.ung morbidity 9.3 100 8.3 100 3.8 103 2.3 100

i i
1. ace effects

| Fatal cancer | 3.1 103 3.3 103 3.4 103 3.4 103,

> I

3|,
,'

iNon-fatal thyroid cancer 7.7 103 7.7 103 | 8.3 103 3.2 10

!Non-fatalskincancer 2.3 103 2.4 103 2.3 103 2.3 103,

| Non-fatal breast cancer I 3.0 10 4.9 10 5.1 102 5.1 10 !
I t.

| 2.3 10Eereditary effects 2.3 103 3
| 2.6 103 2.5 103['
i i t

i
Restrictions on eeoole !

! and agriculture ,

j i <

, Number of people evacuated 2.2 10'' 2.4 '.0 * 2.3 10* 2.1 10'
:

i Area of land evacuated 1.2 102 1.2 102 t,2 to2 t,1 102
i

j Total milk restricted (litres) 4.1 108 4.4 108 4.5 108 4.5 10d
i
i

Time integral of the area 4.4 103 4.3 103 4.2 LO3 4.1 105
i of crop restricticas (km 7)2

| '

| Time integral of the number 2.9 LO' 2.3 103 2.3 106 2.9 106
| of livestock restricted;

j (livestock 7)
| '(
| -| Noter3

| 1. The frequency (y'l) with which particular consequences specified in the
table are exceeded can be obtained as 0.01.f(r).(100 p) where f(r) is the,

'

a :; frequency of the release category (y'l) and p is t..e percentile appropriate
.j to the value of consequences of interest.

~'

2. The energy release rates in SI units (MW) can be obtained from the values
given in X3tu h'l by multiplying by a factor of 0.29.

.
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Tabte 10

Charseteristic euantities of the erobabilttv distriburtons sf variv ef fects conditio'nal ueen release
E ''] estererv UKir vertation with enerev eentece of the ratesse *

i

.)
1

UK1 FRECCENCT: 2.4 10*' y*1
,

. ,
,

J
* 2

Number of health effects.1 [ % Probability!Inerry content of release 2
(M3tu h*i) Expectation 'talue at the pth percentile

F(N=0)||PCf>t)
i value. E +

pel | p*50 | p=90 | p=99 | p=99.9
*

a) Earte deaths | k
I

;

O 1.4 102 0 2.3 10* L 2.7 102 3,o tol .6 103 64 1 13
s '

3

I.. 0.3 1.3 102 o g,7 to-1 2.6 102 2.5 103 e.3 103 45 IJ.
l *

t 20 5.4 101 0 0 4.1 101 1.4 103 4.J 103 53 8.6 ' . ' *,

200 4.3 101 0 0 2.7 108 t.3 103 4.3 103 50 6.1 *
*

I

1 I

f f~{ b) Ptsd naal mittter

I 3 3.3 102 a 7,3 too L.2 10 3 3.1 103[7.0103I el 19, -

| ?.3 3.7 102 0 i 7.0 103 41 19

- | 20 2.3 102 ,
6.6 108 1.2 103 4.5 103,

'
O 2.3 103 6.0 103: 3.3 103 ! 6.4 103 a2 13i '

i! 200 1.5 102 3 o g,7 go2 3,. to 2 5,4 gg2 35 ! 11
'

.*

| |

j : i !
.

c) '. mv noesidiev ',

| ,1 9.3 104 O i.4 10*3 1.4 LOLi 1.5 102 6,2 102 aa tj !.

t i
I .1. 3 9.J 103 . 0 2.J 10* 3 !.7 101 | 1.4 102 3,6 tot 44 gj J

fG'

20 3.5 134 0 2.2 108 1.1 102 3,2 to t $7 7,7 i,

| i

fG200 . 2.J 100 0 0 9.7 10 k 3.1 102 pg 4,3 g
} I | t I

heer

1. De frequency (y*I) with vMich particular consequences specified ta the table are exceeded can te
setained as 0.01.f(r).(100-7) vnere f(r) is the frequency of the release catetsry (y*l) and p is thei

;ertentile avpropriate es the value of conseeuences of taterest.

2. "Se enerry release rates ta SI units (W) can te obtained free che values given ta :Stu h*L by
witiplying by a f actor of 0.29.

'
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. Table 11

i The decosition velocities assigned in the sensitivity analvsis es various
-!

radioactive materials

!
.

~j Dry deposition veloci:7 (a s~l)
1

-) Species Inorganic Organic Noble Particulate
iodine 2 iodine gases material;

; Scenariol.

1

3 10- 2 10-5 0 10- 3Initial study-
,

j (a) 10-2 - 10- * O 10- 2

(b) 10-3 10-5 0 10 - 3
"

-

''

(c) 10~" 10- 6 o to-,-

i

!
!

|
' Notas:

1

! 1. Apart fro:a the initial study the scenario is identified by the deposition
veloci:7 assigned to particulate =aterial.

2. Apart from the initial study :he deposi:1on veloci:7 of inorganic iodine is
taken to be equal :s that of the particulate matarial.

3. The deposition veloci:1es in the initial study were chosen as 'best escisace'
values and were incarmediate in the range of possible varia:1on. In : hat
study the inorganic iodine was assumed :o be in a elemental fors and the
particulate :aterial was assumed :o ha in :he form of a 1 um AMAD aerosol.
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-- APPENDIX 1
: The impact of ootential overestimates of the credicted release fractions:

Revised results

II)In the initial study an analysis was undertaken of the ispact on the,

predicted radiological consequences of potential overestimates in the release

fractions specified for selected release categories. Since the resul:s of that
study were published some relatively minor numerical errors have been identified.-

.' However, none of these errors affects the conclusions reached in the initial
t-

study on the impact of potential overestimates in the predic:ed release-

fractions. Nevertheless, the opportunity has been taken in this repo rt , which,

.: r -

comprises a number of sensitivity analyses en the initial study, to presenti

,

t

j revised values for : hose 'results known to be in error.
; A1: hough the number of the results which are in error is small, for

-} convenience, the whole of the analysis of the impact of potential overestimates-

f in the release fractions is reproduced here as an appendix. The numbering of :he
I sections of the tes: and of the tables is identical with that in the ini:ial

study apart from :he addition of a further identification symbol (R) :o indicate
the revised nacerial. Furthernors, any tables ce figures not direc:17 connec:ed
with that analysis, but which are ref erred :o in the tex:, are also included for

comolateness, but without the additional identification symbol.,

For most of the results, there are no significant changes. S ose which are
most affected are :he predic:ed numbers of early deaths and :o a lesser ex:en
the number of cases of prodromal vomi:ing. The overall impact of :he correc:1cus
is to increase the predicted incidence of :hese :vo heal:h effec:s by abou: 20%
compared with : heir values given in the initial study for the ' revised' or

'second estimate' source terms. For the other radiological endpoints evaluated

I' the impact is negligible, at most a few percent.
* Such differences do not affect the conclusions reached in the initial study
I

.! as to :he impact of potential overestimates in :he predicted release frac:1cns.

For early effects, however. :he reduction in their numbers consequent upon the,

adoption of the revised release fractions is marginally less :han indicated in
*

'

the initial study. The reduction in the early deaths however :smains large and

[| *
is about a factor of 20.

~! 3e revised text and results are presented in the remainder of :he3

I
; appendix. They replaca the corresponding sacerial in the initial study (1)e

.
*

i

h'?
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5.(1) IRE IMPACT OF POTE'iTIAL OVERESTIMATES OF TEE PI*DIC*ID REI. EASE FRAC *ICNS1

i 5.1(R) Revised ralease categories

The fractional releases of each element for the release categories CK1 :oa

UK12 were evaluated using the general procedures and oathods employed in the OS'

Reactor Safety Study (2) There is increasing evidence that the releases eval-.

| usted in this way say be overestimates (6) This is due to insufficient or, in.

| some cases, no allowance having been made for processes such as recention of
activity in the primary circuit, its removal from the containment atmosphere, and

; i:s attenuation in leakage paths fro a che containment. All of these processes
.

*

,

could act to reduce the quantity of activity released to the environment. 'ihile
the data on these aspects are considered at present insufficient to revise quant-

.

itatively the models and procedures used, CEG3, with as s is tance from *

'Jestinghouse, UKAEA, and CiC, have made judgements on the potential conservatisms

} in the release fractions given in Table 1. Revised estimates * of release frac-
*

tions, incorporating these judgements, have been made by CEC 3($} for some of the *t

i sore important release categories. We implications for the predictsd risk from
j degraded core accidents, if these revised values are adopted, are evaluacad.

For some (UK1, UK2, UK5 and UK6) of the celease categories contribu:ing most
to risk. probability distributions vers specified of the ascunts by which the
eslease fractions say dif fer f rom those originally derived. To represent these
distributions, each of the original release categories was sub-ditided into fite
discrete :sleases each having defined ch' arac:aristics. The five sub categories
are designated A to E, and the release fractions and probability associated w1:h

! each are summarised in Tabla 36. The other charactaristics of :hese release sub-
categories (eg, duration, warning time) have been specified to be identical to
: hose of the original release category given in Table 2.

The rslease frac:1ons specified for sub-category A of each release category
are, with the exception of the iodine and cellurium groups of elements, identical
vi:h the release fractions originally estimated and given in Table 2. For the

!
particulate component of the release, the release fractions for sub categories 3,
C, D and E are, respectively, factors of 2, 4, 10 and 20 lower than *: hose for
sub-category A; the release frac: ions for the noble gases and organic iodine are

; identical for each of the sub-categories of a particular release category.
} Differences are apparenc in the release frac:1ons of iodine evaluated originally * .

_ f (see Table 1) and those predicted for sub-category A of each release (see '

Table 36); in some cases, the revised release frac:1on (sub-categor-r A) exceeds ',

* In this report the release fractions specified in Table 2, and derived using
the general procedures and methods employed in the US Reactor Safety Study, are

.

referred to as the ' original' values; those specified in Section 5, in-
corporating judgements on the conservatism in :he ' original' values are,

'

referred to as the ' revised' values. In reference 5 an al:arnative :erminology*

is used and the values are referred to as 'first estimate' and 'secondestimate' release fractions, respect 1*rei .f
.

.
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'
that originally specified. In the initial analysis , the iodine, apart f rom a

small component in the organic form, was assumed to be released in an elemental
form. In the revised esti=ates CIC3 have judged that the iodine, both in the
containment atmosphere and when released to the environment, would most probably,

be present as caesium iodide in a particulate form. The form of the iodine
influences its behaviour in the containment (eg, removal processes) and thus the
amount released to the environ =ent. I: also has implications for the transfer of

iodine through the environment. Deposition of iodine from the atsosphere varies
.,|- considerably vich its physical and chemical form. In an elemental form, the dry

*

*

deposition velocity exceeds that for iodine in the form" of a fine particulate. ,

,a
,

(eg, an aerosol with a I as AMAD). A deposition velocity of 10-2 ~l3 s is

f. adopted is this assessment for elemental iodine whereas a value of 10~3 m s~l is
'

taken for a 1 um AMAD aerosol. The smaller deposition veloci:7 for iodine in a
$ particulata form (in comoarison with the value adopted for elemental iodine in
4 .

| the ini:ial analysis) resul:s is reduced deposition of Lodine near the reactor
''

and enhanced depost: ton at great distances. The different patters of deposition,

is reflected in differences in :he predicted consequences between the ini:ial
release category and sub-catego ry A; the :hanges in :he fractional release of
iodine is a further impor: ant factor contributing to dif f erences in consequences
resulting f rom the respective taleases.i

'
5.1 *he influence of adocciar the revised release careceries anc release

fractions

3.1.1 ""he i=cact conditional ueen each release eaceeorr
The probability dist-ibution of consequences condi:ional upon each release

sub-category has been evaluated and characte ris tic quanti:ies of each
distribution are sur._arised in Tables A1(R) A10(K) of Aopendix A(1). The-

f probability distributions, condicional upon each of the sub-categories for a
j given release, have been summed (:aking into account the probability of
f occurrence of each sub-category) to provide distributions condi:1onal upon the

revised release category. Characteristic quanti:1es of :hese summed
-

distributions are given in Tables 37(1) - 40(1), respectively, foe the revised
i

release categories UK1, UK2, UK$ and UK5. The distributions for selected
'

endpoints (early deaths, fatal cancers and nu=bers of people evaluated) are also
i

; illustrated in Figures 13(1) - 15(?.) conditional upon the revised and original*

'

j release categories. The contributions made by each of the sub categories (A-E)
i

to :he distribution for the revised category are also illustrated. A comparison*. :
*

is also made in Tables 41(R) - 4*(R) between various characteristic quantities
'

(expectation value and value et the 99th percentile) of the dis t ributions ,
conditional upon the original and revised release categories. A number of

observations can be made on the impact of adopting the revised release
categories, with particular reference to three of the more 1 portant endpoints,
early deaths, fatal cancers and the numbers of people evacuated.
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(

The probability distributions of early deaths, condi:ional upon the original
and revised release categories, are compared in Figure 13(1) for each of the

releases. Actual frequencies of occurrence of early deaths can be obtained as
:he product of :he conditional probabili:ies and the frsquency of the release
category specified in the figure. For 31, 32 and L7J, the adoption of the-

revised release categories results in a significant reduction in the probabil-
1:1es of early deaths; for 36 the revised values lead to an increase (although
the absolute number of deaths and their probabill:1es of occurrence are ex:remely

low) which is due to the mch enhanced release fraction of iodine for the revised
-

category (see Tables 2 and 36 ) . In general, the redue:1on in the numbers of
early deaths for the revised category compared with the original decreases w1:h a [?
decreasing value of the conditional probabill:7 of :he distribution (eg, for 3'

| the reduction is abou: 100 at a probabill:7 of 10-l (90th percentile) and
declines to less than two at a probability of 10-* (99.99th percent 11a)) . Ac :he

.

higner numbers of early deaths and lower levels of probability, the distributions'

f or tne revised categories can be seen to converge to the original values (apar:
,

f rom 36). ~he expec:acion values of the nunbers of early deschs (see Tables

; 41(1) - 44(1)) for the revised category are :sduced from the original values by
f actors of up to about 10 for 31, 32 and L7J; f or 36 the value is incesased

'2r a factor of about 20. Toe other early eff ects the diff erences are somewhat

snaller, and :he exact values can be obtained f rom Tables 41(1) - 14(1). *he

relative contribution of each sub-category :s the overall probabili:7

; distribution of early deaths for each of the revised release ca:egories is also
illustrated in Figure 13(1). The contributions vary between the release

categories, reflecting, among other factors, diff erences in the probabili:1es of
occurrence of the esspective sub-categories for different releases. In some

,

j cases not all of the sub-categories contribute to early deaths.

|
The probability distributions of fatal cancers, conditional upon the

original and revised release categories, are compared in Figure 14(1) for each of,

the esleases. Actual frequencies of occurrence of particular numbers of fatal ,

cancers can be evaluated as the product of the conditional probabill:7 and :he
i frequency of the release category which is specified in the figues. *he adoption
9

|
of the revised release category in each case issults in a decrease in the

' *
i
!

predicted incidence of f atal cancers , although the redue:1on varies vi:h the
release category and with the probability level considersd. The reduction in the

I **

]
expectation values of f atal cancers is typically within a f ac:or of two to four.

'

Similar reductions are apparent for all late effects, although the redue: ion in'

the incidence of non-f atal thyroid cancers is, in general, significan:17 less.
This is attributable to the changed form and nagni:ude of :he eslease of iodine
in the revised categories and its inportance in determining the incidence of this
particular health effect. The relative contribution of each sub-categocy to the
overall probability distribution of fatal cancers for each of the revised release

|
,

i
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categories is also illustrated in Figure 14(1). As bef ore, the contributions
_

vary between the release categories, reflecting sainly differences in the

probabilities of occurrence of the respective sub-categories for different
*

releases. In general, sub-categories C, D and E determine the shape of the
overall distributions at low numbers of f atal cancers, while at large numbers it
is influenced mainly by sub-categories A, 5 and C.

The probability dis tributions of the numbers of people evacuated, condi-
tional upon the original and revised release categories, are compared in Figure

*
,. 15(1). Actual frequencies of occurrence of particular numbers evacuated can be

|* evaluated as the product of the conditional probability and the frequency of the
*

4 release category specified in the figure. For each release, the revised release
,

{ category leads to lower predictions of numbers of people evacuated; the sagnitude
of the reduction again varies considerably vich the release category and the
level of probability of interest. The reduction in the expectation values of the

i numbers of people evacuated when adopting the revised release categories varies
from a f actor of about 1.$ for UK6 to about a f actor of nine foe K2. The

'

reduction f actors in the expectation values of the areas evacuated are typically
somewhat icwer. The distributicas of the numbers evacuated for the revised and
original release categories f or UK1 and OK2 have, unlika those for early deaths
and fatal cancers, not converged at the lowest level of conditional probability
illustrated (10~"). The relative contribution of each sub-category to the
overall distribution for each revised release category is also illustrated in

Tigure 13(1) and the trends are sinilar to those discussed previously for f atal
cancers.

In summary, the adoption of the revised release categories (vich one or evo
ninor exceptions) leads to a reduction in the predicted numbers of radiological

| consequences for each of the release categories analysed. The sagnitude of the
I

|
reduction varies with the radiological endpoint considered and with the level of

| probability of interest. In general, the sagnitude of the reduction decreases as
the level of probability decreases. The reductions in the expectation values of

.

early deaths, fatal cancers and numbers of people evacuated are typically factors
within the ranges of 15 - 20, 2 - 4 and about 1.5 - ), respectively. Reduction

factors for other endpoints or at other levels of probability can be obtained
* f rom ?igures 13(R) - 13(R) and Tables 41(R) - 44(R).*.

i
8 5.2.2 The imeset on the risk sunesed over the feur release esteeertes

If revised release fractions had been evaluated for all of the release cate--.

gories (as opposed to just UK1, UK2, UK5 4.nd CKS) it would have been possible to*

re evaluate the overall risk from degradad core accidents using these values. In-

the absence of comprehensive data, an estimat- has been made of the reduction in
the contribution to risk from the four release estegories for which revised

release fractions were specified.

- 7:. .
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1

] Th3 c:Otribution to tha risk for ona year of operation of the reactor
j (exp ressed in terms of expectation values of each consequence) is compared in
i Table 43(1) for each of the four release categories and their sum, for,the

original and revised release fractions. The risk f rom each release category was.l
obtained as the product of its frequency of occurrence and :he expectation value
of the endpoint of interest, conditional upon the relasse. The contribution made

|. by the four release categories UK1, UK2, UK3 and UK6 to the overall risk.

| initially evaluated (see Section 4.4 in NRP3-R137) can be estimated by comparing,

'

the expectation values given in Tables 32 and 43(R). Typically, for early .

deaths, f atal cancers and volume of silk restricted, the contribution from the " . ''

four original categories to the overall risk is about 73% for each endpoint; for
.

the number of people evacuated the contribution is about 10". Trequency
.

*

,

distributions of consequences summed over the four original and revised release
categories, respectively, are compared in Figure 16(1) for selected endpoints.
Again, the contribution of the four categories to the overall frequency .

distributions can be determined by comparison vi:h Tigures 6 - 10.
The reduction in risk from the adoption of the revised release categories isn

| svident both in Table 43(1) and in Figure 16(1), al:heugh the magni:ude of the
redue: ion varies with the endpoint and frequency of securrence considered. In

*

general, for a given endpoint, the original and re". sed frequency distributions
tend to converge at small and very large values of .he endpoint.

For early deaths the tsduction in the risk (in ter:s of :he expectation
,

value) is a factor of about 10 while for prodromal vomiting it is about a f actor
of ten. For f atal cancers and most other late effec:s, the reductica factor is
typically in the range of 3 4 vn11e for non-fatal thyroid cancers the-

reduction is less :han a f actor of two. A redue:1on by about a factor of five is
typical for the number of people evacuated while the area evacuated is reduced by,

I about a factor of three. The redue: ion factor in the quantity of agricultural
r

{ pecduce restrictad 14 in the range of about 2 4 The 7ariation in the-

.

, redue:1on fac ce for diff erent endpoints is due sain17 to the non-lineart:7
between the consequences and the sagnitude of the release; these non-linearities

arise because of the existence of thresholds, either in dose effect relationships
' or as a result of the application of countermeasures.

The influence of adopting the revised release categories on the individual
.,

i risk presented by degraded core accidents has also been estimated. Again, in the
f ,

absence of revised release fractions for all of the release categories,
,,

consideration is limited to the variation in individual risk from the four .

release categories for which revised release fractions were specified. The

individual risk from release categories UK1, UK2, UK3 and OK6 (expressed in terms
of the probability of early deschs and fatal cancers) as a func: ion of distance
from the reactor is illustrated in Figure 17(1) for the original and revised

t
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,

release categories. The individual risk has been evaluated in the same manner as

described in Section 4.3 (of NRPB-R137) and the same caveats apply.
The contribution sade by the original four categories to the overall.

; individual risk, summed over all categories, can be estimated by comparing the

results in Figures 12 and 17. For early deaths the :entribution is about 70% at

; a distance of 1 km from the reactor and essentially 100% at 20 km. For fatal

cancers the contributions are typically about 50% and SO: at the respective

distances. At short distances the risks of f atal cancers are affected by the

$ risk of early death (see Section 4.5 of NRPS-R137)..

*

The individual risks predicted for the revised release categories are in,
*

general significantly lower :han those for the original four categories. The.

sagnitude of the reduction varies with the distancs from the reactor and the.

health effect considered. For early death the redue:1on fac:or increases vi:h

increasing distance and is about a f actor of six at L km and approaching LOC at
.

10 km. For fatal cancer a reduction by about a factor of three is :ypical at all

distances greater than about to km. At shor:ar distances the risk of fatal

cancer is affected by the magnitude of the elsk of early death; this is

particularly apparent at a distance of 1 k:n vnere the risk of f atal cancer, from
the revised catagories exceeds the original value.

In summary. :he revision of the rolesse f ractions for 31, 30, 23 and 26
results in a significant reduction in the risk predicted fica :nese release

categories. The reduction varies with the endpoin: but factors in the range
5 are typical for sost endpoints although for some early effec:s the2 -

redue:1on exceeds a f actor of ten. For indivi ual risA a reduction f ae:or of
about three is :771:21 for fatal cancer and for early death the factor increases

typically with distance from a value of about six at I km.,

!
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} Table 3f(R) i

!

Characteriette euentities of the distributions of eeceeeuences j

conditional usen the revised release estesor,(*! (e m over UK1A-t) '

.
.

r

2,

UK1 PRBOUBBCT: 2.4 10*' y*1
,

a) %sber of health effects *
j

Nusher of heelth effects. N |tProbability
Nealth effect i

Espectatioe| value ac the pth percentilee
*

-- value. E P(N=0) P(M>E)
4

|p=1 p=50 | p=90 | p=99i *

*
.

*

th 6.6 108 0 0 2.3 108 9.2 101 59 6.1
-

-

Prodreeni veetting 4.3 101 0 5.6 10-3 4.3 101 1.1 103 47 to; .

Long morbidity 3.7 108 0 0 1.9 108 8.9 101 62 5.9 '

tal cancer 1.3 103 0 3.2 101 3.6 103 1.5 10 * 23 26*
r Non-fatal thyroid cancer 4.0 103 * 1.3 102 g: go 3,9 go. 29 27

Mon-fatal skin cancer 9.4 102 o g,4 got a,: tot 1.2 10* 28 22
'

% n-fetal breast cancer 2.0 102 0 3.2 108 4.3 102 2.4 103 28 2* [Rereditary effecte 1.0 103 0 2.1 101 2.7 108 1.2 10 * 23 { 23

.

b) Area end number of ecoste eveeuated

| Esoectation Value at tne p'h percentile | I,

Parameter value. E
p=1 | =50 ! 9 40 | n=99 { P(3=0) f' P(NSE)r,

{ ;

Number cf pecole evacuated 4.2 103 3 1.2 to t 4,3 gos 7.0 10* ' 30
. | 20 [

'

| Aree of land evacuated (ke!) 3,o gol O 6.6 108 * 0 101 3.7 103 30 I 1*; .

) Aertcultural eroducts reeerteted be eouceerseasureel
f

Espectation| Value et tne p*h percentile |Aericultural product value. E P(N=0) P(N>E)
|p=1| p=50 | p=90 | p=99 j,

r

'tilk restricted in 7 days (11 tree) 1.1 107 0 3.9 10 " 6.7 107 t.6 107 36 *3 i

Total milk restricted (11 tree) 1.6 108 0 2.6 10' 3.8 108 3.2 108 14 23

Initial cros aree restricted (he2) 1.8 103 0 1.3 101 7.4 103 1.1 10* 36 25,

'

Time Integral of the area 2.3 103 0 2.3 101 8.3 103 1.6 10 ' 36 *6
e' of crop restrictione (ke y )*

,'

I

*j Initial oo. Livestock restricted 1.0 108 0- 3.1 103 3.8 108 9.1 108 36 24

5 Time intestal of the number of 1.0 108 0 8.e 103 3.0 108 1.3 107 36 ! 22 ;i +

,i liveeteck reet:1cted >

- (livestock-*)
.

|
.

! %ees t

|i 1. De areas of cree restrictione refer to the actual land area used for cros production.

I 1. The frequency (y*1) with which particular consequenceo specified in the table are exceeded can te
! obtained so 0.01.f(r).(100-9) where f(r) to the freeuenet of the release category (y*l) and a Le the

percentile approertate to the value of consequences of interest.
,

i

*r

# ,r, ~~_,-e.,,--.m.m..,. ,,,_..,,,%,.,_.%,m,_.._mm-3._, .e.--wnmw,, , n v% , m m, . p+~,#.-- - - - - - - ,
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"able 41(R)
Comparison of the radiological consequences oeedicted for the ' original'

and ' revised ' rolesse categorv t.1ti f eenditionsi upon the release)

1

(7K1 FREQUINCT: 2.4 109 *1y

Expectation value 7alue at the 99th.

e lladiological endpoint percentile
,

' Original' 'Ravised' | ' Original' 'levised',
.

Early deaths 1.3 102 6.6 100 2.6 103 9.2 101
'

,

Prodromal vomiting 3.7 102 4,3 tot 4,3 tol 1.1 103
Lung sorbidity 9.3 100 3.7 100 1.4 102 4.) toi

*

Fatal cancar 3.3 103 1.3 103 3.1 10* 1.3 10'
Non-fatal thyroid cancer 7.7 103 4.0 10 3 6.3 10* 3.9 10'
:fon-f atal skin cancer 2.4 103 9.4 102 2.6 LJ' 1.2 10'
fon-f atal besast cancer 4.) 10 2 2.0 102 5.2 LO3 2.4 103

|3ereditar7 effects 2.3 103 L.0 103 :.3 10' L.: 10*

| lumber si people evacuated 2.4 10* 4.1 103 3.0 105 7.0 10*
2Arsa of land evacuated (km ) t,: to: 3,a to; t,j t 1 3,7 102

Milk restricted in 7 days (11 tree) L.3 107 1.1 101 '.2 104 3.6 101

*ocal silk restricted (litres) 4.4 104 L.6 104 5.6 105 3.2 Loi
:nitial area of crop restrictions (ks ) 2.6 103 1.3 103 L.. Lo* 1.1 10*

*1me integral of,the area of crop e.3 103 2.3 103 3.6 10* 1.6 10'
restrictions (km* 7)
Initial number of livestock restricted ,2.0 104 1.0 Loi 1.3 LO7 9.7 104
Time integral of the number of livestock 2.,3 104 1.0 104 2.) 107 1.J 107
estimated (livestock-7)

4

i

!!o t e t
*'

1. The consequences quoted at the 99th percentile would actually his exceeded with a,

* frequency of 0.01 f(r) where f(r) is the frequency of occurrsnce of this release categor7
,] and is specified above..

.

I

|

.
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*able 12(R)
Coopertson of the radiological consequences oredicted for the ' ort 2tnal'

and ' revised ' release estator, t*K2 (conditional upon the release), ,,

-

- 1
''

| UK2 FILEQUINCT: 4.0 10-18 "17

i. !
I

Expectation value 'talue at the 99th *1
'

Radiological endpoint percentile
*

,

,

' Original' | ' Revised' | ' Original' 'Ravised'
'

'

.

'

Early deaths 1.8 10 k 4.5 104 1.4 103 ..a 10L

f Frodrosal vomiting 2.9 102 t,3 got 3,9 gol 4,g go2

i 1,ung enorbidity $.2 101 7.6 104 S.7 102 1.7 10 -

! Fatal cancer 3.6 103 7.0 102 3,3 go. g,; to.

:fon-fatal thyroid cancer 7.9 !' 3 2.3 103 7.1 10* 2.6 10'0

:fon-f scal skin cancer 2.0 103 3.3 !0* 2.3 10' 7.6 103
'!!on-fatal breast :ancar 6.1 102 e 1.1 102 a.5 103 1. 6 103
h reditary effects 2.0 103 2

|
5.J 10 2,g gc. 7,3 gol

t

!! umber of people evacuated 3.1 10' 3.3 103 a.2 105 4.2 10'
aArea of land evacuated (ks ) 1.4 102 2,: go; g,3 ;o1 2,; go2

Milk restricted ta 7 days (litres) 1.3 107 6.3 10 ' 8.9 107 6.2 107
Total silk restricted (litres) 3.4 104 7.5 107 3.4 108 t.: 108

2lai:141 area of crop restrictions (km ) 2.3 103 1.1 103 1.2 10" 5.3 103

Time integral of,the eres of crop 3.4 103 1.3 103 2.8 10* 1.1 10'
restrictions (kaa y)

inicial number of livestock restricted 1.8 104 3.J 103 1.1 107 7.1 104 .

Time integral of the number of livestock 2.6 104 S.3 108 2.4 107 f.3 104
estimated (livestock-y)

t

' Note *
.

1. The consequences quoted at the 99th percentile would actually he exceeded with a *

frequency of 0.01 f(r) vnere f(r) is the frequency of occurrence of this release category ;*and is specified above.
.

1

e

4

e



,
_ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i.

Table 41(R)
| Coevertson of the esdielettest consettuences predtered for the 'ortatnel'

and ' revised ' rolesse estatory t,T.3 (conditional upon the rolesee)

1

UR.3 FREQtTINCT: 8.0 104 *!7

Y

d Expectation value 'talue at the 99th'I * R4diological endpoint percentile
i

'O riginal' ' Revised'|' Original'f'14 vised'
1., .

; t E4rly deathe 1.2 101 1.2 10-1 2.4 102 4.6 10-k
Prodronal vomiting 3.2 101 a.s 104 1.3 103 3.) 104

'

- t.ong morbidity 8.4 100 $.2 10*1 2.6 102 3,9 toJ
t .

fatal cancer 2.2 103 3.6 102 2,t to. 7,j tos'

:fon-f atal thyroid cancer 3.3 103 1.3 103 2.) 10* 2.0 10*
|tion-fatal skin cancer 1.3 103 3.6 10 1.1 10' 5.1 103

lon-fatal breast cancer 3.1 102 1.6 101 3.3 133 1.] ;03 '-

'dereditary ef fects L.6 103 .1 IS 1.6 10* 5.2 LO3 I
i

tromber of people , evacuated 1.3 10* 2.3 103 3.1 108 3.J L3*
Area of land evacuated (ka ) 4.1 101 1.1 to k L.1 103 2. 102

Milk restricted la 1 days (11 tree) 1.3 101 3.4 104 7.6 101 3.6 101
Total milk restricted (11 tree) 2.6 104 3.4 131 4.4 108 f 3 1:4 '

aInitial area of crop restrictions (ka ) 2.0 103 1.1 102 t,t to. 7,) toJ
itime integral of the sees of crop 2.9 103 1.1 102 2,3 to. 9,3 goli

restrictione (ka -7)
'

fattial number si livestock restricted 1.4 104 3.) 108 9.6 104 3.3 104
time integral of the number of Livestock 1.4 LO4 3.1 LO S 2.0 10? %. 3 10*
estimated (livestock-y)

.

e !, ? fore s,

.' 1. The Eonsequences quoted at the 99th percentile would actual 17 he exceeded with a
frequency of 0.01 f(r) wnere f(r) is the f requency of occurrence of this release category4

. e and is specified above.
,e,

_ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ . _ _ . _ _
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.j Table 44(R)
* Comparison of the radiological consequences seedteted for the 'ortrinal'

and ' revised ' roleseo catorsey t'X6 (conditional upon the release)
t
J

i 1

I UK4 FREQUENCT: 4.2 109 *17,

!

''

l Expectation value Value at the 19th *
,,Radiological endpoint percentiles

;

1 |' Original' , ' Revised' | ' Original' 'Ravised ' | , ' ,
'

!

} E4rly deaths 1.7 10-3 4.4 10*3 0 0 J

Fredrosal vo'esting 3.J 10*1 1.0 104 9,) 104 7.3 10J
! 1,ung marbidity 3.6 10*l 3.1 10-3 0 0

j Fetal cancer 1.4 103 3.7 102 t,3 go. ,,3 tos
. Non-f atal thyr:14 cancer 1.3 103 1.4 103 | 1.3 10' 1.J 10'

Non-f atal skin c.sacar 1.2 103 2.6 10 1.3 LO* 3.3 103
'

:fon-fatal erseen ancer 2.3 102 3.6 10 ! 2.7 108 7.J 102 '
Hereditary ef f ects 1.3 103 2.1 LO: 1.J 10* 3.J 108

|

:l.mber af ;eople evacuated 2.4 108 1.6 103 3.4 10* t.4 10"
2Ares if land evacuated (km ) 1.1 10k L.2 10k :.1 102 g,5 gol

,

f Xil'4 restricted is 7 days (11 tree) 4.1 104 6.7 104 4.0 101 5.4 107
!atal 311's restricted (litres) 1.3 104 3.) 10? 3.0 108 3.2 104

a!aitial area of crop restrictions ('es ) 1.7 103 6.8 ig2 9,3 gol 6.) 103 i

fine tategrel of,the area of crop 2.1 108 7.3 102 t,6 to= r,3 gol rr

I restrictions (kaa 7)
| Initial number of livestoc,k restricted 1.1 104 3.1 101 1.3 104 3.1 104

', !!ae integrel si the number if livestsch 1.2 104 2.4 101 L.3 107 4.J 104 ,

totiaated (livestsch y) L

'

Mogal .

i 1. The consequences quoted at the 19th pertentile vould actus117 1e exceeded with a
.,' f requency of 0.01 f(r) where f(r) La the frequency of occurrence af this rolesse category

' and is specified above. f.,

'.,

I
i

e

"
4

. !

I I
,

t

I
.
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APPENDII A(R)

The probability distributions of consecuences conditional ueen each of the

release sub-categories A-E for 31, UK2. UK$ and UK6
.

The probability distributions of radiological consequences conditional upon
the release sub categories A to Z for the release categories UK1, UK2, UK5 and
UK6 have been evaluated (see Section 5(R)). Characteristic quanti:1es of :hese
. distributions conditional upon the release of each sub-category are given in

Tables A1(R) - A20(R). Tables A1(R) - A5(R) relate to release sub categories
'

i UK1A -UK13, etc. -*
,

The frequency of occurrenes of each sub-category per reac:or year is
,

*

indicated on each table; this frequency is the produce of the frsquency of :he . .

'category and :he probability of the sub category (see Table 36). Esti: nates can.

:hus be ude of the actual frequency vich which particular consequences given in'

the table night occur, as opposed to 'ust the condi:ional probabill:7
.

,

Table A1(R) - Characteristic quanti:1es of the distribution of consequences
condi:ional upon occurrenes of UKIA.

. .

. .

. . .

Taole A2C(R) - Charse: eristic quantities of :he distribution of consequences
condi:lenal upon occurrence of UK6Z.

#
w

. , , _ .

.;.

.

/
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.

e

.
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Tebte A1(R)
,

Chrreet+ristic ou ntiti*s of the distributi*ns of cons +ou+ nets conditional uoen occurrence of UKIA

2

UK1A FREQUENCT: 9.5 10*l1 y"I

a) Number of health effects

Number of health effects, N |2 Probability

Expectation | Value at the pth percentile I

value E ' P(N=0) P(N>E)
*

| pal | p 50 | p=90 | p=99 |<
- 4;

*
Early I

'

| 1.3 10-3 4.4 101 1.6 103 48 9.4! Death 5.7 101 0
* Prodronal vomiting 2.1 102 o g,o too 5.3 102 3,3 gos ;3 g3

'| 1. cog norbiditt 1.9 101 0 1.6 10- 3 3.4 101 3.8 10 49 12
.

1.a t e

Fatal cancer 3.6 103 0 9.7 101 1.0 10* 3.2 10' 28 26
Non-fatal . thvraid cancer 1.1 10" 0 3.7 102 3,3 gan 9.3 10" 25 27
Non-fatal skin cancer 2.4 103 0 4.2 101 6.5 103 2.6 10* 28 24

|
.

Non-f atal breast cancer 4.9 102 g,9 tot 1,5 gol $, to3 25 25foHereditary effects 2.5 103 0 4.9 101 7.0.103 2.5 10 * 28 25

5) Aren and number of secole evacuated

fExpectation! 7alue at the pth percentile- g | I

Parameter
fvalue,E p=1 ' p=50 !' p=90 I p=94 | {

- ' ?(*:=0) P(N> E )t
*

' Number of pecole evacuated 2.1 10 * O I 4.7 102 3,3 go. 3,3 gos! 30 g: |j
2' Aree of land evacuated (lan ) { 9.6 101 0 9.2 108 2.3 10 1.2 103 30 to,

c) Agricultural ereducts rest-tered he eeuntereessursel

| Expectation value at the pth sorcentile
|P(N=0) |P(N > E )|r

,

! Egricultural product value. E
| p=1 ! p=50 f p=90 | p=99 | ;

3
-

t 1.5 107 0 6.3 107 1.1 10s i 3g , :sMilk restricted in 7 days (litres)
I'e.110' !

Total milk restricted (litres) 4.3 108 0 ! 6.5 10* i 9.3 los 5.7 103 36 ! 25
i

+ 6 ,
O I

| Initial cron area restricted (' cal) 2.6 103 0 2.4 101 1.0 10" 1.4 10' 36 26 i
t i

! *ine interral 5f the area 4.3 103 0 |5.610
1 1.4 10 ' I 3.5 10* 36 29

. |ofcrop restrie:1ons (km -v) { |
2

;
1 . : i

| Initial no. livestock restricted 2.0 10' 0 i4.8103 8.1 10' | 1.3 10
*

7 36 i 24 f,

i I

9.5 10' | 2.3 10
i

g' *ime integral of the number of 2.9 10' O 2.1 10' 7 36 { 27
: livestock restricted ;,

.e ( - (livestock-y)

.

.

Notes:

1. *he areas of crop restrictions refer to the actual land area used for croo production.

2. *he frecuency (y'l) with whi# particular consequences specified in the table are exceeded can be
obtained as 0.01.f(r).(100-p) where f(r) is the frecuenev of the release cacerore (7") and e is Me

'

percentile acorooriate to the value of consequences of interest.

t

# b

: )

$

6

t



' . * '-

Table A2(R)
~

,

Charseteristie cuantities of the iistributions of codsecuences conditional ueen occurrence if t'K13
.

,

2

UK15 FREOCENCT: 5.2 to-18 y-1

6

4

i s) !' umber of health effects

I
| Number of health effects. N f Probability !'

Realch effect '

I , Expectation! 7alue at the p 4 per:encile f | .

; | value. E
"

| | p=1 | p=50 | p=90 | p=99 f (N=0)
? ?(N>E)l t

i . tarty
i , .

I i hach 1.5 101 0 0 9.9 100 2.3 102 52 6.7 t -
4' Prodroaal vomicing 7.9 LOL 0 i 1.0 to-2 g ,3 to t g,3 tg 3 23 ; g3 ! ,

i |ans sorbidi:y 7.3 104 0i 3 4.4 100 2.3 102 $3 j 7,7 j5

3 .

i 1 ; ,

. |taca j !
8

I fatal cancer 2.1 103 0 , 5.6 101 5.7 103 :. ; 10* 23 26 8'

| Non-fatal thyroid :ancer 6.0 103 0 2.2 102 1,9 10'* ? .1 10 * 23 23 ! '
*

'J Non-f atal skin cancer L.3 103 0 2.3 101 3.6 103 | L. 7 10 * 23 23 |:

! *

! Ton-fatal brease cancer 3.0 102 o 5,g 100 7, + ,; * | 3.3 103 23 8 24 :
Eeredi:ary effects 1.6 103 0 | 2.9 ;01j 4.1 ;03; 1.6 10 * 23 | 23 |, , ,

.

5) Ares and umber af secole meuatad

I |Expectationf 7alue ac the p?h percentile ! t [' ?sra ecer value. E | ?(::=0) ; ?(N> E;l.
,

| .
4 i p=t | p-50 i ;-90 l ;=49 j ; :

1 *iumter of peoole evacuated 5.9 103 0 | 2.3 10 2 1.0 10 * t.0 105 ;o j 59
'

| | ! i'

|Areaoflandevacuacea(km) f 4.3 102 1 0 1 7.0 103 1.2 Ig 2 5,3 :o 2 , 30 j ;9 j

l:) Acieltural stoducts rest-1:ted be tounter-easurse

| Excec:acionf 7alue ac the p:h percentile |
| P(N=0)F(N>E)|

'
**

Acricul: ursi product value. E
Ip-i ! p-50 I ,-40 | ,-4, t

,

t
,

.

|0 4.0 10 * 5.5 107 9.7 107 36 24* Milk restricted is 7 d.ays (litres)i 1.3 107
'

: .

Tacal liilk rescrie:ed (11::ss) 2.3 108 0 4.3 10' 5.7 108 3.3 10 ' 36 :$ '

i

f,i Initial crop area rescricted Cm:2) 2.3 103 0 2.4 101 3.9 103 1.2 10 * 36 26
,

I i Time integral of the area 3.1 103 0 3 .6 101 1.0 10 * :.1 ;0* 26 ' S |
I , of creo restrictions (km -7)2 l 3

1 -
-

i 'sicial so. Livestock restric:ed 1.5 10 ' 0 4.2 103I 6.5 108 1.1 LO7 26 ;4*
.

#

.D.
..

||*1metacegralofthenumberof I.6 10' O t.3 10' | 5.0 ;0' t.9 107 36 26* '.
117escoes restricted ,

- (lirescock-?) ! .
+

ki *

Noces:

1. The areas of crop rescrie:1ons ref er to che actual land area ased for crop production.

. "he frequency (y-1) with vttich particular consequences specified in the table are exceeded can be'

| obtained as 0.01.f(r).(LCO-o) where f(r) is the frecuency of the release category (y") and p is :he
f pertencile aporopriate to the value of consequences of Lacerest.

.

4

.
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T,ble A3(R)

.. ;

Ch*r<cteristic ouantities of the distributions of consecuences conditional uoor occurrence of UK1C
. - ,

't

.

'[ UKIC FREQUENCT: 1.4 10** y-1 2

t

,

a) Number of health effects
'

| Number of health effects, N |2Probabilityf
,

Realth effect
'

Expectation Value at the pth percentile
f

*; value. E

t. - | pal | p=50 | p=90 | p=99 [ (N=0)
P P(N>E)-.

i Eariv*

{ Death 1.8 100 0 0 1.1 100 2.3 101 $7 8.6*
. Prodronal vomiting 2.8 101 0 3.7 10-3 2.8 101 6.5 102 46 10'! 1,ung morbidity 2.0 100 0 0 1.2 100 4.4 101 59 7.0
$ '

* ate- |
;

I Fatal cancer 1.1 103 0 3.1 101 3.2 103 1.1 10 ' 28 26 i
t

Mon-fatal thyroid cancer 3.4 103 0 1.3 102 g,g gc6 3,o go= :3 :s !'
Non-fatal skin cancer 8.0 101 0 1.3 101 2.0 103 8.7 103 28 24Non-fatal breast cancer 1.7 102 o 3,o 100 4,4 102 g,3 go 3 28 251 Hereditary effects 8.8 102 0 2.1 101 2.4 103 8.4 103 23 26

t

i b) Area and ember of eeeole evacuated

iEzzectation| 7alue at ene p percentileth'
, ?arameter ' ,

|'value,E | p=1 | p=50 ) p=90 } o=99 P(N>!){
P(N=0)!

,

' Number of people evacuated 3.1 103 0 i 6.9 101 6.2 103 4.1 10* 30 21

2Area of land evacuated (km ) 2.5 101 0 6.5 100 6.6 101 2.7 102 30 tg

1

c) Acriculture! sroducts rest-teted 5v counte teasureel

Ezzectationf 7alue at the p percentile i
th,

'

!
i

~

Agricultural product value, E P(N=0) P(N>E)I
'

f p=1 | p=50 | p=90 } p=99
|

Milk restricted in 7 days (litres) 1.1 107 |0 4.0 10 " 4.8 107 8.3 107 36 | 24e j
!6

Total silk restricted (litres) 1.5 108 1 2 2.3 10' 3.3 108 3.0 108[ 36 25
1 !

) initial crop area restricted (km ) g,3 go3 12

f
0 1.6 101 7.1 103 1.0 IC* 36 27,

Time integral of the area 2.2 103 0 2.3 101 8.0 103 1.3 10 * 36 28
.

of crop restrictior.s (kay)

. ! ; }

Initial no. livestock restricted 9.2 105 0 3.6 103 3.3 10' 8.2 10' f 36 25
*

*1me interral cf the number of 8.7 105 o 9,3 go3 2.6 10' 1.0 107g ,1 36 24
,

livestock restricted
e! '

- (livestock-y)

. l

. -

Notest

1. The areas of crop restrictions refer to the actual land area used for : rop production.

2. The frecuency (y'l) with which particular consequences specified in the table are exceeded can be
obtained as 0.01.!(r).(100-p) where f(r) is the frecuency of the release category (y*l) and p is the
percentile approntiate to the value of consequences of interest.

-
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't
Table A4(1)

. t

,
*

Z

Characteristie cuantities of the distributions of consecue9ees :enditional uoan occurrence of 'Jit!D

.)
2*

:- 1 OK1D FRIOCENCT: 1.4 10*I8 y*I
!

-

;

1 a) 'fumber of health eff ects

Number of health eff ects . N f: Probability |
} Realth effect *

Erpectacien|
|P(N-0) |7alue at the pth pe rcentile

.

j value, E P(N>E); .g
3

I p-t ! ,-50 I ,-40 | , 9, j _ i .

3 |rariv 1.2 10*l ,| 0
'

i .

'| | 0 2.7 10- 2 3.5 L00 74 6.3 .-Joach
t i ?redronal voeitiar 5.1 100 0 0 5.1 100 1.3 102 50 3.7 ,
i | !.ar metidi n 6.2 10 - 2 0 0 1,3 to-3 t,3 goa| 36 6.3 .

I
.t i >

iate !
'

, iacal cancer
.

5.4 LO2 3 g,9 ggt 1.5 103 1.3 103|
| = ton-f atal thyroid cancer ( 1.7 103 0 | 3.3 101 6.o 103 1.3 10 * '

23 23 a

S 27 -
,

Non-f atal skin cancer j 3.7 132 0 7.7 100 9.7 102 3,7 :c 3 23 26
*

' Ton-fatal brease cancer 1 3.0 101 0 2.2 100 i 2.2 102 7.3 102 ;3 27
1i 1.3 103 3.7 103 23 17 |Eereditary effects i 4.a 101 0 , 1.3 10,

(
.

,

5) Area and mre5er of tecole evacuateo
,

IIxpectatien| Value at the p*3 pertencile | |
Parameter | value. I |P

I
(N-0) ?(!T> E q

i i !p-ti ,-so I p-40 i ,-9, i

!' umber af people evacuated I !.3 103 O 4.0 LOL 5.a 103 1.3 ;0 * 30 23
'

1

Aret of land evacuated (h ) f 1.3 10i 2 1 3 |a.310
"

0 2.4 10! 1.2 102 30 33
, ,

'

c) ArMcultursl orMuets restricted 5v counter-easureel

!!z;ectationf 7alue at the 5 percantile

|?(N=O)
Ith

Aericultural prtduct fvalue.Z ?CT>E)

i 2-t i ,-50 l 2-40 i ,-4, j
4

| 36 ! 23M. ilk rsstricted in ? days (litres)| 7. 5 LC ' 0 2.7 10 * 1.2 107 6.3 107 {f i !

f 27b eal silk essericted (litres) 3.0 107 3 1.3 10 ' '.6 108 4.0 104 36

| -' I Isicial creo area restricted (km ) 1.1 103 0 1.4 101 4.5 103 7.3 103 36 273

! I

'*ine istarral of the area 1.1 103 0 1.4 101 a.3 103 3.1 103 36
i of crop restriccions (ks%) ~

17
.

I
| Inicial ao. livestock restricted 1.2 105 0 3.J 103 1.2 104 5.0 108 36 22,

Time integral of the number of 3.7 105 0 3.3 103 9.3 105 2,3 tas 26 :: ,
.,' livestock restricted

'

- (livestock-7)- -*
<

1

! i i
,

I

I

Notes:

1. :he areas of creo restrictione refer to the actual land ares used for crop production.

2. The frequency (y*l) with wtiich particular cons nouences s;ecified in the table are exceeded can be
obtained as 0.01.f(r).(100-p) where f(r) is the frecuency of the eslease categsry (y-1) and p is the
percentile appropriate to the value of consequences of incarest.

l
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T*ble A5(R);
i

i

} ,Ch+rreteristfc ou vtities of thw distributi*ns of e*nreou+ncea evnditirnm1 uenn occurrtne* of CIIE
.

*
2

UK1E FEEOCENCT: 1.9 10-1e y-1

a) Number of bealth ef fects

Number of health effects N |% Probability
Realth effect**

Expectation | th percentileN Value at the p
i value. E P(N=0) P(N>E)) - | pal |p=50 | p=90 | p=99

-pt -

f Eariv*
.

j coach 5.7 10- 2 0 0 2.0 10"3 1.5 100 86 4.2
?, Prodroaal vomiting 2.2 100 0 0 1.5 100 3.8 101 52 8.0

* ng morbidity 2.8 10- 3 0 0 0 6.0 10- 2 97 2.6*j ' u
* 3

i Late
fatal cancer 3.1 102 0 1.3 101 9.8 102 2.6 103 28 28'

Non-f atal thyrcid cancer 1.3 103 0 6.0 101 4.8 103 9.7 103 28 17
Non-fatal skin cancer 2.1 102 0 5.9 101 5.7 102 2,o gos 25 26

*

1 Non-fatal breast cancer 4.6 101 0 1.6 100 1.3 102 4,o go2 :s 27

{
Hereditary effects 2.7 102 0 g, g go t g,g go2 2.1 103 28 27

.!
!

*?

b) Area and number of seeele evacuated

| Expectation Value at the pth percentile ! t

P(N=0);P(N>E)|Parameter value. E |
p=1| p=50 | p=90 ! p=99 I Ii

,
4

fNumberofpeopleevacuated | 1.1 103 0 3.9 101 a. 9 103 7.: 103 30 | :: |
|Area of land evacuated Oc=2) 9.5 100 o 4,7 gas g,g gol 5.6. 101 30 41

?

c) tr-teultural ereducts restricted 5v counterwasures i
a

f Expectationf Value at the 7 percentile fth

Agricultural product value, E P(N=0) P(N>E)|.

| | p=1 | p=50 | p=90 | p=99 |,

| Milk restricted in 7 days (litres) 4.5 10' 0 2.7 10* 1.4 107 4.5 107 36 !a |
Total silk restricted (litres) 2.4 107 0 5.4 103 7.7 107 2.3 los 36 *4

1 !
2 6.9 102 o g,o too :,3 103 | 5.9 103 37 27 !

-. | .nitial cron area restricted Ocs ) I i

! j*1meinterralofthearea 7.1 102 o g,3 gol ;,4 tot 6.0 103 37 27 !.

lof crop restrictions (ka y) j*

i Initial no. livestock restricted 2.3 105 o g,3 gos 5.7 105 3.7 108 | 37 21*
,

- ,

,i ' T1:se interral of the number of 1.7 105 0 2.6 103 5.0 105 1.9 106 37 ::
I

f livestock restricted
b| ' - (livestock-7)
.

.

Metes

1. The areas of creo restrictions refer to the actual land area used for crop production.

2. "he frequency (y*l) with which particular consequences specified in the table are exceeded can be
,

obtained as 0.01.f(r).(100-p) where f(r) is the frecuency of the release categorv (y*l) and p is the
percentile appropriate to the value of consequences of interest.
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i Teble A6(R)e

f
$

- Characteristic euantities of the distributions of ensecuences conditional uoon occur-ence at t*CA

. ,

2 |

UK2A F1tZCCENCT: 1.8 10-11 y*1

1

-

a) %mber of health effects

Number of health effects. N | Probability

Expectation 7alue at the 7th p.gg,nggi,
j (N=0)i value ! P ?(DE)

p-1 | p-50 | p-90 | p=99 ! . .g
.

,

. .

! !ariv i .

I coach 4.3 101 ' 0 0 2.9 LOL 1.3 103' $3 3.0, .

1 Prodromal vomicing 1.4 102 o ,a to-t 2.6 10
'

2 | 1.6 10
3 47 14 -

| [ :.ang sorbidity 4.2 101 |0 2 t,: tos 34 g30 1.2 10
l

{
- ;

uee n

latal cancer 3.6 103 3 e.3 101 1.1 10* 3.3 10 " 30 26

!'0Non-fatal thyroid cancer 3.6 133 1.2 102 2.6 10 ' 3.2 10* 30 27
Mon-f atal scia cancer 2.3 103 0 7.7 101 5.6 103 2.3 10 * 30 24 .

'

| Non-fatal breast cancer 4.0 102 o ,3 too 1.2 103 a.6 103 30 23

; Mereditary effects 2.0 103 0 1.3 101 6.0 103, 0.1 10 * 30 , 23,

i
1

i

b) Area and ,use-r of teente evacuated

f Expectationf 7alue ac tne p:3 percentile j
i Parameter value. E . ?(N=0) F(DEh

~

j 1 p=t ! p=30 ! p=90 | p=99 6 ;

i Nunoer of secole evacuated | 2.6 10* | 3 a.: 102 3.0 10'* a.] LOS| 30 :1 j
i t i ;

| Area af land evacuatad (h ) ; t,i 102 3. 3,; too , :,9 102 1,5 193 30 13 {2
,

*

c) Arri uit xrst ereducts restricted be counter essures

th percentile | |Expectation | 7alue at the 7
' Arricultural product value, E . ?(N-0) ?(DE){

| p-t | p-50 | p-90 | p-99 | |

!Milkrestrictedin7 days (litres) 1.2 107 0 2.3 10 * f.0 107 | 3.3 10 39 247

i

Total milk restricted (litres) 3.5 ici 0 3.2 106 3.4 108 5.a 108 39 25

' !aitial trop area restricted (h ) 2,; ;33 g g,; tot 3.6 103 1.1 10 * 39 132

!!me integral of the aree 3.4 103 0 2.0 101 1.1 10 * 2.3 10 * 39 13"

2of crop restrictions (km .,) i

| '

' !ait:41 so. liventacic essericted 1.6 104 0 2.3 LO3 | 6.9 10' L.1 107 39 :& "

|
'

Time inteersi of the numeer of 2.3 10 ' O 3.3 103 7.3 Los 2.a 107 39 27 .

livestocs restricted . j

. - (livestock-?)
.

e

a

.

Notes:

1. The areas of crop restrictions refer to the actual land area used for crop production.

2. *he frequency (y~l) with which particular consequences specified in the table are exceeded can be
obtained as 0.01.f(r).(100 p) vnere f(r) is the frecuency of the rolesse eacegory (y*L) and p is the

. percentile appropriate to the value of consequences of Laterest.

.

b
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Table A7(R)
.

Charactertsrie cuantities of the distributions of consecuences conditional upon occurrence of UK2B

.

*

2

Ult:3 FREOCENCT: 3.1 10-11 y-1
f

*
.

f

a) Number of health effects,,

"
|2Probabilityf| Number of health effects, N

Health effect
Expectation | Value at the pch percentile

'. value E P(N=0) P(N>E)
f p=1 | p=50 | p=90 |p=99v.

,

: | Earl,
1Death 1.6 10 - 0 0 6.6 100 2.7 102 58 6.0*

' '

Prodronal vomiting 4.9 101 0 1.2 10-3 5.2 101 1.0 103 48 10
|

f 1.ung morbidity 2.3 101 0 0 1.7 101 6.5 102 62 8.8*

-

1.a t e

fatal cancer 2.1 103 0 * 7 101 6.2 103 2.1 10* 30 26.

Non-fatal thyroid cancer 4.8 103 0 8.0 101 1.5 10 ' 4.6 10 * 30 27
I

'

Non-fatal skin cancer 1.3 103 0 7.3 101 3.2 103 1.4 10 * 30 23
Non-fatal breast cancer 2.6 102 o 1,9 100 6.8 102 2,3 g03 30 a4

'

itereditary effects 1.3 103 0 1.3 101 3.5 103 1.3 10 * 30 25, ,

b) Area and number of necele avseusted

Ernectation| Value at the p3h percentile
|P(N=0)

!
Parameter value. E P(N>E)I

|p*1| p=50 | p=90 | =99 | |
'Nunoer of people evacuated 8.1 103 i 2.3 lo: 1.2 10* 1.4 105 30 g3}O

f02iArea of land evacuated (km ) 4,7 101 6.9 100 g,4 to2 5.5 102 30 20

c) Aericultural oroducts restricted bv counternessures1

Expectation 7alue at the pth percentile | f
!Africultural product value. E

p=1| p=50 | p=90 | p=99 |P(N=0) |

P(N>E);

Milk restricted in 7 days (litres) *1.0 107 0 * 3 10 " 4.5 107 7.6 107 39 24.

Total milk restricted (litres) 1.9 10s 0 2.6 10' 4.6 10s 3.0 103 39 23
,

f
2Initial crop area restricted (km ) 1.9 103 0 1.2 101 7.5 103 9.9 103 39 25,

. Time intecal of the area 2.5 103 0 1.4 101 8.5 103 1.7 10* 39 27
of crop restrictions (ka --)

,
,6

''
Initial no. livestock restricted 1.0 10' O 2.7 103 5.1 10' 9.0 10 ' 39 24

'9 i
O Time integral of the number of 1.3 10' 0 6.9 103 4.1 10' 1.6 107 39 26

'

4" livestock restricted
'

'
- (livestock-y)

..

, .

Notest

1. The areas of crop restrictions refer to the actual land area used for crop production.

f 2. The frecuency (y'l) with which particular consequences specified in the table are exceeded can be
? obtained as 0.01.f(r).(100 p) wnere f(r) is the frecuency of the release category (y*L) and p is the4

percentile approcriate to the value of consequences of interest.

.

.

A
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_ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _

4 I

I

-

| fnble AM R)

i
' Charseteristie quantities of the dist-ibutions of e:nsecuences condietsnal ueon occurrence of t*K:C

-

't

t

2

L 5 cit:C T1t!OCI:fCT: 1.2 10~18 y*1
.

Iw .

- a) 'fumeer of health effects
!

] 'Tumber of health effects. N |TProbability|
' Mealth effect

> Txpectation| Value at the pth percentile |
' '

:| value. ! 7(?t=)) I P(:r>g) 'A'

| ;=1 | p=50 | p=90 | p=99 j
*

*
:

| 1!'
~

I
-

!ariv
''

.i Oesth 3 . 5 103 0 0 7.1 10-5 4. 4 10 id 5.0
f4 Prodromal vomiting 1.9 105 0 !0 9.0 103 4.1 102* $3 ?.4

i kna morbidity 9.0 100 0 | 0 3.3 100 1. 7 102 74 3,g

|'

uee -

- Fatal cancer 1.2 103 0 1. 9 105 3.4 103 1.1 10 * 30 26 ,

} Non-fatal chyroid cancer 2.3 103 0 5.3 101 3.9 101 2.6 10* 30 27
Non-f atal skin cancer 7.2 102 g 3,3 g30 g,3 ;g 3 g, g to 3 30 24 i
';on-fatal breast :ancer 1.3 102 3 g,3 tod 3 ,3 192 1.6 103- 30 I' )4

:lereditary effects 7.3 102 o t,g tal , g gg 3 ,7 gg 3 { 30 25 (

5) Area and --smeer of aceele ewec-isted

- f I :tpectation f 7 alae at tne o h peggenggle 9 jI c

'trsseter value. ! , ?(Y=0)i ?(N>t',
| |p=1| s=50 p=+0 | p=49 |g , ,

Pumter sf ; ecole evacuated 3 .2 103 0 5.7 ;01 6.2 103 4.3 10 " 30 i 21
I

I

fAreaoflandevacuated(km)
2 2.3 101 3 4.3 100 5.0 101 :.6 102 30 | 13,

-

c) Ae?t eiltural oroducts rest-t etee hv teunter-sasures !;

| trpectation| 741ue at :ne p:h per:entile i,

t Agricultural stoduct value, I ?(!|=0 ) P(N>E)
| ;=1 | p=50 ( p=90 | p=99 |

Milk restricted is 7 fays (litres) 1.0 104 '0 i 2.2 10 * 3.) 107 6.6 107 39 ::4

I |
*

Total silk restricted (litres) 1.0 108 0 9.3 108 2.6 108 1.6 10 ' 39 25

2Initial creo area restricted (iss ) 1.3 103 0 1.0 101 6.0 103 4.7 108 39 25

Time integral of the area 1.7 103 0 1.2 101 6.4 103 1.1 10* 39 27
; of creo castrictions (ks%)

'

-

Initial so. livestock restricted 7.7 105 0 2.0 103 :,7 ggi 6 .6 10 ' 39 21 '
,

s

Time integal of the number of 7.3 105 o 3,3 ;o3 g, g 104 9.0 10 ' 39 24 *
.

1 livestock restricted
.

- (livestock-?)
.

'fotest j

.
!. Se aress of : rop restrictions refer to the actual land area used far crop production.

2. The frequency (y'l) with wa.ich particular' consequences soecified in the table are exceeded can be
i obtained as 3.01.f(r).(100-s) where f(r) is the f requency of the release category (y*1) and p is the

percentile accroortate to the velas of consequences of interest.

:

,
t
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Table A9(R)

..

' characteristie cuantietes of the distributions of consecuences conditional uoen occurrence ert*K:D
9 .

i
2

UE2D Ft2000CT: 6.7 10*11 y*1
,

f
.9

$ a) Ember of health effects
- Number of health effects N | Probability

Health effect.

.e Erpectationf Yalue at the pth percentile
a' value, E P(N=0) P(N>E).

' | pal | p=50 | p=90 | p=99.

g}' 'tariv
., Leech .8 10*1 0 0 4.0 10-2 4.5 100 76 4.7

Prodroaal vomiting 5.3 108 0 0 1.3 100 9.4 101 58 3.7,
' Lung morbidity 1.7 100 0 0 1.6 10*! 1.3 101 80 3.1

t.a t e
Fatal cancer 3.4 102 o g,3 goc 1.6 103 4.8 103 30 27'

s Non-fatal theroid cancer 1.3 103 0 3.3 101 5.3 103 1.2 10* 30 17

i Non-fatal skin cancer 3.2 10: 0 3.1 100 8.4 102 3,3 go t 3a :3
* Non-fatal breast cancer 6.9 101 0 8.4 10*1 1.9 10 6.7 102 30 26

Hereditar= effects 3.8 102 0 6.7 100 1.1 103 3.4 103 30 26

P

b) Arne and * m er ef ?=oele evsenated

Expectation Value at the p03 percentils !<

Parameter value. E P(N=0) P(N>E):
; pal | p=$0 | p=90 | p=49 |

1 | 3.3 103 | 1.3 10* 8 30 23Number of people evacuated 1.6 103 0 4.0 10

3 | 2.3 10Area of land evacuated (4 ) 1.3 101 0 4.7 10 1 1.3 to: 30 382
:

4

c) Agricultural ereducts restricted be countermeasureel
;

)
i Expectation |

|P(N=0)P(N>E)|
Value at the p*h percentile

* Agricultural product value. !
f | p=1 | p=50 | p=90 | p=99 | |
t

Milk restricted in 7 days (litres) 5.9 10' 0 :.1 10' :.6 107 3.2 107 39
' * ::

|
; Total nilk restricted (litres) 4.0 107 0 6.2 105 g,g gas 3.6 g:s 39 26

f Initial crop area restricted Gm ) t,o got o 7,4 goe 4,g gol 6.6 103 39 172

i
i - Time integral of the area 1.1 108 0 8.6 108 4.4 103 6.7 103 39 7 +

of creo restrictions Ga%) i,,,

I

Initial no. livestock restricted 3.4 105 o g,g tot 9,9 gol 4,7 gc6 39 :3

Iw ! Time intertal of the nueber of 3.1 103 0 1.9 103 7.6 105 4,4 g;6 39 :t
* | Livestock restricted

C |-(livestock 7)
i

.

Notes

1. The areas of crop restrictions refer to the actual land ares used for crop production.

2. The frequency (y*1) with whteh particular consequences specified in the table are exceeded can be
obtained as 0.01.f(r),(100-o) where f(r) is the frequency of the rolesse category (7*1) and p is the
percentile astrotriate to the value of consequences of interest.
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!
tCharactertatie suaetities of the distributions of coneaeuences conditional occurrence of UK3 A

!
3 I

UESA FR500EIICT: 2.7 10"18 y"! ;,

t

4

e) Ne her of health effecte |
i|2erobe.ility. Neober of h.alth off..t., N.

Meelth effect !

|P(N=0)
Espettation Value at the pth percentile'

weise. E P(N>t);*

pet p=50 |W | p 99 | |
.

4| .

. g *| ch 1.3 101 0 0 1.3 10* 1 3.5 102 90 4.6.

Prodrenal veettina 6.8 101 0 0 5.3 101 1.7 103 57 9.2
'

T 1.uns serbidt:7 9.3 108 0 0 2.3 108 2.7 10 : 73 7.3

tal cancer 2.4 103 0 2.6 103 7.2 103 1.2 10* 23 26
Non-fatal thyroid cancer 7.0 103 0 8.7 101 2.2 10' 6.8 10 ' 33 27i' *
Non-f atal skin cancer 1.5 103 0 8.5 101 a.2 108 1.? 10" 33 26

a i Non-fatal breast cancer 3.1 101 0 2.3 108 8.A 102 3,; got 33 24
Pereditary effects i 1.6 103 0 1.6 101 4.6 103 1.6 10 ' 33 23 r

b) Area and number of 9ecele evacuated
'

Expectation Value at the pth percentile

..i j ,.50 | ,.,0 | ,.,, " " " " , " " ' ' ' i' " ' " ' ' ' '**"** *

I umber of necela evacuated f1.910'N 0 3.3 10E 2.6 10 ' 3.1 lol 30 12 ;
r

Area cf land evacuated (km ) | g,4 tol |0 6.) 100 ,3 go t g,: ;o1 g 3g g, j2
.

I

i

c) gieule 2 ret ereducts reserteted w to'interseasures! i
,

! Espectation| Talue at the pth percentile
|P('l*0)

|
'

,

P(?!> f )Articultural product value. E1

| p=1 | p*SO | p=90 | p.99 | ;'

L

i Milk restricted in 7 days (11treel l 1.1 107 0 2.3 10'* 4.8 10 0.1 107 39 | 24 |
7

| '

!stal silk restricted (litres) 2.6 108 0 3.1 108 6.2 108 4.3 108 39 i 26 [

2 nit 141 tree area restricted (he )t 2.0 103 0 1.2 101 l.0 103 1.0 10' 39 23 |t

Tien integral of the aree 2.9 103 0 1.7 101 9.3 103 2.3 10* 39 27
of cree restricti:no (ke*-y)

,

; Initial oo. livestock restrteted 1.5 108 0 2.8 103 3.9 108 9.8 108 39 26
L

e .

1 *tes toteeral of the number of 1.8 108 0 7.e 103 5.6 108 1.9 107 39 27 (
*'' livee:ock roeteteted

- (Livestock-*) j,
'

!.

I
i
,

h' .

r
1. 2he areas of crop restrictions refer to the actual land aree used for crop production.

I
2. The frequency (y*l) wit % v' sten particular consequences specified in the table are esteeded can be i

obtained se 0.01.f(r).(100-e) vmore f f r) to the frequence of the reteese ceterare (**l) and s is the r

percentile aseroeriste to the ><a19e of conseeuences of interest. ('

!

>

!

.
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'; TabtM A13(R). ,

- !

Characteristic euantities of the distributions of censecuences conditional uoon occurrence of LTSC'-

,

$

2

UK5C PREQUENCT: 2.1 10-' y-l

a) Ntaber of health effects

i | Number of health effects. N | Probability | .' Health effect'
Expectation Value at the pth percentile

. value. E P(N=0) P(N>E)
| p=1 | p=50 | p=90 | p=99*

, ,
. .

Earlo Itj Death 1.2 10-1 0 0 0 6.3 10- 1 96 2.1
4e Prodromel vomiting 3.9 100 0 0 0 6.4 101 91 4.6

4 Lunc morbidity 1.0 108 0 0 0 6.6 100 97 :.:8

1. ate
f atal cancer 8.0 102 o g,g go! 2.2 103 7.6 103 33 27
Non-fatal thyroid cancer 2.3 103 0 3.7 101 7.5 103 :.1 10* 33 :7,

Non-f atal skin cancer 5.2 102 o 4,g gos 1,3 103 5.6 103 33 26
*

Non-fatal breast cancer 1.1 102 o g,; goa 2,9 102 g,g gos 33 23
Mereditary effects 5.9 102 o , g,; goo , 1.6 103 5.6 103 33 26,

bl Area and e mber ef ?oosle evaeusted

I !rpectation| Value at the p!h percentile } j
Parameter value E P(N=0) P(N>EM, ,

| ! p*1 | p=50 | p=90 | p=99 [. [ ,

|
Numeer of people evacuated | 2.7 10' 3 | 0 j 4.1 101 5.* 103

, i
- 3.710*| 30 10

Area of land evacuated Oce ) | * 1 101 {0 e.3 100 3.3 101 1.4 102{3 30 g7.

| c) Arricultural ersducts rest *teced bw countermeasuresi
|

| Expectation |

|P(N=0)|P(N>E)f
value at the pta percentile

|Agricultural product value, !

f | o=1 | p=50 | p=90 | p=99
4 ;

'' ilk restricted in 7 days (litres,)] 8.1 10 ' |0. 2.2 10' 3.6 107 6.1 107 39 | :3
|0 7.8 105 2.0 10' 1.5 103 39 | 25Total milk restricted (litres) 5.5 107 t

#

Initial creo area restricted (km ) g,3 tot2 g,: goo 3,2 gos 7.3 103 39 27
'

|o,

L

| !!ae inteeral of the area 1.3 103 1 0 1.2 101 3.6 103 8.7 103 39 17
of crop restrictions (ku -y) !3'

|o ' g,7 gos :,o gos 6.0 10' 39 27
'

Initial no livescoen rescrieted 6.1 105=

l I

|4.7104I Time integral of the number of 5.7 108 0 3 1.6 10' 7.6 10' 39 ::*
; * livestock restricted

|*i - (livestock-y)
; j

. 4 , I

' .

Nates:

1. The areas of crop restrictions refer to the actual land area used for creo production.

2. The frecuency (v"1) with which particular consecuences specified in the table are exceeded can be
obtained as 0.01.f(r).(100-o) v%ere f(r) is the frequency of the release catesory (y*l) and o is t5e

i percentile appropriate to the value of consequences of interest.

*
.

|
1

I

. _ . . _ . _ ,-_m ., . - - - _ , _ _ , . - - - - _ . . - _ - .m . . - - . _ _ _ _ - - _ . - .-- , _. _ . . _ _ _ . - - _ , _ . . . _ _ _ .
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Charseteristie ouantities of the distributions of consecuences conditional uoan occurrence of "I5D
*,

2

UE3D yu0CENCT: 1.3 10-' y-1*

, e

j ..

a) Mumber of health effects

Number of health eff ects N I2 Probability |
Realth effect

Expectationf Value at the p 2 percentile |
* *

value. E P(N=0) P(N>E) r
| p-t | p-50 | p-90 | p-99 |,

'Eariv i j g
-

;eeth 0 0 0 0 0 0 0 1

Prodromal vomiting 4.0 13-1 0 0 ') 2.7 100 95 3.01 7

tang sorbidity 1.9 10-3 0 0 0 2.3 10- * 98 .34i
~

,

i ae. i ,f'

i Estal cancer 3.7 102 o 5,3 too 1.1 103 3.3 103 33 i 27 )I j Non-fatal thyroid cancer 1.3 LO3 0 2.2 101 6.7 103 1.1 10' 33 i 27 '

I
1 Non-fatal skin cancer 2.4 102 0 2.6 100 6.3 102 2.4 103 33 25
! 'fon-f atal Sresse cancer ! 3.1 101 0 7.7 10-1 1.4 102 ;,3 102; 33 :$
l 1ereditary effects { 2.9 102 0 5.6 100 , 3.4 102 2. 1 103| 33 26 i,

b) Aree and auseer sf secole avec sated

I 'xpectation| 7a14e at the pd per:entile | ! !

t Parsecter vslue, E ?(N-0)|P(N>E)|
| p-t ! p-50 | ::-90 | p-99 | 1 I

| 'runter of people evacuated 1.3 103 0 3.3 101 i 5.a 103 1.4 10 * 30 | 21 I
i i |! I

2) | 1.2 101 0 4.? LOG ; 1.3 101, 1.1 102 30 ; 39 || Area of land evseusted fi:3

c) Aericulturel seeducts esserteted Se eeun t ermeasu ree l

Expectation |
| ?(N=)) ! P(N>Ed

7alue at the pth percentile'
| <

Aitricultural stoduct value, E

|p-t|p=50 | p=90 | p-99 | |
'

.tik restricted in 7 days (litres) 4.3 10' O 1.6 10 * 1.7 107 a.3 107 39 i 2: !
I 1

Total milk restri:ted (litres) 3.2 107 0 5.4 103 9.2 10 2.3 104 39 :s7

Initial crop arms restricted (km ) 6.1 102 0 1.5 103 3.0 103 5.3 103 39 272-

i
j' Time integral of the aree 3.3 102 o g,; 104 3,t 193 g,9 tal 39 i IT

2'

of crop restrictions (13 -7) j ,

initial no. livest:ck restricted 2.7 105 g | t: go! 7,3 1g 5 3,9 tas 39 | ::'

| |
'

Tlas integral of the number of 2.3 105 0 1.6 103 5.a 105 3,4 196 39 ;- 1,'

- livestock restricted
- (livestock-y) '

s

Moces:

1. The areas of crop restrictions refer to the. actual land area used for crop production.

2. The frequency (y*l) with which particular consequences specified in the table are exceeded can be
obtained as 0.01.f(r).(100-9) where f(r) is the frequency of the release category (7-1) and ; is the
percentile appropriate to the value of consequences of interest.

..

-
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Characteristic euantities sf the distributions of consecuences conditional uoan occurrence of t?3E,

+

+

1 2 .

; UK5E FRE0CE!tCT: 3.7 10-' y-1 ~

'
,

a) Number of health ef fects

Number of health effects, N |2Probabilityf
Health effec:

Expectationf Value at the'p:h percentile
f(N=0)

''

4. , ,
value. E P P(N>E),

| p=1 | p=50 -| p=90 | p=99 |
-

,
i far!v |- '' Deech 0 0 0 0 0 : 0 0
, '' Prodromal vomi: inst 5.4 10-2 0 0 0 2.6 10-1 96 1.3

~j' I,ung morbidity 0 0 0 0 0 0 0
*

!.a t e |a,a10[ incal cancer 2.2 102 o 0 6.9 102 t,9 103 23 27
Non-fatal thyroid cancer 9.1 102 o 1,7 131 3.3 IC3 6.9 103 33 26,

! Non-fatal nr.in cancer 1.3 102 3 :,o 100 3.6 102 1.4 103 33 26
Non-fatal breast cancer 3.0 101 0 6.3 10-1 S.5 101 2.5 102 33 26
Hereditary effects 1.8 102 0 5.3 100 5.4 102 g,3 103 33 :7|

b) Area and number of Secole evaeustad

f Expec:ationj . P(N=0) |: |Value at the p:h percen:ile j
Parameter value E P(N>E);i

f ! ;=1 | p=50 | p=90 | p=99 1 | ],

Number of people evacuated 1.0 103 0 3.7 101 4.8 103 6.3 103 30 21

IArea of land evacuated (km ) | 9.6 10 |
2 0 0 j4.7100, 1.7 101 5.3 101 30 t 44'

c) Articultursl eroduets rest-iered $ v eanntenessure,*5

Expectationf Value at the pth percentile | *

Agricultural product value. E P(N=0) P(N>E)
| pal | p=50 | ;=90 | ;=99 |

| 1. 2 10 '' ! . 6 10'
I 9 3.3 107f 39 23Min restricted in 7 days (li:res) 3.0 10' 0

i !

Total milk restricted (litres) 1.4 107 0 1.7 10 7

5|4.6 10 1.a 108 39 24

2Initial crop area rescricted (km ) 4.6 102 o 4,1 100 g,3 103 4, 103 so $

kTime interral of the area 4.7 102 0 4.6 100 1.5 103 6.3 103 a0 26
*

! of crop restrictions (km _,) i
^

2

I 2.010'| 40 '3 '*'

I nitial no. livestock restricted 1.3 105 o 7,o to: 2,3 tos
i .

4 *
Time integral of the number of 1.1 105 o g,o 103 2.8 105 1.3 10 ' ' 40 20* livestock restricted !m ;
- (livestock-7) g

'

I
'

i i
.

Noteer

1. The areas of crep restrie:1ons refer to the actual land area used for cron production.

2. The frecuency (?-1) with which particular consetvences specified in the table are exceeded can be
obtained as 0.01.!(r).(100->) where f(r) is the frequency of :he release catererv (y'l) and p is the
cercentile appropriate to the value of consequences of interest.
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c I;- Charactertsete wantities of the dist-15u: ions of consecuences conditional use, occu h ence of "K6A
+ .

,

d

p.,' 2,

6' UK6A FREQCENCT 2.0 10~18 y*1

| ,,

3 ,
< mi

4 e) Saber of health effects
, .,

| Number of health effects N |: Probability |
'

,.

.' Healtn offactr

|P(N=0)0 '1 Expectacion| 7alue at the p:h percent 11a |5
i value E P(DE)| .

- g I p-t I p-50 I p-90 ! p-99 I i 4, ,

2.2 ||!ariv | 9.2 10
t

;each 9.3 10 - 1 0 0 0 0 95 I *
g 8'g

4 f 3.9 102 76 | 3.9 i4 Predronal vomi:in - 1.1 101 0 0 1.0 10
- ,; j t.ung sorbidi:y 6. 1 10 - 2 0 0 0 g 6.4 10-1 18 i 1.9 *

- t 1

'. .) t. ate
- I

1.5 101 ! 4.3 10 3 1.7 10' 33 | 25! 1.6 103 0lacal cancer
| ' 5.0 10

'

3 0 | 3.3 10 1 1.3 10 * a.3 10 * 33 i 27'I Non-fatal thyroid cancer
'

i i
- Nca-f atal skin cancer | L.2 103 0 1 7.0 103 2. 9 103 1.3 10 ' 33 | 23

*

! 2.a 102 o | t,3 oo 6.2 102 2.6 103 33 21Non-f atal breast cancer
| Itersdicar, effects 1.2 ;33 0 | 1.3 101 3.3 103 1.2 LO * 33 21' '
,

!

h
i;

-)) Aree e.o u=ter sf eeeele avecuatee,

,Ixcectation| 7alue at the ;;h per:encile | |
'

| ?(Deli
_

I ?araree te r ' value, E ' ' ?(N=0)I
i ! ! ;-L | ;-50 | p-90 | p-99 i

Nucter of eeople evacuaced 5. 7 103 0 2.2 10213,3 03 g, ;c ' 30 ;3 |1 ,

6 f

0|1.110 2 s,3 132 3o ;g jArea of land evacuaced Ccm ) 3.9 LQ1 0 6.9 ;03
3

e

:) Articultural creducts rest-teted by :ountermeasuresl
,,

|P(N=0)|?(pt;.i .

Expectation 7alue at the p 4 per:encilet

j Agricultural product value, E 6

p=L | p-50 | p=90 | p-99 | |

| 2.3 10* | 6.5 LO |:". ilk restricted in 7 days (litres) 1.0 107 ' 7 7.3 107 393 21

f 2,3 13
| *3 |

6 4.6 10 ' 3.0 103 39, N eal silk rescrie:ed (11:res) 1.3 10a o

| 1.2 10 1
'

I 2 g,3 to! 0 1 7.2 103 9.6 103 39 ' 26
: . | fattial creo area restricted ('cm )

'
.

,

| Time interral of the area 2.1 103 0 1.3 101 7.9 103 1.3 10 * 19 I '7

1 of :roo restrictions (km _y)
. | !

'2

|- 1 i
I

! 2at:ial so. livescock restricted t .2 10' O . 2.7 103 5.1 10 ' 9.0 10' 39 ' 21 ! *

*b1.3 104 0 6.9 103 3.3 10 ' !.5 107 39 i 25
| Time integral of the number of|

livestock restricted 2|
- (livestock-*) i

i *
,

t

.

Notest

1. 2he areas of creo restrictions refer to the actual land area used for crop production.

2.''*he frecuency (y"!) with which carticular consequences specified in the table are exceeded can be'

obtained as 0.01.f(r).(ICO p) vt ere f(r) is the frequency of the release category (y'l) and p is :hei

i percentile appropriate to the value of consequences of interest.

e
,

.

J

>

4 r rs ii ii i r m_.-_ w



T*bla A17 f R)
!

.

Characteristie cuantities of the distributions cf consecuences conditional uoen occurrence of t.'K63

i

2

UK65 FREQUENCT: 3.3 10-18 y-1

i a) Number of health effects

Number of health eff ects. N I 2 Probability |

|P} Expectation Value at the pth percentile
( value. E

*j p=1 | p=50 | p=90 | p=99 f (N=0)
P(N>E)

,

44 e iFarl,'

~! Death 5.9 10- 2 o o o 3,9 10-2 93 1, g |

$$. P=odrosal vomiting 3.0 108 0 0 1.8 10- 2 g,o got gg 4,3

'

9 1.ung morbidity 3.2 10-3 0 0 0 0 100 0.16.1
,

|
!.a t e

fatal cancer S.8 102 o 1, g to t 2,4 to) g,9 1o3 33 26
Non-fatal thyroid cancer 2.9 103 0 3.3 101 9.0 103 2.6 10' 33 27

* Non-fatal skin cancer 6.4 102 o 4,7 100 1.6 101 7.0 103 33 24|
t ! Non-fatal breast cancer 1.3 102 o 1,4 100 3.5 102 1.4 103 33 ?.5

; Hereditary effects | 7.1 102 o t,1 101 1,9 tot 6.9 103 33 | 25
.
6

b) Arts and numbar of secele eviemated

| |Expectationj 7alue at the p:h 3,;e 3:ti, j ,

*i Parameter value. E P(N=0) P(N>E)!
i j | pali p=50 | p=90 I p=99 i !

'

Number of pecole evacuated | 2.4 103 0 *.2 101 5.5 103 3.9 10* 30 21

Area of land evacuated (km ) | 2.2 101 0 4.8 100 4.6 101 2.5 102 30 192

c) Africultural ereducts res:-teted bv tounte?9easuresi

{P(N=0) |I IExcectation Value at the pah percentile '

P(N>E)|Agricultural product value. E
|p=1| p=50 ! p=90 | p=99 } |'

-

1
~

9.2 106Milk restricted in 7 days (litres) |0 2.2 10' 4.2 107 6.7 107 29 24 |

| 1.6 103jTotal milit restrie:ed (litres) 1.1 108 0 9.7 105 2.6 108 39 26 ,,

, , , .

Ini:ial :ron area restricted (ics )I 1.4 103 0 9.7 100 3.6 103 | 3.2 102 3 39 26
I

3 | 7.2 10
.

3 39 | 27Time integral of the ares L.6 103 0 1.2 101 6.0 10
2of eno restrictions (km -9) :.

I

2.8 10' | 6.6 10' 39 | 24 !e.i Initial no. livestock restricted 7.3 105 0 2.0 103
1 (

-4i Tine interral of the number of I 7.2 105 o $,3 103 ! 2.1 106 3,4 106 39 34.

|
I' I livestock restrictede ,

1* - (livestock-y) |
'

Ig

.

Notes:

1. Be areas of crop restrictions refer to :he actual land area used for creo produe: ion.

2. The f requency (y"l) with which sarticular consecuences specified in the table are exceeced can be
obtained as 0.01.f(r).(100-p) where f(r) is the frecuenev of :he release categorv (y") and p is :he
percentile arpropriate to the value of consecuences of interest.

e
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[ Table A18(R)
,

%

'

'Jha r se t eri s ti : suantities $f the distributtons of -o iseeuencas condittocal uson occurrence of 'NSC
.

,

.

d. | U16C F1tEQUENCT:
~ ' 1.1 104 y*I -

. . ,

f

a) Weber of %ssith effectsi

q | Number of health effects. V | Probability |
Mes1th effect

Expectation | 7alue at the pth percentile'

|?(N=0)value. E *P(DE)
; i p=L | ;=50 | p=90 | p=99 j ,$,

.
'

.. ,!arly
| | . ,

i 0 1 0 | 100 0.1d 0
'

::eath 3.4 10*3 3

| L.0 10Li 94 a.2 'j Prodromal romiting 5. A LO*1 1 ! 0 0
7

! Lune w ebidiev- 0 0 0 0 0
'

O Oi

{ i i! i

' :.a e e
0f'1.1 3|Fatal :ancee 5.0 103 0 | 7. A 10 103| 1.7 10 f 33 27-

| Non-fatal thyroid cancer L.3 103 : 0 | 1.3 LOL i 6.J 103: 1.5 10 * I 33 27 | *.

9,3 ;c2 | 3,5 ;32| 33 23 I; 'ron-f atal sitta cancer 3.5 M2 i 3 J 3,1 too
i Non-fatal breast :ancer 7.5 101 | 3 ' 9.4 10-1 2.0 102i 7,; g3 2 33 35 i'

|3,7g3| 3 1 7,3 too :, 33 | 33 $ bi.1 102 3Mereattary effects -
.

-

u Ar,e no ,-eer 3f eeo,1e ev.euseed

i !!xpectation| 7alue at the pCh percentile ! {
'

! ?arameter |value.E ' ?(N=0) ?(DEM
; ;=L ;=50 | ;=90 ! p=99 | |

' *

I Nuster of ; ecole evscusted 1.7 103 1 | 4.0 ;0 ; ' 5. 3 103 { .! D* * 30 2: !'

! tres of :and evacuated Q:: 2) 1.3 LOL 0 a. 7 100 2.3 101 1.3 to 20 37
,

-i
;

i I

.' c) Ar-t:ultural ereducts esst-teced 9 :eurternessursel
, ' ?

i* j ! Expec:ation| 7alue at the p:h percentile
! Arri:ultursl creduct value. I ' |?(N=0)||P(DG

- .

( j | | ;=1 | p=50 | p=90 p=99'
| 5

i .

7|[ ! Milk restricted in 7 davs (litres) 7.1 LO' |0 2.2 10 ' 3.1 107 5.7 10 39 :;

! 33!Totalmilkrestricted(Litres) 5.3 107 3 7.0 105 g,3 1c4 9,7 :caj 39

Initial :::p area restricted (b:) 1.0 103 0 7.4 100 4.2 103 6.5 103 39 27,

1.
|

~

I I Tise inteersi et the aree L.1 103 0 6.s 100 a.a 103 6.7 10 3| 39 27 |'21 of creo restrictions (h -v)
I| 1

}

, g
.

1' Initial no. Iieescock restricted I a.J LO! 0 1.2 103 1.4 10 ' 1.3 10' | 39 21
i .e

1.6 13' ! 39 23 s,
* '

l' - Time integral of the number of 3.3 105 0 2.2 103 9.9 105

|livestock restricted
- (livestocz-y) i s

| |
,

| o

hees:

1. Be areas of creo restrictions refer to tne actual land area used for :roo production.

2. The frequency (y*1) with which particular tonsequences specified in the table are exceeded can be
obtaiced as 0.01.f(r).(100 p) where f(r) is the frecuenev of the release catezory (y*1) and p is the ._ i
percentile appropriate to the value of consequences of interest.
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dbla A19(R)

Characteristic euantities of the distributions of consecuences conditional usen occurrence of UK6D,

..

2

UK6D FREOCENCT: 6.9 10-18 y-1

a) Number of health ef fects

Number of health ef fects. N f: Probabilityf*

Health effect

,j Expectation |
|P(N=0)

Value at the pch percentile
q - value. E P(N>E),

| p=1 | p=50 | p=90 | p=99 |
' - n

k Enriv ! |
'

l Leach 1.1 10- * 0 0 0 0 100 0.14I.

Prodroaal vomitina 7.1 10-2 0 0 0 3.! 10-1 ,96 3.1( ,

Lung morbidity 0 0 0 0 0 0 0
'

1. ate"

! Fatal canter * 5 102 0 5.1 100 I 7.5 102 ,g gas 33 27 |.

0|4.0108 Non-fatal thyroid cancer 1.1 103 0 1.9 10* 1 3 8.0 103 33 26 i

| Non-fatal skin cancer 1.6 102 0 2.5 10 4.5 102 1,7 to 3 33 $

; *!on-fatal breast cancer 3.6 101 0 7.5 10*1 1.0 102 3,3 1o2 33 26

'i Hereditary effects 2.1 103 0 6.5 100 6.3 102 1,7 go! j 33 27
,

!

!

b) Area and nu-:ber of seesle evacuated
'

| Expectation | Value at the peh pereencil, j
i

' Parameter i value. E P(N=0) P(N>E)i

{ |p=1' p=50 ( p=90 [ p=99 | |
3 0 3.8 101 ' 4.3 103 6.7 103 | 30 :: !! %mber of people evacuated | 1.0 10

! i !i
;- f Area of land evacuated ('ct2) ( 9.0 100 o 4,7 gos ;,3 gol 5.1 101| 30 43
.

I
!

t
-

c) Arri:ultural oroducts restMeted Sv counter nessuresI,

Value at the 9th percentile | ||Exoectation|
. ' P(N=0) P(N>E)!|.

Articultural product |value.E
| | pal | p=50 | p=90 | p=99 | |

| nlk restricted in 7 days (litres)| 3.9 10 8 0 1.5 1C* 1.2 107 3.8 107 | 39 i ::
'

i i
Y| Total silk restricted (litres) 1.8 107 0 2.0 105 6.4 10 1.6 108 39 26

'
i e

,
j Initial crop area restricted (km ) 5.6 102 o ;, goo ,o o2 4.7 103 39 27 i2

|!-
' ' - *1me interral of the area 5.7 102 o s,3 100 g,o go1 4.7 103 39 | 27 j|

!- a |oftroprestrictions(km%) |
i

| :o
f| Initial no. livestock restricted 1.9 105 o 7,9 102 5.4 105 2,7 god to ::.a ,

|oi .

J, f ~* *ime integral of the number of 1.4 105 t,3 goa 3.7 105 1.8 10' 40 | 21
livestock restricted j'

- - (livestock-y)
|

. I

Notest

1. *he areas of : rop restrictions ref er to the actual land area used for crop production.

2. *he frequency (y*I) with unich particular consequences specified in the table are exceeded car. be
obtained as 0.01.f(r).(100-p) where f(r) is the frequenev of the release category (y-1) and p is the'

'

percentile appropriate to the value of consequences of interest.
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?<b1e A20(R)

C*sracteristic tuantities if !*e distributions of conseouences conditional upon eeeurtence of "1t6E

2

| UltSE F1tECUE3CT:1.9 10*' y*1

a) Nu'eber of health effects
e i .

I | Numoer of health eff ects. N I i Probability |'

Fesich effect
Expectation | 7alue at the pch percantile I

| value. E ' P(N=0) ?(N>E: .'
| | p=1 | >=50 ! o=90 | p=99 t ,Y

,
=

tarle I I j i ,

;each 0 0 0 ! O i 0 i 3 0 .I'

,I a { g |g,3to-1; 17 2.2Prodrosal vo e :1ne 3.3 10-2 g

lanz morbidi:7 i 0 0 | 0 O g 0 | 3 0
'

,
* I | 1

f .4 10
.

I I I i!. ate
1 2 | ) | 3,; too , 4.5 102(1.2103i 33 27fatal cancer

Mon-fatal thy oid cancer 7.5 102 ' 3 1.3 101 * 2.7 103 | !.5 10 3 1 33 , 26 *
,

Non-fatal skin cancer 9.1 101 0 1.7 103 2.5 102 3,3 ,32; 33 | ;$ ,
Non-fatal besast cancer 2.1 101 0 $ .2 10-1 6.0 101 1.3 102, ;3 27 |, ,
Mereditary effects | 1.3 102 o 2,3 1g 0 3,3 to2 t,3 tai ; 33 i :7 g

.

. b) Ares ed -:eer of ?coole +vicuated

| Expectationf 7alue at :he p:h percentile | ;

i ?arameter value, E ?(:r=0) ?(N>E)I
p=1 ! p=50 ! p=90 p=99Ii '

.

'?'u=cer of coople avscuated 7.3 102 o j 2,7 tal. ' s,7 to3 | 6.2 103 | 20 i 21 |,

'
i|

1|i 1 f 20 ! 44j krea of land evecuated (k:n ) 9.3 100 0 |4.7132 0 1.3 10 |4.0 10

:) Aertcultursi ereducts regt-* eted 5e :ount er-easures 1

| Expectation 7alue at the p:h per:entile i ! !

' ?(N=0)6 ?(N>E)); Agricul: ural creduct valae. ! .

| p=99 j | |p=1| ;=50 f p=90

|9.A 103 7,1 gg6 ' 3,1 tg 7 | 39 ; ::F. ilk restrie ad in 7 days (11:res) 2.4 10 ' O
t ,

,

|Totalmilkrestricted(litres) 7.9 10' O | 4.4 10 * 3.2 107 1.2 108 I 39 | 20
f 25!aitial creo area restricted (km ) 3.0 102 3 2.7 103 7.1 102 12 3,5 to3 40

i ! !

I| Time inesersi of he area 3.1 102 0 3.6 100 9.2 102 3,; to 3 so 16
2| cf crop rescrie: ions "cm -w) I ,

f 23
#

Initial no. livestock restricted 1.1 105 g 5,9 102 2.2 105 g,3 tos 40
4 ! a,

j Time intensi sf :he number of 6.2 10 * O 4.3 102 t,3 to! 7,3 to! | !
i

|
>

g g y
,

> livestock restricted | |.

- (livesteck 7) | | ,

I !
.

. ,

Notest

1. The areas of crop restrictions refer to che actual land tres used for crop pecduction.

2. *he frequency (y'l) with which particular consequences specified is :he taole tre exceeded an be
obtataed as 0.01.f(r).(100-?) where f(r) is the frequency of the release ca:egorw (7-1; and ; is the
percentile sopropriate to the value of consequences of interest.

._____ . _ . _ _ _ _ _ _- . _ , _ . , , _ , , . , _ . -
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National R tdiological Protection Board

Some Technical Reports Currently Available from HMSO, PO Box 569, London SE19NH

Prices as indicated
e

R2 The Study of Chromosome Aberration Yield in Human R60 Meuurement of Activity of Surfaces Contaminated by
Lymphocytes as an Indicator of Radiation Dose. I Tech. Beta <mitting Nuclides and " Fe. W.J. fles et al.
niques. R. J. Purrott and D. C. Lloyd. ISBN O 859510581. Price 10.50
ISBN O 85951000 X. Price 10.50

R62 Insignificant Levels of Dose: A Practical Suggestion for
R18 Measurement of Activity of Surfaces Contaminated by Decision Making. G. A. M. Webb and A. S. McLean.

Electron-capture Nuclides. W. J. Iles and D. F. White. ISBN 0 85951062 X. Price ll.00
ISBN O 85951016 6. Price 10.50,

R63 Recommendations of the International Commission ong
R22 Determination of the Rates of Clearance of Insoluble Radiological Protection (1977), ICRP Publication 26: A

,,

Compounds of Plutonium from the Lung. L. Watts. Summary. , ,,

8 ! ISBN O 85951020 4. Price 10.50 ISBN 0 85951064 6. Price I1.00nv .

I

! R28 The Use of Plutonium 239 Sources in Schools and Other R64 Technical Specification of the NRPB Thermolumine- j.

| Ed ucational Establishments. T. G. Williams. scent Dosemeter Used for the Measurement of Body Dose s/
*

I ISBN O 859510271. Price 10.50 and Skin Dose. K. B. Shaw and T. O. Marshall.
I ISBN O 85951065 4. Price i1.00

R29 Radiological Problems in the Protection of Persons Ex-
posed to Plutonium. G. W. Dolphin et at R65 Performance Tests on the NRPB Thermoluminescent .

ISBN O 85951028 X. Price 10.50 Dosemeter. K. B. Shaw and B. F. Wall. (
ISBN O 85951066 2. Price t t.00

R36 Assessment of the Hazard to the Public from Anti, Static
Brushes Containing Polonium-210 in the Form of Ceramic P66 A Study of the Arrangements for Radiological Protec-
Microspheres. G. A. M.Webb et al. tion in Twenty-Three Veterinary Practices in Scotland
ISBN 0 85951035 2. Price 10.50 R.Wheelton.

ISBN O 85951076 X. Price I1.00
R39 Radon and its Daughters in Various British Mines.

J.C. Strong et al. R71 Environmental Radiation Protection Standards; an,

ISBN O 85951037 9. Price IO.50 Appreciation. L. D. G. Richings et al
ISBN O 85951086 7. Price I1.00

R42 Radiological Protection Tests for Products which can
Lead to Exposure of the Public to ionising Radiation. R72 A Limited Survey and Evaluation of Ultraviolet Radiation
M. D. Hill et al. Hazards in University Laboratories. A. F. McKinlay et al.
ISBN 0 85951040 9. Price C0.50 ISBN 0 859510891. Price I1.00

R44 Concentration of Actinides in the Food Chain. R. A. R73 The influence of the Physico chemical Form of the
Bulman. Aerosol on the Radiological Consecuences of Notional
ISBN 0 85951042 5. Price 10.50 Accidental Releases of Radioactivity from a Fast Breeder

Reactor. G. N. KeUy et al.
R46 Radiological Protection Standardsin the United Kingdom. ISBN 0 85951082 4. Price L3.00

Sir Edward Pochin et al.
ISBN 0 859510441. Price 10.50 R74 The Variation of Organ Doses with ti.e Particle Size and

Chemical Form of an Inhaled Radioactive Aerosol*

R47 The Data Submitted by the United Kingdom to the B.W. Hunt et al.
United Nations Scientific Committee on the Effects of ISBN 0 85951083 2. Price t2.50
Atomic Radiation for the 1977 Report to the General
Assembly. F. E. Taylor et al. R75 Resuspension of the Transuranium Elements - A Review
ISBN O 85951045 X. Price 10.50 of Existing Data.G.S.Linsley.

ISBN O 85951090 5. Price I1.00
R48 Assessment of the Radiological Protection Aspects of

,

I Disposal of High Level Waste on the Ocean Floor. R77 Radiation Exposure of the UK Population. F. E. Taylor-
P. D.Grimwood and G. A. M.Webb. and G. A. M.Webb.
ISBN O 85951046 8. Price 10.50 ISBN 0 859510921. Price 12.50 .

#
R$2 Human Exposure to Radiation Following the Release of R78 A Calculation of Neutron Cross sectior:for the Elements.

Radioactivity from a Reactor Accident: A Quantitative Hydrogen, Carbon, Nitrogen and Oxygen in the Energy .

j Assessment of the BiologicalConsequences.H. Smith and Range 20-50 MeV.P.J.Dimbylow. 5
J. W. Stather. 5SBN O 85951090 5. Price 12.00 4

* ISBN O 85951050 6. Price 10.50
R79 An Assessment of the Mancuso Study. J. A. Reissland.

* R53 An Estimate of the RadiologicalConsequencesof Notional ISBN O 85951094 8. Price i1.00
flAccidental Releases of Radioactivity from a Fast Breeder'

Reactor. G. N. Kelly et al. R80 Technical Specification of the NRPB Nuclear Emulsion*

ISBN 0 859510514. Price f 3.50 Dosemeter. D. T. Bartlett and T. V. Bird.
ISBN 0 85951095 6. Price i1.00

R58 A Revised Oceanographic Model to Calculate the Limiting
Capacity of the Ocean to Accept Radioactive Waste. R81 An Evaluation of the Foodchain Pathway for Transura-
G. A.M.Webb and P.D.Grimwood. nium Elements Dispersed in Soils. G. S. Linsley et al
ISBN 0 85951056 5. Price IO.50 ISBN O 85951096 4. Price L1.50

' R59 The Use of EDTA and DTPA for Accelerating the Re- R82 Annual Limits of Intake of Radionuclides for Workers.
i moral of Deposited Transuranic Elements from Humans. N. Adamset al. .

'

N. L. Spoor. ISBN 0 85951097 2. Price f 1.50
1

ISBN 0 85951057 3. Price t t.50
Continued inride.
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R85 The RadiologicalTestins ofConsumer Products: 1976-78. R102 Calculation of the incidence of Stochastic Health Effects
-

B. T. Wilkins and D. W. Diaon. In irradiated Populations. R. H. Clarke and H. Smith.
!$8N O 85951105 7 Price C1.00 ISBN 0 85951133 2. Pnce 12.00

RS6 Analysis of the Effect of Variations in Parameter Values R,103 An Evaluation of the Eastman Kodak Type 2 Film.
on the Predicted RadiologicalConsequences of Geological T. O Marshau et at
Disposal of High-Level Waste. M. D. Hill ISBN O 85951134 0. Pnce 12.00

ISBN O 85951106 5 Pnce12.00
R104 A Frequency Survey of Radiological Examinations

Carned Out in National Health Service Hospitals in
R87 The Radiological Consequences of Notional Accidental Great Britain in 1977 for Diagnostic Purposes. G. M.Releases of Radioactivity from Fast Breeder Reactors:

Kendall et atSensitivity to the Dose-Effect Relationships Adopted for
ISBN 0 85951 135 9. Price 13.00

Early Biological Effects. G. N. Keur et at
' GBN O 85951110 3 Price 12.00 R105 Current Levels of Gonadalirradiation from a Selection of

unne n stic X-ray Examsnations in Great Britain.
I R88 The Radiological Consequences of Notional Accidental

*

8f5
,

Releases of Radioactivity from Fast Breeder Reactors: gB 136 7. Pricef 3.00 %
Sensitivity to the Choice of Atmosphenc Dispersion,,

.

f3B
~

1 Pricell.50
' R106 The Genetically Significant Dose from Diagnostic Radio- ,

085 51 logy in Great Bntain in 1977. S. C. Darby et at t
8N W 5. Pnce: M*

R89 A General Model for the Transfer of Radioactive Materials
in Terrestnal Food Chains. J. R. Simmonds et at R.107 Coal Fired Power Stations - the RadiologicalImpact of *+

ISBN 0 85951112 X Pnce t t.50 Effluent Discharges to Atmosphere. W. C. Camplin.
ISBN O 85951138 3. Price 13.00R91 A Model for Short and Medium Range Dispersion of

E* R108 An Assessment of the Radiological Consequences of
C of h or g Grou Disposal of High-Level Waste in Coastal Geologic For-

ISBN 0 85951117 0 Pnce C2.00 mations. M. D. Hill et at
ISBN 0 859511391. Price 14.00

R92 A Calc 212 tion of the Photon Depth 4fose Distributions in
the ICRU Sphere for a Broad Parauet Beam, a Point R109 A Model to Calculate Exposure from Radioactive Dis-
Source and an isotropic Field. P. J. Dimbylow and & W Cd Waters of Northern Europe.

f3'B 595I l'40 5. Price 13.005 859 i 118 9 Price C1.50

i R93 The Radiological Consequences of Notional Accidental R110 The Development of Models for the Transter of '''Cs
Releases of Radioactivity from Fast Breeder Reactors: and "Sr in the Pasture <ow. Milk Pathway using Fallout
Sensitivity of the incidence of Early Effects to the Data. S. M. Haywood et al.
Duration of the Release.C.R. Hemming et aL ISBN O 85951 1413. Price f 3.00
ISBN O 85951119 4 PriceII.50

' " "
R94 The Effects of Actirude Separation on the Radiological S t NTH

Consequences of Dispesal of High-Level Radioactive ISBN 0 85951 1421. Price 12.00
Waste on the Ocean Bed.W.C.Camplin et al
ISBN O 85951 1219 Price t t.50 R112 FaHout in Rainwater and Airborne Dust - Levelt in the

f0R95 The Effects of Actinide Separation on the Radiological IB 951 47 2 Pnce 12.00,
Consequences of Geologic Disposal of High-Level Waste.8

a Aspects M h Inteptation d Qun%
BN'O $ $ 122 7 Price t t.50 Experiments Designed to Detect Low Levels of Radio-

activity. T. J. Sumerting and S. C. Darby.
I R96 Doses in Radiation Accidents!nvestigatedby Chromosome ISBN O 85951148 0. Price 13.00

Aberration Analysis. X. A Review of Cases Investigated:

| 1979. D. C. Lloyd et al.
ISBN 0 85951123 5 Price C1.00;

t
t iR97 A Methodoloiry for the Evaluation of theCouective Dose'

from Radicactivity in Terrestrial Food Chaku. J. R.
.

Simmonds and G. S. Linsley,;

j ISBN 0 85951124 3 PriceI1.00

R98 The Consequences of a Reduction in the Administrative!y
*

Applied Maximum Annual Dose Equivalent Level for an *
j Individual in a Group of Occupationauy Exposed Workers.t

| N. T. Harnson. L*
' ISBN 0 859511251 Pnce 13.00

+ e
R99 The NRPB Neclear Emulsion Dosemeter. D. T. Bartlett

' et aL ,

ISBN O 85951 127 9. Price f 2.00
t

R100 The Radiological Consequences of Notional Accidental
Releases of Radioactivity from Fast Breeder Reactors:.

The trulaence of the Meteorological Conditions. C. R.j
Hemmms et al.

! ISBN 0 85951 123 6. Pnce C3.00

R101 ESCLOl|D: A Computer Program to Calculate the Air'

Concentration. Deposition Rate and External Dose Rate j

from a Continuous Discharge of Radioactive Material |

to Atmosphere.J. A. Jones.'

ISBN 0 85951 132 4. Pnce 13.00*
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