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ABSTRACT

A computer code programmed in Pascal fora simple and
fundamental calculation model has been developed and
used for the estimation of radiological dose to the thyroid
arising from a hypothetical failure of the whole core. The
code was validated using the International Atomic En-
ergy Agency (IAEA) Generic 10MW Reaclor. Results
~Blained are comparable (o those obtained by other
workers. Calculations based on non-site specific data for
Miniature Neutron Source Reactor (MNSR) gave very
conservative results. The calculated dose to the thyroid
(the limiting dose ) of a receptacle (person) at 500m,
1000m and 5000m from the nuclear reactor were found
1o be very low, suggesting that the MNSR 1s safe even in
the event of total core meltdown.

Keywords Fission, radiological dose, radioactive,
radionuclides, activity, fuel elcment

INTRODUCTION _

Reactor accident evaluations, which form part of
Safety Analysis Report (SAR) for research reaclors, are
based on the assumplion that a hypothetical accident
results in the release of some portion of the inventory of
radioactive materials to the aimosphere.

The doses and their relative significance strongly
depend on the kind of accident considered, the lission
products inventory of the core, the extent of (uel failure
and hence the amount of radionuclides released o the
atmosphere, the distribution of release rate, the meteoro-
logical conditions of the reactor region elc,

The accidental air borne releases of radionuclides
contribute 1o the following radiological doses. External
whole body dose (gamma) due 1o submersion in the
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exhaust air plume, external whole body (gamma) dose
due 10 the activity deposited on the ground, internal
irradiation originating from radionuclides inhaled with
the air, resulting in both critical organ and whole body
doses, external B-radiation from the exhaust air plume
(skin dose mainly) and internal irradiation due to con-
sumption of contaminated food [1].

An important element from human biology stand-
point is iodine, which concentrates in the thyroid gland.
During its stay in the thyroid, the radioactivity of each
iodine isotope can result in deposition of energy which
can cause serious damage to the gland.

This paper presents a model based on U.S. Nuclear
Regulatory Commission (USNRC) Regulatory Guides
[2] for estimating radiological doses from hypothetical
accidents in research and test reactors and the calculated
results form part of the discussion.

THEORY AND CALCULATIONAL
MODEL

General

In general, evaluating the dose D 1o an organ or
individual is a two Step process.
1. evaluate the activity released from the containment,
2. evaluate the dose arising from the atmospheric trans-
port of the activity released.

Step 1 can be broken into a number of stages:

i, thecore contains an inventory qi(lo)[Bqli=1,2,3,
4.........n nuclides at 1o, the time of the accident.
ii. A portion of the core f¢ is damaged.
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L Fue} Element Release Fractions

Significant factors influencing fFE are;
Physical shape/structure of fucl clements, ie., is gas
relcase possible? The extentof fuel element melting and
chémical and physical properties of fissioh praduct nu-
clei, eg; volatility etc.

The USNRC Regulatory Guides 1.3 and 1.4 require
the foilowing assumptions if .po other information is
avallable [2]

3 . 100%
Volatiles 25% {91% Iz, 4% CH3l, 5%
particulates}
Non-Volatiles 1%

Source Terms and Leakage Rates

_ Amngmmmmmmmmmanme
containment/reacior building, then the ow) aclivity of
meuq:a i reteased over timie T
Q,{t} is oblamcd from the feliowmg eqtnuon 14}

{

(D= T v ca‘%(gﬁu —e u,):] (N

fo = fraction of core that mehs,

fPE = fracuonal release from f '
ings.

Ecp = fraction remaining sirbong |
 releastd from the building Lo the: atosouphes

(1) = -guantity of isotope i in reactorm themof' .
“aggitdent, Ci, - :

Ay s mlkratcparamawr, sec’l,

Ar = tadicactive decay. consmm, sec ),

Dase Caiculanon
. "The ealculation of dose oswmtes 15 split into an
. mmai (mhahuon} dose and’ an emnat (suunmmn)

conwinment build- ’

D= -g;*gmm (O*DCF*

and the exiernal dose [rom isolope i may given by

D,-“ = '-“'—'Q(t)" DCEM ©)
L9
-where

X .
O - is the aunospheric diffusion factor, sfm3,
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Qm-inhe invmy of isotope i mieawd ow:rtime I.,Ci.

a8

DCF* is the dose conversion factor for organ’k,

DCEE?“ is the dose coversion factor for wholg'body. -

Calculation of Atmospheric Diffusion Factor '

I X is the ¢oncentration of some efftuenl as
function of space and time, Lhen X is delefmined byithe
time dependent diffusion cqualion as follows{3};

| kV’X:%—. {10}

in which K is the diffusion coefficient (cm3}

It'apo:msourccimntedat x2y=z= 0art =0emils
an isotrenic puff comaining a il of Q uiits of effluent
ino an infinite statiohacy atmosphefe ‘il can be shown

. that the sobution 1o Bqupsion 10 whicti%atisfies ail the K

bamdary mndmms lx[3]

Q | .. -r’M.Kt
X —_— W 1Y
o= (4 aKe)*? € an

where ris the distance from the origin.
If lqhe atmosphere is not isotropic then the soltmon is
expressed in the form

y . 2

W @KLK KD

x* y P .
expl -~ 14—+ ~— ) (12)
Ppl- Vi + -+ 2] 0D

“where Kx, Ky, angl Kz. are the diffusion coefficients in
Jhe x, yi 2 directiong 1 aively.

Furmer dcnvanon yaekﬁ the following ﬁnal e.xpres-
sion(3];

= exp(z—)
Op 0,0, 20_‘: a3
where
E» = dilution factor or atmospheric diffusion facior{3]
&)

Jis Lhc bmthmg rate’ fan.he receplor during the time

oy = horizomal dispersion cocfficient,

. Og, = vertical dispersion coeflicient
h= Anaimude h whureefﬂnenls (mduuon}arc cmuwd

'Breathing Rate Data

 Forthe calculation of inhalation doscs the brcalhm; :

rate of the receplor during the ume of CXPOSUPS MUSL be

spec:ﬁaﬂ The breathing rate data for man’ ip those

analysis are taken from USNRC chulnlofy Guides 1.3

and 1.4[2}.

The: first eight hours of lhe ¢XpOsure arc takcn 1o be

an active period with-a breathing rac of 3.47%10 A3

s. The imerval from:eight 10 twenty-four (8-24) hours is

considered (o be a resting period with a rate of 1.75%10r

4m3/s. For lime _Xerm:%greater than one day a mef
rate of 23210 m3s is used (5.

Dose Ccmvers:m Factors

During. its stay in-the thyroid, the’ nxhoaumity 0]
each iodine isotope can resalt in damige: o ‘the Ihgroid
gland. This effect measured in rem, is esumated by using
dose conversion:-facing (DCF). - 'BCF datiare available

_from-a number of - sources Tor extornal whoie: body

immersion and for mttmal whole. body. ‘booc,. lung,
thyroldem : ..
COMPUTER--‘PR‘GRAMME ST

" A computér ‘tode; Core3 whigh cofapetes dosc
estimatss for thyreid has been developed in this weork.

A Pascal Fonction Q) in the pmg;ammeums Hygua-

tion 6 to caltulate thecore inventory * heisotopes and
thmmmwmmefouowm‘_ ‘:rmmEqun-
uon 7.

i,
T TV T L
4+ A)U‘ b ]

in Equanon_ 7 The. al.m;osphcnc dsqurs:on t'auors X/

cnmamment ba:ld_ Mamgemmﬁem

'bmkimg is 1% day-—ES}.—' '
; _RESULTS

Tablc I shows the ncmuty (somce mm), cumula-
tive activity, dose and cumulative dose of 1-131 at 500m
rormehmﬁﬁowervaﬂousumemmals Similariesulis
were obtained fot the remaining iodine isotopes (1-132,
1-133, 1-134, 1-135) that contribute to the iliyroid dose. It
is'seen from the 1able that after 30 days only 1.146Ci of
the 1-131 inventory have been released to the atmos-
phere. The half-live of I-131 is 807 days. This means
that there are aboul four (4) half-lives before the thirnty
days. These results indicate that there is 3 substantial
reduction in the activity released.’
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Table 1. Activitics and Doses of I-131 from MNSR

at 500m
Relspss Thne Mvolivig(CI) Cumuldsiive Dose Currwilalive
AckAACY) (rem) Dose (rem)
0-2h 0.136 0.198 0.341 0.1
2-8h 0,406 o5 0.421 0862
9-20h 1088 1599 0.132 . 0SB4
1-44 azn0 5870 0245 0040 -
4-304d 15618 C21A8H 0209 . 1,148
134

jodine isolope

Fig. 1 Percent lodine Isotopic Contributions toThyroi'd Dose
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mwpes: ] by ihe ORIGEN-T9[7] code arc
ghwﬂtﬁwe'"} T?mmuhaasecmnparcd with the
per cent contributions of the iodines from the MNSR
estimaied with the code developed in this work. Inboth
cases; the figure shows that 1-131 ceniributes more than
60% of the thyroid dosc. This is foliowed by [-133 with
over 20%. The remaining three isotopes contribute less
than 20% of the dose, The isotopic dose conversion
factors (DCF) of 1-13 H[5] plus the relatively large amount
of relense make it the most significant isotope wuh
respect to thyroid dose.
Figure | also shows that the quantities of the iso-
topes neleued from lhc WO TEaCtOrs: are: compamble

" The!tokal cumulauve dases for the :sompes deter-
mimed. m-thwwork and by ORIGEN-79.for the IAEA
reactor are depicied in Fig 2. Thesimilarity of the results
show thitt CORES code developed by the authors of this
study give: resutlswhlch are: cumpmble lo those of other
workers.

The iodine relcase.d in the time interval 0-3 hours is
more than 50% of the total iodine released in 30 days
(Fig. 3). This is due 10 the fact that most of the isotopes
have short haif-lives and after few hours, they decay
l'aslcr than they are released from the reactor building.

F:gure 3 also shows that the dose is significantly
reduced at large distances. This is due 10 wrbulent
diffusion [3].

CONCLUSION:

From the fesulis the mast imppriant isolopes are I-
131 and 1133 contributbig respéctively about 66% and

27%. Thetotal cumulative dose after 2 hotrs and 5 days

. of release are (.14 1rem and 1. 148rem respectively. Both

. of these vatugs are well betow the 300rem guideline dose
for the thyroid [5].

The worst possible accldcnt that can occur in a
rescarch reacior is the whele core melting, and in this
work, it is this scenario ihat has been considered. How-
ever, the doses computed car be scaled down depending
on the fraction of core that is-darhaged. The failore of

- evenparl of fuglelement is possible. For the MINSR, such
a faiture would release very il'lSlgnIt_ cam actwmes wthe

. atmasphere.

' I was assumied in this work that the reaclor core
auained the highest power level at the end of 100 full
power days (100 FPD) of irradiation. Different irradia-
tion histories for example, 5-day, § hours per day for
some sumber of days can be cansidered. An ieradiation
hiswory Jike this will lcad 10 cven lower doses.

The dat used were selected to give very conserva-
tive results. [T site specific conditions were used, lower
activity and docs values may have been obtained.

_The results show that the Miniature Neutron Source

Reactor (MNSRY) is very sulc even in an accident silua- '

tion and this is mainly duc 1o its low’ power of 27kW.

mwmwmbﬂmso{m iodine :
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