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ABSTRACT: To assess the personal exposure dose during the diffusion of radionuclides in the

confined space after a primary circuit break accident in an intact containment, the diffusion and
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migration process of radionuclides were simulated. First, the physics—based modeling of a con-
fined space was carried out by the compartmental model. Subsequently, the migration process of
radionuclide within the confined space was described by the multi-parameter first-order dynamic
differential equation. Thereby, an independent code, the diffusion and migration of radionuclide
code (DMRC), was developed to calculate the activity and hypothetical individual dose of radio—
nuclide in TACT (Transport of ACTivity). Results obtained by DMRC was in accordance with
the benchmark solution. Finally, a primary circuit break accident happened in a real nuclear power
plant was simulated. The activity and the hypothetical personal dose of the ardionuclide within the
containment and diffused in external environment 30 days after the accident were calculated re-
spectively. Results showed that the maximum effective dose and maximum thyroid—equivalent
dose received by the public after the accident are below the national limits. These demonstrated
that the proposed method can be applied into environmental safety analysis and personnel health
assessment during accident conditions.

KEYWORDS: break accident; diffusion and migration of radionuclides; DMRC; hypothetical
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Tab.1 Hypothetical personal dose input parameters

SR A [F] I T B B

s 0~0233h  0.233~2h 2~8h 8~24 h 24~96h  96~720 h
LR MR R/ 1.23 3.68 3.68 3.68 3.68 3.68
AP BR R E/h 0.41 1.23 1.23 1.23 1.23 1.23
RN 2 Bk R H /b 1.29 3.88 3.88 3.88 3.88 3.88
HEHEB R/ (Y d™ 0.18 0.18 0.18 0.18 0.09 0.09
HER L AR R RS/ (s»m™)  840X10*  8.40X10* 0.00 0.00 0.00 0.00
MADXBEREZRE/(s»m™)  7.60X10°  7.60X10°  7.60X10° 540X10° 2.60X10° 8.00X10°
MAOXKIEEZE/(mP-s)  347X10%  347X10*  347X10* 1.75X10* 232X10* 2.32X10*
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Tab.2 Calculation results of radionuclide activity

R 2 A e IR/ (10°GB)

IR B ER B E B/ (10°GB)

%=
DMRC TACT DMRC TACT
137 4.019 4.015 3.015x10* 3.011x10"
B Xe 6.942 X 10° 6.938 X 10° 2.926X 10" 2.924x 10"
“Br 4.996X10°° 5.002x10° 3.747X107 3.752X 1077
®Kr 8.665X% 10" 8.632X 10" 6.493 X107 6.468 X 10~
%Rb 9.261 9.246 6.937x 10" 6.926 <10
¥Sr 1.567 X 10" 1.564X10* 6.113X10" 6.101 X 10"
B1Cs 2.409 X 10* 2.443X10* 9.335X 10" 9.468X 10"
BB a 3.679x10° 3.676X10° 1.426 X107 1.425%X107
®3 AKEZNE
Tab.3 Human accepted dose
FOAR IR SR AR & /Sv & 5 BRI E /Sy
I ] /h
DMRC TACT DMRC TACT
0~0.233 1.269X 10" 1.266 X 10" 2.046 X107 2.087X10°
0.233~2 1.355X 10" 1.352%x 10" 7.923%X10° 7.892X10°
2~8 2.069%x10°° 2.078X10°° 9.942X10°° 9.903x10°°
8~24 3.744 X107 3.760 X107 6.817X10° 6.884%<10°
24~96 2.711X10°" 2.722X107" 1.937X10° 1.959X10°*
96~720 0 1.722X 10 9.436X10° 9.356x 10"
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Fig. 4 Radioactivity of iodine and its isotopes
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Fig. 5 Radioactivity of xenon and its isotopes
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Tab.5 Calculation results of EAB hypothetical personal dose

segnt/e sk SLIGLERERE TREERN SRERAS SRR
0.00 1.00 2.740X 107 2.740 X107 1.269%x10°* 1.269%x10°*
1.00 1.80 6.425X107 9.165X 107 3.181X10°* 4.450x10™*
1.80 2.00 1.779X10° 1.094X10* 9.686X10°° 5.419X10™*
2.00 3.80 7.504 X107 1.845X 10 5.184 %10 1.060X10°*
3.80 6.00 3.271 X107 2.172X107 5.232X10™* 1.583 X107
6.00 12.00 6.766 X 10 2.848X10° 8.215X10* 2.405X10°
12.00 13.80 5.532X10° 3.402X 10 1.910Xx 10 2.596X10°
13.80 24.00 3.048 X107 6.450X 107 9.170X 10" 3.513X10°
24.00 96.00 8.316X 10 1.477X 107" 3.181X10° 6.694X10°
96.00 720.00 6.505X 10 2.127X 10" 1.055X 10 1.724X 10
F6 BAOZERBEAMAFEAHLER
Tab. 6 Calculation results of LPZ hypothetical personal dose

egnt/e sk STELERERE TREERE SRANAS PR
0.00 1.00 1.013X10°* 1.013X 10" 4.692x10° 4.692x10°
1.00 1.80 2.375X10°* 3.388X10°* 1.176 X10°° 1.645X107°
1.80 2.00 6.577X107° 4.046 <10 3.581X10° 2.003 X107
2.00 3.80 2.270%X10°* 6.316X 10" 1.568X10° 3.571X10°
3.80 6.00 9.892X10° 7.305Xx10™* 1.582X10° 5.154X10°
6.00 12.00 1.873 X 10" 9.178 X10°* 2.345X107° 7.499X107°
12.00 13.80 1.517X10* 1.070 X107 5.237X10°° 8.022 X107
13.80 24.00 8.360X10°* 1.906X10° 2.515X10° 1.054x10*
24.00 96.00 1.843X10° 3.749X 107 7.050X10°° 1.759X 10
96.00 720.00 1.056 X107 4.805x10° 1.712x10™* 3.470X 10

R BRENANESHERENE

Tab.7 Hypothetical personal dose vs prescribed limits

sk g
)& /mSv F & /mSv
G BB/ '
¥ L Y S
VR B WRE R
50002 h) 0.92 0.54 12.90 10.94
L.LOCA

500030 d>  0.42 0.35 5.96 4.81

ATRVE R, AR SO BRI TR
BUNT 22 AUE R (E . GB 6249—2011"'#L
SE, CTERAE— KA FE RO, BRI AR AR
TES UG 2 h 8 LA AR 138 BE IX A B 28 AR AE

HEAS B S ) P AT RE 32 21 A9 A R0 £ 0 4
TE5 mSv LAF, HUR M 2 5 57 & 0 #5178 50 mSv
LR 7o AR SO 235 A5 31 1 2 AT 45 32 e KA &L
F R 0.54 mSv,  Hx K HUR AR Y 6 ) i O 10.94
mSv, i GB 6249—2011 ff B 2 EoRk

A SR T i 3 45 R X 22 4 e AR B 58 A7
Yy ARAL, i — Bl 1 oE R R R R R O
PEAT SRR R YT RS B e g, A BT kR
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