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[ Abstract] Objective To identify the effects of different release paths on public dose in the
aftermath of a NPP accident. Methods RASCAIA. 3 software was used to simulate the source terms of
PWR NPPs and the characteristics of dose distribution in different release path scenarios of long term station
blackout (LTSBO) accident. Results It had been shown that radioactivity was the highest in Scenario 2,
which was the release path for releases of radionuclides into the environment due to steam generator tube
rupture. Radioactivity was the lowest in Scenario 1, which was the release path for radionuclides to be
released into the environment in the case of containment leakage or failure. TEDE dose was mainly
distributed in the region within 40 km of the release point in different scearios. TEDE dose in the most
sectors within 80 km was low than 10 mSv in Scenario 1, which was the release path via containment in
containment leakage or failure and in Scenario 3, which was the release path by containment bypass. It was
greater than 50 mSv in Scenario 2, which was the release path due to steam generator tube rupture.
Conclusions For the environmental impact assessment, it should be paid more attention to the fact that
the public health impact imposed by radionuclide release into the environment via the release path due to
steam generator tube rupture in the aftermath of LTSBO accident at a NPP.

[ Key words] Public health; Radiation dose; Radioactive environment impact; Release path;
LTSBO accident
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Table 1 Total radioactivity and its distribution in

atmosphere in different scenarios( Bq)
s BHOMERE  25% ~T5% A TER 5% ~95% M1 iE

1 1.28 x10"  3.60x10" ~6.40 x 10" 7.64 x107 ~1.26 x 10"
2 2.18x10"% 5,40 x10™~1.30x10'7 1.17 x10" ~2.24 x10'8
3 8.30x10"™  1.50x10'2~7.48 x 10" 4.40 x107 ~1.23 x10"7
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Table 2 Radioactivity of different radionuclides released

to atmosphere in different scenarios

16.10 x10 ™" ~3.40 x 10> mSv, WLIK 1,

x5 ORRZEHUETIRSN BRI ST A5 (% )
Table 5 Contribution of different nuclides to ground deposition

external exposure dose( % )

51 552 TH%3
% T (Bg) | R T (Bg) | R W6 (Bq)
3Xe  4.00x10%||'BXe  5.30 x10" ||**Xe 5.50 x 108
1321 1.30 x 105 || 1321 2.60 x 10" || 35 Xe 2.10 x 10"
1327e 1.30 x 10" |[2Te  2.50 x 10" || Xe™  3.00 x 10"
3Xe  1.30 10" |11 2.40 x 10" ||'3Xe™  1.60 x 10"
1331 1.20 x 10" || B'] 2.00 x 10" |[B¥Ke™  7.70 x10'°
B 1.00 x 10 [|35Xe  1.90 x 10" |[38Kr 6.00 x 10
1351 3.60 x10™ ||®Mo  7.50 x10'7 ||'3'Xe™  3.80 x 10'°
% Mo 3.60 x 10™ {|®Te™  7.20 x 10" ||¥5Kr 3.00 x 10'°
PTem 3,50 x 10 || 1] 6.90 x 107 ||1321 6.30 x 10"
ZNp  2.00x10™||**Cs  3.40 x10"7 ||32Te 6.10 x 10"
BCs 1,70 x10™ |2 Np  3.00 x 107 ||131 5.90 x 10"
BITem 1,40 x 10" || 3! Te™  2.80 x 10" || *'1 4.80 x 10"
B¢ 1.10 x10™ ||¥7Cs  2.40 x 10" ||* Mo 1.90 x 10
BXe™  1.10 x10™ || Te 1.90 x 107 ||*T¢™ 1.80 x 10"
27Te 9,70 x10'3 || Xe™  1.80 x 10" || 1 1.70 x 10"

F 3 AFEAZRR IR Tk 45 (% )

Table 3 Contribution of different nuclides to submersion

external exposure dose (% )

i1 T3 2 it 3
B FRkGH || R TG || R TG
2] 49 1321 49 5 Xe 49
1 11 1] 12 P Xe 29
135[ 7 1351 7 88 Kr 5
13]I 6 1311 6 1321 3
i Xe 5 HCs 5 % Rb 2
134 Cs 4 132Te 4 85 Kr™ 1
]32Te 4 l}lTem 3 133 Xe™ 1
131Tem 4 135 Xe 3 1331 1
133Xe 2 ISGCS 2 1351 1
ISGCS 1 I33Xe 2 131] 1
Ra IR 2 A A RS i BTk 3 46 ( % )

Table 4 Contribution of different nuclides to air inhalation

internal exposure dose( % )

#3571 T 3% 2 i3 3
ZES TR | R TR | %R TTRA
13II 32 1311 34 1311 33
241 Pu 15 241 Pu 12 241 Pu 13
1327 11 132 12 132 12
134CS 8 134CS 9 134CS 8
106 Ru 6 1331 6 ]331 7
133 1 6 106 Ru 6 106 Ru 6
1 Ce 6 1 Ce 5 1 Ce 5
%Sy 4 B7Cs 4 7 Cs 4
37¢s 3 DSy 3 DSy 3
]29Tem 2 129Te|n 2 ]29Tem 2
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PR BERRAR || R FRRGYAL || R Bk
121 36 1321 36 8 Rb 49
327Te 11 132 Te 11 1321 18
s 9 s 10 132 Te 6
1331 9 1331 9 134 Cs 5
lSlTem 7 131T€m 7 1331 5
1351 5 1311 5 131Tcm 3
131 1 5 135 1 4 135 I 3
13(>CS 4 ISGCS 5 1311 2
7 Cs 2 B Cs 2 6 Cs 2
% Mo 3 % Mo 3 37 Cs 2
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Figure 1 Characteristics of TEDE dose distribution in different sectors under different scenarios
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Figure 2 Characteristics of ground deposition dose in different sectors under different scenarios
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Figure 3 Characteristics of thyroid committed dose in different sectors under different scenarios

PRS2 5 i 2 AR 2 AT DU Y 1 5t
RS TR AR 87 [ g e S Y R € Y =/
20 km XI5 2 R 53 M TR A1 BRI
B FEEAALERAL S 40 km XN (HIE 5 3 4
ZiRORENRENE A5 o <

3 FiiE T FR RS ARG = 1 B I e 38 i 22 T

R S A A B R S A i 7 . MU
3ATLAAE M, 5 1 HCRIRFE RN & R 2 AR 7 R
FOS 20 km XN 1 5% 2 A1 5t 3 HIR IR AR AR
B F AR RIS 40 km XN, 55 1 FIHE
53 KRS X HUR BR AR R AE 50 mSv Z 9,10
53 A LA 5 1 3 0 R 2 R4 b



AR E 2 5 B3 2 2016 4F 10 J145 36 #4510 ] Chin J Radiol Med Prot, October 2016, Vol. 36,No. 10 - 769 -

X HER AR ARE BRI K F 250 mSv,

zi b, kA LTSBO A il it 28 75 & A S AL 31
WSRO AR UE A B IR BT 0% 05 R A T
TR, I BG4 2 A% 1) o i v, R Ak {5 e A )
TSP i B K R IR A% HL T BRI 5 ) 2 AN fE
A BT B 7 T 5 G TE LTSBO 25 s il S5 4% 2% 3
TR A AL S 0 B 0 12 HE Ak 2 R 85 p
4 i S, B o A m T i P12 Ak i R ] B it ol 1Y
YO

Pl fEHE M bR, A T, AANEARAK
J& HAUBFTER R HEAT I 5 T 4 32 AR ] A 1E >4 19 BR
w0 55 M i, 7E XIS A S7 AR RIRE 224 - LU ARAIE
EFERBAER AT RSSO SR B
B H A RAETT S SRR il 3e 2
SRS SKRFE Y P e SCUETT

Z % x Wt

(1] WK BF U RIFM ORISR (T]. B idmin,
2009, 29 (1):1-10, 17. DOIL. 10.3969/j. issn. 1004-6356.
2009. 01. 001.

Yao RT. Review and progresses in studies of nuclear accident
consequence assessment[ J]. Radiat Prot Bull, 2009, 29 (1) ;1-
10,17. DOI: 10.3969/j. issn. 1004-6356. 2009. 01. 001.

[2] Fernandez-Moguell L, Birchley J. Analysis of the accident in the
Fukushima Daiichi nuclear power station Unit 3 with MELCOR _
2.1[J]. Ann Nucl Energy, 2015, 83 (1):193-215. DOI.
10. 1016/j. anucene. 2015. 04. 021.

(3] Effh, GEAR, BRIGIE, % RASCAL KHAERFHUR RITM

HEORLA[I]. BT SRR, 2014, 34 (12) :1411-
1415. DOI: 10.3969/j. issn. 0258-0934. 2014. 12. 001.
Wang SW, Hou J, Chen HY, et al. RASCAL and its application
in nuclear accident consequences assessment[ J]. Nucl Electron
Detect Tech, 2014, 34(12) :1411-1415. DOI. 10. 3969/]. issn.
0258-0934.2014. 12. 001.

(4] Z, SRSCIE, ZREr, 45 N ARARRSCR R SR RO
MREIFIBTSEGE )], AR HR, 2014, 48(Z1) .
357-361. DOI: 10.7538/yzk.2014. 48. S0. 0357.

Liu Y, Zhang LG, Li H, et al.

Design and improvement of

[11]

consequences assessment program for nuclear accidents in

emergency decision support system [ J ]. Atomic Energy Sci
Techno, 2014, 48(Z1) :357-361. DOI: 10. 7538/ yzk. 2014. 48.
S0. 0357.

MRS, ERET. FREBSSUR RN/ RS RGO A
RO ESR AL T]. SR P H, 2003, 23 (4) :204-209.
DOI: 10.3321/j. issn. 1000-8187. 2003. 04. 002.

Shi ZQ, Wang XY. Development of the assessment of nuclear
accident consequences and decision support system in China;
status, requirement and recommendations[ J]. Radiat Prot, 2003,
23(4):204-209. DOI: 10.3321/j. issn. 1000-8187.2003. 04.
002.

BT, A, R, . BEREURAUTM AR S T
PR IR ], A B4, 2007, 27 (1) :6-12. DOI:
10. 3321/j. issn. 1000-8187. 2007. 01. 002.

Hu EB, Ni DQ, Hao HW, et al. Preliminary study of assessment
model of dose and intervention in accident consequences
assessment [ J ]. Radiat Prot, 2007, 27 (1) 6-12. DOI;
10. 3321/j. issn. 1000-8187. 2007. 01. 002.

Zhao YF, Zhang LG, Tong JJ. Development of rapid atmospheric
source term estimation system for AP1000 nuclear power plant
[J]. Prog Nucl Energy, 2015, 81 (1):. 264-275. DOI.
10. 1016/j. pnucene. 2015. 02. 008.

Kang DG, Change SH. The safety assessment of OPR-1000
nuclear power plant for station blackout accident applying the
combined deterministic and probabilistic procedure[ J]. Nucl Eng
Des, 2014, 275. 142-153. DOI. 10.1016/j.
2014. 05. 009.

Cheng YH, Shih CK, Jiang SC, et al. Improvement of accident

nucengdes.

dose consequences simulation software for nuclear emergency
response applications [ J]. Ann Nucl Energy, 2008, 35(10):
1864-1877. DOI. 10. 1016/j. anucene. 2008. 04. 007.

Zheng DQ, Leung JKC, Lee BY, et al. Data assimilation in the
atmospheric dispersion model for nuclear accident assessments
[J]. Atmos Environ, 2007, 41 (11 ). 2438-2446. DOI.
10. 1016/]. atmosenv. 2006. 05. 076.

Cao JZ, Yeung MR, Wong SK, et al. Adaptation of COSYMA and
assessment of accident consequences for Daya Bay nuclear power
plant in China[ J]. J Environ Radioactiv, 2000, 48 (3) :265-
277. DOI.10. 1016/50265-931X(99)00077-6.

(Wickis F 391:2016-05-26)





