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Fig. 1 Technology roadmap of system development
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Fig. 3 Mesh distribution in studied area
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Table 1 Output parameters of 3—dimensional
diffusion model
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Table 2 Error statistics of tidal level simulation
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Fig. 5 Relative error statistics of flow speeds and directions in different sites
(summer and moderate tide, flow speed=0.5 m/s)
2 R&GMA — & 1Y VAR AL BETSOT U6 J5 52 R A S50 5 G )  F IX

IOf FRAZ BTV R IS SRR R Gk T AR A R
MEFHGHTTIT . B FCR AR 2016 4E4 1 20 H O
B, 2% B B] P (R B o A, TR s KA o =i )
TR IR RS HE OB A% 2R T Cs, BB 8] 7 d L HE
TSI AR BE [ 5 Ry 2%10" Bg/m’

21 1 dRAIHEAE L

6l FH 30 5 0 S8 DAY 3R 0 XV 5 A5 v A S e S SR
PRGN 3 4ESEA , SR LR S 1 d NI 22 T 4 Bl S an &l
6(a)~Kl6(e) fin. WhBE RGN HEBOF GG 1 dN
R FE A A A5 AT DL R R

1) B P B B = T 10° Ba/m?® DX 3843 A5 76 R0 i of
P26 km LU BT N ZE RS DAZR TR 1 1
296 km  FEL 4.5 lan AR R 55 g DX ek

2) WFFEHE I P TN O B O AR
P s FERSTART ] 1 d PN, PR SRS A B HReize 8 ke AL JHURH 1A MR
FERTLIGAE] 1 Ba/m® , HRE IR0 ARG R 500k 2x107,

3) USRI S5 ORI JEE 4 A A A7 A Y

A2 22

e }@ RN ?J

(a) 2 3/hEt

S AR G R
2.2 7 dNHYHEAE L

it FF 0T 52 VA 38k AN - 28 6 %o U R BT v A B S SR
PEATHRE AN 3 4E VAN, FHOR AR T d N (BRa 45 R 05 6 K
5523 /N (T B SR AN E 6 ()~ 6 (i) i s CH T 35S 8 i
M JERFCR Bl 6(a)~El6(e) 5 E 6(£)~E 6 () RH T AR
AR .

SABE BT 5 HEBOT IR S 7 d IR B2 o A 25
FHA LIRS

1) HEZK R B BE T 10° Ba/m?® 1 DX 03 A1 7
RS2 17 km LAPY 43 DI , B8 A T B
TR AR ) RS T, ARG YR B2 17 km, 1Y
B E216 km,

2) WFFE S P T A T A /N | O A ) G B
P FEBLAURT ] 7 d P, R PR MR BE IR B 1 Ba/m?®, AR XS T 550
(R R A 2x10° B, BE R s fe iz Ak 467 2R AL 17 30 km,
B 25 km 4k,

./

(e) %24 /Nt

(d) 518 /MEF

b) & 6/Nmt (C) F 12/ mt
PO T e < e S S Ty o
,K} 6 7S ¢1‘;¥f¥»\% %@mbﬂtﬂﬂfti%:/fq )
(onge & 4 10<10°
. it
N - = Loilo‘j‘
£y <y 104102
= 5 1.0x102
y & Y & A d 1.0x10*
(f) & 48/hpF (g) & 96/\At (h) 144 /BT (i) #1167 /et
E 6 HEMFRE & EEBKESIERES S
Fig. 6 Concentration distribution after discharge
Bl 48



F 545 2017,35(13)

3) T BT A HIORVAR B 43 A W dnb 52 00 A ) )
— B [ AR AR o RO IR i S M e B 3 B s U
W 171000 Fr) v 355 1 B i Rl 1sf 1] 25 £ 1 il 2 an 11 7 T/ o
P AT, T e i R R G A R B2 12 hi
SR P, A B SRR b, 2 R T ARG 0 221 1k
WL RERRINZ 12 h, S A R — 2.

2_

TFA(10°m?)

0713 25 37 49 o 73 85 97
TR )/h
B 7 BHFBEE7RAKES FIRERTHKE 1/1000 89
TR T AR B R A e i) 2 %
Fig. 7 Sea area with concentration above 1/1000 of
source concentration in 7 days after discharge

4) 8 JE/R T AEIRIURETA A AR 2~10 km AE7E1T 3 i)
IS5 o 1] 8 v i 8 IX IR IR I R B8 . A 3 441
T ) — 7 B R B S i vk B 22 e AR L L
5 o AR 2T I T Z AR 2 W L 7000 .2 DR, % [
— (LB AN R B AT L, SRR 222 24

ks HEE

s3]

FROR I T 8

I

TRITURE B DAAR I B 2 /km

B8 BRMIRTILZ2~10 km 4 HI EEHENLE R
Fig. 8 3-dimensional profile drilled between 2 km

and 10 km east from discharge point

2.3 24y HIE

ol PR 2 OB O 24 TASEL AT, ASLAEL A
B4y e [) T P 8 T 3 TR S 5 K 4 3 B IT AR IR 5
2 H 54 H OB 731 Al 9 s .

TAEY BRI L, SRR 5 2 O R R ) B

27.10°N

26.80°N
120.15°E

1203°E 12045°E

(a) E2HOMRFHH

27.10°N

26.80° N
120.15° E

L
120.45°E

1203°E

(b) 884 HORHLF5 7R
9 “HIEIEMER
Fig. 9 2-dimensional diffusion simulation result

S CAZR IS8, 25 4 FRCAE ) o SR 2 R AR (AT
T, Ay RO TG A S22 B0 01 5 K520 3 45T
W RIEAR—E, a] LU TR O E Y BT 5 B i TR
S

3 #R5itig
3.1 BT R AR S R 3R B I E

MR ALLEE S, o] LAAS Y DL 4538, 7 R B b ZE 491 1y
2] 7 SR I 1) 5 ) AR

1) T 7 S0 i T A /N, R 0.2~0.7 /s (KI5 1)
WA E AR ) K TP S B 18 . AR AR
SPERERE B 1 d P, BN 6 ke B 5 A0 0 o R
10° Ba/m® s BERUG 7 d P9, BN 17 ke B 25 A0 OSSP I 2
1 10° Ba/m® , FHXTIRIT R RE R ALK 2%10",

2) TR e B AT B , 5 B ] BT A
B/ =i [ O () [ e e e W R e 3 =2 B TS 1
T BRI AR AL (R PN ) s T R I S S A R
W I 7 TR AR I 2 T AR B I B I Xk, DA 52 |
it R

3) FERERAS km W I LAPY  ZERBRIRS(A] 1 d P s MR
B 110" Ba/m’s i R 40 4 & 0957 s H AR A HEA 71T
il FEDCHRBE T, W3 PN 3 K A A R K £ T 52 50 R Ry
9 wGy/h, H2E XK A= A= Wit Jl K 1 e SR R O 35 7K 5 RS
HEF TR B A BRI, D) R AR i 52 4 ) ol ek 1 mSv/a, H
i A T8 B A T T 70 KO s A T OK 3 B i Az )
Sh 5107 pSv/h, 78 I 3 3 10 AT 1 S0 R 47 30 TG 3 R
W o Bt RS IR A% | F 2 U0 3 PN RO P e R Ak s T i, 233

49 Im



2,

4% 54 2017,35(13)

SCIENCE & TECHNOLOGY REVIEW

BN B B HR S R N 2 AR s B A R 2 IRk
B BRI EE I = i B AT

4) THEAZ )RR R IE R H X, DX P 2
S HO R R AN VR I 1) R AR Bk I 1) O
PG, 3224 A2 TR ) B AR I SR P A v
A S —E 0 A Y w7 3 SR R ]
VR 2 ¢ v A ) TR K G L FE )N 5 T eI K s
PR 2R SR OV B 25 A BT B, T L ok BT 2 B ) 8 ) 4 R Ak
P D D5 LAk PR T Sl BRI, A T A o
3.2 ZRGEBIRSHH

N EARTHE T LAE B T IR v e R R 58
B2 52 T 04 A% e W ek BRI v i A A S I R
PP A BT BE ST

2 8 3 SE PR A% OIS BT IR AL A s i
P BUN AR AE YA N T R G 2t REELL T &
T PRI SEATIAFAE— B SR PR, T Bt — IR AEE o

1) H Fi s 5 o 2l 0 07 s T i AE K i)
TR A ZE R0 FH Y o JCSR PHEA% R AR M 7K () A /)N
AL A 3 A 2R 1 3 BE R K O 5 UURR A P s o
PERZZ (R B 50 K O PR A 2 TR B 1 LB X 3 o % T
K<10° m*/kg (A%, 401 Cs F1 T, 85 2R GE (R 465 5 T T i
Zum i TAE 2 AR, {H Kd BRI A% 2 5 BTk
Fu TR B W BRI R 2 U S R A R BB TR, TR
B AR BRI i — 2525 JRI K h B IR 5 TR X
PR AR R R B R

2) ZGe A FH T L TR AR A A a7 X
VRO RCAE EAT T IR UE , (EE LSS B iy is b it SR A 56
UEo FEZRAUBFTEH , 54 (8 © 4 A I S P K R b = A 1
TSR P A 2R TR B Sy s U R X AR B AT B E ) A v [
WG N AR A5, T B R FADGE 2 T 58
R

3) HHT R GER FH 0 77 PP AR A A K A Hp s S A%
U5 AR N TR PR R B AR A R AT (R
FEHCRE U T, O A% 2R A S B 1] P i AKAR BT A
Y EWIHE O R A% AL ST DU - 834 A 0 e

S

4 HHig

RIS R R R R G B TR L R O
W) SL NG 2 BN 1LY EnN K7/ IDV B A WIDE TR TR i
FIVEH BIRE ST, mT LUK AR T AR 7 o RO A 1
IR P I =B A A A A IO R A T B AR

X7 I R TR A LD M R ], 7 P A LT I R Ve
RS/, HET A TS 1 0y Jo A L S 18] PR AR 1) T 0 2 T
PR SRR e TR PR BE o LRG0T, 7 24 5
Bt , SR B0 45 T Bt BRI K T B UM P15 )

%% 3k (References)

[1] International Atomic Energy Agency. The fukushima daiichi accident re-
port by the director general[R]. Austria: International Atomic Energy
Agency, 2015: 106-107.

[2] Li B, Chen Y Y. Post—accident leakage and discharge of radioactive
waste liquid at Fukushima Dai—ichi NPP and its environmental impacts
[J]. Radiation Protection. 2012, 32(6): 336-347.

[3] Periaiez R, Brovchenko 1. A new comparison of marine dispersion mod-
el performances for Fukushima Dai-ichi releases in the frame of IAEA
MODARIA program[]]. Journal of Environmental Radioactivity, 2015,
150: 247-269.

[4] Maderich V, Bezhenar R, Heling R, et al. Regional long—term model of
radioactivity dispersion and fate in the northwestern pacific and adja-
cent seas: Application to the Fukushima Dai—ichi accident[]J]. Journal
of Environmental Radioactivity, 2014, 131: 4-18.

[5] Nakano M, Povinec P P. Long—term simulations of the ""Cs dispersion
from the Fukushima accident in the world ocean[J]. Journal of Environ-
mental Radioactivity, 2012, 111: 109-115.

[6] du Bois P B, Laguionie P, Boust, et al. Estimation of marine source—
term following Fukushima Dai—ichi accident[]]. Journal of Environmen-
tal Radioactivity, 2012, 114: 2-9.

[7] Wang S W, Qiao Q D, et al. Assessment of radiological consequence of
coastal seawater after coastal nuclear power plant accident|J]. South—to—
North Water Transfers and Water Science & Technology, 2012, 10(6):
176-180.

[8] Qiao Q D, Guo C. Method research of radiation consequence evaluation
in the ocean discharged from nuclear accident[J]. Nuclear Safety, 2015
(2): 12-19.

[9] Chen C S, Beardsley R C, Cowles G. An unstructured grid, finite—vol-
ume coastal ocean model FVCOM user manual[J]. Oceanography, 2006,
19(1): 78-89.

[10] Valentin J. A framework for assessing the impact of ionizing radiation
on non—human species: Publication 91[J]. Annals of the ICRP 33,
2003, 33(3): 201-270.

[11] Larsson C M. The FASSET framework for assessment of the impact of
ionising radiation on non—human species|J]. Journal of Radiological
Protection, 2004(24): A1-A12.

[12] Bai X P, Du H Y, Zheng W. Comparative study of RESRAD-BIOTA
and ERICA programs in assessment of radiation effect on pelagic fish
[J]. Radiation Protection, 2011, 31(2): 65-71.

[13] Ma W L, Cao J Z, Fang D. Analysis and study on generic models for
use in assessing the impact of radioactive liquid effluent to the envi-
ronment[J]. Radiation Protection, 2008, 28(2): 90-96.

[14] Suzhou nuclear power research institute. Environmental impact state-
ment on unit 3 and unit 4[R]. Ningde: Fujian Ningde Nuclear Power
Co.Ltd., 2009.

[15] Harms I H, Karcher M J, Burchard H. Modelling radioactivity in the
marine environment: The application of hydrodynamic circulation mod-
els for simulating oceanic dispersion of radioactivity[J]. Radioactivity
in the Environment, 2003(4): 55-85.

[16] Koziy L, Maderich V, Margvelashvili N, et al. Three-dimensional mod-
el of radionuclide dispersion in estuaries and shelf seas|J]. Environ-
mental Modelling and Software, 1998, 13(5/6): 413-420.

[17] Heldal H E, Vikebg F, Johansen G O. Dispersal of the radionuclide
caesium—137 (’Cs) from point sources in the Barents and Norwegian

Seas and its potential contamination of the Arctic marine food chain:



FHES2017,35(1) f&

SCIENCE & TECHNOLOGY REVIEW

Coupling numerical ocean models with geographical fish distribution diological assessment of marine environment after accidental releases:
data[J]. Environmental Pollution, 2012, 164: 1-10. Application to coastal areas of the Baltic, Black and North Seas|J].
[18] Lepicard S, Heling R, Maderich V, POSEIDON/RODOS models for ra- Journal of Environmental Radioactivity, 2004, 72: 153-161.

An oceanic environment radiation consequence analysis system for
nuclear power plants

GUO Cai', LIN Quanyi', YUE Huiguo', YANG Jing’, QIAO Qingdang'

1. Nuclear and Radiation Safety Center, Ministry of Environmental Protection, Beijing 100082, China
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Abstract Based on ocean current numerical forecast in China Seas, high—resolution coast line and bathymetrictopography data of
nearshore area, an oceanic radiation consequence analysis system has been established for nuclear power plants. The developed system
adopts models used for current forecast, radioactive effluent numerical dispersions and radiological dose assessment. The system can
simulate the dispersion path of radioactive effluent in various domestic nuclear power plants, and can make sophisticated three—dimension
assessment in the nearshore area of a specific nuclear power plant. The assessment result can provide technical support for decisions on
emergency response action. This paper provides an assessment result on an assumed nuclear accident in the Ningde Nuclear Power Plant.
The assessment result shows that in the assumed situation, the ocean current in the simulated sea area is slow and semi—diurnal, which
heads eastward during falling tide, westward during rising tide. The slow ocean current causes a slow diffusion process, thus high
radioactive concentration will be accumulated in the near shore area.

Keywords ocean current numerical forecast; nuclide diffusion numerical simulation; consequence assessment for nuclear accident
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