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Atmospheric diffusion and environmental risk simulation of nuclear leakage: A
case study of Shandong Peninsula, China

s

SHAN Wanyuel’z, LIANG Yuhan', WANG Cang3 , BO Xin"*", XU Xin"*

1. Department of Environmental Science and Engineering, Beijing University of Chemical Technology, Beijing 100029
2. BUCT Institute for Carbon-neutrality of Chinese Industries, Beijing University of Chemical Technology, Beijing 100029
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Abstract: Taking the Shandong Peninsula as the research area, this study used the CALPUFF model to quantitatively simulate the radionuclide
leakage and diffusion from a virtual nuclear power plant in different coastal grids from January 1 to December 31, 2018. On this basis, a grid health
risk value calculation method that considers both population and pollutant concentration was used to characterize the potential environmental health
risks of nuclides in the process of nuclear leakage accidents, thereby determining the optimal and most unfavorable plant locations in the study area.
Additionally, atmospheric dispersion of I-131 in different seasons was analyzed by combining wind field data of the optimal and least favorable sites.
Results showed that grid 44 in Weihai City had the lowest total environmental risk (environmental risk value: 1.73x10'®) , meaning that it was the
optimal location for a nuclear power plant. The total environmental risk value of grid 35 (in Qingdao City) was the highest (environmental risk value:
9.98x10"") , meaning that it was a location unsuitable for a nuclear power plant in this study. Atmospheric dispersion of I-131 is mainly affected by the
regional prevailing wind direction, and the maximum monthly mean concentration of I-131 under both the optimal and the least favorable scenarios
occurred in summer. The siting of nuclear power plants should consider wind direction, terrain, and population factors. Coastal areas with small
populations in the downwind direction of the prevailing winds are most suitable for nuclear power plants. The research results represent a methodological
reference for quantitative assessment of the potential environmental risks of nuclear power plant layout and site selection, and provide new ideas and
technical support for existing layouts and site selection methods of nuclear power plants.

Keywords: nuclear leakage accident; radionuclide diffusion; CALPUFF model; site layout optimization
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1 3|5 (Introduction)

IARSE o E A R R AE RGN, 2021 AR R L R HL T 3K 4075.242 kWh, 3 2020 4E 380 T 412,712
kWh, [f] L3 K 10.13% (¥ F], 20225 EIZRSETTH R, 2022). EAN, 78 < SR 15 35t Ko A B A ms AL AE IR 1A 22 A
BURR, W2 2030 45 38 E A A R ML SR 7 R R B Y 10% LA 21 2060 45 18 B 20% DL (iR 2
2021). AT L, b A LA R T Ji B s R, B v A% H o L R T R I A R R SR M B SR AR
SR, 55 A RE TR Lb , 42 i B HOM R 22 b, JUHOR AR 22 A MR A] SE 0 T T, 33K SR A% Ha, 1) KRR A JRe i >k
THEARHE . HARME SSRGS BTS2 wiocd L, e ae =l & R fe
PRBE S AR GRS A A A BE AT 0 R B2 . TG AZ PR sl 75 7 A% T T IXURS: | o) A2 riL 3l 5 LA A7 Jmy sk
A5 L AR A Tk s JIT a5 A () A 358 XU 2 0 b B 11

P AZ 1 Y S5 OB AEL P Al T, 28 A AR R BT R P AU A R AR RPNy AR
CALPUFF #7143 FE (PR i PPAN S U R AAASE ) (HY 2.2-2018) g HEFARC A, HETC AR 20 1) 32 i H
(HEZSHREERR, 2018). 40, 4 2534 (2012) 1) FH CALPUFF BB 58 R [7] KB R A% 25 B0k BT, B0 1 %8
RULE rp e B 8 0 i Vi XUREORE T B AT S A A M L 1 9590 (2013) 6 B CALPUFF LAY T 4 i A e o
FE R U A3 A A S R B T i R A T8 2 2 XSS 401 1 & M AL A Daario 55 (2018 ) i it CALPUFF
BRI 7R it DURI SR P ) Cs-137 BURR, BN T RS RUGHEBOIR S 8000 s AR A | S0 F T R 7R O A% 2
K FE B Bo 4 b (938 PP . SRBIFSE AT CALPUFF A5 50 X6k A% 2 vk i 100 3 85 7 1550 1 23 ) 43 A1 17 10 1A 7
AL, AR5 PEAZ T U 38 B ) PRI RS . e oh  ASBIF S SE T AR AR A B A T 1Y) 29 7 R FH A% Ll A PE 25 13
S BRAF AR A A5 X5 R 2 LB 7 2 N TR) P9 29 b A2 1 U B 58 XU

BEXT IR ), ARF 5T AL ZR 2 S S I Xk, $ 1L AR 48 VR U R 2 259 A A%, I CALPUFF A5 754
SE A 2018 4 1 H 1 H—12 H 31 H 2 H0UA% R 3t 78 S [R) T 1A DO A A A0 S5 ek A 28 Tk ) 1350 B R 8 0 A1 1
O, 45 A 2 N B BTN R % 52T A ERBEIRURS: |, 5 A5 A 5% IX 35 N 1) e A1 A e AN AR 1 T ik A7 g o,
LI oM A% H S BT A A S A it Dy 32 B B S B AT R R S

2 #EL5 A% (Materials and methods)

21 HREEBSGXS

F5E DX 38 5 L1 AR 48 43, ZRPE 1 721.03 km, B AU K 437.28 km, A2 R 1.56X10° km” Horr, U ifg it 5%
DI AE LU AR TN T R T T S T g T ST L H BT AR 7 SV
2.2 CALPUFF &

CALPUFF BRIy v ] AR AR PR AR A () TR Yy i i i 2 —  FE R A e f <4 %
AT EAT B B MER I R S (A 225 ,2000) , W] LA A i S A2 28 A0 e B 8 4% i 12 1L O 2 ) A 401
ROR  ASHIFSE = A AIF ST DX I v e 2% S T CALPUFF B R L4 B Y 0y s ASE 4007 9 250 P RS 2555 1AL
([ 2545, 2019 ; 4 FE 45, 2020). UL, % 18 3] CALPUFF B 78 75 X5 70 J 05 G i I B 15 42 3% TG EL A T4
R, VA e SR T HA T L2 0 ] St ARF 98 e £ CALPURF SEAIEA T 1-131 A9 BB 5% .

AHIE ST ALY A iR F R 22 AR AR, B A A 43 3130 8 km , A6 5 1] 65 4~ A& , ZR 78 7 [n] 96 1>
WS BFFEAT B 20184 1 H 1 H—12 H 31 H . BFFE XA S 80 J b R BRI AR WREF R R3E (1)
SR G R WY X MY i RO R A 9 M TR SR (USGS) RS BE 2R 90 m, = b I FH S U4k
K RE R 30 m(EREESE, 20225 {AFE5E, 2023a) AR SENEIRC AE 20580 B A8 8] 7R, S T
TRAF R BAUACR (A 855, 2015; 32 3CHESE, 2020517384, 2023). T 1-131 2k W 532 3 2561
M Z— MR EE ¥ (2012) IAX AL 9T S H AR I+ Re W 55 T & HLAE JAEA 1Y SPEED Ji {8 555351 ( Terada
et al., 2012) ,AWFFEIESE 1310 Ba-h' hy s P M VRS I Ah , AR I LU AR I J 2 B T 259 4R As Ay
FERARZ R Tk ASAULAE AN [R] X DA itk P SR P A% 28 7 0 O . AR A I A g N 0 80 R A
W ZE MR B VTN R Vg 2 2 XA 5 55 T A A58 IXUBS: L, DA T 2 e DI 15 e B A58 XU L B A1) LR AN A 5
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CElPREE WU (R e ). P 1 A I T A TP s o A O

Fig.1  Distribution of central points of coastal grid

23 ANO#EER
5% DX 3k 4 N T 5040 SR U1 2018 4R TSN 11 Bh A8 48 7 H 43 BT 84 J#E (LandScan) , & H #5561 50 s
WIF 5T P 4ok P A8 AR AR N 11 23 (8] 850408 (Rose et al., 2019). 8 2 Ky 2018 4R 1A A NI Aii 15 10

2 2018FWHRAAOSNT
Fig.2  Population distribution of Shandong Province in 2018

24 MERKREITERSX
S AR A BN 2 WX T 3 XU A BT 5% (3 SCaHE S | 20203111 8845, 2023b; Xu et al. , 2023) , AR SCIEF
2018 4F: LandScan L 7 A F 434 {5 8 R CALPUFF B A O 90 S5 1-13 1 v BE A58 , 4 2 b 0] 43 B 8 km
SIHER MG i (i=1,2, -+ N, N=259) AR BRSO A S PR V5 G 1-13 1 MR BE R AN 145 €, X (1)
THAAR RIS 56 R RS (8 PR XU A P
P, =R xC, (1)
R 2) T ARG 5T B PR i S A5 XU (8L, e U1 5 R P U R/ IMELI, e N A 5o P
IS e R AERT
P=P,+P,+..+P, (2)

3 #ZHR 5142 (Results and discussion)

31 ARBEE T30 #iER

ARG R AT 520 & A A T = S0 A% R i 6 T 45 A W IR oh AR O0] LR AT i M A 2R A
AT . LT I A4 LandScan A 1723 (A5 F CALPUFF Bi48L (1 1-131 4R 1 . Bk J e KU 50808 | 1135 A J)
5 50T (259 M 550 BY FREE RS AEL 5341 (11 3) | e 200 7 A% FL s ) S D0 AT Jm i 45 2R s, P58 XU (A Y
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B 35 AT DX AR K20 T il T . AR5 108 B 55 RIS (e AP R e g 8 A WA, 20 82 T il T i
14 44 5 RS AL TF77 8 111K 355 RA% (181 4) MDA ASBIE S A S 0175 S5 R AN R S5, 20 R 1131 44
F U 3 A IR R MRS58 KRS B0 A 1) 7

B3 259MESETURENEHRERKEDH

Fig.3 Distribution of total environmental risk of Shandong Province under 259 scenarios

4 BRAEESNRRFESOSECE
Fig.4  Point source location for the optimal and the most unfavorable scenarios

32 BEBEESH

MG ST, BB AU R 5 T B0 T 19 445 IS ), Atk J 1-13 1 AR X5 B 43 A an 51 5 e . el 14
AT, 1-131 AF 349 B 52 e 91 Bl Ry 5.54~5.55% 10 (R 558 A fB, 3BT 2018 4E 1 H 1 H—12 A 31 HAE
W B B AR /N, TCiE AN AR v BEAE TR DX I VR AR TR U A, I AT kA v [ DU JR1 80 5400 45
A5G B T A P R XU A XU S IR I , A R XU IR0 DX e 3 1

DA Ay 1 H (&) 4 H(F) 7TH )10 H (BO ARE, W A FE 2 131 59 KRS #0S
B 445 PRSI SRR 2200 1-131 (99 B S An & 6 s .1 30 5 T M 00 sl itk Uk 19 1-131 H Y90k B A
0~7.51x10*YuFE N 5l , 1-131 F 2 m) 478, 37 HO ) REORF G B T Y 3 5 XU P A6 R .4 ) i 40042 H iy
W Y 1-131 H X9k FETE 0~8.49x10* S0 [l N I 8l , 9 By 7] R EBORF G Jal i T 9 355 XUIm] P R XL T 4 H 1)
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LU AR B A AL i DX 1 BT i R U XURD AR AU A0, PRt AF e m B SO a2 .7 A 1-131 A ¥k EAE
10.48~1.32x10° 7 [l N e 8y , 3= e 8 S XU e 1 P b M LSR8, 1 7 A _a) 2 AR R AR AU, i 2 2
A PE R B 10 H 1-131 H B ELE 0.07~6.32x 1070 Bl N i 31, B 32 S XU s i 47 .

E5 BEREBEERLBIESRESS

Fig.5 Average annual concentration distribution of I-131 in the optimal scenario

El6 RILESHARABLBIHAEREST (a1 s b4 A5 .7 H; d 10 A i k38 m 0 H ¥R 07 1, 153k K m AR H )Gk
/M)
Fig.6  Average monthly concentration distribution of 1-131 in different months in the optimal scenario (a. January; b. April; c. July; d. October.

The arrow points to the direction of the average monthly wind field, and the length of the arrow indicates the average monthly wind speed)
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AE T T R PRSI (EL A A 7 i s 2215 S AL PR U A 1.73% 10", 78 BT A T T8 W A% s 3R 055
IR L B AR 1-13 1 A BRI XS, A v {20 A 7 AU B SUT , 55° 5 i ¥R 2 T M DX R AR 1-13 1 R B A LI, {EL
N, DRI, BR5E JXURG: o A0S i e . AR 7 i T v s DX (A8, WG T T R oA it DX XU B8/

B7 RILESNIFRERE ST
Fig.7 Environmental risk distribution of the optimal scenario
33 RAMBERSW
TESAFME ST, BRI DA% H 2l (57 T 75 By 1T 19 35 55 WA IR, A2 I I 1-131 4 49 B2 70 A an 151 8 s 1-
131 424 FZ S MRV LA 13.80~1.40x10° AN AT LA HY A% 28 Wk B2 AR I IR AR OUEE (L, O AT 41k 2k vvocs i)
VU Sl 2047 8, 9 IO B HOR , 322845 B 1 DXk B i R 30 ¢ . 7 B i 3 22 - it e s o P38
BT 131 AR PR B A A 345 M P b 4 AR X — 2

E8 ZAFESHI-1BIEHREST
Fig.8 Average annual concentration distribution of I-131 in the most unfavorable scenario
PLZEF SR F 0y 1 H (&) 4 H(F) 7T HE)RN10 A (B AR, M AR 255 1-131 19 KRS80
.35 5 RS SRR ZE 1T 1-131 (998U O an & 9 s .1 A% 5 M2 4Bl e sl ik U 119 1-131 H Y99k B2 7E
0~2.10x10° e Bl P g 2l , 1-131 =22 (0] ZR g 7 [l 976, 97 8007 1n) KRB 675 S 1 09 = 5 XU p5 bR .4 B
FHL il R Y 1-131 A YR BETE 4.92~4.02x10° 0 [l N 5 8, 322 Bt 325 XU [ AR 6, i 4 A A il 8l 7
AR AL R PR AR I R HLA RA .7 A 1131 = ZERE X 1) N R, H 599 BE7E 0.19~3.60x 10°3 [l 4
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Wzl 10 A 1-131 B XU 50 75 5w B4, A Y99 BE7E 0.03~5.90x 10° i [F N 3% 55 .

B9 SAMNERFARBGLBIMAERESH (a1 Hsb.4H; e 7H; d 10 A . kA5 0 A B 707 ), i 3k A A0 H B XU
KN

Fig.9 Average monthly concentration distribution of I-131 in different months in the most unfavorable scenario (a. January; b. April; c. July; d.

October. The arrow points to the direction of the average monthly wind field, and the length of the arrow indicates the average monthly wind

speed)
AR 5T A RS KU E 73 A5 A AT 10 B 7S AR 5 A9 B R B8 IKURS: (A 9.98x 10", 15 BT A7 i 6% W A v
IR XU (B fi 7 . AR 5 LR A DR DXy T-13 1 AR Rk B Py, Hm (XY R AR 22
PR LA R B DRSO B vy . A B T 019 35 45 AR AN T VR DA A L 3l A Sy

B 10 SAMERTHHERES

Fig.10  Environmental risk distribution in the most unfavorable scenario
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4 AFHEMSD M (Uncertainty analysis )

AR BIAGEEHTUNT : O1- 131 R BAHE N, RS PR RY ol %55 189 G fE P R
Yy BRARAE , W] BE T IS R O 22 s @ FREE AU (9 32 PR A FHEAS T 5 1, AR 2 (] AR AR A T B 28R AR, AT 5T
R BHL R ER , T RE S B R A A0 8 1 s O U WA E M, AT IR I (5 R 225 AT HGE M wEE , 77
TE—5E BN E 1 5 OASBITF F B PR IR XU 7 12 B 00 A% Fit 3 b ) RSB E XU: , oK 255 S i 7 45 P

S .
5 %518 (Conclusions)

DA AT J5 15 BRI T 1Y) 445 A% AU TR PR R 1-13 1 AR BE ARy 5.55%10°, BRI
UBEAEL A 1.73% 10", 76 Fr A5 T WA o S PR S5 XURSLEL R AR, AR5 P e DL B8 1k A Jeg a5 AR5 v e AN
A J5) KA B T 3545 RS B IO A 2R 1-131 A AU BE I A Dl 1.40%10° , S FR 358 XU (i Ry 9.98%
10", 7 A T i A% rh SRS XU (A i, S AT v dee AN RS T ik A7 JRj A

2)TERAMEAE SEAEAMING b A FIZE 1131 089 H B A 22052 Birdd DXk T XU A2, HLT1-131
F9H 2o e B B RAE R B B 2 Ae e s st rh, 10 A 1-131 A B EETE 0.07~6.32x10* L [l N 3 3l , Bl 3%
DAt 39 b, S A AR L, X LR N R RS IR s AE R A A S, 7 A 1131 A B EEAE 0.19~
3.60x 10°JE [l N 3l , 32X ) N 7 B, S5 A= AR G, 368 L 2R PR B 2 e oK

3R TR RYEERE W 2RG 2 R MR AN T DR 3R TGV A A i T S 0 B KU, N2
AbF 3T AU T AT B T X S A AR )

REEEEN: 02,5 B AR BLAERT A RIR AT ERELN, RS MBATEEF5048T, KR FALX
10047 & MERRE,FRT AR EE.
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