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Impact of nuclear water discharge on ships’ ballast
water and response countermeasures

WEI Yaoming', ZHANG Jianbao®, WANG Hu'
(1. Merchant Marine College, Shanghai Maritime University, Shanghai 201306, China;
2. Water Transport Research Institute of the Ministry of Transport, Beijing 100088, China)

Abstract: This study employs the MARIS model and a convective diffusion model to simulate the diffusion of nuclear
wastewater released from Japan. Based on the simulation results, it proposes optimized methods for ballast water exchange
to prevent the direct discharge of radioactive ballast water into ports, thereby mitigating potential threats to the ecological
environment. The research focuses on the Fukushima nuclear incident and the subsequent continuous release of 1. 3 million
tons of nuclear wastewater into the ocean. Results indicate that radioactive substances are mainly concentrated in the surface
layer of the ocean, with detectable enrichment of radioactive elements such as cesium in seawater and aquatic organisms
near the Fukushima nuclear power plant. Consequently, ships operating near eastern Japanese ports are taking in ballast
water contaminated with radioactive materials, including cesium-134 and cesium-137. Using a convective diffusion module,
the study simulates the variation in radioactive substance concentrations during ballast water exchange at different distances,
providing theoretical support for optimizing exchange strategies. The findings show that performing a secondary ballast water
exchange more than 20 nautical miles from Japan's coast can reduce radioactive substance concentrations in ballast water to
one ten-thousandth of the pre-exchange levels. The conclusions of this study can assist maritime regulatory authorities in
formulating effective management measures, thereby contributing to the protection of marine ecosystems.

Key words: fukushima nuclear power accident; radioactive ballast water; ballast water; nuclear wastewater;

s B 83:2024-12-13

E&WE : B AW TTRITE (2022YFB4301403 ) Bt )

SE—1EE BRI (1986—) , 03 IS WFFE 5 Il A 2 2 A BE S B {5 4 . E-mail : ymwei@ shmtu. edu. en

B I £ IAL 2 (1987—) , 50, HIBFSE B, BRS04 SR 54 8 B A6 . el shangjianbao@ wi. ac. en

SRS BT, SRl 5, VE IR TS KB AR He 23K 1 32 0 B i xof % 3 [0 ] v i, 2025,48 (4) 1160 - 166.
WEI Y M,ZHANG J B, WANG H. Impact of nuclear water discharge on ships’ ballast water and response countermeasures| J]. Navigation
of China,2025,48(4) :160 —166. (in Chinese)



BRI, 25 - 75 /K HERAON IR S 287K PR B0 B X xof 5 161

marine pollution

2011 4£3 A 11 H 14 iF 46 73, H ALK
AR FUMER S K T ORI, 28y T H AR AR 52—
o, FEUE PR RS T R Y
KR R R FR B o 4 S
Z e, i A S AN 2 T ) R DA o
Z— GFRIEAE 4 O 1k 5 7 E W TR R
Yeshiil, 2023 4E 8 A 24 H, H A BUG ICHL E Prit
SR BREN RN, BT ISR ATHE 130 0 m’ A5 O
PEM IR A A5 K HE AR | 28 K X R R B AN
A e O™ I E

1 PO T R S AR DURIAZ b h 7 4 A
SRRSO YRR R A P LA DL e )
IR (Becquerel, Bq) Ny Hifii, | Bq R bk E—
UL ST 4 o i B A [l B B o (E 35
A, B T 2R B T KK BT DU
Pyl B TR o e S R BRI,
T PBa (1 PBq = 10" Bq) FE 2 8075 0 T4/
[ 45t , 38 % {3 ] TBq (1 TBq = 10" Bq) il GBq(1
GBq =10" Ba) /8, ORI AL 38 4 (oF
192,06 4F) A1 45 (24 21 30. 2 4F) R TS Yy
BRUENG . HAH 2012 4F 4 H 1 HGE X8 fh
PR A R 1 BT se AN 100 Bg'

*1 RBEZERVIRERFZELEBSS
R R it R S X L
Tab.1 Comparison of Fukushima and Chernobyl
nuclear accident leakage Fifi;:10" Bq

\ s YR A

BHEE Tk me KA v
mﬂﬂl 160 11 1 760 0
137 i 15 4 85 16

TN 1 Bz, TEAR B A e 5 18 5 48 Y0 A
IKIRGHEAT RS, S BRSPS A SR o A
N e A0 AR P i A5 S RO 2 4
B 100 2L I, 50K U5 Ken Buesseler'™' . X 720
H 2011 4E 3 J] 12 H 48 & Hh i LAk, il v oo &= it
T X ¥ ¥ B 05 3 130™ BRI b s 2 HE Vi Y
130 J7 m’ %5 7K, 30 H AR R #1110 7K RK
A=) BRSO P B B BN o X LT K IR A
AW BETE R R A H AR R SO O, AR Bt A
S, ARG B, R UM E R

RUEEAR & 55— R R 130 5 m Yy
Be5 /KT 285 1 Je i /K Ab R 555 ( Advanced

D TR R T

Bg/kg 8¢ Bg/m?

It [6]
o ST ST AR M A LT L1 12
T4 FEAR S A% FLE BRI K ) S BE
3 T A R AT S P £ 2K
< YRR L R A 2

Pl T 4 5 A2 FR B /K S g AT Fr A
134%@*”137%@5935:4]
Fig. 1 Levels of **Cq and "’ Cg in marine five years after

the accident near the Fukushima nuclear power plant'*’

Liquid Processing System , ALPS) [ Ab B , {H 50514
G FEHOOR R R 0 R, BFSE R0, R & at b B
115 K P ATE IR 5% B R S R TECR I DT 3R 3 B8 T30 1
% v VR GO B R (NP S WM EWNIUE’S
BN

H BT ET X B A 280K 48 BELECR 7 1 i pF5E b,
T T 1 2450 i A AR A8 A R AR 2 T O A
R I E LR, NHE B AR B 2% il 50 n mile
PN 7K el s T T 28K B A AR S A7 B b 4 15 4 3L, O 7R
X BEARAA AT BB R KSR 24 h, ZORHAERE 2
FE [ G £EZL 200 n mile HOK T 200 m (1 7K I8
AT RO B e, SHAN 25171 )BT R %) 46 5 4%
T K AR SRR B S BB . CHEN 45 g
Yy it 20K #E AR ZS RGN S AT T PPAL F
Fo TEHARKETT T, FFLL 545" XA R 28K W
FERG AT T, RIS K B, SONG
2100 5 TR T A% T 7K R B A S S
BV YR E G, 45 X S o R TE H AU
PR BT K IR B S R %, LEE S5 5l o i A
BT, G3-Ar 1 e R e R B 1 T 2K R IS DT AR
FEA PR R AZ P I, 6 O P XU 647 T F
flio LIN 55 BFSE T 4 S A% Ok AR 05 SR R K 5
H 0 T ) R A T R B, WU S [ A T
TR BTG YR IREE 10 4RSS RS2 42 Y T K
TSR o AR R BRI AT

ARSCHEET PR TS, R ] MARIS #1764 1)
BTs Sl 22 R ER TR P o B BB
PRIl REATLA 1) MARIS 454 512 HI T s i) A4 32000 76
TEPHCHPEY B HC S e B i R G, R AE TR
RS AR 3ty 90 S B SR B, T T B OE
TR O R TR FR BE Y R2 0 AR SCLA MARIS 5 7Y



162

O M T

55 48 55 4 )

Bl LA, 8 Python 38 F# AL 0 I AL R H A
FRABMFIR Cs WRE AL AL A

WFFE R, A M IAAE H A AR R AT 1 LR AR
O (N A, BT 4 (Y R EOK
TR HHE B R U , 200 2 A IS PRI U
ARSCHIBE SR 13X — )8, o 2 1 HBE S i o (.

TR

1 ZF KRN R E

1.1 BRZEKNY #®KE

P 2 P, 25 MARIS BRI 50 A, 7 A
R A i R AZ 15 K B8RO A AR 7 A 3 2
H o FRIEIR— 8 8545 5 A s 1 ABE AR ARHEA T 17

%.;SON % ng 7
20N e 20N i 4
100E 110E 120E 130E 140E 150E 100E 110E 120E 130E 140E 150E
ZRE/(°) ZRE/(°)
(a) 2011 4FAZi57K (b) 2012 4F4%T57K
POk I A PR D A
46N 46N
< 4N < 4N
= ft i o
& 30N P % 3 3
20N 20N

100E 110E 120 130E 140E 150E
ZR/()

(¢) 2013 4ERET5 7K
B ok e

46N

< 40N

ool

{.L"E( $

§ 30N b :
20N q

100E 110E 120E 130E 140E 150E
Z8/()

(d) 2014 4F%i5K
PRI A

46N 1
40N 4
30N 3 3

. / 2
20N i

I 1,000 000

100 000

=
B E
100E 110E 120E 130E 140E 150E 100E 110E 120E 130E 140E 150E 10000 §
ZRE/C) /() .
(e) 2015 AEZT5K () 2016 4E£%I5K
N . 1000
BRI BRI A

46N

40N

30N ﬁ) .'/;
20N G

100E110E120E 130E140E150E

2B/

ZhRE/(%)

46N '

40N

30N :
e :

20N i

100ET10E120E 130E 140E150E

I 100
0

ZE/(°) ZEE/(°)
(g) 2017 4ERZ57K (h) 2018 4ER% 157K
B HCR A5 RO 25,
46N 46N
g 40N g 40N
= N
£ 30N b g3 i
o 20N =
100E110E120E 130E 140E 150E 100E110E120E 130E 140E 150E
BRE/C) /(")
(1) 2019 4EAZT5K (j) 2020 HFA%T57K
P BRI A ORI At
B2 it MARIS SRR Jb P RSP PR ik 4

R R
Fig.2 The changes in the concentration of '’ Cs in the North
Western Pacific Ocean simulated by the MARS-3D model
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Fig.3 The concentration of radionuclides is

differentiated by depth
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Tab.3 Ship ballast water exchange time
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Fig.5 Change of ballast water concentration

between container and bulk carrier
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Tab.5 The relationship between the initial concentration

of ballast water and the offshore distance
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