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Tab.1 Summary of nuclear power plant cooling water system-related safety events at the national and international level
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Tab.2 Characteristics and species of marine organisms that cause disasters at nuclear power plant cooling water system
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Tab.3 Classification of warning grades for disasters caused by jellyfish*"!
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Tab. 4 Risk organisms and screening criteria at Chinese coastal nuclear cold source regions
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Tab.5 Comparison of common biological detection methods and scope of application (modified from Zeng et al.!''l)
PRITB o7 FH A SHEHAR s B o7 Rl
KEwn o kewelek  crmwemes PR SRR
- FOEREIL  HOWLIMUGHAR UG T géﬁﬂ?i PRSI Dk A P B
MU men mmmA oA e S

BUCEBHR Jr TURER DR WHRIEK 5 o TR R
‘ . R N s -
ity Wik ORFEGeEEA KA KR
BT
42 REFX s B A e R A 1 R B e

i WANO (25547 S Ff s ) S UBOR R,
Bl N M Bl R T ZOR O AR IR . 200, D)
R AT T B X E Y B e AR SN IR

CHLEE Y EPR A KB B K Rk
R T B 39 A1 8 WS A 2 8 B
SRR R B 011,

136 MEERL /2023 4 /55 47 & /45 9 W



R gk @
EVIEWS

I VY Bl 3RS A R 0l A2 BROE A BE B (Phaeocystis
globosa) 78] B 52 W fc ™ B, HILAL 22 YR 52 B BRI 4
BWAREIAR, HMBRHK ARG IEEN S, & Bk
Bl EHECY, H P BRIE A 5 B REAE sl LA B
JROREEAR 2 FOEZS, SgifidE s foIN<10 pum),
WEIAR 75 5 2006, {RTE S50 EU I 2 GRS TR L B A
o1 om MICTREER, BE B . w4 YR
WH ANE RS SRR, HRE T AN A
N CFI AR HIE(200 mm). ZHA&HIH(50 mm) A 5% ) 5
B —— BB UE (3 mm), FEUS M TS HLA IR,
HETZ 2B M . PR A5 35 AR BE A s R E £
PEPE, T LU X 20 5 A A T 5 WS D0 J R A R 2R
o DA ) R o e DX, PR AT M T, A v A
BT IRB o BOR BB, B s 286 A T
AL FEE ST AR SO R o E R R R,
B A TR ] ST VA A% P 4 VR BRI A 38 % 80 7 2 Ak G
— AR DT, TN T B s A H v VR B i S
AR T IR EE AL H AR TR UK & 4

EOR RN I A BT A TR e A D i A
Yyl ORI R S, R KRE TS R KR i e
A A RO U . th KRR Y AR K A
K%, BUREFHLAR, 7500 B0 55 W B AR o ik
AR AT BUE TR, AT A R E R R BT
KBk, 2015 4% 8 J Katifgih N2 2 & KA 3h,
AN TR 3 SHLABUK O, SRk 5 54,
X} 16 b JIC A5 RCAVE A5 0 110 Bt T2 25 (8] 43 A 45 2 0 R AIE
AT RO | T RN Ak R T A
FHE AR FERRZ —.

PSR YR E, BREREE S, 3K
RIS 8 VR SRR AT X (R Bl 1A B ARATS R 5
FE W TCIE A R T W I U RS T, R URIBOK FTY
U5 R LT AR IR K R G0 10 5 — 8 92 4 it i,
o0 s AR 3 0 R G R e B A A X
iz —. EPRI1020524 #ft4 %) & E 77 K H ) 347
7K Ik ZE ) S VR AN OIS AE, VR AL 4R A%
HLJ A AR R 2 R, DA RS L UK A
SN TCE, 4T A5 R TR BRUK 1k 2E ) R
TSR 3 36 B 20 0 2 o R 4 A e b e 1 [ R 2
SR TR, B S B UK R I8 R g T
REATAE B 5 T i A 152 10 A0 T A el ade, 498 o 1 40 ¥ 7
ST YIRE T . HE AR AN R AL T
W ARV R AR, AT Y T A F s EOK T R
WA B BT Wit vT S AT i srE UK M

ik N IR M, AR AT R VR A B
B, SR B B Il i 2 T ML S i T AR, AR
Vol B % 0 A fr 1Y 2 0 B = A R vl SR D A e X e
U8 O L 55 A v il 14 S5 ) 0 R i e SR L AR T
1M 3% [El Donald C. Cook #%HL) 754 £ £ 2Lk M 7E U8
MR ZEIRH] 1270 mm WG OL T R8Lia 1T, 1 RREIIR
AE Sk B A/ 115 m®, X7 IRBUK DM 25 A
RAF SR,

5 BUSHK

BRI L R e B i iR 4 5]
SR, R A0y S OO R, T R
AR IRE R ZE, AR IR AR LE YA 2RIy
R, AE P A R A R S T R | AT R R
YRR E S b s, BB IRE e R
AMERZ —, 2R, W R TR | IR
I AR W T KR W R R IS AR 2
B B R A Ry R A% L T B e B AL
HAEY B YK RG] R L 2 EE] KR
BRRE ), G554 KR, ST H B ] REAEAE R A]
B Ry, ZHALAAE, 81 ERIEE A SR Y
7 A RGE B R, T TUE RN TR AL o AE B b
W2 RIRE BN A LR L, FRATE:

DG Y M 7 A S 5 AR, 252
AR IRBCK A, BT IS T Y o i W E K
WS A= H si K XUB: H Dy, 6 R BUR B W IE iR
RATHEAE AR AR, AT iR, — KK

2) B i C 0 K RE I U A e R,
TIOKEER FE Y 4 85 G 7 M I 8 7 XU 45
G EEXF KBRS LA IR BOR A, HIE Je ik
P A B REI MR ES A A Bk, @y
UL ) XU, S5 G K AT b o, L 7 3 A F
AT 4% S T A R 0 XURS SR SR o, RS
K% Fi 3 0 BH VA% Fi 3l 2 7 6] O A DRI 45 9% KA
HE; 28 1L PR 3l 2 Sk i T M TGS AT A= 0 1) AU
G RATWARUES, HIRSREE BB A H 5 — 11
TR 9 ) RS S S AR A

IKILKE, wANRRHEFH S SR E &
Jig, HE— D IF IR AR 5 ARSI R R A 5K
SBT3 BT o SBUU A ) 7 R (R A B A a4
FENCIERN I, 258 8O ED I RE s AR RRE, DHR
ZRAYE SRR SRS A RN S s B PR

Marine Sciences / Vol. 47, No. 9 /2023 137



HRLzik
R EVIEWS

BRI B S A BB RIEOR, AR MRS i
DRAZ L VIR L A ) HE W) 2 55 AR TR L) SR

S ik

(1]

[4]

138

TREISC, KRB, RIS, &%, (LR TSR TR o i 8
PRI DX XU A 9 23 B (0], T R R 27, 2019,
38(1): 41-45.
ZHANG Chaowen, GUAN Chunjiang, XU Peng, et al.
Analysis on risk organisms for the cold source water of
nuclear power plant in the eastern waters of Liaodong
bay[J].
41-45.
E AL AR, (R AR K T A Y
SR UK iR ) (B4 % (2016 )
91 *5) [EB/OL]. (2016-04-27) [2016-05-03]. https://www.
mee.gov.cn/gkml/sthjbgw/haq/201605/t20160505 337257.
htm.
The China National safety Administration. Circular of the
National Nuclear Safety Administration on recent inci-

Marine Environmental Science, 2019, 38(1):

dents of marine organisms or foreign bodies affecting the
safety of water intake of nuclear power plants (GHAF
(2016 ) No. 91) [EB/OL]. (2016-04-27) [2016-05-03].
https://www.mee.gov.cn/gkml/sthjbgw/haq/201605/t20160
505_337257.htm.
JEIESE. R s A 4 4 M R BUR A W RT S [D].
g EIREERE, 2018.
TANG Yafei. Study on typical disaster-causing organisms
of coastal nuclear power operation safety: Taking Ningde
nuclear power as an Example[D]. Shanghai: Shanghai
Ocean University, 2018..
WG BT RIRBOK BB 2L B [CY/ A%
BlAHOR PR (G 1) —— P IR £ 2017 424K
AEEESCHES 10 MOS0 . L2 ).
Jent: WPlEE A2, 2017: 408-412.
ZENG Wei. Design optimization and analysis of the intake
cooling water anti-blocking for nuclear power plants[R]//
Progress Report on China Nuclear Science and Technology
(Vol 5)—Chinese Nuclear Society 2017 Annual Conference
Proceedings Volume 10 (Nuclear Testing and Analysis
Sub-volume, Nuclear Safety Sub-volume). Beijing: China
Nuclear Society, 2017: 408-412.
TREDEE, ARAL, BEHFH. AL BOK 3528 R 7y
W BTN [T]. %371 TA2, 2019, 40(5): 111-117.
ZHANG Guohui, SONG Hehang, MU Yangyang. Reason
analysis and improvement measures evaluation for water
intake blockage at northern nuclear power plants[J]. Nu-
clear Power Engineering, 2019, 40(5): 111-117.
FZOOW, arE, WPRAE, SF. R ST R [RDR 1
FBR AR A W BOCR B (1] S I, 2018,
49(3): 560-567.

[11]

Chr

JIANG Wenbin, YU Zhiming, CAO Xihua, et al. Effect
of ultrasonic modification of different clays on algae
removal efficiency[J]. Oceanologica et Limnologia
Sinica, 2018, 49(3): 560-567.

REAR, Tk, WK, 5. B E R I
KR GEHA LG U BR[)]. B%e4e, 2017, 16(1): 26-32.
WU Yannong, WANG Yaqi, HOU Qinmai, et al. Experi-
ence feedbacks on events of nuclear power plants cold
source systems blocked by oceanic foreign matter[J]. Nu-
clear Safety, 2017, 16(1): 26-32.

M, PR, SEE, 5 BT R AKEE
B L E T EHTI]. KAk, 2018, 54(11): 57-59.
NAN Wei, LUO Lijuan, MA Yuhua, et al. Discussion
on configuration scheme of cooling water filtering
equipment in coastal nuclear power plants[J]. Water
Supply and Drainage, 2018, 54(11): 57-59.

e . R T BROK 3 ZE T PR 43 A 5 00 % SR ).
¥sh 11 TR, 2015, 36(S1): 151-154.

RUAN Guoping. Reason analysis and corresponding
strategy for cooling water intake blockage at nuclear
power plants[J]. Nuclear Power Engineering, 2015,
36(S1): 151-154.

EHIL AR, LT 4 5L KBRS 2L
U8 PR 7K 0 2R G2 6 ) T 22 v T 345 Mk iz 17 55 R [EB.
[2020-08-11]. https: //nnsa.mee.gov.cn/ywdh/fyd/202304/
t20230418_1027468.html.

National Nuclear Safety Administration. Circulating water
filtration system drum differential master active shutdown
operation event caused by influx of jellyfish from Unit 4 of
the Hongyan Nuclear Power Plant[EB]. [2020-08-11].
https://nnsa.mee.gov.cn/ywdh/fyd/202304/t20230418 102
7468.html.

W, BREE, £, 55 RIS h E
BURFE M B 7], T EKZ R, 2019, 26(6):
1029-1039.

ZENG Lei, CHEN Guobao, WANG Teng, et al. Acoustic
detection and analysis of Acetes chinensis in the adjacent
waters of the Daya Bay Nuclear Power Plant[J]. Journal
of Fishery Sciences of China, 2019, 26(6): 1029-1039.
ER AR, KT R YR mg ) UK &R
G AL HEB TSR 09 R (% 2 PR (2020 ) 27
*7)[EB/OL]. (2020-03-27) [2020-03-27]. https://www.
mee.gov.cn/xxgk2018/xxgk/xxgk07/202003/t20200331
771924 .html.

National Nuclear Safety Administration. Letter on Notifi-
cation of an incident in which marine organisms affected
the water intake system of a nuclear power plant, resulting
in multiple unit shutdowns[EB/OL]. (2020-03-27) [2020-
03-27]. https://www.mee.gov.cn/xxgk2018/xxgk/xxgk07/
202003/t20200331_771924.html.

[13] XVZLoc. WA e A 2R ). 7l 55

WFEERE /2023 45 /55 47 3% /55 9 11



[14]

[15]

[17]

[18]

HRLzik
R EVIEWS

Fiix, 2019, 18(9): 69-70.

LIU Hongyuan. Research on the importance of cold
sources in nuclear power plants[J]. Industry and Tech-
nology Forum, 2019, 18(9): 69-70.

BROGH, ViR, A sl v I 4 R G M AR B 7 2 (D).
B AR, 2020, 22(10): 63-67.

CHEN Guangming, XU Chao. Systematic safeguard
scheme for nuclear power plant cold source safety[J].
Power Security Technology, 2020, 22(10): 63-67.
R, XSRS, KRR, G RTHEHRT R IEE A
PR i MR SR BE TS (0], W1 R, 2017,
19(10): 32-37.

LI Jianwen, LIU Xiaolin, ZHANG lJinfei, et al. Research
on marine biological detection technology to improve the
safety of nuclear power plant cold source[J]. Power Se-
curity Technology, 2017, 19(10): 32-37.

ML, VR, 255, A YRR IR RS
ARSI ST KO SRR T, 237KHEK, 2018, 54(2): 61-64.
YU Fan, XU Botao, LI Yong, et al. Analysis on the impact of
marine organism outbreak on the cold source system of nu-
clear power plant and discussion on countermeasures[J]. Wa-
ter Supply and Drainage, 2018, 54(2): 61-64.

E R AR, KT 2015 FREETFREKAE T 1M
i 12X B i R S R) R R G R (A% % K [2016]34
*7)[EB/OL]. (2016-03-24) [2016-04-25]. https://nnsa.
mee.gov.cn/ywdh/fyd/202304/t20230418_1027388.html.
National Nuclear Safety Administration. Notification
on Quality Events and Problems of Nuclear Power
Plant Construction and Commissioning in the Second
Half of 2015[EB/OL]. (2016-03-24) [2016-04-25]. https://
nnsa.mee.gov.cn/ywdh/fyd/202304/t20230418 102738
8.html.
PG, RFFEE, L, SF. TR B O A e
VR 2 8 (R 2 2 RS s B L D B 42 R [0]. T v
5, 2019, 50(3): 700-706.

HE Liyan, SONG Xiuxian, YU Fan, et al. Potential risk
and prevention of phytoplankton outbreak to wa-

Marine Sciences / Vol. 47, No. 9 /2023

[20]

[23]

Chr

ter-cooling system in nuclear power plant in Fang-
chenggang, Guangxi[J]. Oceanologica et Limnologia
Sinica, 2019, 50(3): 700-706.

L, VRV, SRUT, . ST IR E A e
A Wy A R R VEAN T R RS 0], W R B AL,
2021, 40(1): 139-143.

YU Fan, XU Botao, WU Xin, et al. Study on the method
of marine organisms investigation, screening and evalua-
tion based on nuclear power plant cold source safety[J].
Marine Environmental Science, 2021, 40(1): 139-143.
hEREIRMI Y S, BT R IR E R R IUERTE K
5 3 (T/CERS 0009-2020)[S/OL]. db5%: o [E fEEHF
%43, [2020-12-31]. http://www.safehoo.com/Standard/
society/202303/5698896.shtml.

China Energy Research Society. Specification for classi-
fied early warning code for nuclear power plant jellyfish
disaster(T/CERS 0009-2020) [S/OL]. Beijing: China
Energy Research Society, [2020-12-31]. http://www.
safehoo.com/Standard/society/202303/5698896.shtml.
%%, N (Acaudina molpadioidea)y¥ FE1% HL Y& IR
DRG0 K Bl st a7 (D). L IR PE K2, 2018.
CHENG Hong. Research on the causes, prevention and
control measures of bio-blogging on nuclear power cold
source water by Acaudina Molpadioidea[D]. Shanghai:
Shanghai Ocean University, 2018.

BV ST A W i R R A H Y TR I A
AL, AR, 2017(12): 91, 130.

LV Tao. Optimization of layout of nuclear power plant
cold source trash screen in view of marine biological ex-
plosion[J]. Automation Application, 2017(12): 91, 130.
FOAE, X, SR, 5. B TR A R I
W R SAE RG] KEMFE R 244, 2018,
33(1): 108-112.

MENG Yahui, LIU Lei, GUO Xianjiu, et al. An early—
warning and decision—support system of marine organ-
isms in a water cooling system in a nuclear power plant[J].
Journal of Dalian Ocean University, 2018, 33(1): 108-112.

139



R HREGR @
EVIEWS

Classification and characteristics of the risk organisms in
cold source water intake area of coastal nuclear power plants

SHEN Ping-ping’, YU Xian-bo?, MENG Bu-fan', WU Cun-chao'
(1. Ocean School, Yantai University, Yantai 26400, China 5; 2. Shandong Nuclear Power Co., Ltd, Yantai
265116, China)

Received: Nov. 16, 2022
Key words: coastal nuclear power plant; water intake area; risk organisms; cold source safety

Abstract: In recent years, there have been frequent incidents related to cold source safety at nuclear power plants
caused by marine organisms, indicating that cold source safety is an important factor that affects nuclear power
safety and reliability. In this paper, the main incidents at a national and international level are analyzed to summa-
rize the classification and characteristics of organisms that cause cooling-water system disasters, discuss the
screening and grading of the early warning standards of these organisms, and analyze relevant detection technolo-
gies. Finally, the key scientific and technical problems needing urgent resolution are proposed to provide a refer-

ence and theoretical basis for better dealing with the safety problems of coastal nuclear power cold sources.
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