2.

MUCLEAR SARETY

: F 2 LB
= Ah B 4
B ok & 5
2 %
% 3R A
M, 13
R %
1% #
% B XK
;%
£
* -3
B ®
R #
J R AR
B Rz A 5
B A %—F 5
2y R
H A" 2 #

A AR S B A S SRR
EERBEREERHEEL T
(A ) %3

D=3 ]

TR M

b AR R B A 545
100082

Jb 7 808842 44
010-82205563 82205716
010-82203444 82203547
01082205645
010-82205713

18910796298 %%
010-82203590
http://haqy.cbpt.cnki.net({£ & 3% A5)
heanquanzazhi@263.net.cn
Wil LR TR F20180003%5
ISSN 16725360
CN11-5145/TL

AT — =R — R A TR 6]
50.007C

WA REFH AR

F;K%WM\%W%H%EEMﬂ%EKﬁ%%%O_j
FW: AT 5 WEHEESE, WKFTREELT
22X, FEFERERRGATRH —KEEN, TF

AATRH HE LT RABEXENG, BRYFLN

L

_l

20225 % 340 % % 86
AT ANFFRAT
202256 A 30 H H iR

ik - ek ——

@D 84

www.cnki.net

E xR R B I AT IR

[H Fh#iE

WANFANG DATA

(BZE) BMEART

(BZEe) %
WaENRT

] E

9

- L. .
[CIEE Mh

A A I D
BEBHEAS T

(BZEe) %
RS



(RZE) "RES

—— HEFERFHE ———
ER
DR N R S 2 o B R
—— RERBEIFEFE—
ke ¥

P EM S F R - TR+

otk
FUBBEAEEA - TRERL

WHER
WERS AR - TRKR+

X ALF
FHELHER - FERR+

S
B A AR E T A
EL— AR - TRERE

T # ENN ]
KR B M S5
HF-F A2 5575

(IREEREEHFF)

RS - BEBEE

AR
b AF - TERRE

FRHEAR

PESZERARAE - TERRRE

S
PEE T A - TRRR L

225D 4

(B REEHEF)
SFR
H L& f & X
* JR S

PUNE |3
ST



® XEHEIMEH
1

BER2
[y
H IA } 2022 4 - E=H

B E L Y e I S BER, THE, XA, %
8 %ﬁ%*z%jﬁlﬁEﬁﬁ‘/ﬁ)ﬁé@iﬁﬁﬁﬂaﬁ%_‘ﬁ&ﬂéﬁ%?ﬁ*ﬁ .................................................... jifﬁ,szl&, I‘ﬁﬁﬂ, %ﬁ, é“?
15 TR 102 BRI TG F ST WO, SEA, R, %
20 r%ﬁi%ﬂ-?ﬁﬁg@%ﬂ-ﬁé}%;{k ............................................................................................. 5'7% %I% s XB "(i s %%ﬂé s %
* BEEE
TR L — B
o BBIRE
33 %?EH?I@EE}_‘ﬂ(%Z%/ﬂ;@I‘Eﬂi&ﬂ(m&i%ﬂgﬁ% ................................................. *ﬁ//l\%%, @E%HS, g]‘? gﬁ, %
38 %?ﬂ%%?@tﬁﬁ%rﬁﬁ?g{#?ﬁmuﬁﬁ ............................................................................. :]: ?4:"{:" %Bm‘f{é’ :]:3/5:?5"?" Lf_n_’ff
o [E[FREEE
46 REHHHLIETT I BRI ST WUy, Yarmolenko MA., Koroleva M.Yu,
* R SIRTT
57 CHEET A SCHATIT B RO LN SR R T
62 TS BIRAT IR RESN I AT MR LA AR N 2T i, SRR, ER
I e L T 1 E— WE, BEE, 8 B, %
77 %ZJ: [}H?I*Z%r?é\?ﬁj:éﬁIﬁjgﬁd*ﬁ*ig&ﬁﬁ[??:ﬁﬁﬁ% ..................................................... fé;t gﬁ, ﬁ%zf&, 1;5]//[\%% R é“%
84 ﬁﬂﬁﬁﬁ%%gﬁ?ﬁ?\%ﬂﬁw I‘Ejgﬁiﬁﬂﬁiﬂ%ﬂ% ......................................................... ?]3 gﬁ R ]ﬁ/J\ tﬁ R j(‘IJ ﬁ R Lf_{f‘:
I e i N T L f e o— e T,
00 VVER HLLLE SHEFE ) 26 8P THIE B FRGEHIIIE KT, ZREE, % . %

* SEH

107

Q57 9B I CIBCNEES

(MATmEE. F M)



NUCLEAR SAFETY
22 N6 2| CONTENTS

1 Discussion on Emergency Monitoring of *’Cs Radioactive Source Due to an Out-of-control Accident
(Cheng Fengmin, Yu Xianchen, Liu Weidong, Qiao Mian, Ding Hongshen)

8  Analysis on License Application and Nuclear Safety Supervision in the Early Stage of Nuclear Power Plant Project
(Zhu Weijie , Wang Changming,Shen Guozhang,Zhao Kun)

15 Investigation and Analysis of '

Ir Source Radiation Accident in Ningxia
(Dong Liang, Lu Guicai, Zhou Tianrong, Li Hongcheng,Ji Xuli, Sun Yanling, Shi Junfeng)

20 Current Situation of Radiation Safety in Radiotherapy in Guangdong Province
(Liang jin, Deng Fei, Yu Huiting, Su Chaoli)

25 Nuclear Safety Analysis of Cascade System in Uranium Enrichment Plant
(Yang Zhen)

33 The Establishment of Jellyfish Net based on Jellyfish Outbreak in Yangjiang Nuclear Power Plant
(Yang Shaofeng,Ruan Chenjie,Xu Wei,Li Xinxian,Zhu Jianrui, Lin Xianren)

38 Analysis of Operating Event Criteria for High Temperature gas Cooled Reactor Nuclear Power Plants
(Yu Yang, Zheng Lixin, Yu Haiyang, Chen Xuanxiang, Han Jiancheng)

46  Analysis of Operational Events and Causes of Nuclear Power Plants in Russia
(Zang Xiaowei, YARMOLENKO M. A.,KOROLEVA M.Yu.)

57 Implementation and Transmission of Nuclear Safety Culture from the Perspective of “Training Theory” and “Cultural
Discount” Construction of Roadcasting System.
(Gao Bingyan)

62 Research on Influence Factors of Heat Transfer Performance of Passive Containment Cooling System based on
Separated Heat Pipes
(Hua Xinchao, Li Xingxing, Pan Liangming)

70 Research on the Plugging Criteria Based on ET Signals of the Heat Transfer Tubes of Horizontal Steam Generators
(Peng Sitong,Lv Yunhe, Zeng Zhen, Che Shuwei, Ma Ruoqun, Du Aiguo, Yang Xingwang)

77 Feasibility Study on Material Modification and Optimization of Bag Net of Cold Source based on Yangjiang Nuclear
Power Plant
(Xu Wei,Ruan Chenjie, Yang Shaofeng, Li Xinxian, Zhu Jianrui)

84 Simulation on the Geyserboiling Phenomenonina Vertical Pipe of the Innovative Core-catcher
(Guo Qiang, Sun Jing, Liu Zhuo, Yuan Yidan, Li Wei)

93 Research on Multi-parameter Comprehensive Monitoring Method based on the Consistency of Non-metallic Materials
of Nuclear Power Plant Cables
(Hong Ningning, Liu Jingping, Zhang Hongyu)

99 A Verification of Neutron Fluence Rate Calculation Code System for VVER Reactor Vessel

(Zhang Yaping, Li Guojian, Li Kai, Wang Donghui)



%21 B 3 ¥R A
202246 H NUCLEAR SAFETY
RFER, TIE X LR, 5 —H4 137 34HR R FHom 2 BRIt ] ] %4 ,2022,21(3):1-7.

Cheng Fengmin, Yu Xianchen,Liu Weidong, et al.Discussion on Emergency Monitoring of "Cs Radioactive Source Due to an Out-of-control Acci—

dent[J . Nuclear Safety,2022,21(3):1-7.

—RESE-137 AU SR R SR A R S TR T

R, TIE,

CGhARAEL 4% B b,

XN ER, I~

%, T#HR

o 250117)

FEE. ik EAA RGBS AT R E . AR RIS E
&ﬂéﬁwﬁzﬁaﬁzw,&m&%%%$&ﬂéiﬁﬁﬂm ARIEAFT 0 £5 5 FEHOR

R, R FBAEHRAITE AT R

« BT KAF T RS B e s Ak

%ﬁ%%ﬁ\%#ﬁﬁ,ﬁ#ﬁ&%%ﬁﬁé“ﬁﬁmﬁﬁﬂ%ﬁ%%$&féwﬂ 4

HRERHPEFREATH, AP E

R A TR AR A R, A Sl At i — A AR S

A6 -137 HATR R FEOE & B TAEIRGT, bR FEon & Bl TARBAL f

ik
EEEF . 4 -137; B2 KSR

FESES: TL732 XEHFREN: B XEHRS: 1672-5360 (2022) 03—0001-07

TR T A B K AN 5 TR R B IR

B IR —BOBS IR 5 o 15 R ﬁﬁ%ﬁ
e -137, TS BE R 1.11 x 10° Bq, J@ V 2kt
P AR BRI A T 4
A AN TS ARG O, TR
e 5 PR A — I E A B ra BR I m] BE R K
AR IR T 20 R4 80 4RAC, M RE AL,
FL A& A 77 A2 4 300 J7 i KL 300 5 I 4N R
320 JI MY EE ST o

1 BRI

1.1 FWPEFTZ

PN R 80 WEFE I 1 88, >R FHHE Ir e
T A FEFRCNERIK SR, S ih ek
JKIREE 1250 °C ~1300 °C 16Kk Id PR TR 4
Fovf Br, BVEE A B4 15 min, WK B e B B

WA S 2021-12-01  EEEH#E: 2022-02-21

B B S R B, T BE DR AE 1950 °C o 455 1R CAR
10 min J&7 , AN/KIRERE R 1700 °C. SRR E
1500 °C ~1510 CHFHAN, B0 LI ik
JE S IR H A T A b R IR A A 4%
PIRBR A T 22U, 23 58 s e A 22 i, 1
BRARCRL) 95% , A4S BRATCRY 98%.

B — U N2 80 I YRR BRZD TS IR ZT 1.8
i, A7 A2 B 2R K 24 0.06 W, 4] 24 0.09 i, FH 7K
29 0.34 Wi, B N2 30 1K,

1.2 BEImSH
1.2.1 R P SEAR S 0L

T2 BT IR BT B O A 2R R4 137,
2014 4T TG B 111 x 10° Bq, J& V 2800t
TR, 4559% 9 GB 4075/2009/C43323, JFats N
B i T2 & R HE S5 & Si0,. ALO; By
AL 1050 C b ds M R RERR R . TR

fEEES: BER (1962—), 5, WFFER, IS\ Sef ST R e I 5 48 P A

PO000ms



¥R &

Vol.21, No.3, Jun.2022

e -137 29 0.3 mg, IH7C W BUZANFE T, BE R
1 mm, J& &8 1400 °C.
122 4t -137 BYCHERRE

i -137 0% B =R BN 30.07 4,
9 R PCso 45 -137 AR R HIFD B HTER, o
4 0.514 MeV (94%) i1 1.176 MeV (6%), & 5t
0.514 MeV B Sk J5 5678 A4 -137m, A1 -137m
IR S RERR AT, & 1 0.662 MeV (1) y B4k, 2
Tl U R R 2 — . #e -137 FEU
BRSNS A E PR, X AR fE T
ARG AP B2
1.2.3  HRERRER P e

FRRERRER fr A0 ik R R B AL,
FERR HL A 42 8 B 7 B RO e e gl £ 7
YEF , Bl 4 J8 B 5 72 A2 8 i i $42  e 4
T AR AR R, A A P R T KR T
=ik 1900 °C L, {HSIE L KT 1000 CH, Hor
MR TR SR,
1.2.4 8 -137 FRIn 400t

HR T 25 e Al A 0] R 4 -137 (R 22 ) 3
BRI S, B 1 BTOR A <137 T 4
MrE . IR (BRRE AR &) 28 BE /N, HL Tk
REfL K, iE ARG, il V7 THE e, B & iR

BETH S AR s Se il , R 4 BT
PR e ik DR K, I Bl R — TR A BR A 2R
Ik 1950 °CHY R U B9 I B2 S8 55 T 1000 °C Y
i B IR, BV TR eim 46 -137 ¥k
Bt 4, KA R i/ w4 -137 BAL b Lot i i
Heth o s R AR ) Pl P o U s SR
¥R K, B MR R R R R T2 EA
B e DRI, S AT W e 137 EZE 3 )
KARASBRAS IR TR A TS U6 B AN, HE AR
B FL IR/
1.3 E#¥5R

ZABCN VIR ER R R — AR
UTE T G

2 MR

2.1 g
21,1 Wi

v AL, A AT AR RS, R &
/D7 H 0.05 wGy—-1 mGy, Fe -5 47 75 C R
IR &6 R DIRE, QS J8 FIR B e ek
T EPRRC R EHLAY 75 SR 4

5 v RETEA AZ Z RSB, AT A 850U
A% R A -137

B2k 2R98% BRIk
R CsHy R CsI92.94%
3% s —
HEA KSR 2% KK1
¥R 137CslH0.06%
YA KI5 Be |
HEAKSS5% 2
R CsHy jﬁﬁ13§?m4 85%
137C ﬁ@}zﬁ %bﬁ 97% ﬁ%%éﬁ | — :
BEHR 1200-1950C || BrdpoRos% §ﬁ137zg9z.15%
SRR
E s
S LM LU R
,,,,,, WHELZENGM [

1§ -137 RESHT
Fig.1 Flow analysis of the VCs



Vol.21, No.3, Jun.2022

RERE. —R4-137 KX HBEEFTLEZLMNBRA

B TG YA, RALXA/NT 100 em’,
B FBRA/NT 0.4 Bg/em®,

Sy it G 47 WA A58 B RO R A% R i T
T B (i 1 B 5% 4% 75 1 328 I S Rl I A 22, O
FE SR AR A TS 5 B ARG G I i AT
R, JH SR A X AR 7 ol A
2,12 HpfhE

(1) Iy 28 SRR AR B LA 5K (1),
FHTHE A58 P e B P R 4 -137 SR Y
SCURXTRL Y y 28 SRR

© — AT %3600

22 (1)

K

K—— 23 SRR R S I, nGy/h;

A—CHETE E , Ba;

— 5 R y 25 3L RR 3 BE R R B,
2.12x 1077 Gy*m’/ (Bq*s);

3600——H A 25

R—— 3 5 R A BE B, m,

DTS R BT BE 100% . 10% 5% 1% A 5%
B IR MR oy S TS JR R R B R R
10 em Wi GRS 58020 2) 35520 20 cm
B R R0 5) T 3552 30 em 43 (3
SR J9 20) U, AR (D) A5 OR [FE
AT EE 2RI FE Yy 25 SISO e 280t 45 SR
I, ATAS, ARy 2 ARG o 2 i
5 i RO 5 0 BN R A . 8 -137 3R R
100% , 43 78 75 2 BE/NT 30 om, 1 70 2 2k 1]
FR/NT 6 m, ARy 5 AR AR H s (B
YA GE 7S (ELHS IOR T 50 nGy/h B Ap B G2 45
M); 46 -137 5% B 5%~10%, 50 i 7 56 J5E ) /N F
30 cm, AT LR ] /N T 2 m, o] By i
FRALERM 5 5 -137 FRER/INT 5%, Wit 4 o )5 B
30 om, BOHEDYE y 7R

(2) BT v 258 R e A 5, LA
X Q), H PSR ORI DIBRERR LK 5
T8 R IR S G A Bt P RE A4 -137 TR v 25
UGS i

ATx3600, [ h+h* +4a°
K = > In (2)
a 2h
s
a MJREAE , m;

h——THT Y PO 4R ) AR T R [
DR  m,

W45 R I DURRIE BR 2R K 75 e SR Sk
B 4 -137 B 3450 B 45k TR, DA SO
S 20% . 10% 5% 2% 1% Ay % T8 A $5500) g
RUE, FIAS, VR v 25 SR o 380 n L Fd
PR R AR RN T R AR B KM R AR . DO R
R T 5%, HAFAT IR 2R B /N T 6 m i, 3
ATy ) R AN L A 38 i B 5 DTS
T /N T 1% B, P47 0 4R R FE /N T 3 m,
MERE ~y 77 2R AR

(3) HIWTRRITRE LA 3). (4), Tt b
PEAZHE -137 T5 YR i .

PIHEER R B I R LA (3):

L.=K_ 2N, (3)

K

K,——a H2.0.05 It , K, 2~ 1.645 ;

L—FIBrBR , 4 4 RBIRS T4 NSL, B,
S S <137 BUHEIR N 95%:;

N——HT v i AL ET, R i 4 fe g 5
THEOR A Re g 50 T B RS gl 5 Y
I, AT

DA BE 2R W PR3 LA K (4):

K
A= - 2N, (4)

g-p-t

K

A——VITE PE LR 1 HIBIBR , Bq;;

e—UAHRIZCR 5

p—y S K HIHEE,0.85 ;

t——FE S AT s

ARG v BETE (I 4 e G BT AICR
AR 2 S 2330 SR A 2 T B TR, T A
28 SR B 3 S S A A DRI -137 TR eI




Vol.21, No.3, Jun.2022

M FEA
2.1.3  WEA

MRIIRIT /04T , 46 -137 o] BETEAE TN UK
b, Horpol e R A A BRI 4 137 L
il K, B e b 0 s Hh R B A b A -137 IR
Z B I A

(1) $Wi ~y 28 SR 25 )

B AR R G D R 137, P IR R y S
AR i A R A B W S A, AT S
SR A 137 58 B 5%-10% B &0 W5,
1 30 em JEM R Al E S b [BIE 2 m A
VEOPATIN LR, v F AR AR 30 om HA%
0 SR i DR AL AT 7 AR A e SO B R A
AR~y 23 S k2 /N BH S B TINELAY 50%
(9 25 nGy/h) AR, It 45 SR 3k 2 &
I 452 L 300 (7 9000 A 2 A5 A A R A -137
A L IR A e B G U e e B s - e
(/NF 20 cm), [B]FE 2 m 7 3% 747 0 5 2 3m
L IR R UGN A & B B IR D) 2 3 A
1~y 23 S IR e Ry 2 ) BR AL, e w3
11207 AR B

(2) BRAIK T5U8 SR Gt Y BE y 23
AR M) 3 )

B 2R TR 15 U8 R R A 1 e R B I G
i -137, e BRATIR y 28 SRR 2 SR A 5 45
AW 5 07 o AT Sedi4s 137 DIRER T i

2, 7 b IR R K B <137 UM PEI I,
s AR S A -137 TR T & O S R T
5%—1% BTGB, (A1 RE 2 m A BT I A2
T o o LR U A e BRI, i ety
73 MG i A B 4R BB -137 154 T5 e
BRA K I A PR A I AT

(3) BEVUINAMEE R v RETEY

DABLA A g 00 114 A6 495 50 2R AT
2y 2 SR B R A W A 7 A TR
e Ay REEGASGE I T [ A0, B
AT A e 2 I, DL SR B ] BEZ2 AT, KA
FIWT R FR

(4) AT v 25 PG R e

PRI A AT RS -137 JE a1 A9 6 7T e AR
AN BT LAEAE ~y 23 SR AR 23R W AN 2 3% 1
S OGN .
22 KIGEFMISW
22.1 AR

AT v R REAY, 68 1w N 3 ] : 3 ke V-
10 MeV, e /3 HE% : 55 Fe5.9 keV I§<12 keV,
60 Col.33 MeV < 2.0 keV , HIXHEMZER= 50%;
AJE< 3.0 CPS,

AR B 1T , BRI ARA AR 20 em?,
AJFE< 1.0 cpm, Sr/™Y FHEEARMSER= 50%.

hy kG S EAZ TS, S E AR
v BB 75 FH YR L 25 AR ST A
IR
222 MIpAhE

TRIBR T8 524 -137 15 4 A RE AL TG
R T B A L IO 2 T AN
JEE 1) R BRI, BRI PR BN o B S B =
IO W ) B AR A

(1) PR M BR300 24 5K (5):

LLD =(K, + K )|2N, (5)

A
LLD——VI TR iR IR 5
K, K,——a=p=0.05,K,=K,=1.645
M4 RRIEA TR NSLLD I, FF i 4t -137
i o
(2) DA BEVR B 2R AR R 45 LA K (6):
K, +K

aiﬂ 2Nb (6)

MDC =

K
MDC—LIE JEH B P PRI R , Ba/g;
e—UEHRIAICR 5
p—y LR GIHER Az PR 2R S
FS R
m—— AL L R, g;
t——FF b A ] s
(3) BT E FEAG R WA (7):
1

ﬂzﬁ (7)



Vol.21, No.3, Apr.2022

RERE. —R4-137 KX HBEEFTLEZLMNBRA

K

p—— BRI E

N—TFEa i
223 SEERERESLIEE

(1) 7 A2 W B, A 00 i 25 R i
FRRIEE i i R AT RE 2, DL B i AR e R
TGP B, A A BRI A e 0 v
FE 5 GRS SR, A Se e y BT, 1D
XPRE A A -137 BMedE alifk o B

(2) 254G R4 AT, B DA 5 1 43 A o M
b= S e e 1= QA e SO BT Vi 1 Wl T L el
i -137 BRI BEMEAR /N, TCZRHT Ji e 1 o B o5
BRI A AR AN T R HE 137 Z DL
5 SSORA X 4R h B S A7 TR LA URLAR K, i
LI I ANTE FUAE S g6 = ki (7 1R =I5 5Y),
KA BB RE 5 T B S50 2 404, AR M s i
AU A2 T e R SE R AR OO, P e I 1 R AT 5
TFNBR 2R BOR4E -137 B BEZ R AT, T4
A7 PR A 0 2 ) 1 8 B T SR HE AT

(3) 7 22 W 1000 4oy 301 AT 3 2 05 3 T A D 22
11 453 R T B F MDC S — R ok [ 2
(L, L2000 St 00 2 ) () 382 e A il a7k
S R I 2 T A v P R ARCEL SR AR R AR
i R AR ME R AT T, T AR IR 1 4T
N 5l SR KR e IR AR (5)- 2
7)1 AN ISR Sl e 20 v R -137
FFRIN T BR, A B0 S s T, e 1 B o

% 1A ZE A B A 2 h B 4R
T B i A2 T i Pl 2R e/ IMEL

F1 NEMEGEESR

Table 1 Estimation of measurement time

Y L VT e A ANy
TR AT -137 31 v 10% 87% 3%
AT 10800 12 240 8

FRIS AL BE IR Bg/kg \ 780 340 350
TR SRR/ ME Bgkg 34 78 34 35
RZZ AN £ B[] min 115 50 115 112
M T B Ba/kg 19 28 19 19

T < I SRR/ MBS B AR S TS BE 14 1% 5 SRR 00T B
2 IR HAAY B fe /M ; A m:500 g, e:1%, s 10%,N,:0.02 cps
Sy LA

(4) o7 2 Wil v s 300 1 SR 4 T BBl B B v iy
+ 45 GO L FROK B B A Sl A I S IR
BRI JR A -137 W, ] 3 > A2 ) g Ao (1]
R AT ARG HH PR R0 2 AN A 5, & B mT R O A
TG PR IE
2.3 MELERSH
231 A At AR

W AFONAS W S ff A7 DA 46 -137 AR
Uy AR 25 SR TC I AR f, %
AN A 4 137 OB R (IR i
/N 3.5 % 10° Bq, 2450 25 2 Tl St U A .6 1Y)
4%, 554 -137 Jit 1] o3 B 14 B9 rh ) e R AR
FHAF
232 {5l

v ARG R W25 54 94.1-131 nGy/h,
A i = T AN A E (63.8-85.5 nGy/h); {5 i 4l
By TSRS A 137 B3 SRR LB = AR
AR v 4558 35.1 Bg/kg-71.0
Bqg/kg.

S Y O Y SO R PN S PN
THHEL WO CRAE BTSSR A X JE £
T WeTs 1 /AR 15 U 2 X 2 20 AR KA
P H B 7= A Y5 R R 2 1200 t, AT ASATE U8
#-137 B H o 42 x 10 Bg-8.5x 10" Bq, 5 3+
ke A HE R 35 BE 9.4 x 107 Bq 11 45%-90%, 5
s -137 W AT A TG e A A AHAT
233 BRARKWEM A5 R

fEHE 2R v IR 4 -137 R R
FERE D S AR S Al y A SN
0.77 Bq/kg~0.95 Bg/kg.

YR 8L R M5F B, U R 4~5 K
Je s I A 7R B 2R R A KR 4y 2~3 R HE
1R, H BT FERR AR K 1 VK A Sk A ey
FRB K Z )5, 2 R ABRANIK 3.6 t, AT 5 BR
IR A -137 SR 2.8 x 10° Bq-3.4 x 10° Bq;
FrF RO AR ARG BRBR 2R K T, LA H— IR R AT
1% 58, B 2h Ik 4 -137 B 24 2.8 x 10° Bg-
3.4 x10° Bq, 5 # 8 AW TEE 9.4 x 107 Bq
(9 0.3%—0.4%, L4 -137 W 18] 20 B gk A BR 2R
TR A -137 /)N




¥R &

Vol.21, No.3, Jun.2022

2.3.4 AR EIAE R

BUK BEE AN = ah SMERIBE P A B y
23 MR B R OR DL . R AR A UK B R VY
B B R A5 1500 A3 AN 5KBE 7 R
TR FRANC R 2UHE v I BORKE 4 137, 5
i -137 Y] A hoE LU e R R T A
BB 7= i B B AR o

3 itig

(1) ZFEHCH VIR B R JE—
2 S5 SR, i e ) 1 R R 8 S R A
RN BH 37 5 O i 1 DR SRR . i
S VR A L S B 137 KR K, g A W
Fisk 07 B A O T 5 R IO A R X B 7 i B
B2 S5 0 B B G P S g, 46 R AT A RR T i
SHEALE RN, 4 -137 K EELER S
7 W0 N AR A B3, A AR e i
A PR E A 1 B R R AR L, VA ] 240

(2) RS A FH A A = B A v A 11 T
SHEIEAAE BRI A P2 T 255 BRI IR I/ i
AN 22 I B T AR AR T O R
AT L N 2 W A a5 A N A TSR A A
7 A i SR W TS R B A

(3) A WEm AT, 2w Bl WA S =
R it ) 5 SR Bk 5 R I R T e 3 A

FEO A T TR IR A B A 234, B
JCE A o ) U o AR AT RO, R 4 v TR
LS IR e P o S i 0
3 24 S P e ARG 1 PR R 0 AN
SEBE , R BT RE AR B MR O

(4) N2 WA A, S DA P B 75 0
JRTIRS Ty 28 TIMSCR] R A R R a5
B DU M FOK IR E A P A -137 A9
T, 25 AT T I FISRAE A, TR AR S S A
BEs M . BORC TR 2R T G PR 1
TF IR B PEA , RS VPG 25 3R 28 3 3t 1) T
TS G Ak B 5K

Sk

[1] HEZEAE SR . BUESEIME (2] dee: ERER
By s, 2005.

[2] WA, 5 ES5W24e (K] . dtat:. P EHRE AR
#, 2015.

[3] BedardR L, Broach R W, Flanigen E M.Leucite-pollucite
glass ceramics: a new family of refractory materials with
adjustable thermal-expansion [ C ] /MRS Proceedings.Cam-
bridge University Press, 1992.

[4] rhHe NRICFNE 55 B . B PR A 28 15 S5 2k B e 4
Biidr skl (2] . dest: E55BE, 2005.

[5] Z=Rt, % fREpirstea (K] . Jeet: Eragilait,
1982.



Vol.21, No.3, Jun.2022 HERE: —R4%E-137 HHR LI FTHRE L LANR T

Discussion on Emergency Monitoring of *’Cs Radioactive
Source Due to an Qut-of-control Accident

Cheng Fengmin, Yu Xianchen, Liu Weidong, Qiao Mian, Ding Hongshen

(Shandong Nuclear and Radiation Safety Monitoring Center, Jinan 250117 China)

Anstract: Rapid and accurate determination of the location of the radioactive source and the scope and
extent of the radioactive contamination is one of the main purposes of emergency monitoring of radiation
accidents caused by radioactive sources out of control, and is also the basis of emergency work of radia-
tion accidents. Based on a reasonable analysis of the source term of a radiation accident, possible infor-
mation such as the composition type, quantity share and mode of release of the radioactive material from
the accident, as well as the physical and chemical property of the radioactive material, targeted emergency
monitoring and sampling plans for emergency monitoring of radiation accidents are particularly important,
especially in the early stages of a radiation accident and when emergency resources are limited.This paper

137 .
Cs of iron and

discusses the Emergency Monitoring Work of a runaway radioactive source accident in the
steel smelter, and provides reference and thinking for such emergency monitoring work.

137 . . . .
Key words: “'Cs;emergency monitoring;radioactive sources
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Analysis on License Application and Nuclear Safety Super-
vision in the Early Stage of Nuclear Power Plant Project

Zhu Weijie, Wang Changming,Shen Guozhang,Zhao Kun

(CNNC Nuclear Power Operations Management Co.,Ltd.,Haiyan 314300)

Abstract: In the early stage of the new nuclear power plant project, license application is one of the key
paths, including two core tasks of project approval and safety license. At the same time, the National Nucle-
ar Safety Administration constructs a coordinated and efficient nuclear safety supervision system and car-
ries out nuclear safety supervision activities in the whole process. This paper summarizes the management
ideas and work experience by combing the key path of license application in the early stage of nuclear pow-
er project and the mode and focus of nuclear safety supervision, in order to provide reference and reference
for the early stage work of subsequent nuclear power projects.

Keywords: nuclear power;the early stage of project;license application;nuclear safety supervision
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Investigation and Analysis of '’Ir Source Radiation Acci-
dent in Ningxia

Dong Liang', Lu Guicai', Zhou Tianrong’, Li Hongcheng',Ji Xuli', Sun Yanling', Shi Junfeng'

(1. Ningxia Center for Diseases Prevention and Control, Yinchuan 750001, China;
2. Zhongwei Health Supervision Institute, Zhongwei 755000, China)

Abstract: Some information about the Ningxia '“’Ir Source Radiation Accident in this paper. For
instance, the background of accident, detailed process, clinical treatment, findings, conclusion and sugges-
tion, etc. The practice shows that the main cause of accidents include faint legal consciousness, insufficient
attention had been paid to radiation safety, feel free to lend Radiation Safety Permits and Flaw Detectors,
hire untrained temporary workingman to handle Flaw Detectors, Mismanagement of radioactive sources
and radiation safety and improper emergency handling of this accidents. Therefore, strengthening enterprise
management, government supervision and actively cultivating radiation safety culture are important means
to prevent accidents. This paper will provide experience and reference for the emergency response and
treatment of radiation accidents involving industrial radioactive sources.

192 . . o . . o e
Key words: “Ir radioactive source; radiation accident; radiation safety
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Current Situation of Radiation Safety in Radiotherapy
in Guangdong Province

Liang jin', Deng Fei’, Yu Huiting', Su Chaoli’

(1. Radiation Protection Association of Guangdong Province,510510,China;2. Guangdong
Environmental Radiation Monitoring Center,Guangzhou 510300,China)

Abstract: The development status of radiotherapy projects in Guangdong Province and the protection of
radiation safety jade in some hospitals were investigated by means of data investigation and field investi-
gation. The results show that the per capita radiation treatment equipment in Guangdong Province is lower
than the national average level, and it is concentrated in the Pearl River Delta area. There is no proton /
heavy ion accelerator, and other high-end new radiotherapy devices, and all cobalt machines are retired;
The radiotherapy project is generally safe, and the replacement of radioactive source may be the biggest
risk source. There are deficiencies in personal dose monitoring, etc. in addition, neutron protection of the
electron linac no more than 10 MV needs to be paid attention to.

Keywords: Guangdong province; radiotherapy; radiation safety and protection; personal dose; neutron
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Nuclear Safety Analysis of Cascade System in Uranium
Enrichment Plant

Yang Zhen"

(North-Western China Regional Office of Nuclear and Radiation Safety inspection,
NNSA, Lanzhou 730020, China)

Abstract: According to the requirements of nuclear industry standards and nuclear safety related guidelines
and standards, according to the analysis of accident results by event factors, the quantity of radioactivity
released under the maximum hypothetical accident is calculated, and the nuclear safety level of cascade
system of uranium enrichment plant is analyzed from the perspective of nuclear safety supervision. The
cascade system can hardly cause radioactive pollution when it is controllable; Under uncontrollable ex-
treme conditions, it can only cause nuclear event level risk, that is, ines grading principle is level 3 or be-
low. Therefore, cascade plants and related equipment should not be the highest level in the nuclear quality
assurance classification, and should not be the focus in the nuclear safety supervision, so as to make the
regulations more rigorous.

Key words: uranium enrichment plant; cascade system; nuclear safety level
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The Establishment of Jellyfish Net based on Jellyfish
Outbreak in Yangjiang Nuclear Power Plant

Yang Shaofeng,Ruan Chenjie ,Xu Wei,Li Xinxian,Zhu Jianrui, Lin Xianren

(Yangjiang Nuclear Power Company Ltd., Yangjiang 529941, China)

Abstract: In view of the cold source safety can not be guaranteed due to the jellyfish outbreak in the sea
area of nuclear power plant in recent years, based on the existing interception facilities, this paper discusses
the feasibility of adding jellyfish networks with different hole diameters for jellyfish of different sizes in the
stage of jellyfish outbreak. The results show that the addition of jellyfish network can effectively intercept
jellyfish, reduce the impact of jellyfish on the formal interception network, reduce the risk of diving opera-
tion, save cost and achieve the effect of reducing cost and increasing efficiency.

Key words: cold source; jellyfish; intercept; reducing cost to increase benefit
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Analysis of Operating Event Criteria for High Tempera-
ture gas Cooled Reactor Nuclear Power Plants

Yu Yang"', Zheng Lixin’, Yu Haiyang’, Chen Xuanxiang', Han Jiancheng'

(1. HuaNeng ShanDong ShiDao Bay Nuclear Power Co., Ltd, Rongcheng of Shandong Prov. 264312,
China;2. Nuclear and Radiation Safety Center, MEP,Beijing 100082,China;3. State Nuclear Power
demonstration plant Co., Ltd, Rongcheng of Shandong Prov. 264312, China)

Abstract: The “Regulations on Nuclear Safety Reporting of Nuclear Power Plant Operating Units” stip-
ulates 12 operating events reporting criteria, and the “Nuclear Safety Reporting Guidelines for Nuclear
Power Plant Operating Units” describe in detail the technical standards for the operating event standards of
pressurized water reactor nuclear power plants and heavy water reactor nuclear power plants, and list typ-
ical examples, but do not analyze and describe high-temperature gas-cooled reactor nuclear power plants.
There are large technical differences between high-temperature gas-cooled reactors and pressurized water
reactors and heavy water reactors, in order to provide guidance for the reporting of operating events in
high-temperature gas-cooled reactor nuclear power plants, this paper combines the design characteristics of
high-temperature gas-cooled reactor nuclear power plants, establishes the analysis method of high-temper-
ature gas-cooled reactor nuclear power plant operation event standards, and uses this method to analyze 12
guidelines, and derives the relevant content of the high-temperature gas-cooled reactor nuclear power plant
operating events guidelines that need to be supplemented by the “Nuclear Safety Reportlng Guidelines for
Nuclear Power Plant Operating Units”.

Key words: high temperature gas cooled reactor;operating events;reporting criteria;multiple reactors and
one steam turbine generator set; non shutdown refueling
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Fig.1 Distribution of nuclear power plants in Russia
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Fig.2 Quantity of different types of reactor in nuclear power plants
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Table 3 Operational events of nuclear power plants
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Fig.3 Relationship between reactor type and operational events
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Fig.4 Direct causes of operational events of nuclear power plants in the period from 2004 to 2019
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Analysis of Operational Events and Causes of Nuclear

Power Plants in Russia

Zang Xiaowei', YARMOLENKO M. A.>, KOROLEVA M.Yu.?

(1. College of Safety Science and Engineering, Nanjing Tech University, Nanjing 211816, China;

2. Department of physics, Francisk Skorina Gomel State University, Gomel 246019, Belarus; 3. Institute

of Modern Energetics and Nanomaterials, D.Mendeleev University of Chemical Technology of Russia,
Moscow 125047, Russia)

Abstract: Based on the official data of Russian nuclear power plants and operating units from 2004 to 2019,

statistical analysis of the characteristics and laws of nuclear power plant operational events overtime was giv—

en. The results showed that, 703 operational events occurred in Russian nuclear power plants, and the average

number of operational events per reactor per year was about 1.22. Operational events were mainly composed

of level 0 and level 1 operational events. Russia’ s RBMK-1000 reactor unit had many operational events

per reactor per year. Russia eliminated backward nuclear power units, gradually increased the capacity of the

improved third—generation atomic power units, and actively promoted the development of VVER thermal neu—

tron reactor and advanced fast reactorand the progress of closed fuel cycle technology. Compared with “human

unsafe behavior, ” Russian nuclear power plants’ “unsafe state of things” was the root cause of nuclear power

plant operational events.

Key words: Russia; nuclear power plants; operational events; statistics; statistical analysis
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Implementation and Transmission of Nuclear Safety Culture
from the Perspective of “Training Theory” and “Cultural
Discount” Construction of Roadcasting System.

Gao Bingyan

(Nuclear Power Institute of China, Chengdu 610000)

Abstract: ensuring safety is the primary condition for the development of nuclear industry, and nuclear safety
is the core of nuclear industry, The premise, foundation and lifeline of development. Therefore, we should cul-
tivate a nuclear safety culture and let the To firmly establish the concept of “everyone is the last barrier” , we
need to move first, Enough advance. This paper focuses on the implementation of nuclear safety culture and the
construction of communication system, taking Nuclear Power Institute of China (hereinafter referred to as the
Nuclear Power Institute) as the research object , through the dual perspectives of “training theory” and “cultural
discount” and field research methods, sort out the practical difficulties encountered in the implementation of
nuclear safety culture, and somePut forward high—energy, efficient and practical countermeasures, and finally
through a series of Practice and exploration, three—dimensional presentation from the perspective of full plai—
form, full matrix and full ecology.The effectiveness of the implementation of nuclear safety culture concept and
the construction of communication system.

Key words: nuclear safety; cultural discounts; training theory
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Research on Influence Factors of Heat Transfer Perfor—
mance of Passive Containment Cooling System based on
Separated Heat Pipes

Hua Xinchao', Li Xingxing’, Pan Liangming’
(1. Research Institute of Nuclear Power Operation, Wuhan 430000, China; 2. Wuhan Gathering Wisdom

Environmental Protection Technology Co., Ltd, Wuhan 430000, China; 3. Chongqing University,
Chongging 400030, China)

Abstract: For passive containment cooling system with separate type heat pipes. The effect power, contain—
ment pressure and ambient temperature on transient characteristics of PCCS and heat transfer performance are
numerically calculated respectively. The results show that the decay heat affects the fluid working temperature
in the system, which has a great influence on the flow instability and flow rate of natural circulation. The con—
tainment pressure also affects the saturation temperature at local pressure in the rising pipe, and then affecting
the circulation flow rate and the flow instability. The initial ambient temperature affects temperature difference
of cold and heat source, which has a great influence on the circulation flow rate and the flow instability. The
started—up of passive containment cooling system work well. When a nuclear accident occurs, it can remove a
great deal of heat in containment.

Key words: separate type heat pipe; passive containment cooling system; transient characteristics;
flow instability
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Fig. 2 Box plot of defect growth rate distribution between adjacent overhaul rooms of SGs
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Research on the Plugging Criteria Based on ET Signals of
the Heat Transfer Tubes of Horizontal Steam Generators

Peng Sitong', Lv Yunhe™', Zeng Zhen®, Che Shuwei’, Ma Ruoqun’, Du Aiguo', Yang Xingwang'

(1. Jiangsu Nuclear Power Co., Ltd, Lianyungang 222042, China; 2. Nuclear and Radiation Safety
Center, MEP, Beijing 100082, China)

Abstract: The steam generator is one of the most important equipment in nuclear power plant, reasonable
plugging criteria can not only guarantee the integrity of heat transfer pipe, but also keep the amount of heat
transfer pipe plug to the maximum extent and ensure the operation economy of the unit. During the pre service
inspection of the steam generator of unit 1 of Tianwan nuclear power plant, multiple defects of heat transfer
tubes were found, and more than 800 tubes were blocked. The remaining defects that did not meet the criteria
for tube plugging have continued to operate for more than ten years, and a large number of defect data during
operation have been accumulated. In this paper, through the discussion on the method of measurement SG tube
plugging criteria, the two main factors that affect the SG tube plugging criteria are studied. And the calculat—
ing diagram was demonstrated as reference of horizontal steam generator with VVER type of Tianwan nuclear
power plant.

Key Words : steam generator; heat—exchanging tube; plugging criteria; eddy current inspection; defect expan—
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Feasibility Study on Material Modification and Optimiza—
tion of Bag Net of Cold Source based on Yangjiang Nuclear

Power Plant

Xu Wei, Ruan Chenjie’, Yang Shaofeng, Li Xinxian, Zhu Jianrui

(Yangjiang Nuclear Power Company Ltd., Yangjiang Guangdong 529941, China)

Abstract: This paper makes a comparative demonstration and analysis from the aspects of supplementary
boiling ability, interception ability and breaking strength of the Constitutional network, and compares the field
experiment, and discusses the feasibility of replacing UHMWPE with HDPE material through field experi—
mental comparison, so as to reduce cost and increase efficiency and reduce operation and maintenance work—
load. The results show that the price of UDPE is 1/10 of that of UHMWPE, the interception ability and break—
ing strength of the two are almost the same. The anti—marine biological adhesion ability of HDPE net is slightly
better than that of UHMWPE net and less replacement frequency.

Key words: cold source; bag net; material; reducing cost to increase benefit
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Table 1 Hydraulic components used in the RELAPS model and the design for the facility

FERIASA g5 JLIZE /mm BB SR ER AR REARE /mm
SNGLVOL100 D=450, H=250 KA 200 mm TE IR K FE AR 250
SNGLVOL150 D=450, H=100 LR/ VR T 3 150
BRANCH200 D=450, H=150 PR K R 2K X I 0
PIPE220 D=41, L=780 — HEKAEL P REEL -780
PIPE240 D=41, L=500 — PR LA B -780
PIPE260 D=41, L=320 — KL LT -780
JUNCTION105 — REI &R E £ =49 AL —
PIPE280 D=41, L=260 — PEKAFL FTHEE -460
PIPE300 D=41, L=200 — B -200
PIPE400 D=41, L=500 — L THEE 0
PIPE500 D=41, L=100 — TRk 500
PIPE600 D=41, L=100 — TR 42 500
BRANCH900 D=41, L=500 — R RGBT 600
TMDPVOL901 1 m’ 7K 20°C R KIE —
TMDPVOL902 30m’ £5)% 17 0.10/0.15/0.20 MPa KA * —
HEAT-STRUCTURE 20°C R I ARGA S —
12000000
HEAT-STRUCTURE 3000/5000 W (ERE RS U —

13000000

T % IR B AU TR I RE

®2 MamEMURER

Table 2 The layout of measurement locations and the specificationofexperimental instruments

G i 5 Wi IR 1ERZHL
T1 TN#EE A M i 500 mm A KR PHLH Ktype L 0-500°CHEEE 1.0°C
T2 JEEA L 75 25 mm IR BETR !
T3 TAEBEA T E 5 100 mm TR |
T4 ABEA E 7 150 mm TP REE !
T5 JNFABEAE 15 190 mm AR BETR
AP1 BB g i T e 2= JRE 2275 3% 4% ETATI0 A L 0-100 kPa k5% 0.1%
AP2 T+ B M AR

TE: 1L AR (T2-T5) AR SMEE , TR BT (R SR A A3 N BEIR TS B2 0T L
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Table 3 The conditions of experimentaltests for vali-
dation of the RELAPS model
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Fig.4 RELAPS-model validation with the experimental data
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Fig.5 Calculated void fraction along the vertical pipe
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Table 4 The conditions of experimental tests for vali-
dation of the RELAPS model
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Fig.6 Calculated results of case 3 with low heating power
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Fig.7 Calculated results of case 4 with high heating power
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Fig.8 Transition locations of developing slug flow in the
heating pipe on condition of low heating power (case 3)
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Simulation on the Geyserboiling Phenomenonina Vertical

Pipe of the Innovative Core-catcher

Guo Qiang*, Sun Jing, Liu Zhuo, Yuan Yidan, Li Wei

(China Nuclear Power Engineering Co., Ltd., Beijing 100840, China)

Abstract: An innovative design of core—catcher uses vertical pipes for cooling enhancement. The geyser boil—

ing phenomena may occur in the pipes during the early phase of thehypothetical severe accident scenarios. A

RELAPS model was developed and validated, which showed good consistency with the experimental data at

aspects of typical parameters, such as water temperature at inlet of the heating pipe, wall temperature at outlet

of the heating pipe, pressure difference through the heating pipe, and the rising pipe. Taking advantage of the

RELAPS simulation, the geyser boiling phenomena were studied on the conditions above the standard atmos—

phere pressure, and the effect of operation pressure was analyzed. This study helps to understand better the

physical mechanism of geyser boilingand paves the way for further engineering design of core—catcher.

Key words: geyser boiling; vertical pipe; oscillation; RELAPS; Simulation; core—catcher
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Fig.1 Schematic diagram of performance indicators of nuclear power plant cables
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Research on Multi-parameter Comprehensive Monitoring
Method based on the Consistency of Non—metallic Mater—
ials of Nuclear Power Plant Cables

Hong Ningning, Liu Jingping, Zhang Hongyu

(Shanghai Electric Cable Research Institute Co., Ltd., State Key Laboratory of Special Cables, Shanghai
200093, China)

Abstract: In view of the problems in the conventional supervision of the consistency between the actual supply
and the quality identification for nuclear power plant cables, based on the characteristics of the non—-metallic
material system of the cables, typical micro—performance indicators of the materials were selected, mathemati—
cal statistics and analysis methods were adopted, through the processes of elimination of outliers, precision and
accuracy inspection, correlation inspection, accuracy rate verification, etc., thereafter a systematic analysis
method for evaluating the consistency of non—metallic materials for nuclear power plant cables using multiple
parameters has been established, including density, FTIR, DSC, OITP, TG and ICP-OES performance indi—
cators. Compared with the conventional single detection method or their simple combinations, this consistency
evaluation method has been systematically demonstrated and tested, which can effectively, quickly and accu—
rately monitor the consistency of the non—metallic materials of the actual supply cables of different batches and
the quality identification cables, and has advantages of small sample volume, micro—loss, short test cycle, low
price, etc., to provide optimization scheme for the implementation of nuclear—level cable compliance supervi—
sion.

Key words: nuclear power plant cable; consistency; accuracy; supervision
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¥£237  424E-15  459E-I5 425E-15 0.92 1.00 0.93 1.04
e 225E-16  2.47E-16 227E-16 0.91 1.01 0.92 1.05
ES[(EN 0.96 1.00 0.96 1.00

®3 BEHERKEHEL 149 cm. 12 228.0cm, FE 37° R FiEEER DPA/s R
Table 3 Resutls of Neutron Fluence Rate and DPA/s at Reactor Radius of 228.0 cm and Height of 149.0 cm from
Core Bottom and Angle of 37 Degree

HISTHAE C FeAEMLTTHE BE BE/C
FFERR, E> 1.0 MEV 1.07 E+09 1.01 E+09 0.94
P, E> 0.1 MEV 9.31 E+09 8.64 E+09 0.93
PR, E< 0414 BV 1.48 E+09 1.44 E+09 0.97
DPA/s 324 E-12 3.02 E-12 0.93
%, E> 0.0 MEV 2.03 E+10 1.92 E+10 0.95
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F4 EMERXERRELE 149 em. FE 228.0cm.  FE 47° S EZIRNEE RN EITEERBEEE
Table 4 Comparizon of Calculated Results at Reactor Radius of 228.0 cm, Height of 149.0 cm from Core Bottom
and Angle of 47 Degree

AL, SRR 25 R
PRI Fr MEH M EMC HdfhiHEBE M/C BEM BE/C M/C,
i 1.10 E-18 1.04 E-18 1.12 E-18 1.06 1.02 1.07 1.02
B 1.68 E-17 1.48 E-17 1.63 E-17 1.13 0.97 1.10 1.03
Bk 896 E-17  8.70E-17 9.27 E-17 1.03 1.03 1.07 1.01
Ll 1.39 E-16 1.24 E-16 1.34E-16 1.12 0.97 1.09 0.92
i1 238 504E-16  4.82E-16 5.08 E-16 1.05 1.01 1.05 0.91
¥ 237 6.66 E-15  6.70 E-15 6.76 E-15 0.99 1.02 1.01 1.02
e 3.79E-16  3.71 E-16 3.81 E-16 1.02 1.01 1.03 1.01
ES[(E] 1.06 1.00 1.06 0.99

x5 FHERKKEL149cm, 12 228.0 cm, [ 47° o FiEERK DPA/s IR

Table S Resutls of Neutron Fluence Rate and DPA/s at Reactor Radius of 228.0 cm and Height of 149.0 cm from
Core Bottom and Angle of 47 Degree

HBTHAE C A THE BE BE/C
FPERR/ (nfem™s™) , E>1.0 MEV 1.66 E+09 1.72 E+09 1.04
FPPERR/ (nfem™rs™) , E>0.1 MEV 1.28 E+10 1.29 E+10 1.01
FrEER/ (nrem™ss™) , E<0.414 EV 1.56 E+09 1.60 E+09 1.03
DPA/s 4.56 E-12 4.65E-12 1.02
FPERR/ (neem™+s™) , E>0.0 MEV 2.50 E+10 2.54 E+10 1.02
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A Verification of Neutron Fluence Rate Calculation Code
System for VVER Reactor Vessel

Zhang Yaping, Li Guojian, Li Kai, Wang Donghui
( State Nuclear Power Plant Service Company, Shanghai 200233, China )

Abstract: Neutron fluence rate is the basis for reactor vessel embrittlement surveillance and assessment.
Based on the data provided in Balakovo—3 VVER-1000 benchmark problem, reactor vessel neutron fluence
rate calculation was implemented to verify the availability of a neutron fluence rate calculation code system for
VVER-1000 reactor. The neutron spectrum and neutron sensor reaction rates were compared during the work.
The comparisons show that calculated neutron spectrum and sensor reaction rates agree very well. It proves
that the neutron fluence rate calculation code system is reliable to be used in RPV neutron fluence rate calcu—
lation for VVER units.

Key words: VVER unit; reactor vessel; neutron fluence rate; benchmark problem; calculation code system;

verification
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