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Thoughts on the Development of Sodium Iodide Gamma
Spectrometer Technology in China

Liu Wei', Han Shanbiao'*", Zhang Wei', Yuan Zhilun'

(1. Nuclear and Radiation Safety Center, MEP, Beijing 100082, China; 2. Southwest Nuclear and
Radiation Safety Supervision Station, MEP, Chengdu 610066, China)

Abstract: As the combination of sodium iodide crystal detection technology and digital spectrometer
technology, iodide gamma spectrometer has become the representative of scintillation detector energy
spectrometer, and played an important role in the field of radiation environment monitoring. This paper
reviews the development status of sodium iodide gamma spectrometer technology and its application in
radiation environment monitoring in China and abroad, and points out the problems existing in the radiation
environment monitoring of sodium iodide spectrometer in the field of ecological environmental protection in
China. In order to provide reference for the development of radiation monitoring technology of sodium iodide
gamma spectrometer. Suggestions on calibration capability and international cooperation are presented.

Key words: gamma spectrometer; radiation detection; environmental protection; nuclear safety supervision
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Study of Off-site Emergency Optimization for HPR1000

Xing Ji, Wu Nan’, Xue Na, Qiu Lin

(China nuclear power engineering co., Ltd, Beijing 100840,China)

Abstract: With the development of the third generation nuclear power technology such as HPR1000, the

nuclear safety level has been significantly improved. In this paper, based on the requirements of emergency

planning zone in China, the feasibility of off-site emergency optimization of HPR1000 is analyzed. The

analysis shows that for most serious accidents, the off-site protection actions of HPR1000 are limited or

even can be cancelled, for extremely serious accidents that can be “practically eliminated”, the area of de-

terministic effect is also limited, which provides the technical basis for the off-site emergency optimization

for HPR1000.

Key words: HPR1000; emergency planning zone; Level-2 PSA; practical elimination; emergency source
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Fig.2 Nuclear power installed capacity in operation during the last decade in China
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Table 2 Basic information of research reactors and critical assembly in China
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Abstract: This paper summarizes the development status in the fields of nuclear and radiation in China in

recent years, highlighted in the construction and operation status of nuclear power plants and research reac-

tors. It demonstrates the history and current status of nuclear and radiation safety regulation in China, and

summarizes the regulatory system in the field of nuclear safety. This paper also prompts suggestions for the

future development of nuclear and radiation safety by integrating the achievements and experiences in the

aspect of nuclear industries during the last decade objectively.
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Table 1 Detection function targets under different transportation security levels

FAR

WSRO IE AR S AR

WA LA I ARk sl 7 IE R IH %
B AR, TRV M T A A
PRI R i A A AR AR A A — RE R Y
fike, XJEIE W B dh, MARER SR AN IEH 5
3, 0 T HIEW B o, 3k LA “ARE sl
TESCAMEh Z RSN P ki i 42 i P A 25 )
ARG AR, HOB G Jm 23 MRS, GPS =it 3}
SR PLE AR SO BIE S TR ASSCR A
PATCER AR5 9 B (RSST) Jhy HER A, 32 4 1 4
PO (477730506 38 i 2 R AR TSR 00 it A7 7
A, URBIHE R 2 23h 2= 424k

3 JAEEB B

eI i A A BT R B AR
W AR IEGE MR T, AR A 322 R e 2
We B Gk R A5 i, 32 ORI A9 JC R 5 5 5
B IFH e o 2 I RS . 2385 R ik S8
S, i MRS SR T Y T BR LB ik R R i A
LRE R ER SR T RSN, AR K
T AR B Kk IR ZE R TJOLR 2%
RERLRARGE, o AR B DA SRR S
3.1 ETEREEZEIEERNENRE

FE AR A S 4 TR f s, 2 KO
i, 2% 4 4 zigbee 9 AT 8 Cy T
MR O {5 ROR, R 2 /0 B 7R T 4
JABE 10 cm), 41 4 FIT7s , A mi e 422 Al ,
B U AR A AT , C 78 42 A7 )i i, D SUAE 4
W72 5 S ABCD B4 T BSR4 R A 78 T A
TP i (B4R BRI, A B R AR E L
B AT L, JCH B R R 2 A RE Bk
o U A 2B ST AR — i,
(EUE TR A JE M A, BT I 2 LR 2, SR A
J A DU R B E A T7 207 DU

D 73 51 s B DY A = A i AR e 2 Y

Finvi 7Y R} 4
TR 2 A A RS 8 W 2 AT A 223 A R A
EREASIL BhE ST EIER I
B
M2
M1 Y M3
M4

B4 ETERLBERNIEERICNER
Fig.4 Illegal movement detection model based

on area comparison method

¥ ABCD Wy AR, B
SSUM:SAB(}+SBC()+SCD()+SDA()_SABCD ( 1 )
f(: 'flj ) SABO N SBCO D SCDO D SDAO ﬁf’”%ﬁzﬁﬁ/}
ABO.BCO.CDO.DAO I ; S, pep T8 MU
J& ABCD M9 TaiFH .
M FREREREE O N TEMNE,EN O
JoN ABCD WAL — 55, WIBRS FAEEA ()
Ssum=0 (2)

MHFEEEREE O M T4 kbt B O
WA ABCD AMEE— &, WFS EAAEARK (3)
Ssm>0 (3)
IR AR A Sy, BME H 32205
REREE O N THEMMNET A
Sson=A Siﬂﬂi (4)
ME FLLE R E O T4 MAM, 1]
TR
Ssum = ASMsm (5)
T, A Sy A2 T FLZ FI B 35 25 [ H,
BN m’ s PUAS = A T AR 2 RN 2 DU
ABCD [1H Ssum K T BIE ASy,., BT, 7] 15 Hijik

SV i BRI A S5, R E . X
BIERL KT AS 0

21



Vol.21, No.4, Aug.2022

22

3.2 ETERLEEEIEEBIHRN T E
(1) 4 AHETT ARG 1 s Kk —ukary 3 &

Hiuhk 7 3G, F TR RSSI. 4 MY i & X

FisF 1] 4y ) B AR 2, 7 i 220 e FL s ) 25 {8 T T

X1 R E o PRk R AT 50 RSST & AR

FEF PR iz ST A I 69T 1Y RSSTA -
(2) I~ (6)

RSSI,, = A, —107, log(d,) +v,,  (6)

(ki) —

T RSSI ) BT 05 kOB AT i 1Y
TCEAF TR IE , B0 R dB A, FKos PR B AT A i
— KL A B TC LR A5 5 9 B (L 5, 227 IR 0
A sy Fn17 0k BRI 05 0 IR RS v ) R
IRIIE g 0 MR

SR pE RIS 5 i RSSIAE P FRAS d {8
XY R 0 RSSTHCH B & U , SR 4, A gy
Rt D s 20 B A5 RSST A , AR A
MB IR A F e HABERIZEL

(3) HEEI N IS B AR50 i
T U B SHE R AAONE , RSSTAH V] REAFAE IR | %15
2 — AT A A A, T LA B R e pE
vitg_[1¥) RSSI IR HEAT R 7R 2 U I8, 0 i e B
K (7 IHHL

d= IO(A,{—RSS[(,U-) )/ 107, (7)
A7), SRBGZY A 21 R Z A1
EE% dAO \dBO \dCO \dDOO

(4) 719 5 AB Z W] Y P B /& dyp, ABO 1Y
HHRITINN dup dro doo IRATHEHE A, =Y
AR 23 (8) R o

Swo=NP(P—d ) p—d, ) (p-d,) (8)

A, P KBk p=(dytd,otdso )2,
BH m,

[ FEATSR A = A = f R TR, % R E
4.0 51 ABCD SEFr [ ANTE R —F1a , Xk
A GHORIN dao doo o T dyy FEELH,
FF L AT B S HOR = A RN . SRE,
MO EY) O TEZEIR B % T A S A
(4) FRYIEIR 22/ T 0,

(5) HARAAT(S) JIWT R &L T AR 3.

(6) ASy., [EFT ARG 5 (%) e P it 1
R E .

(7) XA SR R R I B % .
33 REESEERE

232 5 4 N O R D B JEERAE
55 B REAR Y R P D HR T RRAE R
) RET U, BV AE Z 48000 5 His i 2 iy
R A %, R BUA N 2 [ B, To2k
T S R A e U B A S P AN (1) 5
WA K. L2 AR RN | 0 4 K S BT a2
B B 1555 B 7 A B B, v R AE RSSTAE L
BN T MRS L M RREIE — R v R AR AT
v ELE0 I A 00 SRR 5 25 e AR B R Y
DFE IR 2E o PR 20000 {5 - 0 e B A - 1
AhEE BRI . B LR BT A RE
SIS A R, A T IR HA AR S FLE S
TR, - U8 I 7 vk MEEL R X I s A — 2 BT
BRAE ST, SUANBEA R R K BT . B IRRICR
VL, 1 TR I A R — R A I, (R
ZEEAITEER, BRI K . RRS A
AUl T I R, TR R AR X D, Hg
RS, DR AS I H 2R FH R R 2 71

X TSR S A E RN AN R AR
), TR 0. RGEAT LA A R (9) AR
K (10) FR .

X, =RSSI, =RSSI, +w (9)

Z, =RSSI, = RSSI_,+v (10)
o, w R R WO B 3R 22, v F s UL L
PR 2,
MEAR R =C (D) 228 305)
Prediction:
X (klk-1)=X (k-1lk-1) (11)
P (klk-=1)=P (k-1k-1)+0Q (12)
Update:
Kg (k)=P (klk-1)/ [P (klk-1)+R] (13)

X (klk)=X (klk-1)+Kg (k) [Z (k) -

X (klk-1)]
P (klk)=[1-Kg (k)] P (klk-1)

(14)
(15)



Vol.21, No.4, Aug.2022 YHFE: HUMHBH S ERZRAAALEEDB B LTk

A, O BRI TR 22 (75 22, O=ww ", PCLATE b i1 0 A BRI R ST A B 7, A
B — B INEC A0 0,010 R EHCHE I i AEIREII N 0.5 m, MK L2 R 275 R Ao o
2722, R=vy T, ATAE U i 72 58 UR TEJAIABEE 4 A AP J i (B9 550, 08 A1

() —/INBEIRF ] A (A 1 43 ) SIS ) 7 A0.1 m,0.1 m,1.5m),B(0.1 m,1.9m,1.5m),

3.4 AS,. BHWEE C(2.1m,0.1 m,1.5m),D(2.1 m,1.9 m,1.5 m),
AR A A () JriokAs e i AP XA 6 Fs .

Vi iis i . MR DA A {8, 8 R SERT, E BT A LA 2.25 mis (13

AMERI AN I, R R R A RS 1N A 4R
Ll RS AT W22 A0k TIOINES, F 4B B 225 ms.
T HAPE S SR ERE L G, BN O R S 7 s R
BB A K T TR s B M e SO0 Sewe WL T TTRAT L A0,
YRR . — EUR AR, AIRTSCT, 5] R R Sa HOME AT, YA
TR BN s . TR TG B ERUS TIANE %, L R
BRI T AR R, T BT B AS,., 4, FHR R . 76 7 b, R
Ve A AS,. (HIEB AN TR EE 0% AS,., (N 1.3, O PR 5 S 25 4R o
WA, 1T AR — TR AR (2 5.3k, BUBSES 4R 1.04 S HRRR IR,
PR, T A 10 5 2 il s g M5 22 e
4= H E

(. TR, T AS, faipm O AR
e A i EE (LA VA B GV L, THTFRE (L Sy P HUES TE 5 11

e D 3 2.
4 fFEIRRK !

,l:{ ﬁ k — N
41 55 B HYJS060XFS—IX 7 il 5 P 4 5 R ®2 EREREAREOSETAR

Table 2 The first value of area difference from

K4, e s R, A8E RAF K 58 & ok negative to positive
A T Ay
6350 x 2120 x 2800 (mm), 5 JFi ] <} Sk 4260 x o P R
2005 x 1730 (mm), 75 b & 450 mm., AR WA E R m
1 1.4116 5.3
2 0.2376 4.85
3 1.3707 5.3
4 1.4957 53
5 1.3615 53
6 0.2923 4.85
7 1.2757 5.3
8 1.3825 5.3
. il 9 1.4518 53
5 HYJ5060XFS-JX B gt mERIZHE 10 1.4858 >3

Fig.5 HYJ5060XFS-JX radioactive material van

FE 2 AT AR 10 YR A5 B i AL 22

FRATT L B O BT S5 X R T AR R Ssom FA VG IEJG 3R — BB RAE 14957,
RSF, 220 mx 1.9 m (8 R4k 15 42 A P BE SEBRAIGHT , FA TSI T 100 R IZ (BRI
0.1 m), H FFAE% B B REE FMTIEL 1.5 m. 1.5322 ;fj5 . 1000 KA, IR AN 1.5534, Z
DA% R 8 T 7 VT Ay A b SF- T, 512 565 DXk o A% DIEAR R B 28 A AN R, SR A FRATT

23



¥ g A Vol.21, No.4, Aug.2022

24

. T B AR TR AR 1R 30 1 X A
B (0.1,19) * € (41551.9) * * * * ok Kk Kk ¥ ¥ * K ok ok K ¥ * Kk Kk x kK * K ok ok ¥ ¥
1.8
1.6
* * * * * ¥ * x ¥ * * * ¥ * * % ¥ * * k¥
14
121
=y
E
_‘q 1P * * * ok * * ok * * * ok ok * B I * * *  *
8
K
0.8
0.6
* * * * * ¥ * * * ¥ * * * * ok * * * * * * *
0.4
0.2
A(0.1,0. * * * * * D (4.1504)% * * * K % ok ok * PR B T I B B A A
0 | | | | | | | 1 | |
0 2 4 6 10 12 14 16 18 20
IR RE T Tk
Ee {FEXIE
Fig.6 Simulation area
12 T T T T
10 —
s _
g 6 TR Ssum a
=
=
R
b
=
= -
{(5.3,1.4518)
Py (53,08)
ol (4.83,0.8) ]
4.85,-0.25444)
" 1 1 1 1 1 ] 1 I
0 2 4 6 10 i) 14 16 18

&7

8
KB Fx/m

HEER

Fig.7 Simulation result

B, T AL |, I AL AR D B 25 SR 2>
AR AR, X ARG A, 2
AR HT TN, YO SRR N R
HIFG T 1RS Bl AN, Ssu (EEEIE 230k i
K, BITERIS i 2 i S BRI 1, BT L
AR EAEMEIE, A3 6) BRI, B
st DA R T AT TR 1 A2 DR, P 3 S TS

ST H RE OO ) RSST B0 5 A F T
N (5) T T BRI YU s
FERER, T G Tl TRES T e 8 g £%
P BERe BRI ARSI . AR E R E R R
ok 5 A AR AR B AE (R RO A
K, SEIR AR



Vol.21, No.4, Aug.2022

YHFE: HUMHBH S ERZRAAALEEDB B LTk

6 M

kY= =|

AT H BRI RERE $E i TR
Y s AR R G s B A E S8
(RS Sl RN A4 00 5  E50) 1 A s AN Rl
fiE B T 3T AR FL AR AR RS SR ik
L HYJ5060XFS-IX BB 0 i i =Xz S 42k

W LR S 93006 . #2400 4) L 2018-04, JaifE:
FE AR L, 2017 ¢ 418-428.

[ 3 ] U.SNRC. Event Notification Report for November 02, 2020 [ R/
OL ] . (2020-11-02) [2021-01-01 ] . https: //www.nrc.go-
v/reading-rm/doc—collections/event—status/event/2020/202011
02en.html.

[ 4 ] USNRC. Event Notification Report for July 17, 2020 [R/OL ] .

(2020-07-17) [2021-01-01 ] . https: //www.nrc.gov/read-

JEAY S T TR X R AT T A
5 RS AR AR I T AT

S 30k

ing—rm/doc—collections/event-status/event/2020/20200717en.html.
[ 5] Canadian Nuclear Safety Commission.Events Reporting:
Transport / In Transit events [R/OL] . (2018-06-06)
[ 2021-01-01 ] . https: //nuclearsafety.gc.ca/eng/acts—and-reg-

ulations/event-reports—for—-major—-nuclear—facilities/event—re-

(1] BH/AME, SR, T, 45 BUNTERRAMA B 2%
B (1] %4, 2019, 18 (02) : 43-48 porting/transport—intransit—events.cfm ? pedisable=true.
3 % , s : 43-48.
(0] BELE, W, . % @ Y 2 [ 6 ] IAEA.Security of Radioactive Material in Transport: NSS 9-G
SHC | s RH, SF L EN L TTE an

(Rev. 1) [S] .Vienna: IAEA, 2020.
[ 7] 44 . St i B s PR E [N ]
2010-11-18.

TEL P G AR [C 1/ h R EORIE R

B (TR — PR S 2017 4 RAE AT SCHESS 10 RS L

A New Type Radioactive Material Transportation Security
System and Its Illegal Movement Sensing Method

Zeng Tiejun"*", Yang Xiaohua"**, Wan Yaping™, Jiang Panpan"* Liu Zhenghai"’ Mao Yu™*

(1. School of Nuclear Science and Technology, University of South China, Hengyang 421001, China;
2. School of Electrical Engineering, University of South China, Hengyang 421001, China;
3. CNNC key laboratory on high trusted computing, Hengyang 421001, China; 4. School
of Computer, University of South China, Hengyang 421001, China)

Abstract: The security during the transportation of radioactive materials is relatively weaker compared to
fixed places. In order to improve the security level during the transportation of radioactive materials, a new
type radioactive material transportation security system is constructed based on the individual self-security
intelligence technology proposed by the project team. In order to distinguish the illegal movement of radi-
oactive materials caused by the loss and theft from the movement caused by the turbulence of transporta-
tion vehicles, this paper proposes an illegal movement detection method based on area comparison. Anchor
nodes arranged at 4 top angles in the transportation compartment broadcast wireless signals in turn. The
individual self-security intelligence devices installed on radioactive material container extract the corresponding
wireless signal strengths and convert them into spatial distances after filtering. Based on the distance data, 4 trian-
gle between the self-security device and the 4 anchor nodes is constructed. Calculate the sum of the area of these
triangles and compare it with the area of the quadrilateral formed by anchor nodes which represents the internal
area of the compartment. If the result is greater than a certain threshold, it is considered that an illegal movement
has occurred. The simulation research shows that the scheme proposed in this paper is feasible.

Key words: radioactive material;self-security intelligence; transportation security system; illegal movement
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Necessity and Feasibility Study of Nuclear Power Develop-
ment under COP 26 Carbon Reduction Goals

Zhang Meng', Zhang Zhigang™"
(1. School of Nuclear Science and Technology, University of South China, Hengyang 421001,

China;2. Northem Regional Office of Nuclear and Radiation Safety Inspection, Ministry of
Ecology and Environment, Beijing 100082, China)

Abstract: The global carbon reduction goal proposed by COP 26 makes higher requirements for the
low—carbon of the world energy system. Although the world’ s energy consumption has generally decreased
since 2020, there are still some factors that restrict economic development and lead to the decline of ener-
gy demand such as epidemic situation etc. In order to meet the energy demand of China’s rapid economic
and social development and reduce carbon greenhouse gas emissions, China’s existing relatively backward
energy system must be changed as soon as possible. Based on the background of seeking low-carbon de-
velopment in the energy structure under the framework of COP 26, the author demonstrates the necessity
and feasibility of China’s nuclear power development at this stage by analyzing the complementarities and
fits between the characteristics of nuclear power and short shortcomings of China’s energy structure, the
advantages of nuclear power economy in today’s social development conditions, the overall development
progress of nuclear power in the world and also its role in the process of low-carbon energy in China.

Key words: carbon peak; carbon neutralization; nuclear power
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Present Status and Suggestions on Ageing Management
Inspection of Research Reactors

Wan Qinfang, Li Yun, Li Fei, Han Shanbiao

(South Western Regional Office of Nuclear and Radiation Safety Inspection, Ministry of Ecology
and Environment, Chengdu 610066, China)

Abstract: Aiming at the complex question of ageing management of research reactors, by analyzing the
current situation of the ageing management of research reactors, To investigate the shortage of the reg-
ulation standards for ageing management of research reactors and inspection, Suggestions of accelerate
regulations and standards updated, increase efforts to the ageing management review, improve the ageing
management supervision document system, and enhance the supervision and mamagement of the aging
management for research reactor.

Key words: research reactor; ageing management; supervision
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diagram of irradiation surveillance capsule
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Fig.8 Extraction of irradiation surveillance capsule
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Extraction Program and Practice of RPV Irradiation Sur-
veillance Capsules in CPR1000 Nuclear Power Units

Huang Ping'"", Duan Xingbiao®, Zhou Peng’, Fan Minyu', Luo Zhifeng',
Qian Wangjie', Zhang Yanwei', Cai Kexin'
(1. Suzhou Nuclear Power Research Institute, Suzhou of Jiangsu Prov. 215004, China; 2. Yangjiang

Nuclear Power Co. Ltd, Yangjiang of Guangdong Prov. 529941, China;3. Liaoning
Hongyanhe Nuclear Power Co. Ltd, Dalian of Liaoning Prov. 116302, China)

Abstract: Irradiation surveillance capsules are installed in the reactor pressure vessel ( RPV ) and ex-
tracted regularly for experiments to predict the service status of the RPV. Hence, the smooth extraction of
irradiation surveillance capsules is a prerequisite for subsequent experiments and evaluation. In this paper,
four following technical solutions are elaborated around the extraction of irradiation surveillance capsules:
(D design, manufacture and verification of the shipping containers, (2) the installation and debugging of the
shipping containers before entering the nuclear island, (3 the extraction and placement of the irradiation
surveillance capsules, and (4) the packaging of the shipping containers. A CPR1000 unit is used as a case to
introduce the matters needing attention in the practice process, and provide a reference for the extraction of
irradiation surveillance capsules for other similar nuclear power units in China.

Key words: irradiation surveillance;extraction;shipping containers;practice
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Study on Air Purification of HPR1000 Main Control Room
Air Conditioning System

Wang Xiaoxin

(Fujian Fuging Nuclear Power Co., Ltd., Fuqing 350318, China)

Abstract: In this paper, the improvement of the purification capacity of the air filter of the combined air-

conditioning unit of the main control room air-conditioning system of the Fuqing NPP unit 5 and 6 (HPR1000)

is studied, and the use of primary filter (FP) and college filter (FA) The feasibility and effectiveness of the

combination method to improve the purification capacity of the main control room air-conditioning system to

the virus filtration standard is of great significance for improving the habitable area of the main control room of

the nuclear power plant to deal with the threat of virus transmission and proliferation.

Key words: main control room; combined air conditioning unit; primary filter; high efficiency particle filter;

purification ability
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Improvement Suggestions of Quality Assurance Audit for
Nuclear Power Plant
Wang Yangi', Yang Xue™', Li Jufeng', Duan Hongwei'

(1. Nuclear and Radiation Safety Center, Beijing 100082, China; 2. China North Industries Group
Corporation Limited, Beijing 100821, China)

Abstract: Audit is a mandatory and common method for nuclear power plant (NPP) operating organization to
independently evaluate the quality assurance system of NPPs. In the process of the development of the nuclear power
industry, due to the increase in nuclear power units, the complexity of the unit status, the diversification of reactor
types, and the limitation of the number of existing the personnel performing quality assurance function, how to
ensure and even improve the performance of audit under the existing conditions, and then realize the continuous
improvement of the quality assurance system, has become an urgent problem to be solved. Therefore, some sug-
gestions of improvement of audit were put forward, including auditors, audit frequency and united external audit,
according to the different stages of NPPs, based on the domestic and foreign theoretical and practical results about
NPP audit, and combined with my country’s requirements for the quality management system of NPPs.

Key words: nuclear power plants; quality; quality assurance; audit
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Table 3 CCDP result of impact on safety for SER tank under super typhoon
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Table 4 CDF result of impact on safety for SER tank under super typhoon
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Impact Analysis on Nuclear Safety for SER Tank Under
Super Typhoon

Feng Bingchen’, Wang Handing, Zhang Xiaoming

(Suzhou Nuclear Power Research Institute Co., Ltd, Shenzhen 518000, China)

Abstract: The tank of Conventional Island Demineralized Water Distribution (SER) system is the largest open
air tank of nuclear power plant and may be damaged by wind-induced missiles under super typhoon. In order to
evaluate the impact on safety of SER tank under super typhoon, an analysis using probabilistic safety assessment
(PSA) method based on typical accident sequences is carried out. On the basis of qualitative analysis of initiating
events and mitigation functions required, the missile PSA model is established with calculation of failure proba-
bilities of SER tank under different typhoon conditions. The quantitative evaluation is carried out from the aspect
of accident mitigation and overall risk of unit. Improvement suggestions are proposed according to the result.

Key words: super typhoon; missile; probabilistic safety assessment (PSA )
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Research on Identification Method of Critical Technology
Elements of Spent Fuel Reprocessing Project

Xu Donglin, Yao Shouzhong, Wang Shengji
(China Nuclear longan Co., Ltd, Taizhou 318000,China)

Abstract: Technology readiness evaluation method is an important tool to strengthen technology risk manage-
ment and improve the safety, reliability and technical economy of spent fuel reprocessing facilities. At present,
the evaluation system in the field of spent fuel reprocessing is still blank, and the research team is carrying out
investigation, analysis and research on this blank. As an important part of the technology readiness evaluation
system, the identification of critical technology elements is the key content of the technology readiness evalua-
tion system. In the research, through the methods of mathematical modeling, matrix operation and consistency
test, the identification index and judgment method of critical technical elements are put forward. Two repre-
sentative technical elements of spent fuel continuous dissolver and uranyl nitrate enrichment evaporator are
selected for method test. The results show that the method is feasible and the results are reliable.

Keywords: technology readiness; spent fuel reprocessing; critical technology; AHP; TRL
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Identification and Study on Thermal Hydraulic Phenome-
na of Core Make-up Tank

Liu Yusheng''*, Wang Shuguang’”, Li Dongyang”>", Tang Jilin**, Tan Sichao’"’

(1. State Environmental Protection Key Laboratory of Nuclear and Radiation Safety Regulatory
Simulation and Validation, Nuclear and Radiation Safety Center, MEE, Beijing 100082, China;

2. Heilongjiang Provincial Key Laboratory of Nuclear Power System & Equipment, Harbin Engineering
University, Harbin 150001, China; 3. Key Laboratory of Nuclear Safety and Advanced Nuclear Energy
Technology, Ministry of Industry and Information Technology, Harbin Engineering University, Harbin
150001, China; 4. Nuclear Power Institute of China, Chengdu 610213, China)

Abstract: Aiming at the core makeup tank system (CMT) used in advanced passive PWR technology, this
paper analyzes and summarizes the design functions and operation characteristics of CMT. Based on the
investigation and analysis of thermal hydraulic research related to CMT at home and abroad, and combined
with overall effect test or single effect test, the thermal hydraulic phenomena of CMT and its branch are studied.
At the end, the thermal hydraulic phenomena related to CMT are summarized, and some suggestions on its
experimental research are put forward. During CMT test, different scaling criteria should be selected for
different phenomena concerned, the interaction between natural circulation characteristic time and attention
phenomenon characteristic time should also be considered.

Key words: passive safety system; core make-up tank; phenomena identification
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Research on the Application of the Developing of the
Training Program by Systematic Approach to Training ( SAT )

Du Nanlin'"", Zhang Song’

(1. State Power Investment Corporation Limited, Beijing 100029, China;2. CGN Private Equity Fund
Management Co., Ltd., Shenzhen 518000, China)

Abstract: After the Three Mile Island accident, the IAEA issued a systematic approach to training (SAT)
based on personnel performance to guide the development of training programs for nuclear power plant staff.
China’s nuclear safety regulatory authorities have also put forward requirements on the application of SAT
according to the guidance documents of IAEA, and many nuclear power plants have also tried to use SAT to
develop training programs. However, due to the lack of research and deep understanding of SAT and no excellent
cases for reference, the application of SAT is not ideal and the effectiveness of training programs is insuffi-
cient. By investigating the technical characteristics and the personnel structure of domestic power plants, it is
analyzed that the potential optimization possibility of SAT in the training program development. The preparation
of operator training program as an example to illustrate the specific application methods, so as to guide the
power plant to develop a training program that meets the needs, to ensure the safety and stable operation of the
power plant.

Key words: nuclear safety; training program; Systematic Approach to Training (SAT) ; operation
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