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Human Factors Engineering Review of
Small Modular Reactors
Taking HTR-PM Demonstration
Project as an Example

Dong Xiaolu, Liu Jingbin, Kong Jing
(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China )

Abstract: Human Factors Engineering (HFE) review of nuclear power plants covers the whole process of de-
sign, and includes the interactions between human operators and machine, environment and operation manage-
ment. Since Small Modular Reactors (SMRs) are different from traditional large pressurized water reactors in
the aspects of system, function, and operation, there should be special attention paid to this in the HFE review
of SMRs. This paper first reviews the development of SMRs, and then in a case of HTR-PM demonstration proj-
ect, introduces the corresponding design and major HFE review issues. It then summarizes the design and oper-
ating characteristics of SMRs, and discusses HFE review issues considering the stage of planning, analysis, and
design of the reactors, wishing to provide some supports for the future HFE review of SMRs projects.

Key words: Small Modular Reactors (SMRs); Human Factors Engineering (HFE); technical review; High-Tem-
perature gas—cooled Reactor Pebble—bed Module (HTR-PM)
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Table 5 Particle size distribution of uranium tailings

it/ pm <10 10~43

43~74 74~147 =147

A5 % 12.5 40.2

12 34.5 0.8

®6 EHka BU EMDEREYPIZELE "

Table 6 Nuclide content in crops near tailing pond of a uranium mills

B#R 13 ek fiEE G¥:i| ien

U/ (g-g") 5.6x10° (0.6~1.17) x107 (15~30) %107 1.0x107 1.4x107
Ra/ (10°Bq - g") 1.68 0.084 0.032~0.12 0.054~0.091 —
Hal (107°Bq - kg™) — 100 56~256 110~420 —

e XX APl N 5.6x107 g« g, AR 0.17 B - g5 RORTPHIET N 1.6}107 ¢ - g5 B PSR 1.0¢107 g - ¢

3 HFEHIPRERITR

31 REUNFRS

IR E R A AR 2 22 4 W D 30078 R e ik
TR B B, 5 AME F iR A — 250
Bl R N HE R BB A — N R, 7RI
AN T PO T G b 25 37 B b AR AL . AR AR
T Z RGN, 62N PEUARR 44,

RARIE R I e e e, MR
Bt il T B ARG, EERUE R E MK
X AR A 2 A EE DA R W TR P S AN
MR, B RV IEN R eERTA,
e R RN Z AT,
32 IZHAEHEHS

AL RS L kR ) T
), 2 JLHAERSS T, FRETEX J7 e T
— BBV, BT T 2EHR BB fAAE A DML,

TER R e T, ) R b
RAEREEA, AT R B A, I
Ab, AR T R AR AT B IRAL ) T L H R
W, KR E 5 K E ) 7°Th Ml Ra S50 K
O3 B SR B R 0 HT T A Rk, LAIK 3 A A
FHUA R 2 At H I
33 ZEIBELE

MZ W RCER 2 2 05 &= H 2 A
Bl tE . AEL A, SEREINAA
—EMERE . HAr, REXTESR. B K
LW H O — o SRS, 2R AR

i, Hb K WA B 4 1T I

BT e R YRR R, I T N R A
RRBGER R R SE R 5T, g4 I B &
FRo X Tiafr W Be 7, nlE i g 0 e
S 577 e e (s B N % S AR ik 2D A 37 e A
faE, AN B RS . R
By
34 BREHETFERE

B PEA —E MRS, AR EE
KR M HAER, 5 L4 &8 5 R 468 B
fttfrar . U E BRI R A 51 20t 2R s
55, Ry WA AAE 0 . BET KT
Wy . s T s il ds, #Rrik
S50 DAL, AR B R B 2% sl SR AN AR
S R R KU EHE T W o A 2R Y
2 e N e Oy 5, (EX T 3 AT R e A
BE L WEFRHE TS S 936 BRACR B b i TE i —
HARRIGE

IR BT R B PR Mt
o X ah 2 A 1Y Ab 3 A A T I A T R
TSRS T A AETRE , Ak R oK R o I 1 b 21
ke
35 EMREGRRETE

I & 2 A, BTG RGN kR
FIRGE O AP (0 75 5K g il 0 & 1 22 300k FAR o
{EFR A bRAEFN R g AR R, EAEH T
BT EAT IR R ECR, iR R EN
KL, A=, BERFENEN. SRV B



Vol.18, No.2, Apr. 2019

ARES S thRYT EEH 22 FAMGIKH, M AR

KA AL B, Cli6 B S PR I 2 ) (GB
23726—2009) K& “WefftEw, DIERRE . B
T B HHACR AIREHERC, w0 Gl iR RS B
MBI HE) (GB 23726—2009) ME “B°
THEARFEE () PR K AR IBUE B A bR
Je A

B B T S RS S8 — 45 AT DA ok T
MERE, BOTEA IR R T, A I SCR )Y
PR E B RPETT, T B 5 P 2 R
AR E T LASE S, R R RS 7 e

PUTAES R | MG, XTI I AN
W HER A T .
4 Z5iE

MR RS LA HE KR E
MIAT 55 o BUA 1935 BUbS HE X il 2 7 8 1) B A%
Ty CAE A0 20K, G A7 0 )il R4 Y
R Z e TR BRI E R . A T
TE 18 17 9] TR] fl R A 26 B8 o A 00 L A BR
KM fEFENRE, ERATRRER, £F
WRZ | HAREIRSER A, JHEI TN
PR R o, XA ZR B Bl A A Y A
K, 3R R B A A BB 2L 4 RS AR AR B

SO Bl R P A 2 e B TARE B+
BB LR SR I B

S 30k

(1] 3ki%, skiesc, 2295, 45 MR 15 QAR S i ah BREORIF
ek [J]. PESE, 2015, 24 (4): 58-62.

[2] ZENZE, 3800, BEmEE, 25, i 104F b e bk e ol i e
(7], FE Tk, 2010, 19 (11): 10-15.

(3] #LA%, il EUW, % TSR ERAR SRS
WHE [1]. B4, 2016, 15 (4): 22-26.

(4] WA, PEE T = MR IR TR (M. st o
EEFAg AL, 1990.

[5]) skefil, #RARE, MBSO, 45, Keahw™ Lk AR aaaeE 1],
Bete 4, 2008, 2 (2): 35-39.

L] WIeAs, THEt, #Edipr. Hh R RitR AR 3 [ PR ag i 5
A (1], 4G, 2007, 26 (1): 29-31.

(7] goymsy, skl P E BRRAE SOy AL (1], M
JFAdR, 2015, 89 (6): 1051-1069.

(8] WA, FAT, 5. HEHHBTREmETEZ S (M), dt
nt: JEFRE AL, 2008.

[9] TAEA. CPR/3/005 Remediation of decommissioned uranium tail-
ings impoundments (Hengyang Uranium Mill) [S] . Vienna:
TAEA1996.

[10] ik, RERY PRV EHEg a0 0], T,

2001, 31 (1): 69-71.

Status Analysis and Countermeasures for Radiation
Safety of Uranium Tailings Pond

Zheng Huangting, Xu Mingfa, Xiang Huiyun, Jiang Yue

(Guangxi Zhuang Nationality Autonomous Region Radioactive Environment Supervision Station,
Nanning 530222, China)

Abstract: As the demand for natural uranium increases substantially, the amount of tailings from uranium min-

ing and smelting will continue to increase. Because uranium tailings contain a large number of heavy metals

and radioactive substances, and the number is large, the potential harm of tailings ponds and radiation safety

problems are very prominent. By reviewing the radiation safety accidents of uranium tailings pond, this paper

points out the importance of the radiation safety management work for uranium tailings pond, analyzes of the

distribution of uranium tailings pond during operation, the status quo of radiation safety supervision and radia-

tion hazards, and put forward the existing challenges and countermeasures, so as to provide scientific and sys-

tematic work ideas for the radiation safety management of uranium tailings pond.

Key words: uranium tailings pond; radiation safety; countermeasures
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NGB PEAN I B0 WL 36 20 A0 A 24 T XK, B 2k 3
BT ) BRG] IR S AR
4381 A,

15



16

®1 IPENSERNRSTREHERBEREARER

(201241 18)
Table 1 Facility user the administration of IPEN
(January 2012)
Bt IS LiGTVIN Bt IS Y LGN
R B AT T 7 O G S 11
FREX 2k 1502 TP R A ™ 2
ViR IR 4 R 58 11
BRI 43 TERE U Y 19
Tl AR 36 PAPE X IR 15
AR Y E 21 LAlB 11
[ X 2k 1763 X Gkt 203
T 136 X GHERE 5 11
S 43 X SRR 21
R 1

F2 ZIPENATEUZAL A E A RSHRAIITILER ]
FRIETABR

Table 2 Organization and authorized operators

in Peru by IPEN
oAt
NZ Tolk BT EOMHUA  BaTt
PR S5
GIRAIE 244 1302 233 5 1784
PR T4 1051 2932 361 37 4381
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1.3.2 WFERIES& %

PR32 F) B ARASERAE Tl BR O3 HL A 2 AL
VFRT, ] IPEN #5856 F I Tk 545 I H AR
5N I HE A RE, DIEBA AT A 4 4
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T ARGV AT RO 3 4F . A R0 fea 1
H, ZRVF AT 7 ) E RS R AR AR
JE 25 I T AT A RE Ry B AT VR T UE 4% 4 R PR
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1.4 TAHRGEENTE

IPEN ¢ T Tk #ROT A R e 2K . (1)
IPEN#LHE . A T — X T H W EAE . ek
Jit B PR 2 A S S N BB BRI TAE TR (2)
BROGHLIZATIY, 20008 FH 28 o %) % S W DAL
(3) MG TAENRE DI | ZEAER 1 4
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SRS AR T L R i SORN e )
T (5) BRI HAVF AT IE 45 1E 51 41 25
ZHE; (6) FFRE Tk AR 45 1R b IX sl dal Sy 45 16l
X, HAVFREAGF T TAEN G S BB
1.5 EHPRORGIZEEFHSIE

AR FRO T 1 £ S i SPEC 23 7] 4l
TEH—1> 1016 41 SPECT 2T BIR3EE , &
— M PR Y, AR 20114E 12 H 23 H, IR
A 4366 GBq (118.0Ci), 201241 H 12 H AL
T B M 3653 GBq (98. 7Ci) ' yEFR AR GHL
ik AN 1R

1 ySI&RGNEEREE

Fig.1 Structure diagram of Gamma ray radiography camera
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A% B ) AR B Ol o] SR 22 42 fir
B AR PR E R . L P
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B T MR 288 2 LA TS L 132K H A
IR LR, ARSI (B MIER
AR AR S8 A R T R PR S R
Z B B AT S, R s ] 48 4R Aty B
PEORI BB, G55 TR AT 1R 4528 A i
Heff o IR AR ERABERA, ATl
S sz Ul . A R T IRAEAR S
WGk Z T XA PR AT 1) BB, AL A

ZEI R PE A IR A A 5 o Sk Z TR AT
AT, OPRIRIE, 2 R Sk i A DR 454
PR AN B H 268 RS < SV A, o K B 2
S BE RS, T EhE A S,
e A YA R T3 TEURE y P K 3 T . OGSk
PR 8 B DR A T 18 E 1) TAR E, BR
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0] SN SR R R R B, ME AR A A BRI AN 2
Fros o WEELAR BN GE BSh e MR AL, R
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T 60°HEL T A 2o

B2 #HESREHREE
Fig. 2 Structure diagram of Collimator
T 1—8E64: 2= AENUT; 3—POd ML LG,
41T 60°HEIE Ifi fLIE

2 EHEW

HRIEXT 5 4552 B8 TN RG2S /TR, LA
KA TPEN B018, B S
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HiREAET20124E 1 A 1 HERE 12 HE
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ROV A IR e Sk i i . SRR & HE
TE T BRI EA T, DA X R R SR G5 7R A
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2. 1.2 HOELHEAIE S

IEETF R A XS 5 N AR A 5.1 em
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BEG2 UK B 7.6 em A110.2 em 4518 T5 2R 3
Wo P, BROMEL TR AT 2 s s, A&l 3 fir
No B-UWKER 15X 5.1 em HAEE
ERGIVE M, B E R 25X
7.6 cm F110.2 em HAE BRI TOE 73

27cm
T B3
Eore 2
=S Area two
Gl S
R o
N S

Area one

1
3 B EERGELRETFEE
Fig. 3 schematic diagram of pipes radiographic
examination area in power plant
E: 151 cem HRESWEE; 2—7.6 em HERWEIE; 3—
102 em AL REIE; 4—27 em 5RO 6 EE s area one—1 5
X1 ; area two—2 5 [X s

2.1.3  TAERUT ARSI B2 HE

PRI TAEH 1 2 AR HLERAE DL A
KHAESH LT T ABRM, FFEGEGEL
i, RPONTEY) . Avl A T A2t T —ETH
Mg ss, HTHREMNS NEHLE2NY . &
i, 24 B D AE S04 A s
Wi s B, BROGEAICT N BAREE A A
T, TEAE R R R T .

TABRSTHATHAVEN, HIFF D FE P
Bi. [FEED IO R4 T A B, [A=F £
JEH IR AL s A R 3 D, TN B 12 44 [R) il
FH— A5 485 A S W A (SR 850K )) D%
DX IR y RS 7KT 5 A4 WIS I3 7
B b, DABRN R R & B R P FF i Ak
F, EBOZ WA R 50 wSv/h; FEBEGIT
T PO B Ml IR X — A I A H
() FUR I UE O R A OB R HL, iR
TIE A U B J5 O R 75 B AR LR AR 2R N . )
F D AL ARG, SR AR R 2 R AR FLIE
ERGHLERE . Bk 548 REIHE ., ZHUR
HEWME 4 PR HESRER, REEAUIE
PibLARAE 5L AR R AL T e S B0E 5 5 J

P 1) A T 48 e Hh A R

T’i 24

4 RGNSEERNTEE

Fig. 4 Schematic diagram of radiography camera and
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pipeline placement
TE: I—REEIE; 2R 3—RIEE ; 4tk
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2.2 EEHMEHE
2.2.1 MR

T ABAEKZ) 2.5 h it a] Py 332 3] 97 ¥k
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INBURR B B TF R L, (A2 456K [0 2 4
B, AR AR R R AR
IR E, FFRREe BRI Y450 pSv/h.
2.2.2 5.1 em EIE Y
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A, TABEEE—KEF, iR SR
XS, DABROR IS R CE A B . AR
F RS T B 24 20 em AbEA T, FFAN X T A
T RG], U5 545 P K2 80 min
AERAE R, T R R 5 R A X 5
TN B 2D E2 il R4 K 0 10 WK, EIZ A B FE
BF 3T 10s, (7RI TF Sk > UL 5 i VR 7 K I 1) 47
B RG34 T ARG R, R D KA
TABKHI TAEZ20s, ZJalRSE DR shF|H
B R A Ko 15 m b, A1 E 8 T A B£520
W, BIFE 20 s, 5851 em BB ROV
Ja, BERGAL . BB T ELAR S G E 2 45
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FRBDEZ R, T BRI 20 T 1 8
Fl, SRJE RS RALREE L, R 4R,
PRI T AR R, TN BRI 4T 20 em
AMEERE 50 min; BRAEHIRAS FIME B . SERTRI
FIRGIVEN R, T ABYRER TS 34
P MRS R, EERER RS AR, BiRE
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ik, IFRESET OFIRERGIF TR ) W
ASCAY DX B 384750 50 wSv/h; 45 TR R AE i IR
BN —MEWEER; BRBNE ™ E N,
i R T A RPOTE TN C R [
TORFE ., TEIFEEZ) 1 min (OERAETR, RPO I
TN CH B TV R R, IR A
oo 10 QR Vi BN @ [ SO & SN T A
BILTR R 1) o A
2.3 HTRERFNE AN IPEN

20124E1 3 12 H 02: 30, 45405 TAESERUE A
A, TABUKIE 7300 #ETFRI20N, 4RZEIK
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A R T LIRS E O B B A TS e A

4 E Rk % ., T ABTF06: 0024 /KFE
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Table 3

®3 SIEHFWHEZFMGMEHNIPEN

Key events leading to the accident and the notification of IPEN
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R 3 NIIAETRGERZS, AT, %A W2 IR
LIPNGEIS 5 ARl 8700 LY B EUNIRT: 87 S € d o 1

Blenial

AP IS NS ECNR EP WA Ve PN S
TP — L AL BT (RIS 45 35K, RS
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3 mEHNR

A2 AL RN S CS MNIPEN 5, AL [
P S, HME R | IAEA B IFE T R
M V7
3.1 EXRGNR

R IPEN 5, Bl BUF AP ASHR, Bb 4G 4E
TAEA A0 [E R Mg P 52 BT (National In-
stitute of Neoplastic Diseases, i FR INEN) 155
O S A T R Y, 3 44 32 R AR
T AT 20124F 1 H 17 H AME INEN $:323397 o
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x4 BERFITHHIE EIRF

Table 4 Chronolgy of actions at national level
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IPEN SR E . TABRC, FFDME, RPOFINEN EXS 5T I TAE, %@ ™HE T
A B4 BRI RAGTHEL N 4.4 Gy

3.2 TAEA Rz 20q Rz F0E BRiE Bh

201241 H 20 B, MR8 (RBIAZ), b
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1 A IEC ER M. HFRKY W (Fontenay—aux—
Roses) & 50k H ik FERS B 5% 2 0500
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S RS XBRFRN . EET ARG
I7 IR R0 L A B 3697 DL 2 6 T
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8 I /N R A2 A2 T3] 72 T T4 (Mesen-
chymal Stem Cell, TRIFRMSC) ¥53% . Sk H HIA
Percy [ AL REBVEMGEE T PR/, TA
BT 201348 H 4 HikfE LRl %2 ERE . B,
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Table 5 Preliminary dose range estimated for co-worker D, co-worker E, RPO and worker C

Tl 2SR [F5+ D EES RPO TAC
N Tl RAFS/ TG 51 RAES/FE A {5 (E NP ENiPS
255l R/Gy 0.3 0.15 0.001 0.001

#6 T ABHMSFIELE

Table 6 Prliminary dose range estimated for worker B

e FE/Gy
Je TR I ik 40.0~44.6
AT MR GRS B AR LK ) 6.2
AR ER pDR A1) 24 1) o 0.07~1.02
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e sl 1.49~4.14
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Table 7 Symptoms of the affected persons recorded by the international assistance mission team
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5.3.1 TAB

TABIGHRIERSF A (1) PyBs sy
A H 2 BFIE R 1~2 Gy; (2) AEWr & E
it R 1.86 Gy, HAIEN S (P52
FEFRE YL B oM 2.5~3.5 Gy) 5 (3) HL Tl I 4R
D22 Ak T2 15 32 BR300 3~4 Gy, 48 H Rk
A EPR A &M, WESET T ABZE T 8%
AR5 HRGT

45 TABHIL TR IMNEE ARS; 5
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Table 8 METREPOL classification of the severity of the

radiation induced injuries to the three affected workers
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AL SR (LA /B v ) Rl FH 4
JioL PR T R T, AT A B R R
o IR =RV SN e I =S b S R e A
MR . AR IGRTZE, IR SR ™
ARSI A, A FE AR R RS, 1A
AN BT AR BRI N 2R G PR R MSC 3 45
s G (@) ERTRHE, MRkaE 1A
W17, 6 MHEEK . MARIE 64 HJEH:
%, VFEREEY; (5) BiZEHENHEEE
Wi, EARE Y o i B AR S B & iR T ik
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T M AEEALE 24 h X F]IRSN, Bl 2012 4F 1
H24H (ZBFHE13K), [H—KIETHRE A
MIE5 3%, XF 52 0.5 Gy/min 7] R “Co JF 4 5] IR 5}
il e BB 0 IURE R AT RG22 k7 RN R e €6 fAR
ST, AR B TECHRE R RS 2 Y =
+ oD +BD°, X1, 0=0.0338+0.01008; $=0.0536=
0.0010; ¢ = 0.00443+0.00039; Y iy B X4 22 ki
ARG AR T=55; D R e B R S5 AR5
ERIEE R 9,

®9 IRSNIRMEYFIEMhiTEIRE

Table 9 Dose estimation based on biological dosimetry
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Fig. 5 Localization of the tooth enamel mini—biopsies
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EAIRE R

PaAhiit, F5 W A2 200 58 55 7 B FE 10~50 Gy
MULE . K 6~K 8 K IRSN K H EPR 7 Al &
TAB. [AIFEDAEHEHMH MG, 2
PERIR VLRI 10 Gy, T\ B 1AL FF 4551 i
fETHIRTF 10 Gy, 5 U UE AL T e EL 2% S
i —2,

35~45 Gy =30 Gy =506y 20-45 Gy
20~45 Gy 20~45

6 EEFIRELIRRILENETABHFENE
Fig. 6 Dose measured by electron paramagnetic resonance

spectroscopy on fingernails for worker B
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E7 BFIngEiREEENERED FEHE

Fig. 7 Dose measured by electron paramagnetic resonance

spectroscopy on fingernails for co-worker D

(3) TABH&H R TR HARE R

IRSN W TN B Y76 F B85 — T 8 B R AR
TIU/NRIE H R TR A 22 15—
s L X T B AT 248 F R EPR
FR I A5 R AN R 9 B 7R o T S Al A A ]
WA, SRR B S S A
o ek X 7 18 DX 7R A 2 WD AR 3
TABXBUR UL, T4 i B i 125

27



28

(5 ARXT T 25 B Sk BRI, A8 4R L4V
B R i S B v e m] B AR DI
19 Gy i (ELAR TE FZH ZURBE ) A BR1E (29
25 Gy) o XFRU T A BFIEICH AT U
BEAL, 5 B R AR B A L AUE AGR]
Z I B R — Bk B SR RS 1 R
2SR, SRR R AT & .

8 BFImELIRIENEREEHERNE

Fig. 8 Dose measured by electron paramagnetic resonance

spectroscopy on fingernails for

co—worker E (courtesy of the IRSN)

32 Gy (73213) Gy (19+4) Gy
(381) Gy (73+4) Gy

B9 RAEPRFEXMIABEFRIERFIES
BTERMEEGNHITHE
Fig. 9 Dose estimated from bone mini—biopsies using
electron paramagnetic resonance spectroscopy on the distal

phalanx of the left index finger of worker B
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Table 10 Comparison dose assessment for worker B between values computed through simulation and

those measured through other methods

Bz Gy
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Fig. 10 Modelling of the finger in contact with the source

holder inside the collimator.
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International Rescue Overview and Analysis of an
Industrial Flaw Detection Radiation Accident

Li Xiaohua, Li Junjie, Chen Wei, Li Shizhen, He Lie, Chen Yuandeng,
Wang Jianxu, Zhang Boyang
(School of Nuclear Science & Technology, University of South China, Hengyang 421001, China)

Abstract: The radiation safety regulatory agencies and legislation were introduced preliminarily in this paper
based on Peru "’Ir Source Industrial Radiography Radiation Accident in 2012(PISIRRA) . And the accident
process, emergency response, preliminary dose assessment, clinical manifestations and diagnoses, International
Atomic Energy Agency (IAEA) assistance medical recommendations, dose reconstruction, medical management
of the exposed patients, conclusions and lessons learned for PISIRRA were analyzed and explained at the same
time. The practice of PISIRRA proved that the the main cause of the accident includes radiation protection offi-
cer (RPO) of the industrial radiography company was absent from the radiography site to supervise the opera-
tion process, the workers who hadn’t obtained individual radiography licences operated radiography camera,
and didnt wear alarm dosimeters, and didn’t use area radiation monitor to verify whether the source had re-
turned to radiography camera after every exposure. The information unified system for incidents and emergen-
cies, rapid establishment of IAEA international assistance mission and medical advice, close cooperation of
TAEA member states, radiation damage professional medical technology, sufficient funds, which can provide a
strong guarantee for emergency response and medical assistance. This accident could provide experience and
reference for future radiation accident emergency.

Key words: "Ir; radioactive sources; industrial flaw detection; radiation accident; International Atomic Energy

Agency; dose
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Individual Self—Security Intelligence of
Radioactive Substance

Yang Xiaohua'*’, Zeng Tiejun®’, Wan Yaping'’, Liu Zhenghai'’, Mao Yu'?, Hu Jie'
(1. School of Computer, University of South China, Hengyang 421001, China;
2. School of Nuclear Science and Technology, University of South China, Hengyang 421001, China;
3. CNNC Key Laboratory on High Trusted Computing, Hengyang 421001, China;)

Abstract: Currently, the methods to ensure the safety of radioactive materials include intrusion alarm system,
video surveillance system and access control system. However, radioactive substances may lose their security
protection when faced with non—traditional security threats such as low—altitude or underwater threats, or sys-
tem failure, which may lead to incidents of loss or being stolen of the radioactive substances. This paper dis-
cusses the concept of self-security intelligence of individual radioactive substances which endows them with
the ability to perceive and respond to danger. A novel security level grading method based on the combination
of intrinsic security intelligence and external security capability is proposed to satisfy the safety requirements
for different types of radioactive substances.

Key words: radioactive substance; security; self—security intelligence; security level
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Research on Accident Source Term Analysis of
Hualong 1 SGTR

Yang Shuqi, Li Lan, Tan Yi, Xiao Feng, Zhu Jianping
(Key Laboratory of Nuclear Reactor System Design Technology, Nuclear Power Institute of China,
Chengdu 610213, China)

Abstract: According to the characteristics of SGTR accident of Hualong 1, this report researched the analysis
method of Hualong 1 SGTR accident source term. Also, the report analyzed the influence of SG release mode of
steam and liquid on accident source term, and clarified the SG overflow a great impact on source terms, espe-
cially the iodine. At the same time, the radioactive consequence of the accident was analyzed. The results show
that the new method can not only meet the conservative requirements of source term analysis, but also meet the
limitation criteria of the national standard for the radioactive consequences of accidents.

Key words: SGTR; Hualong 1; accident source term; radioactivity consequence
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Guidance and Application of Laws and Regulations in
the Design and Manufacture of Nuclear Valve

Pan Hongyang', Shen Ligiang®, Zhang Shaojun’
(1. SUFA Technology Industry Co.,Ltd., CNNC, Suzhou 215000, China; 2. Northern Regional Office of
Nuclear and Radiation Safety Inspection, MEE, Beijing 100082, China;
3. Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: This paper introduces the composition of laws and regulations for nuclear power equipment in Chi-
na, describes in detail the requirements of nuclear safety law, regulations, HAF600 series regulations,
HAFO003, HADOO3 series guidelines and various notification requirements of nuclear safety regulatory authori-
ties in each link of design and manufacture of nuclear—grade valves. It systematically elaborates the details of
regulation management from the aspects of nuclear grade valve licensing, design, procurement, manufacture,
nondestructive testing, welding, test and non—conformity and other aspects. Combining with the common prob-
lems in the process of design and manufacture of nuclear grade valve, it analyses the problems from the aspects
of regulation requirements and standard specifications, and puts forward solutions to them. It also describes
and analyses in detail the proposals made by regulatory units to licensed manufacturers. According to the re-
quirements of nuclear safety culture, the current situation and problems faced by the licensee are put forward.

Key words: laws; regulations; nuclear valves; design; manufacture
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Table 2 Design of the survey and the list of all variables
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Fig. 2 Public acceptance of nuclear energy at

different geographic scopes

E 20T DIF Y, A A% #4232 B SR A
o SCRERTER ZN SRR ER A 1 5 AR, |
WL BN TR N R A7 B S PR 43 o
FLAr il 67.7% . 64.9% . 60%F155.1%, Hj#iit
AR 12, BN, BN, TTNRTE R
ZERBES B A 3,71, 3.66, 3.53f13.39, &
M, MW ERBHRB TR, BEZR)] i
BIONE BB, 2 AR HL G 2 7 B A S W
T, X—KBUFE SRR, BRI AT
FL P B2 A7 B R, A ROV R IR 3 [ O &
A b 11 DX S B 1, R HR AR EE A AR
A WLESABE RV, AR N R KA
PR AR S S e T HORHIE S TR R

3.3 ZIOPSH

R 53 AT AN [ DR 3R % 8 AR A L 4 52 B R
FE B 1A TR AE B B LRl ST T 44 [
U Y A% H 4 52 B A T TSR, [l A 53 D7
FER
Y=b,+bX,+b,X,+b,X,+b X, +b X, +b X, +e,

A, bow by by bsy bay bs. b ZITIA
HGFESH; e MIRZEAE ;s W 40443 i i
E T 6MNHAZR: XOWHPUAR; X X570l
T F, DRSS AR EEL 98 A XU A XU 5 X
X F1 X 3530 XoF 1o A% FL ] 2 DA R FEL 1) 3 5 ) 5
2Rt MAREIERI 25 5 Yo RS &, S % o [
W G=D, AN G=2), TN (=3) FIEN (i=4)
Bz AN RAE R, 2Tl Fra R Lk
5, Ui 72K T (Variance Inflation Fac-
tor, TRIFRVIF) ¥/NF3, Hi, w1202 5 6]
B =S

#=5 EEASH

Table 5 Regression analysis

Yo MRz E

- R — g A= HLRLPY
(=) (HM) (i) (H)
bo: WHL 1851555 2281k D350k D 395k
Xi: ARHIAAT -0.087%%  —0.115%%  —0.155%#%  —(,185%¥*
Xo: RS —0.214%%%  —0226%#%  —0.256%+%  —0.289%#*
Xs: AR 0.081 0.015 -0.015 -0.066
Xoo BREEFIZE  0277%0%  0.228%F%  0.240%%F  (.]98%%*
Xs: ZUERIZE 0.061 0.074% 0.090%* 0.166%
Xo: BEVRAIZE  0353%kx  (0.345%%%  0344%kx  (,356%%
R 0.573 0.540 0.533 0.531
R 0.328 0.291 0.284 0.282
TR 0.324 0.287 0.279 0.227
F 78.500%%% 65,9975 63,6607 63,0345

T #Fp<0.05; 37 p<0.01; ##+355 p<0.001; VIF<3

L5 EHSHTH, RAEAAXLRZE (multi-
ple correlation coefficient) , FIA I BE A AR & v Al
2 H7ARE X AR OC YRR RS . R NPUE R AL
(coefficient of determination), FHSEFRNFFLEHEM
JIT R iR R AR 1 () AS A B A Bl R REXE T
ISR 258 i 25 T AR R — 2D HERR PP AN AR
R FE e S AL DL 5 D0 B 2 B 728 3 im i
BRI IS . FR SRR Iy 257 A

67




R

Vol.18, No.2, Apr. 2019

68

B, RG] T 2 SR G,
W e A v () — 3 43 B0 S R A
THEVA,

REAL— 0 T 5200 23 A A% HL 42 32 B2 A
RN AR . 4R, A i m
P A 52 FE A W3 e 2 e (el R 5K
by =—-0.087, p<0.01) . KBS IAHIXS A% i 42 52 &

PRSI, RV RS X 28 AR 3 57 S5 Ry B 3 Tl
F (a9 2800, = -0.214, p<0.001), i A%
DRV X6 A% L 4 57 B TG B 3 s ([l R8s =
0.081, p>0.05) . Hl 7 TA R A% W 422 37 B 1) 52
W, HEEFIZE (be=0.277, p<0.001) FIfE
Fl25 (be=0.353, p<0.001) ¥IXii% = A
W W, Mm% (bs = 0.061, p>
0.05) A% HL 4557 FE T i 3 5 el

FERD Z R T R 2 RS A% L 4237 B TR
ENONTNED: ¥TErE ST E 3 I 3RS AS |
XS AR TE A R 3 A e (1A R AL
by =-0.115, p<0.01), KU IARIRIAZ FEL 232 FE Y
SN, R KU XA AR 2 52 B Ay Jb 2 7 1 5
Wi (1) 2 %06, = -0.226, p<0.001), fij A< %1 X
o X i ML i Az T W g (Il R4 s =
0.015, p>0.05) . Fil g AKX B 45252 B (1) 5% 1
H, BREEFIZS (b =0.228, p<0.001). &5 HIzE
(bs = 0.074, p<0.05) FHEEWE A 45 (b = 0.345,
p<0.001) YXIA% Ha 4557 FEAG b 5 R T 52

BEA = 107K T 5 MR 2 AR TN A% HL 4 32
I%%Eﬂﬁﬁ%%o AR, AR
INFIXE 2 AR 2 A 35 o sg ) ([l A &R
B b = -0.155, p<0.001) . KU A HIXF 42 Ha, 322
ZRERY M, RV IXUBS X AR A B N
T ([0 2 %00, = -0.256, p<0.001), i
IR RS Xof A% L B 37 B TG s e ([T IH &R 4K
bs=-0.015, p>0.05), FlFFANFIXIAZ RIS H5E
Wi, HEEAIZE (b.=0.240, p<0.001). ZEHIZ
(bs = 0.090, p<0.05) FHEEIH A 45 (b = 0.344,
p<0.001) YAXIA% Ha 4257 FEAG b 3 R 1] 52

FERL Y N T 52 28 AR EL A% HL 4237 B A
RAEIE ST EE A . 25 RT, B A
XFOA A 52 FEAA W3 R 2 (] R 5K
azmwspwmnoﬂhmmﬁﬁﬁﬁﬁﬁ

BRI H, RVAE RS X6 28 AR 32 57 JBE Ry B 3 )

LUK
il

(10109 2 %0b, = -0.289, p<0.001), [fij A%
DRSS X A% L A7 B TG e e (Il R4 by = -
0.066, p>0.05) . iz A HIXF 1% HL 252 B 1) 5% e
o, HEEFIZE (bs=0.198, p<0.001). Z5F25
(bs =0.166, p<0.001) FIEEIEF%: (bs = 0.356,
p<0.001) XA% 4252 B 10 IE a5
A RERIRE AR B 5 50T, AT
AFEHFCE (FN . AW, TN BN W
W2 e 2 W fum s, HEEZm T
JTHEBE B AR AL CNEI NI L), R
A% Fa 422 52 J3E V1% A7 [ 552 Wi B ORG24 XU Xof
A ) b B DX S8l 1 A% PR 2 57 R 34 5 I AR ) Y
Wil BEEAZH) T HERE A ARfE O P BB
), A% R XU I A% RE 2237 1Y) T[] 52
M 0 R AT o A JAT IR o AN [t 8L X 38 g A% oL
P52 FE S TC W R o FRBE A 25 XA [R] i X
W R A7 Y R B R R R, SR 5
Xof A () b DX S8 1 A% L 2 52 FE RS 1B 2 (]
W) Bk R E (WANEIEN), HREEZ
HLTTTRERRE S R (VA NBEIR ), R
B2 M) 25 TN RN A2 B 422 52 B2 114 Jb 3 1 [ 5% Wi ik o
A o BEVER 25 X AN [ b B X 38R ) 2 AR A2 HEL 22
ZEHR D EIEN N, HEEZE) ] fkiE
BIAAL, AR AT R E S .

4 HFREBEREW

AR SO FE T A% HL 4083 250 2 AN % %
Z RN, IFE AR AT T SRR g,
ST LIAS DR S5 S

(1) ADNIZH AR BB . A%
FIZE . 20 R 35 AN RE TR A 25 TA 1 X8 AT 4 35 5 )
OSIRFEAZTE o T A% LA T XURG: RN 7 [ PN X3k
25U I 25 D02 A% HL 4 37 T B R
PR 71T A 788 5 M AR X A% FEL 1 2 52 R — T
446, KEER TAE,

(2) FERNPUNAIT I, FIIAHO A F 2
Z A WA RE, RIS ARG R 2 fig
PEHEARIEZE R . HARX AT T
fE IRy, AT T B 56 0% i Y IXURG: DA T S O
W R AZ FE R R AIG s A% F R A 3G T mT e 2
S 2O S R AN B PR R R S, A
I, BURNTEXTA RS T R F AR i, W 3



N\,

Vol.18, No.2, Apr. 2019 HABEY .

ARiAbe st QB R E G @

HAZ AR MR T R A E A, Sai R
A% HL D EE T RE AN BB 0 8 4 i 8 R A% v 19 42
32, 1M 1) E AL A% A O AR L RS A
A REZ T F NS AL B SR E

(3) FEXUS A5 I, it AU AT L AR
R AU AR A% L 42 32 B B S R B FL B, AR
SN FE AR AN n] 4 R RMEE 25 TN B
R BB GRS, TR A% HL B8 AR R 208 AN B
o AR 2 5 2 0 L5 4 22 R A5
W, BT IOE B IR0 A 22 AR A R XS 8 DA
O, WERRAZ LR BREBIE, IR ISR A ARTER
BRI E PS5, RUERZ A SCECR LATY
B AREIABIATIRUEE, MR AR RE o

(4) FEMGEINFDT I, BEIRA 45 AR5 A
i XL R A IR, HIEAA
SRR R R . TR R N R
2R FER W, HEEZE] T A N
B, ARGt DRI AZ L 32 B Y IE
T 52 M AR AR o B TRUF i A BRI ) i W i ml
PERELA ARSI AZ B, T2 AR A% LAY 22
TRl N REDRE S RS2 575 . %
J7T RS2 AR AR MU AT I, BOR A AR SCHR
I i DA A P A [ AT 7 1 A A T
LA ARAH 2 A M2 LR

S 30k

(1] Zhl, T, AER, % BRE e RkAERE F SR
WIS (1], Bkl 5 TR, 2018, 38 (3): 337-346.
[2] NEA. Nuclear power safety plan (2011—2020) [R]. Paris:

NEA, 2012.

[3] . FoHrARE RE Z MR IS (1], hEE
ZEREBE ], 2016, 31 (5): 567-573.

[4] Wang S, WangJ, LinS, et al. Public perceptions and accep-
tance of nuclear energy in China: The role of public knowledge,
perceived benefit, perceived risk and public engagement [J]. En-
ergy Policy, 2019 (126): 352-360.

[5] Visschers VHM, Wallquist L. Nuclear power before and after Fu-
kushima: The relations between acceptance, ambivalence and
knowledge [J]. Journal of Environmental Psychology, 2013, 36
(36): 77-86.

[6] Maharik M, Fischhoff B. Risk knowledge and risk attitudes regard-
ing nuclear energy sources in space [J]. Risk Analysis, 1993, 13
(3): 345-353.

[7] Stoutenborough J W, Sturgess S G, Vedlitz A. Knowledge, risk,
and policy support: Public perceptions of nuclear power [J]. En-

ergy Policy, 2013, 62 (11): 176-184.

[8] Sun C, Zhu X. Evaluating the public perceptions of nuclear power
in China: Evidence from a contingent valuation survey [J]. Ener-
gy Policy, 2014, 69 (2): 397-405.
[9] Costa—Font J, Rudisill C, Mossialos E. Attitudes as an expression
of knowledge and “political anchoring”: the case of nuclear power
in the United Kingdom [J]. Risk Analysis, 2008, 28 (5):
1273-1288.
[10] Katsuya T. Public response to the Tokai nuclear accident [J].
Risk Analysis, 2001, 21 (6): 1039-1046.
[11] GuoY, RenT. When it is unfamiliar to me: Local acceptance of
planned nuclear power plants in China in the post—fukushima era
(7). Energy Policy, 2017, 100: 113-125.
[12

[t}

De Groot J I, Steg L, Poortinga W. Values, perceived risks and

benefits, and acceptability of nuclear energy [J]. Risk Analy-
sis, 2013, 33 (2): 307-317.

[13] Visschers V H, Siegrist M. How a nuclear power plant accident
influences acceptance of nuclear power: results of a longitudinal
study before and after the Fukushima disaster [J]. Risk Anal,
2013, 33 (2): 333-347.

[14] Liu C, ZhangZ, KiddS. Establishing an objective system for the
assessment of public acceptance of nuclear power in China [J] .
Nuclear Engineering and Design, 2008, 238 (10): 2834-2838.

[15] Bird D K, Haynes K, Honert R V D, et al. Nuclear power in
Australia: a comparative analysis of public opinion regarding cli-
mate change and the Fukushima disaster [J]. Energy Policy,
2014, 65 (2): 644-653.

[16] Frewer I J, Howard C, Shepherd R. Understanding public atti-
tudes to technology [J]. Journal of Risk Research, 1998, 1
(3): 221-235.

[17] Visschers VH M, Keller C, Siegrist M. Climate change benefits
and energy supply benefits as determinants of acceptance of nucle-
ar power stations: Investigating an explanatory model [J]. Ener-
gy Policy, 2011, 39 (6): 3621-3629.

[18] Kim Y, Kim W, Kim M. An international comparative analysis
of public acceptance of nuclear energy [J] . Energy Policy,
2014, 66: 475-483.

[19] Slovic P. Perception of risk [J] . Science, 1987, 236
(4799): 280.

[20] RGAR, WM, skake. JEHR R IR E Rl rT R R R A
RAEZESLIEDIR [J]. MR Gha R,
2014, 15 (1): 4-8.

[21] BRI, REZBLRHARS SHIEII (1], R
S5HMA, 2015, 31 (6): 57-60.

[22] AP0, JRIRSRE, FRERAG. XU -Uas A A i A AR 2 1
BISEIRAILI AT — LT MOCE IR ARIDT (1], mfeRss i
GESBIAR) , 2016, 17 (4): 5-13.

[23] ubhbs, A€, TREEEE, 5. PIBGREAT TR A A2 B
WA (1], R A, 2016, 25 (6): 708-710.

[24] Bar. BT 0 BENE AR RS2 ERR AT (0], desti
ZEMRIRE A GEaBaRi), 2017, 30 (2): 109-113.

[25] PamlhE, W, RRIGESC. T4t )y BRI A% it 2 52

W EGE (7], RO T RS (FE SEHM TR,

69




¥ & A Vol.18, No.2, Apr. 2019

70

2016, 38 (4): 397-400+409. [30] Visschers V H M, Siegrist M. Find the differences and the simi-
[26] K30, 5k, Xtake, 45 BRI IEESZ BER R ZR 53 larities: Relating perceived benefits, perceived costs and protect-

Br [J]. BEREARZTE, 2010, 22 (4): 47-50. ed values to acceptance of five energy technologies [J]. Journal of
[27] Wu Y. Public acceptance of constructing coastal/inland nuclear Environmental Psychology, 2014 (40): 117-130.

power plants in post— Fukushima China [J] . Energy Policy, [31] Peterson R A. A meta— analysis of cronbach’s coefficient alpha

2017, 28 (12): 484-491. [J]. Journal of Consumer Research, 1994, 21 (2): 381-391.
[28] Lee MY, Sapp S G, Ray M C. The reverse social distance scale [32] Bagozzi R P. Evaluating structural equation models with unobserv-

[J]. JSoc Psychol, 1996, 136 (1): 17-24. able variables and measurement error: a comment [J]. Journal
[29] Rijnsoever F J V, Mossel A V, Broecks K P F. Public accep- of Marketing Research, 1981, 18 (3): 375-381.

tance of energy technologies: The effects of labeling, time, and [33] O brien R M. A caution regarding rules of thumb for variance in-

heterogeneity in a discrete choice experiment [J]. Renewable and flation factors [J]. Quality & Quantity, 2007, 41 (5): 673—

Sustainable Energy Reviews, 2015 (45): 817-829. 690.

Exploring the Relationship Between Public Perception and
Acceptance of Nuclear Energy

Zhang Tingting, Xia Dongqin, Li Taosheng, Li Yazhou
(1. Key Laboratory of Neutron Transport Theory and Radiation Safety, Institute of Nuclear Energy

Safety Technology, Chinese Academy of Sciences, Hefei 230031, China; 2. University of Science and
Technology of China, Hefei 230027, China)

Abstract: Research on the influence of public perception on public acceptance of nuclear energy (PANE) is
valuable to energy policy. This paper took knowledge perception, risk perception (divided into dread risk and
unknown risk) and benefit perception (divided into environmental benefit, economic benefit and energy bene-
fit) as the main influencing factors of PANE, and constructed four regression models based on nation—level ,
province—level , city—level and county—level. An empirical study was also conducted and 971 samples distribut-
ed in 31 provinces were collected. The results showed that knowledge perception had a significant and negative
impact on PANE. Dread risk had a significant and negative impact on PANE , while unknown risk had no signif-
icant impact on PANE. Environment benefit and energy benefit had significant and positive impacts on PANE,
while economic benefit had no significant impact on PANE. However, as the nuclear facilities got closer (from
province—level to the county—level) , economic benefit had a more and more significant positive impact on
PANE.

Key words: public acceptance of nuclear energy; NIMBY syndrome; knowledge perception; risk perception;

benefit perception
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The Comparative Study of Operation Incident Reports
Between Licensees of Nuclear Power Plants in China and
the United States

Zhang Lian, Cai Hankun
(Research Institute of Nuclear Power Operation, Wuhan 430022, China)

Abstract: According to the Code of Federal Regulations (10CFR) 50.72 and (10CFR) 50.73, USA plants

must submit emergency notification and licensee event report to NRC. According to the nuclear safety regulato-

ry Operational Nuclear Power Plant Reporting System (HAF/001/02/01), loaded nuclear power plants of China

must submit the licensee event notification and the licensee event report to NNSA and NRO. By comparing the

differences of licensee event in the time requirement, the report table, the report form and the voluntary report-

ing between NNSA of China and NRC of USA, the paper makes pertinent suggestions and provide reference for

the improvement of licensee event report in China.

Key words: licensee event report; time requirement; report table; report form; voluntary reporting

(WA FRT)



W18 B2 ) B % & Q06 OO
2019414 )] NUCLEAR SAFETY

Bk ZARAZ G AN KA 3 P R AT AR A A2 L[] A4 ,2019,18(2) : 77-82.
Cen Tengyue. Non—Conformance Items and the Handling Suggestions in the Manufacture of Core Makeup Tank of the Third Generation Nuclear Power

Project[.]]. Nuclear Safety, 2019, 18(2): 77-82.
=RZBHESIKFHEPAFEIRLLERR

PN 373
(B4 AZARAS, LiF  200233)

HE: BEVAMKAATA IR LT S XABEBBEMNEEHF AT RGN, EHE
JT IR IEAT AR, HIGANKRA AR, HEABEATRIENFEEREFS
eI ZRARR YR Ay, MEGANKA A KB R =R AR B E AR A R e T B34
Z—, BAREZIBIESARI R, AMECAMKBERN S IR P HEER S R GE
R, AL EZSHLF RESAG = ERB BTy &, VAR FoilE 4 & P RAFER
8=, FIEGANK A R A B R ARG

KR =R b, AR RAFAR;
XEFRENL: B XEHS: 1672-5360 (2019) 02-0077-06

FESES: TL351

= AR HL T H HE AP KA (Core Makeup
Tank, CMT) fERAEREZNA E R G0y 2B
Z—, PRAEESHER LA AT RR . HES AR K
WAL . THELmr A AR
RS S A A A, N RE T
B JE5 AN S5 A M AR I A o MRS 2 N5 4K B
T HENAOK AR AL, B — AL, %
FlUNES OKMTHES . S FRJ14E M
BREEAE ) DASCORIEE . 4248 . M Aok
FAE I N B Sk bR S AR S, R
PR 5 M A B A . HESS RN KA JE A%
— PR, T EPUE [ RE0k, Hilcs
TH# 25326 minm o 7EIER 47 HH,
CMT (—/NHL4L5r A, BWIH) 584 701 Bl iR
K, 738 i v 4 B R ) A e i R 5 R
NHERH RGARF R R T, BRUER SN E TN
16.05 MPa; EHHBURAET, LBy (55 h
3, MK S5 R HER H R G R T A o)
FEIE L H SRS R KA ) HE S B A v 20 00 R i
W, IS RN, AR T HEE %

R BH: 2019-03-21 BRI EH: 2019-04-08

Z 3 B A

ARG L SN HESC A 5 R ], Ik B
PHE DIEE s

1 HERAKERF ST

TE B iR R =A% A 3 B HE SR KA Y
Ml fe, dildE) ik T2 AREER, 5%
BT HEAE S5 . T 4 a2 H HE RS AN KR Y
iRy Y N SR - S e = i R MO 4 i
W AR E R R R, ATV SN
T ) B AUARAF S 300 LA 53T
1.1 HLIMIAFEM
L1 1 UL

TEALIN Tl fE b, B T B A2 5 508
ARAKIFR L L2 O3 S A, 23 HLR 32 4l
O 5 PR DEAE S, RO 5
S I P2 A B0 Ty, RSN T T 2 RSZ 3
J AR LR 3238 5= 8 B ZEIN T HE SRR K AR A
AL AR T, R ALIN T )
B 7 g msksl, BUdHiH] N-6b 325245 L 1YP)
HE A, AL O BEFLAR R h42.83 mm

YEEESr: ABER (1984—), 55, WHLZGR A, TR, AL, HURRHIE KH Asetlk, B2 SRR T s Bt s T AF

77



R

Vol.18, No.2, Apr. 2019

78

(FRAE: 4242707 mm), PEAENFFED,
K17

A-A
8:1 $h42.83

///~ RPEE
223# ‘///

BE1 #EFLN-6bHLI T
Fig.1 Machining deviation of hole dimension for Tube N-6b

10

[FIRELE N T HECH K AR B A ARS8 LI o
L N SR AR N TR B A L D) A B
7 RR BT T B N-3e A FLAN W00 46 B ™ A I
O, LG LR O BE LR R p42.97 mm (ELSR(H -
$42.4270 mm) , FPAEARFFAIL,

112 HALIRY

JI B JB A X6 7 () RE FE A S
W T4 SL DI 2 VR 80m TR maEfk, 78
TN T N—-6a #2785 FL A Py B2l FL B A, Gl 2
FFR, VAR FLARS H p4a3.48 mm  (FLAR BSR 1Y .
$42.42°0° mm), JPAEASFFEII,

e

v . 4348
N 22

B2 BEEFLN-6atlin T L&
Fig. 2 Machining pit of hole for Tube N-6a

1.1.3 My
TEHE USRI K AE B BIAAR i T4 L N—-6¢ %)
N AR, T ITEAE ™ A 2 S i 2

BRI, T 44b M, AEATT I,
3R

Kexpix

1. 6x5%0.5
©O2MT. 12x8x0.5

3%E: 10x7x1

4" 20x15%1.5

3 BEEFLN-6c HAFREMLIN
Fig. 3 Machining pit of surface for Tube N-6¢

BEXE_E 42 FLAIL I T O AU S 75
T, JREER 4 0 1 RHERE Y LML, [FET
T 3245 4 IR NB-3337.3 ¥R/ ML i L4 48 vh
A7 H A RAL %) LA (8] Bt e A SR R AT BCAE
0.5 mm A E KACARIB; 7356, FEEEIME
FAL A I 22 55K, 0.08 mm N 5 KD 4 18] B
RAE SRR SR AL o T ML AR R
FI T4 T # NB-4452 TR TSy 2k, [R] A
B RHZ X 4% NB5000 ZR #4305 7EAd

HHT, XL T AR RS, AL

TILI5 A -
(1) BAEANG ARG A N T T A, fRIE
JE T S

(2) HEESHBMT T2, X ™Y
AR, e RO R, RS e
G o Wl N i 1)1 D e e~ 3 h = VAR

(3) ELAA D0 T3 ™ A% 4 B T 2 AR 4R
17, VIATH BEAE.

1.2 AAEESHMNHEBRFTERN
1.2.1 B RSP T AR

HESHMKAR A T Bk AR A L ) B 2 ()
G ME 4R, TR ERkm R 2%,
W ERIREOR I S S L = (37.320.5) mm
(MESEZ 1), i) #Lin T. N=5b/N-6e/N-
of ¥ 8 ™ & SEB RSF L4y 51 R . 41.8 mm/
40.68 mm/40.80 mm (Y EATFHSEINT) . fEI5
SRALIRAE T, R TR REXT A w5 T £



Vol.18, No.2, Apr. 2019

BB Z KA B ARG P RS TAEE N

T 1% RS B R H= (10.4+0.5) mm gEfT
SR, B A e RS v 15 0™ 65 g 1 SE PR
RSFHA 0 6.17 mm/6.50 mm/5.80 mm, %A
AT i B N TR S H A Ko 15 &
Ab B

E4 TEHLHEEEMIREE

Fig. 4 Machining deviation of build up for lower head

1.2.2 B RSEIn T 4%

TEINTHES AN B N EHSL N EEN, S Y5 AT,
mE s s, BiAg T HEIAEEK T=9.7, mm , 1
il v ) 7E B AR A B b & AR A R, SRR
INT RS = (9.720.5) mm#EA7HE OUINT.,
{8 N—3h/N-5b/N-6e/N—6f 45 1™ 5 3 11 SEBRIEE
T3 %% : 9.38 mm/9.58 mm/9.30 mm/9.40 mm,
ANHEW 2 LI EIARER, BORIR T AN,

%/

B5 HOREREE
Fig. 5 Machining deviation of depth for groove

1.2.3  JREMBIALT

il 3 AR DY RUE A Im AR N, T
SR4E T OB AE DR, B0l O HCE 0 o i
Y2 BT R RE A ER309L, 11 AR 41 ] 4% B Rk 4 k)
NiA ER316L, 7% J& S MR R G T 2 PR R A
TE— 0 225, PSR T % B 40E SR IS
AFFEIHR TANHE,

S TR T OB PATEE e 7
AT AR IR T2 AR SO, X F 3k
FEAEAR—BUER IR S, RGN A o
1.2.4 PifLinT

il ARG R BT T e, AR HEE RN K AR
A, BRI LInTyifl, wmEe (a) Ar
N, BT TR R BN B L AL S AR
W, Joikak sy KUTFL LAGRE UE IR AR I 22 2% M JE)
IR ) B RS IE RS, AR T SR 4G
G LR LA ATE G 0L, 25 RSB HA T A% [ A
A ARAS ) 7 20 TUEm  anEe (b)), 5k
XPZATF G IR EAL

JEAR

S

Vifl4-¢p122

S EALE

45

(a) PULINLT S EGALT

Y REUFLEE
4 kb \%E
up
I R N 7, .
(1 £

(b) VAL TRB T %

E6 RIRMTFLIERE

Fig. 6 Repair of counterbore surface for base plate

79




R

Vol.18, No.2, Apr. 2019

80

1.2.5 KL

il | e S e AN KA A KRR S, T
PEAEARR DA ML, TR MR 2 de, % dR
YR/ id e ASME VIS —WE (R 145 8 dtd A
MY ARSI FHRES UG-99 IUHLAE , /K IEIREG T
bR T IR R AR AR I BT T Y T, A ol i
TAER C AR, fEARE (A% it gl 0] )
(NB-3324) [WZR 43 H1 J5 15 8% LR L it 7k e
JEEBEATSRE N fE BRI FR AT /K R a5 DA
PRUE= BT, IZAF A 7R T A3
TR B K IR0 A ph T AL 08 11 X
TR 5] EBOK R 7250 R ) & A
I, AEAEHIT UOK IR R T AR,
1.2.6 MERE

il 1 ) AE ST R HE S A K AR S, R RE
R 4l HE S D K A 1R A R 2R b e
ASTM #5 #fE D5144 '*' F1 D4228 ' 2 ASTM #7:
D5144 Fl D4537 "0 BF X iR J2 KA N B2 4y )
TR MRV % %, S EOR SR TH
BRERAEN GV EATIR 2 TAE, (MR K A6 Th
BHREAMERHNERSE, BEFREAS
M, AR T AR,

X B AR R G RARF ST, E4R
R RN R R R R S R AR S
JEE RS T ) 1 g R AR R R R,
I, S il rh, BOR™RS o A AH OC B 4R 2
HARTZE, RUEZE RIS R AE 6l ir s 2 4 1F
B LR T ) R E N AR R e AR
NN ELCE] A AR, AR AR, AT
A7, TR T SRS TERAE, R R R
AR o
1.3 #HHEEIR A BESENATET

FEHE SRR A TE | 1T 4278 AR 2 HURR
iF, i3k AR 25 mm BEES U T —URIBURE, 11
TR QAR A 5 A S AR A DN 3 RS 43 JBORE i
ETEEENA/NT 127 mm B, 525 mm FE 25
FF—WHURE, (HHESFN KR U O RN
160 mm, AW RO, WA 1 REE U &
b5 B S IRIE AT IURE R 1, BB
ZRTHTAS 5 BRI T 2

TR I G AR HURE R, W ™ A 4 R 56 S
PATERAE, BEAH TS Sh PR IEAE 45 Y

1.4 BEIZAFED
14,1 ZRohapJs

FEPAE T R R, HES AR KRS A BOAHSCHR(:
R T 9 30 ok $B A7 g ¥50 FH 0 3 Mo 3 Mo MR e b
AT, EO T %2R 2 e s 1R
PRZ B, SR ) e A LI T 34
15 mm HES AL, RoEef5 A it s M
M) (NB-3324) i () FHE S8 M 56 4
B ERULTIE

b, MR YRR WA CHER AL
A V8 EHDR AN PR REHEA T 40 BT H g, TR A 4B
PRRIE ) A B Y, 454 NB-2212.2
(a) AREER, MBI 33 A I oA IS
VIR PN N
1.4.2 MRS

HERSAMKAE A B SRR 2 T Bk
Jei s AR AA] T 255 it O UF Sk B 5 S #A
SRR L, RS AL B B P A 2 S
Prir B & A A (B4 L& R = R
i), SRR O KRS R 8.7 mm, AR
BT ER B R AE 4.1 mm 3K

MG A TR, 1 5850 W S AR
XA KA SCAE 52, LR 4 s i 1 4R 7
SCPERE AR N T IR L, S AT S
R i A T2 2 b B A 2 1 A S (a4 b
R B AT IR 2 ), TERIA T A 4%
6 2 S5 T A BB 25 SRR G300

TEPAT AL B TR, T2 T AR I R 43 A
AL PR FE P oRT GRS ) (Y ) R, AR W
B AT, il Z R TF AT
e
1.5 BEEESHEHNAFE
1.5. 1 MRZEIA AR

T3 T AE S PR 5 IR T R 2 T A
IR JG kBS54
K, SEBR SRS IR Z AR 2 mm A [R] B,
ANBEAE W ST, BRI ARE R T AT
RAETAE.
1.5.2 JREASE

HE TSR AR FH Hb R A X BT DI He A 44
RPEELE RN ST (460.4+0.5) mm, H T2
B2 MR, SR SE R 462 ~ 464.4 mm,



Vol.18, No.2, Apr. 2019

BB Z KA B ARG P RS TAEE N

FGP#2E, BORIR TARRE,

UL ARG, BT E AR
-0 7% AR 1 AT 19 52 ) L o) X IO ) A4
TR, R R ARG, IR R
A AR AR AR AT N

2 ZEig

TE =AU L IO oSS D KR i i i
ferp, B4 T 20 AT RIS WL T,
THUIN TP EAAFTETA ST, A RS
IAFFEIUA 8T . MUBRPEREIIAS R I ATT &
TiAT 10, BAAEBE G R A ANAT 5 20 4 ORI 25|
EAFFEI 2T, TLEN, ANAKREGER
FEETL 40%, TR, FEHEEAN KRR I il it o
H, NCE T A R ER A, AR A
B A P AR A T T A A 1 1) R AR A i e 5
AL T R, 3 |4 A N B3 7 3 1R
TERFERAE, e E HOERER; fEisb
FIARSE T 1T, VST S BUN AT 5 T 225 |k
FAL, e R T 2R T T AR o A A
TER ST AT, $RALE B BT 28, WA
PEE TR = 2R o Gl 0 B i R B A ACAS iliE
AR AT AE N AT I, A o R R Y
B, RS SEHE AR B G S e . 7E
PATBF I L SR ZER FE AR v 45 B AR
TR TR A TR, i 2% 20T 18] A9 35 4 ] 3 22
Rofeint, HANMRAE, BRORZAL A ToE il A

S 30k

[1] itk , AfR%. defEsh 4 &edtm) AP1000 [M]. b
e JFREH RAE, 2008.
[2] RS RERITTIITE B, K HEAZ A% ) B0 M

10
8
=
6
4
&
4

Fab

S [\S]
e [
iz H

BlhnL
UNGSESPS

;f
R

B7 BE#HESIHKERERFATULE
Fig. 7 Nonconformance summary of

manufacturing for first CMTs

A (M. i LIRARoAR SOt iR, 2009,

[3] W, B PUbGHIRSHORIERE [M]. SO0 RO TR
Hipkk, 2001.

[4] The American Society of Mechanical Engineers. B&PV Code,
ASME 1998 Edition with 1999 and 2000 Addenda [S]. New
York: ASME, 2000.

[5] Jrg. PUZE BT (M), dbat: % Tk diiit, 2005.

[o] MR, wWAHR. Pt M), deat. wAEECE R,
2000.

[7] EZEIAERER . R AT i TR T 4
B [S]. bt HEEEFERY LR, 2007.

[8] American Society for Testing Materials. ASTM D5144 Use of protec-
tive coating standards in nuclear power [S]. West Conshohocken:
ASTM, 2009.

[9] American Society for Testing Materials. Qualification of coating ap-
plicators for application of coatings to steel surfaces ASTM D4228
[S]. West Conshohocken: ASTM, 2006.

[10] American Society for Testing Materials. ASTM D4537 Standard
guide for establishing procedures to qualify and certify personnel
performing coating and lining work inspection in nuclear facilities
[S]. West Conshohocken: ASTM, 2012.

(1] skochk. MR feeE (M) JUat: BT AR, 1989,

Non—Conformance Items and the Handling Suggestions
in the Manufacture of Core Makeup Tank of
the Third Generation Nuclear Power Project

Cen Tengyue

(State Nuclear Power Engineering Company, Shanghai 200233, China)

Abstract: The core makeup tank (CMT) is a vertical cylindrical carbon steel container with hemispherical up-

per and lower heads surfaced with stainless steel lining. During the normal operation of the nuclear power

81



¥ & A Vol.18, No.2, Apr. 2019

82

plant, the CMT is filled with boric acid water. Its pressure is maintained the same as that of the reactor cooling
system through the pressure balance pipeline in the cooling section. The CMT is one of the most important com-
ponents of the passive core cooling system (PXS) and provides emergency core decay heat removal which be-
longs to a third generation of nuclear power project. There were many non—conformance items need discussing
in the manufacturing process of the first CMTSs. This paper mainly analyzes the causes and treatment methods
of the non—conformance items in order to reduce and avoid the production of non—conformance items, and
achieve the improvement and improvement of the CMTS manufacturing

Keywords: the third generation of nuclear power; core makeup tank; non—conformance items; experience feed-

back
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Analysis of Breeding and Transmutation Performance for
a Double—Zone Chloride Salt Fast Reactor

Peng Yipeng', Xi Kun', Pan Deng', Zhu Fan®
(1. Research Institute of Nuclear Power Operation, Wuhan 430000, China;
2. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract: Based on the core structure of molten salt actinide recycler and transmuter (MOSART), molten
chloride salt Fast reactor (MCFR) was optimized. With the assistance of the analysis of the molten salt compo-
sition and reprocessing method, the burnup performance of MCFR improves significantly, although a gap still
exists compared with the breeding and transmutation performance of the molten salt fast reactor (MSFR).
Based on online continuous reprocessing, this study analyzes the influence of the core structure, *'Cl enrich-
ment to Breeding Ratio (BR), nuclide absorption rate, and burnup performance by using SCALE6.1 and Mol-
ten Salt Reactor Reprocessing Sequence (MSR—RS). Finally, this study proposes the design of the double—
zone MCFR, which will further improve the breeding and transmutation performance and the thorium—based fu-
el utilization rate. The results show that it could shorten the doubling time to about 20 years, and increase the
Transuranics (TRU) rate to approximately 68%.

Key words: MCFR; thorium uranium fuel cycle; breeding; transmutation
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Table 1 Main assessment contents of comprehensive

emergency drill for radiation accidents of Zhejiang Province
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Table 2 Assessment contents for emergency monitoring and handling
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Summary of on—Site Monitoring and Handling During
the Radiation Emergency Drill of
Zhejiang Province

Xiao Jun, Zeng Guangjian, Liang Meiyan, Wang Juan, Chen Qunhua,
Xiao Shuguang, Wu Xiaofei, Hu Bigiang, Yao Jianxin, Zheng Huidi, Lou Shufen
(Zhejiang Radiation Environmental Monitoring Station / Zhejiang Key Laboratory of
Radiation Environmental Safety Monitoring, Hangzhou 310012, China)

Abstract: This paper introduces the characteristics and main evaluation of the comprehensive emergency drill
of radiation accidents in Zhejiang province in 2018, as well as the situation setting of the emergency drill, and
details the processes of on—site monitoring and handling during the drill. Considering the assessment of the prac-
tical actions taken during the drill from evaluation team, this paper analyzes the problems existing in each step
during the emergency monitoring response, promotes some relevant suggestions to improve the response capabili-
ty, which will provide useful experience for the future emergency monitoring and handling of radiation accidents.

Key words: radiation; on—site monitoring and handling; drill
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Fig. 1 Accessibility analysis method for manual operations

in severe accident management
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in severe accident management

= FrE WY S50 FEE BN

1 e R &, EEEMIC
2 S HE— [ &, FEEIC
3 ZRIRR AR TE AR KL &, EEEMIC
4 He KA . FEEmMIC
5 LARGENIET &, FEEMIC
6 LTINS &, EE=EMIIC
7 B IX il &, FEEMWIC

WA JeUte A R T
TR, IR TR R
P HOSONLL R AR, TS
e TR TSI B 02T

PRI LR MR AR
O OIS B R AT L R R,
TR, %1 IR KR
" RIS TG MU

T R X R R 8
(BRI KRS TT A LR BSR4 A5
B/ OB LALLM R34 T
S PR I AR S

4 AREAES T

i &2 SN AR B o o VR R LR
IR M AR ™ SR T S

91




R

Vol.18, No.2, Apr. 2019

92

F2 EEENEESEEN “WRER" HENSH
Table 2 Monitoring parameters of “maybe use”
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Accessibility Analysis of Operating Personnel in Severe
Accident Management of Nuclear Power Plant

Niu Shipeng, Wang Cong, Wang Gaopeng, Liu Yu
(China Nuclear Power Engineering Co.,Ltd., Beijing 100840, China)

Abstract: Based on the design and severe accident management of typical PWR nuclear power plants in Chi-
na, this paper studies the accessibility analysis method of management and operationing personnel severe acci-
dent management. Then taking a nuclear power plant as example, accessibility analysis for operationing person-
nel are carried out to provide support on the development and implementation of SAMG. The analysis includes
operation analysis of instruments/equipment required for serious accident management, local operation and op-
eration location/path, calculation of environmental conditions of operation regional, accessibility assessment of
operators involved in serious accidents and impact analysis of serious accident management.

Key words: severe accident management; operationing personel; accessibility analysis
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