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Study of the Application of Peer Review to Radiation
Environment Management of Nuclear Facilities

Mi Yuhao', Liao Yunxuan®, Sun Changjiang'

(1. China Nuclear Engineering Consulting Co., Ltd., Beijing 100000, China; 2. Nuclear and Radiation
Safety Center, MEE, Beijing 100082, China)

Abstract: Radiation environment management of nuclear facilities is an important part of the ecological
civilization construction of China, and applying Peer Review to radiation environment management of nuclear
facilities is significant to the improvement of overall safety level of nuclear facilities as well as the Beautiful
China Initiative. This paper introduces the application of Peer Review to the management of China’s nuclear
facilities, analyzes the necessity of carrying out Peer Review on radiation environment management, studies
the key points in the review on main technical fields as well as other issues requiring special attention, and
puts forward proposals for carrying out follow—up relevant work.

Key words: radiation environment management; nuclear facility; Peer Review
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Table 3 Imperative proposed revision of environmental quality monitoring standards ( Examples)
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Table 4 Proposed revision of effluent monitoring standards ( Examples)
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Current Status and Revision Suggestions of China’s
Radiation Environment Monitoring Standard System

Han Shanbiao, Zhang Yanxia, Quan Wei, Chen Yinghao', Li Jin, Yu Zhengwei, Liu Jiacheng, Wang Tianyi
(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: Through a systematic review of the current effective national and environmental standards in
China’s radiation environment monitoring standard system, the framework of the standard system related
to radiation environment monitoring is clarified. The status, problems, and needs of environmental quality
monitoring, supervisory monitoring, and emergency monitoring standards for industry supervision and
implementation is analyzed with emphasis. Based on the importance and urgency of radiation monitoring
standards, revision suggestions according to the principle of priority is proposed.

Key words: monitoring standards; radiation environment; formulation and revision

(WAt d. R #)

2024/8/30 10:02:44 ’/



| T T T

—p—

5523 B3 4 1) ¥ &5
2024 4 8 )] NUCLEAR SAFETY

AT . X T DSA LG IREH A M ey B4 ] ] %4 ,2024,23(4):19-25.

Dai Yu. Consideration on Environmental Impact Assessment of DSA Room [j 1. Nuclear Safety,2024,23 (4):19-25.

X TDSAHLEE IME =2 M B R

£ )

T AR RARBAHATRAG , AR 210019)

WE: RFRHYLEEYMN (DSA) REEAFAARBPRFLGEANEAHREEE. &
FARA AFRFZ AN IRE G S . BT AN (RABIRBARY F 5N B AA
RHEZR B B a0 e NS AR ) (HJ 10.1—2016 ) #XAEK, FRAELT
Ho04 75 KA DSA WUB- 849 B B 47 52 T e o (G5 B33 B 7 % K ) ( GBZ 130—2020 )
BRHTIRAL, ARSI DSA R & LM 4F S e tE A BT SRS ENF 7T BT, S Hi R GBZ
130—2020 ARG 45 % & . R AAIHLE R T B AR A TI0UTF DSA U5 69 Bk it LR A4
IR, it F 4 RIET GBZ 130—2020 & DSA HLE I S 2K, B DSA #L
B0 R e TN 7y ik, T RIS GBZ 1302020 ARE AT, W R 4R T HJ 10.1—2016
FRGPATH, AF TRELRFHAAR . FFARFoF AR 69 T4 fi 42,

KEiE: DSA (KFRFEEHHI); HHAF AR B RFR w30 (BBHIRERYE
230 AR A EIER B RBH R iEN XA A A AR ) (HJ 10.1—2016 ); (FH5

WA A8 37 2K ) (GBZ 130—2020 ); AR/EAT I
FESES: X828 NEHREM: C XEHRS: 1672-5360 (2024 ) 04-0019-07

DSA J& B ] 87 I 52 1l 4 1S 52 B )
fRT PR, AR 4 O 22k B 43 2 ) OR SRR PR A 15
2017 455 66 %), J@ T 28 kst i, (BRI H
IEERZ WA 2 JRAE BEAS 5% ) (2021 4R JRD
BLR M DSA BB AR B B # i, 75
B G i) IR BT 5 W AN 1 2%, PR R A PR 4
E RGBT THEAE S5 T o] it i H S i
TR S AR ATIIE

DSA {E N 3050 () U2 Wi 2%, HLAl AL
5 W i, AR S B AR T AN A (R R 1 56
TR E

1E A AR E Y, X T DSA ML B 1) 5 i B
R, R Wi B 2K ) (GBZ

Wks B : 2023-08-25  BEIEH: 2023-09-01

130—2020) "' "%} DSA ML, Bl “C B X 54k
WAL AESRA ATy m g Y w fEa
PR 7 )8 2, P33 2 mmPb BT, MAX
A PR R 0] LA 1, GBZ 130—2020 X§ DSA
BB, R XA R RN E A R

B R PR BE 52w PFAN 0 5 R B A% ETE
CHAST IR B R A B S I) A BAR i i §
FREE S PR SO N A s =0 (HY 10.1—
2016) "2 ER g, Horp B AT B IR B
M B ) BER, A0 LA G 4 e i H
R DG i AR S KT A B

KT DSA LG BRRGT A, B R4 IR TT
AR 20 AR SRk U R 4L,

fEE &S Wi (1982—), %, Wik, ®ZCTREM, YRR a LR, WEZNFRAIRIE . 50 S AR FR

ST T A

W 2024 %A M.indd 19

o

19

2024/8/30 10:02:44 ’/




—p—

¥

& Vol.23, No.4, Aug.2024

(T

20

__W 2024 %A M.indd 20

ARSOHG N DSA B 45 F i A D B 7 2
AIHEAZRPETT L, 25 RO S 7, J
TVERIFT S LR 15 BES 5 R

1 DSA 5SESHBXHEMAE

1.1 DSA HIZH4E s

X S BRAE OV A AR I 25 53 51 7E DSA L
C T B WA i, 3R A o 11 ] o P Al R0
o IXJE DSA 5 HAWGSHZ WA, i DR (1
RGBT X R R 50). CR (RS
TN X LAY R G0 R PLAE X ek
EPARARIN AR R 2013 Bl ) i A8 e R AN [A] - X
SPEMA FHZ, & — S BT AR AR DI 25
N0

— AN AR SR A5 AN 1 B .

RIFT
T3 6 B RS K
REE CERT TR

WEEH
R R
Wl AR BB
ERE
R
A ORREEONLES . JRE
c 550 pmf¥ AR, AT R

BER RS T BE O I AR 45 6 o
X5t%k

B BABFRERNREEREE
Fig.1 Schematic diagram of a typical flat panel
detector structure

AR AR FH DN ERAARZ Oer A / AR
ok PR B S A 05 Y P B R A S B B e A 25
IrEIN. X PTERERE RO X L0t T A
PRBACIN AR AL, AR X Lt 7 f i [N
WRIRIZ , IN KRR R AR A T D15 4
& WO T TR RS, R AL
ERLUSRSIE | RIEIS S R0 s o)
TR, BT AU A n e B B RS U 1A
AEBIFEEnas LR o

TEXT X S ERARM I, 2R I KR A BAT XS

SRR S AT,

S BT RE T, (BT A A 2 R A R
1) X SRS ] RE 2 Hb BRI 4 X PR R A
SR AR T VB R, AN 23 7 AR R, DTS2 00 o
1GRCR . ELAT v 8 1) DN R A B
WRHIEAE X 54k, T 2 M i X 92k, H
R T MR 00 18 4% 5% v 5 8 0 DR i A (e
HIRGU CsI fb A, B ETE 4.5 g/em? VL 1), IR
TR ECR , B 6 192805 0 1 5 TN AR AR
5, RS T 1 G AE DN R Hh g RS
BEBHLIE 5 DN ERAA PR, TR G DA R AR L Jok o
( <100 ns) P=AEAT WG, AT 52 B BE PR (0 B4 R
TR BRI B G TN 2

A FR A3 it R ) PR R 2 A B 1A s
H PR B ) R SRR A5 T 1 S B T —
R R

FE LRI BRAR /62 505 0 e [R] Wi B ot e
YERTR , BRAS A T o A e BHL 1 7P Al R
wr N JCVE S AR AR 2%

TE X SHERERE A R BR R R 40 (AR o
O MEHT, 3R SR8 O
B A0 i b RS T A L PRI, TG e DSA /Y
C PR WMo % 5y, BRAE F= S SRR Bl Al il
SERAAE . H DSA ML B FEHE , [R5 %5 XTIk
B I B2 BN R PO Sk A 7 il

SR8 X DSA BRAE 32 54 1 i ke, il
15 DSA LG5 1 F Al B I0 0 157 8 FE 2k, i
5 NCRP147 5 # 4'*' “4.1.6 Primary Barriers”
o SOR — B T — S L O B 5
s TR R, 7L Xtk A By EL b
SCHEAEAL, AT E LR (FDA,2003¢), i
AP P [0 30 AN e P T B

X5 RS P T =) “3.3.3.2
= e i S B ) s S A S R A T — TR
FOR W E— % 3.16.3.17 B4 T R
W X AR X L ra BB P25 . i
TBE X AL X 2858 8% 9 L Bt ol
BIGSR A TR A, B DL XTI G X Stk AT b
Wiio RTHSEH X LU, W% BRI X 2
A G RS 358 R AR b AR, R AR B R S T
I X LA, LR X 2L s 1 e et

o

2024/8/30 10:02:44 ’/



| T T T

Vol.23, No.4, Aug.2024

—p—

. £TF DSANGAHED R BE

W 2024 %A M.indd 21

B I 7 422 5 ) SR 2 B SR 7

1B G AR G SR A% 5 ST AR I 4 X 1) 32 2
AR R G TGI8 ) DR 2 (Lfh 4
CsI) (500~600 wm) ZE G 8sR 2R A FE 6 71
PERIZE (k4 CsT) (150~300 wm) FJE 5
JEBEIS FAREM #R R R RCR T
1.2 DSA BIH R4S

DSA FAR AL AE R PRI R

PR B H0 e AR, 2 B0, B A,
1) G T2 W RSB, AE2 0 AR TR
FARE SR . R WO, S BRAT D 0] =5 T K
it ST, AN LA TR L A R A B[]
L TR AN B I S g B SIS 11 i 7 B [
AT BT DSA SRS HUIRALK, 2 H 2% .

SR sl RS B 1) QLB % LS
LB AL GG T BE g 00, 3R
X H—HAF R IRA AR AR B, v]
SIS A A R A AR Y 1 AR IS L
A AT AR T G i R R R R
PN BB E EE AR SR ORI . TR
BRI AEE AT, Ry G A R S EOREBIR,
1 2235 LA BRAE D)2 R LT/ . kil
JEFIH X S 2SR HOR , SR F Ik by X4
X PR 7 A R R A D8 B BA O 1 B 28 ik
WA, T I8 B A 20 XS 2R 9 TR IR
SBR[ 2~
6 ms/ ik, 2222 30 Wit ik /s, BRI 1 s P9 X 45
2 BRUL RN R 2 £ 180 ms | AR HL R K HL I %
SE kR AR, R IR RE A SR 515 X
TECIR A TR E kV/mA 5280, (i X BRI
FRE R MR A, 78 28 4 S5 590 e v T P 3R
ARG, S B, Bk b A B i
LB, A MFAR AN BRI R ILE > — 2
FR AR S

AR DSA [#RAE RE Y, BRAE 10 L K
BHIL, BB FEE DR, IR %K DSA
8- vl

HAI4AT % DSA 45 H B 3% 25 BH A S A
Sy FRU (AT 3% G in T BE AR R R 1 e v B
AT H), T4 P AE 30004500 W, iz KAE N

4500 W, H T2 = iR x SR, B
NSHUE X SHERE AT FREHE I T 00T 1k
PERETRAR I IAEL

T 7E 485 A 2, BRAE B R IR 1] g 0% 7
PIERE T i KUK T 217, Hal& N &
DSA 24 H 9 b5 Bk BH B s A 1 R (FE 4 2 1
TR )RR AE A A5 1R, XTI X A8 11
R U7 R N A d5 v A B AR B A %), R T
90~110 kW, iIXNZSHUE X FAAETEAN Fr ik
JETH T Wi KRB FE bR AR

e | DSA TEfsan AT, LIRS is
FrEe R 110 kW T, X6 Ry 1 B e KA L e
B HLIRAE AT 35 3] 100 kV/1100 mA ; 75 33 FAE =
T, DABRAE 1817 B KT 4500 Wi, X 1 4 28
TR KA HL R FL(E T34 21 100 kV/45 mA,

SEBR b DSA TEIE AT I — 3k 7 33 o %
Xof o7 ) BV f KA R A LA, A5 ) 2 S 3Bk
BRI IBEs, R 1 RZ R DSA T KRB FFHL
EATITEREE S BGE RN

F 1 EiR DSA FHEITHIKESEICE
Table 1 Summary of tube parameters of mainstream

DSA during operation
AR BHLE KV B /mA
E[Eg 52 60~100 100~500
R 60~100 5~20

1.3 NEFFEW A E T DSA 1851 RE

= I 3 5 X ST 2R (DSA) 1B =97
PO, 2GR TR I, MR = 2R AR,
DSA T i 5 J7 i i WS 98 07 e E XA
Wi, MR E K20 B B R(E - X 4
LS Wik & (5 = 28) MR i A 45 5 5 )
(2016 4FAB T R0)) i 1 A6 56 oK, 1S i
B RS X PHEHLN 456 B A 52 X 53T
HLE A ) (YY/T 0740—2022) °',
YY/T 0740—2022 () “i&5 A B 25 S L B sl fig
RGN SR, e A S I S B A e A SR
U/ BB PR SR Z R S R 4 1R 1Y) DSA i
FRAA .

o

21

2024/8/30 10:02:45 ’/




—p—

¥

& Vol.23, No.4, Aug.2024

(T

22

W 2024 A H I M.indd 22

“BIAS A SRS RE R Rl A5k,
SK7E DSA & SID (51 B 5 AR 22 I 2 1y B
) SR/ B A R S HRI A U X
b R AE PR R AR SR T Y 30 em &b, HH
JE A LI B ARG (e AR R IS A 3l 2 7
IR ES TS m MR E
HRAESATEN, Fric ke aE, Kl 2 fr
/N,DSA “BUWAGTE LB EER AKT
88 mGy/min, J5 A] G IA Ky 2 2 2% SR 1 B A%
Y EEYT A5 0

YY/T 0740—2022
K 1A 7 V'I'l
RS | g smmarsucsies

A - SR/NSID, AR B LT
— AT Y145, <88 mCy/min

i/ISID
[ A SR

d

B2 “BUNSESERDER”BUEHATEE

Fig.2 “Adioscopy incident air kerma rate” schematic

representation of the detection conditions

H 1 3237 DSA (1) SID 78 Bl 7 88~120 cm,
X LA /)N SID 88 em Al L, T LA o5 2 £
J Bl 88-30= 58 cm., AR i B 48 T ek 49
B I e S R A m SRR
3l fig K =88 mGy/min x 0.58° = 29.6 mGy/min =
1.776 x 10° wGy/h,,

2 DSA HlEBI R IAITE

FR 4k ik DSA 55 S G SE Al P 25, B
TFE DSA HLp5 B BRR B 473155, 4> DSA #L
B ) B, AR 7 e G BRI S 2k Sy T AR msp A
PARHIU 2 1 B
2.1 ttimiEsT

B A 52 X ST ZpILE WA 64 i =
J7 AR BbR I 2 — B R AR A 5 1-3 #50 E
AL A FNFEAVERE A FER FEFbRE 12 X
SRR A R B ) (GB 9706.103—2020) '

“12.4 IR At Iw 4R S b BIES TR A
R X RS LR X SRR AL AR
AT R R ST, Y AR Y T B Ak 1
T LABRFR X B4 s 70 BE AR AT 1 m 4,
1 h WEEAE— 100 em X3 (= Bk R SF AN K
F 20 em) M KB SIBEA R T 1.0 mGy,
L FHBRUE T XS AN ] XS 2R 15 A v i s s S R A
AR R A ™ AR i 2R AT i 1t e e 5
IWIEFER, PTIAH DSA B 1 m AL AR 4R
P Z RSB RE AL 1.0 mGy/h,

X HOH IS Al B, HUDSA B A 1 m ik
) it U e S 2 SO R B R SRl ARV Y B K E
1.0 mGy/h,

X U 5 2, $R R I B B 00 G — 2
MY HER R PR AT R G,
FH () 1 s Bl A =03
. H, -B

H (1)
RZ

A

H——X0E S A%, pSv/h;

H,——HERE5 1 m b X SFERERAS i R 4
SFFI R A KA, BUE 1 mGy/h, B 1 x 10° pGy/h;

B——Bf s 5 H -, X L DL DSA 2R T
S 100 kV (FEH) LG /M 24 5 2 mm
SEAE L 2% GBZ 130—2020 Bt 5% C #5911y
NCRP 147 5445 ,100 kV (F ) FHEHIES
0 (2.500), B(15.28). y(0.7557), T 155 5l
BHHET B R 5.16x 107 ;

R—H@ G5 o5 (A &G B B,
A5 GBZ 130—2020, % T DSA #L b7, fix /N L
MR FEER N 3.5 mo A5 PREEIAE = N H ]
P T C IR TTER: | ik B BR A K P liefs &
BLG5 S A e/ IR S PRSI 1,15 m [ 3.5/2-1.2 (B
K SID)2 |, #ehEARZE AR E 20 om A5, WSS
30 om Ab X7 A 2 BRAE e/ NE SR 1.65 m; 1T
DSA HLE#E LIRS N e S S ERAE I B 2R
FAZIERAI T 25 R AR RS (L) =
ST AR B e/ IMER 1.65 m,

RATHEAR, T 5 e 3 B BIL D5 B i AR o1
RV s AR KA 0.19 wSv/h,

o

2024/8/30 10:02:45 ’/



| T T T —h—

Vol.23, No.4, Aug.2024 #otr: £ T DSA gk @k h @8 A

2.2 EatiEst
XU, % Crast B 0 GE—53 1)
25 Y X SRR AR DG AU J] e R Bl e
HEAK (AR 10.10) S17HES, 15 20U 2 e
K AL B e BRI RE R AR A (2) (R,
B AR gl IR s B 3Ok 1):
Hy-1-a- (s/400) B,

Hs = dz .dz (2)
0 s

fﬁ':fj

H— S A%, wSv/h;

Hy——X SFEHL R 5 25 8 CHE i
1 mA B, PR 25 BHA AR 1 m &bl 00 A (0 L RR
FHER), wGy -m* mA™ h™' 5 FLARE 7T R B
X AL R 08 R S S N CRR ST B 4 T
W — 20 W) w1 4.4c A BL, — JB DSA Bk
R Al A UESN , 158 B A B0 v] A £ 10 4
T U8 R, LAIE I 98 375 0L B A2 A6 5 A5r A [R] 1) %% B
KJRFE, # DSA BIS B, il USRS 7
SEARAGERE A A B SR R R TR S R
BRSO T, BRF AT DL B2 I A 3 52 X SR HL
A 35 15 FH 1) B 7 g il v 2 — B LS
WA HE 1-3 #B 41« FEAS 22 4 RIS AE RE 1Y 38
BRI HARUE 2 W X GTER5  AHE TR 4 )
(GB 9706.103—2020) 5 “7.1 X £k 1% #& ) 2f
B2 ARG 5 R A PE TR B X B4R
FRORE R A 8 i e /M 2.5 mmATL HUE, T BRE
TEH KB HBIE 100 kV & R &S Hy N
09RmA ™" min”", B[ 0.9 x 8.76 mGy-m’*mA™" *min'=
473040 nGy*m**mA™'-h™ ;

— W, mA; 43 1 7] A1, DSA Bk
BAEH AR HE 100 kV R, SR Rk
HHA ST 20 mA, B R R R LR
AT 500 mA;

Hy 1—52Fr | Hy x T B8 A] i 33 DSA 52
Wy “BRAF S L BESRER” HERARH], Y
DSA RS i, vl | R R IR RS DSA
A B 4 4, B BRI B A 25 S LR
SRER” ST, (HY/NT 88 mGy/min, 4 DSA
RS A ERT NN EHE B DSA , WA /2 37
A2 T BEBIEER” A KT 88 mGy/min,

R A 1 m b SRR BE R H, x 1= 1.776 x
10° wGy/ho X HLLL 1.776 x 10° wGy/h YEH Hy x 1
Bt KA. v DL 3, 3 0 2 R vk AR B a2 11
H,x 1=473040 wGy m’*mA ™" *h™' x 20 mA=9.46 x
10° nGyh, iR Hy x [=473040 pGy*m’*mA™ *h™' x
500 mA=2.37 x 10° wGy/h, %t KT “F A Gt
RSN RE R e Pl . A E T T RS, B
DL BT S RS RR R eI

a—W MRS IRAA T X5 2k A HIC T e
55N RO 2 O AE, A R 5 B B S A ) &
5-12 FIIE 5-19, XF F 451 H DSA 1E % TAEH
JHHL 5% KR 100 KV IF 90° 14 a 4357 BUE Ky
0.0013 ;

S—— T TR 4 RSB A4 A AR T A
em’ 5 B2 H X 5 2k 12 W7 1 4% Jo it 45 o G 00 AL
) (WS 76—2020) 25 1 18 P B B0 25 f K i
S8 R SF A 400 mm x 400 mm, ] < 350 [ 4 17
SFPARAAR 1 H5CSRT TET FR e R (AN 2 ik R G T
40 cm x 40 cm=1600 cm” ;

d— IR ZE 2 MRS I BV R B m; 5
FH M A 1 5% XS AL A 566 %) B2 7 2%
PR 2 — 2 F L AR 5 254 341 X 2k
T 50 R AL B I HEAS 2 2 FHEA YR B & HI 2
k) (GB 9706.254—2020) "2 i : FHTB LAY
2 2 X R A, R R [a] B8 R R
A/NTF 30 em; FHTFHGE I X B2, R H I
4R /N T 20 em BB L 55 R A A0 i
PRI, TH 35 ) DSA 45 B2 FE 3% L% DR <F e /MEL
30 em HUHE, F R # A SF e/IME 20 em BUH ;

d—— 3 M 2 S B, m; % &
DSA #L55 fi/NR A R 3.5 m, 3% HL A 4
IR 4232 AT RN AR, Hoaz R =L iR
B/ MEE RS 1.75 m, RS AR5 R 20 cm
58, WIEE AN 30 om Ab DG o5 28 37 REHIUR A
/NEEES R 2.25 m;

B ER ME S o AR YE RS B T

E
WECGE—5M00) MR A R R -
: = 1 =0.84,

E, 0.1
—c 1+ 1-0
1 +0‘511(1 cosf) 0.511( )

W 2024 A M.indd 23 $

23

2024/8/30 10:02:45 ’/




—p—

¥

& Vol.23, No.4, Aug.2024

(T

24

W 2024 A M.indd 24

b, HC5 J X 2R BB = R nT 4 100 x
0.84=84 kV M4 LR X B4kt i HH
GBZ 130—2020 H % C.2 K JF ) NCRP 147 5
54 AA S BV TE 85 kV T @:3.504,8:
20.37,7:0.7550, 3 RLTH 5 2 mm Hi %) 84 kV 45
HLFRE AU R B ST L, R 7.16 x 107,

AT AT, B 23 B AL 55 Bt il A4 A1
T I i R S K, X T A 1.45 wSvih,
TR R A 3.27 wSv/h,
2.3 WHETEHEZEMERITELER

AL 3 o RS A S P A B Y
ZERATLIEH, 24 DSA ML Rk iA %] 2 mm #Y
E R

LR RO 7R 8 B Kis 17 T
(100 kV/20 mA) B, B T s i 4k A1 5 26 &
i v 1 DSA AL G5 A6 56 T AR KA
0.19 wSv/h +1.45 puSv/h =1.64 pSv/h,/NT GBZ
130—2020 2R 1Y “HA B IR X P4k
BB IAAE T RGBS, & 5] 24 R AR
KT 2.5 wSv/h” FEE R K,

P AR B 7 i Kisf7 T
it (100 kV/500 mA) B, FH T i 569 42 R HICST 26
BN B DSA HL P Ah 5 T w58 5 7K S AR
7 0.19 wSv/h+3.27 wSv/h=3.46 wSv/h, th /N T
GBZ 130—2020 ZERK ) “ HA KI5 50 5 g
SRR (W1 DR, CR 5 H8552) ML AT
Jei) BB A1) XY R N RN KT 25 wSv/h” e R i
TR,

3 it

M R B TS AT X T A
DSA ¥ &, 4 H % 3% T HE 1% 1 /& GBZ 130—
2020 fHe/NRI K R T AR ELR ) DSA LG, 7E
2 mm YRR, B SR A T,
i —E AT LU . GBZ 130—2020 ZR Al iE 0 &
FOR RS TSR S i R A FRAE 2K

PRI, 6T DSA L 8 PR 5 52 ) F00 , 5¢
4] DLk 5 GBZ 130—2020 Fp 1 X e vk ik
FFVEHT , A4 e T 4 S PRI R 2 2 )
AR BT H PREE M T SO N2

A ) (HI 10.1—2016) (S HE, X Flit
ROR T HA B Y, B 2 1 R P G il
NI DN NG N A I =5

R 8 5 PR IF MO N B3, B f5 B 8 X HD
10.1—2016 5 I {H 3 Wb 17 98 B, B AR XS L
Py ok 5 B Ak SR EA SRR A8 B PR EE S R
TIN5 o

S0t - R BRI 32 K 0 T R
Ja R T ARy U I B A T TCRAR A B

S 30k

[ 1] rpe RS [ 5 PAE R A 2% .GBZ 130—2020 jitii2
WO B4R [S ] . st b AL, 2020.

[2] FREE(RYE . HY 10.1—2016 5 B BB 50 AR
FHARIH SAESZ AN SR A2 [S ] dbat:
FEFREE R ik, 2016.

[3] Heifh, JHmesk, BN, % . BUbsIE SRR AR 2R Y
SRR [T ] hE B4, 2009, 6 (9): 10-13.

[ 4 ] National Council on Radiation Protection and Measurement.
Structural Shielding Design for Medical X-Ray Imaging
Facilities, NCRP REPORT No. 147 [ R | . Bethesda, 2004.

[5] 247, WA By T =400 [M] st
JEFReH AL, 1987

[6] fifEims, AHM, ZREM . BRI E (CT/MR/DSA) i
BIFESIGIRRI T CB5 R [M ] et AR A A,
2022.

[7] EZE5 205 SRR YY/T 0064—2016 £ HIZ W X 4
LA AR [S] . dbat: ThEbsET R, 2016.

[ 8] EZREMAM B EBLGR . EH X ks (=2)
FEM A H A 38 PRI (2016 4EEITHR) [S] . dbst:
PRt L, 2016.

[9] ERZy 5 WAL YY/TO740—2022 B H A 5% X G2k
BULFHE ARG AR [S] . demt: PR A, 2022,

[10] M &3 WS A, HEWMELEHZE R 2. GB
9706.103—2020 P& JHA I 1-3 ¥4 FeA %2 4 fidk
AVERE I EER IFo0ARHE: 127 X LR A& iR B4
[S].dtut: mEbRES R, 2020.

[11] 278, 06 A5 SR B 3 T OB —20 ) [M ] st
JEF gt e, 1987

[12] 50 3 W A s Ry, B Zbr A 3 % A 23 . GB
9706.254—2020 [= JH HL LB A 25 254 TR0 X S LR FE A
BLE R HEA 2 A YERE R HIZOR [S ] dbat: s
WEH AL, 2020.

o

2024/8/30 10:02:45 ’/



| T T T —h—

Vol.23, No.4, Aug.2024 #otr: £ T DSA gk @k h @8 A

Consideration on Environmental Impact Assessment of
DSA Room

Dai Yu

(Jiangsu Fuhuan Environmental Technology Co., Ltd., Nanjing, 210019, China)

Abstract: DSA (Digital subtraction angiography) is the most common medical facility as a Class II radiation
device of environmental impact evaluation report form for nuclear technology application facilities. At present,
the composing, reviewing and checking of the EIA report on the nuclear technology are in accordance with
the format and requirements of the “Radiation environmental protection management guidelines Content and
format of environmental impacts evaluation document for nuclear technology application facilities” (HJ 10.1-
2016 ), and theoretical calculation is required to check whether the shielding protection of the DSA room
meets the radiation limits specified in the “Requirements for radiological protection in diagnostic radiology”
(GBZ130-2020 ). In this paper, based on the structural characteristics of DSA equipment and access
conditions as medical devices, the shielding calculation and parameter selection of DSA equipment room
meeting the minimum shielding lead equivalent of GBZ130-2020, the most unfavorable room size and the
most unfavorable working conditions are given, and the minimum lead equivalent requirements of GBZ130-
2020 for DSA room are verified through the calculation results. It is suggested that the nuclear technology
environmental impact assessment method of DSA room can be evaluated by comparing with GBZ130-2020
standard, rather than adhering to the theoretical calculation required by HJ10.1-2016, which is conducive to
reducing the work burden of EIA composing personnel, reviewers and approving personnel.

Key words: DSA (digital subtraction angiography machine); environmental impact evaluation of nuclear
technology utilization projects; “radiation environmental protection management guidelines content and format
of environmental impacts evaluation document for nuclear technology application facilities” (HJ 10.1-2016);

“requirements for radiological protection in diagnostic radiology” (GBZ130-2020); standard contrast method
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Table 1 Monitoring results of Beryl waste residue
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Fig.3 Sampling layout of Beryl waste residue

co—disposed by cement kiln

X 2 AT BB R A T R R AR U
(15785 38 e 2 5 0 A i~y SR TP 4 22 TR G
KABATUE , B E H— E DR AR F R Yy )
ORI ACE CANEL 4 JiR), U 1935 BEVR L
X R A iy y R AT R MR R B S AR

®2 KEEHERLEFHEARELENER

Table 2 Monitoring results of coordinated disposal of Beryl waste residue in cement kiln

N P
B RRREIE = %if&%agfzf o A (s
LR 1 RO 0.60 <0.02 <0.03 <0.24 280
EigioRah 0.148 0.013 0.059 0.03 108
KA, 0.248 0.082 0.071 0.38 142
kA 2 RO 0.23 <0.02 0.044 0.572 131
IEREN 0.228 0.084 0.032 <0.25 130
B, 0.608 0.06 0.197 0.05 275
Sk 3 B 0.32 0.059 0.115 0.10 178
S g 0.423 <0.02 0.016 <0.24 220
RE 6, 0.771 <0.02 0.047 <0.25 356
Sk 4 KA, <0.05 <0.02 0.056 0.61 100
B, 0.696 0.02 0.046 0.219 314
A 0.661 <0.02 <0.02 <0.24 297
LA S 23 0.341 <0.02 0.037 <0.24 185
PSRN 0.969 <0.02 <0.02 <0.25 493
W, 0.862 <0.02 0.033 <0.24 391
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Fig.4 Fitting results of y surface dose rate and nuclide
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y=92.714¢""" (1)

K y——y R =,

X— U (IR RS

A HIAHIC R E—0.9827,

B B8 G TK ST TS T R T R e R PR [
1 Bq/g {RA U ot B4 40 26 T 77 Ry
537 nSv/h, FIEE LR EINH R, HErit Ak
AR AS R v ) & K P-4 i 7€ 500 nSv/h
VAR, BS Y ARI v 773K T 500 nSvh
BF, AT IA Sk R W R s e KT, vl oK le 25 Py
EEON=

4y REFBERERIER

B UF SRR A R SR A A R AE 500 nSv/h
TR 38 7KV S A G A A T A AR R
SR W B, X 3R T A 4 3 400~500 nSv/h,
500~800 nSv/h.800 nSv/h L b = A8 B K ¥y
A HEAT BORE R I o 4 ) 4 ) o R e R
K, TEREASBEE B RELIEEE 5 IR Y41, X 4
AN P2 A ¥ FEOAS [R) R B BORE I A B 1 MR ER
FE S X R38N FE A HE AT 20 B, 35 IF 1 Ba/g
JIERT I P 2 T R B KT, ARE R 3 R A
ZESAI S, 800 nSv/h LL AR LA R E5R

DR b 4 P i I SRR 25, 5 SR A A 1Y)
RIZ i A R i AR A AR y i R KO
= H17E 600 nSv/h LT FR#E AT HURE 0y, i — 25
i 600 nSv/h LA SR A PR 2 il 2 8 Db
HEo EHUR P 5 ANSRAA B T IEE T 00T F
FRFIHER T 500~600 nSv/h FEA8HE 4 5)1R
Hro MRABHFERIZE S (W3R 4),5 1> 545 nSv/h
SRRE A AR S R R R T TR
Ve ] Bet 2% TR B B, DR TR AT 75
SRS PR AR AR y SR R KPR
£ 500 nSv/h LA, LABAARIH I FR 20K

R3I ZAFIEXBEFHEAREENER

Table 3 Monitoring results of three dose rate gradients of Beryl residue

BES 207k v RS R WE & &/ (Ba/g)

(nGy/h) 2y Ra *Th “K
e 453 0.082 0.131 0.838 0.391
A 2 560 0.463 0.252 0.608 0.0961
G4 3 800 0.974 0.346 0.697 <0.010
LA 4 970 0.968 1.009 2.283 <0.024
B4 S 1000~1120 2.093 2.076 5.365 <0.036

£ 4 FEE 500~600n Sv/h FHAEE S REFERNLER
Table 4 The detection results of Beryl waste residue with dosage rate of 500~600 nSv/h

4 B v AR / BZE &/ (Bg/g)
(nGy/h) ) Ra Th K
RAEREA 1 545 0.065 0.094 0.594 0.404
IRA A 2 545 0.065 0.112 0.880 0.246
RASHA 3 545 0.191 0.276 0.823 0.210
IRE A 4 545 0.088 0.110 0.778 0.206
RASHEA S 545 0.045 0.095 0.791 0.240

o
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BB A RN B ) (GB 27742—2011)
B DX 43 R A A P i 7K e 2 DI ) A B R L
Ab DRI s S A A VR LA 1 Ba/g WA,
W /N T IR A0 5 3k K R T AT K 8 2 13 I
A B DL SEELR Y IR AL R B T (R Y R
YIig B B R B T AL AT
FUERRE A IR i PO A R TG B TR S TR )
BT v R R A E R A K

WORE I BT B8 IE , W -y I3RS 500 nSv/h
VAR By oAU A n] B A O i R
JEAHE 1 Ba/g BIFR IR, NI SE B T 2
A1 BRI B A T A R PR R
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[T (] . BBl 5 TR, 2019 (39): 135-136.

[3] FREEORAP R, Tl AV B AT, 15 B B Tl s . i
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2017.

Research on the Limit of Radioactivity of Beryl Waste

Residue Co-disposed by Cement Kiln

1,2,3 2 . - 1
Zhao Mu ", Zhao Xuan’, An Tianxin

(1. CNNC Environmental Protection Engineering Co., Ltd., Beijing 100083, China; 2. Institute of
Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China; 3. China Nuclear
Industry 24 Construction Co., Ltd., Yanjiao 101601, China)

Abstract: In this paper, the limit of radioactivity of beryl waste residue in cement kiln co—processing is

studied in order to realize effective and rapid sorting and classification of Beryl waste residue in the process of

treatment. The correlation between activity concentration of the radionuclide and vy dose rate on the surface of

the waste package was fitted on the basis of sample monitoring to identify the co—processing area of the cement

kiln and sample analysis of Beryl waste residue, and the key numerical value, no more than 500 nSv/h, has

been calculated as an exempted level of waste that can be used for Co—processing in cement kilns. It is of great

practical significance to verify that 500 nSv/h can be regarded as an exempted waste radioactive limit with

activity concentration not exceeding 1 Bq/g without detection.

Key words: co—processing of cement kiln; beryl waste residue; radioactivity; limit value
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AN A L N TR IO i
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Xof — AR AR T T T B3, ) A AR ) T
FEWLR 2,

R2 0.1~0.9 RHIHI BT E R EIRE
Table 2 0. 1~0.9 Fuzzy judgment matrix quantity scale

PR BiH
0.5  —i8bRS 4, MLEL, A5 H %
0.6 PHESRAALLEL, —FEARLL A, Wi 2
0.7 PHESRALLE, —f8RLE 4, B R H 2
0.8 PHEIRAHLLE, —f8hRLL 4, &
0.9  PHEARAILLEL, —f8REE A, B 2

0.1,0.2, FiEb5 A, SHEHR A M HLEAT RIAIWT 4,
03,04  WUHEAR A A AR A, A1 HL B B W
A,=1-4,

B IR 4, (i # 1) B bR AR
(135,
Ay =A, - A, +0.5 Vk
A, =0.5 (1)
Ay +A =1 i#]

WA AKX, ER—E LR HXTIIREN
AEXFALE T
[0.5 0.6 0.65 0.7 0.6
0.4 0.5 0.55 0.55 0.5
A, =10.35 0.45 0.5 0.55 0.45
0.3 0.4 0.45 0.5 0.4
0.4 0.5 0.55 0.6 0.5

(0.5 0.65 0.6 0.65 0.7
0.35 0.5 0.45 0.5 0.55
A,=[0.4 0.55 0.5 0.55 0.6
0.35 0.5 0.45 0.5 0.55
0.3 0.45 0.4 0.45 0.5

(0.5 0.55 0.65 0.6 0.65]
0.45 0.5 0.6 0.55 0.6
A, =10.35 0.4 0.5 0.45 0.5
0.4 0.45 0.45 0.5 0.55
10.35 0.4 0.5 0.45 0.5
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[0.5 0.55 0.6 0.65 0.7
0.45 0.5 0.55 0.6 0.65
A,=|0.4 0.45 0.5 0.55 0.65
0.35 0.4 0.45 0.5 0.55
0.3 0.35 0.4 0.45 0.5
[0.5 0.4 0.6 0.65 0.7
0.6 0.5 0.55 0.75 0.8
A,=|0.4 0.3 0.5 0.5 0.6
0.35 0.25 0.45 0.5 0.55
10.3 0.2 0.4 0.45 0.5

VI ZH— R, Hrp A,,=0.6 BB R—IN
R IR R Ll R

ABEAA ] TR O 2 25 48 s )RR O AS i (AR A1
N3 (2) SRf#
; A+ % -1

W2 -
' n(n-1)

B CPIU W FH & 58 vF M AL T 45 0 =
(W, WX R 3 — A 4

Yw =1 3)

B T L o2 20 AL ) B S, RIS 22
2GR EE I — AL BES , nIA3 BIPPH i
PRGBSI IR W,

,(i=1,2,---,n) @)

[0.228 0.203 0.190 0.178 0.203]
0.230 0.193 0.205 0.193 0.180
W, =10.223 0.210 0.195 0.188 0.185
0.225 0.213 0.200 0.188 0.175
10.218 0.243 0.193 0.180 0. 168 |

TR ARG I BCEAAY B AR A (3)
PEAT A —f Ak 21, 5 3 A4S — A8 b i AL R 1)
i C=(0.225,0.212,0.195,0.187,0.182), Fifi &
GO T AR PR A [ 4 -

D, =(0.232 0.246 0.264 0.258)

D, = (0.449 0.551)

D, =(0.223 0.216 0.189 0.196 0.176)
D, = (0.297 0.345 0.358)

D, =(0.322 0.334 0.344)
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2.4 FRILBISFREMITTEO 2B RE

i NPNAL (BN EL O E SEPOI B
H AR b AT VR, 15 B XHE AR A PR 45
R R, \R,.R; .R,.R; :

0.169 0.350 0.311 0.132 0.038]
~10.288 0.359 0.251 0.097 0.005
k= 0.315 0.464 0.211 0.000 0.010
10.387 0.315 0.258 0.023 0.017 ]

_ [0.333 0.367 0.233 0.043 0.024
k. = 10.201 0.421 0.311 0.033 0.034 ]
[0.267 0.355 0.211 0.111 0.056 |
0.351 0.385 0.211 0.051 0.002

R, =10.211 0.313 0.325 0.148 0.003
0.221 0.311 0.418 0.029 0.021
10.318 0.286 0.312 0.079 0.005 |
[0.412 0.311 0.261 0.016 0.000]

R, =10.452 0.358 0.156 0.028 0.006
10.385 0.364 0.219 0.031 0.001 ]
[0.382 0.310 0.251 0.056 0.001 |

R, =10.442 0.344 0.167 0.038 0.009
10.395 0.358 0.228 0.011 0.008 |

i D, H A, WA

D, =C; - R, 4)

5B 0F 55 14> — ZAR b B9 £ 5 T 1)

D=(d,,d,, --,d,), W CPIU I FH &R ) 25 &
TN HERE D R -

D=(D,,D,,,D)", d, = ZCUrijl (5)
j=1

D, =(0.293 0.373 0.256 0.060 0.017)
D, =(0.260 0.397 0.276 0.037 0.030)
D, =(0.275 0.333 0.291 0.083 0.018)
D,=1(0.416 0.346 0.210 0.026 0.002)
D, =(0.407 0.338 0.215 0.035 0.006)
W HARZ ERE PN R D oA -
[0.293 0.373 0.256 0.060 0.017 ]
0.275 0.397 0.276 0.037 0.030
D =10.293 0.333 0.291 0.064 0.018
0.416 0.346 0.210 0.026 0.002
10.407 0.338 0.215 0.035 0.006

2.5 FEIIEMILGR SN AERE
B¢ CPIU BEBE AN AR B 25 5 2
WrrEFE £,

5
E = C . D = (El,Ezau.yEn> ) ej = 2 Cijdij (6)
i=1

HEI 2.3 1 2.4 TR ORI B AR PE A
2 (6), FH B AR AR M EZR B TN AR E 2R
E=C-D=(0.326,0.359,0.251,0.049,0.015)
2.6 TR AMREE T

R3 CPIUMAMRAEHLER

Table 3 Evaluation results of technology application

effect

BEMPSE 3 LRV B P53

HERERICR (0.293,0.373,0.256,  1RiE
0.060,0.017)

AR (0.260,0.397,0.276,  1RWE
0.037,0.030)

LR (0.275,0.333,0.291,  1RiE
0.083,0.018)

AR SR (0.416,0.346,0.210, A
0.026,0.002)

AT RAR (0.407,0.338,0.215,  JE#HE

0.035,0.006)

R B8 5 SR i i D R A R D ) (A
J&E N=0.9) SFHA RN BRI 255 PFN -

X CPIU AR HLHE A 1 i R AR LAF 1
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AN A8 SN ol 32.6%, BT
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Effect Evaluation and Application of Portable Pipe
Integration Unit in Nuclear Power Plant

Wang Liang, Chang Haijun', Wang Zixu, Qin Tao

(Nuclear Industry Engineering Research and Design Co., Ltd., Beijing 101300, China)

Abstract: The application effect evaluation of the convenient pipeline integrated unit is an important branch of
the effect evaluation of the modular design of nuclear power plants. The existing application effect evaluation
system mainly relies on experience and lacks assessment indicators of different dimensions, and the application
effectiveness analysis and verification lack quantitative data support, which seriously affects the accuracy of
the evaluation process. Aiming at the auxiliary plant of a nuclear power project, this paper combined with the
construction characteristics of nuclear power project, put forward 5 first-level indicators such as progress,
quality, safety, cost and manpower control, and further put forward 17 second-level indicators around the
first—level indicators, and built a modular and convenient pipeline integrated unit application effect evaluation
model. Fuzzy analytic hierarchy Process and fuzzy comprehensive evaluation method were used to compare
the importance degree of evaluation objects and objectively evaluate the weight application effect of different
indicators. Finally, it was found that the project department was very satisfied with “progress, quality and
safety effect” , and very satisfied with “cost and manpower effect” . Confidence identification method was used
to comprehensively evaluate the application effect of CPIU. Finally, it is found that the overall evaluation of
CPIU module technology by the project department is “very satisfied” , accounting for 93.6%, which indicates
that CPIU can be widely applied in the nuclear power auxiliary plant. Meanwhile, the successful application
of this evaluation method in the nuclear power plant is verified by case analysis. The evaluation model can be
used to evaluate the comprehensive application effect of the integrated unit of nuclear power pipeline in China,
and provide scientific tools and means for the subsequent application effect method of nuclear power plant
pipeline.

Key words : CPIU; evaluation system; fuzzy analytic hierarchy process
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£ 1 HESER 40LCQ11AP001 ZITHTE R
Table 1 Operating data of Blowdown pump 40LCQ11AP001

TRKAR R A7 / ISt ik / EHiES L RIEERS ) BRSO BRERIES/ P4 A
MPa.a EJE /m (kg/s) MPa.a MPa.a MPa.a MPa.a B /m
0.9866 25.13 19.265 0.4755 1.6444 1.157 0.8097 39.65
0.9887 25.13 19.032 0.4908 1.6577 1.1644 0.812 39.65
0.9889 25.13 19.257 0.4788 1.6391 1.1602 0.8101 39.65
0.9907 25.13 19.297 0.4891 1.6525 1.1613 0.8085 39.65
0.9926 25.13 19.266 0.4751 1.6327 1.159 0.8089 39.65
0.9892 25.13 19.271 0.4735 1.6321 1.161 0.8119 39.65

£ 2 HESR 40LCQI2AP001 iEFTHHEIE
Table 2 Operating data of Blowdown pump 40LCQ12AP001

JENRAEI T/ EAKAE W/ ARET/

Falshr Rt/ BREASIEN/ SRR

MPa.a =E /m (kg/s) MPa.a MPa.a MPa.a MPa.a =E /m
0.9868 25.13 19.174 0.458 1.7184 1.1573 0.8038 39.65
0.9843 25.13 19.047 0.4759 1.6427 1.1613 0.8023 39.65
0.9798 25.13 19.2231 0.4617 1.6165 1.1562 0.798 39.65
0.9811 25.13 19.448 0.4517 1.6081 1.147 0.8042 39.65
0.989 25.13 19.23 0.4577 1.6023 1.1533 0.8048 39.65
0.9911 25.13 19.009 0.4979 1.6728 1.17 0.8138 39.65
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Cause Analysis and Treatment for Insufficient Blowdown
of Steam Generator

Wang Siyuan, Tian Jingyun, Chen Jiling

(Zhengzhou Branch of China Nuclear Power Engineering Co., Ltd., Zhengzhou 450000, China)

Abstract: During the discharge of the steam generator blowdown system of Tianwan Unit 4, the capacity cannot meet
the requirement of operation regulation, and the control valve opening had exceeded 90%, which leads to the loss of
control capacity. Due to the modification of the original system equipment, the relevant resistance characteristics have
changed. Therefore, the method of simulating and modeling to analyze the resistance characteristics of the original
pipeline cannot be carried out. Herein, we chooses to use the existed operation parameters to calculate the device
characteristic curve of the whole pipeline, and analyzes the reason which is the insufficient pump capacity. Based on the
required flowrate by the regulation, the pump head was calculated to complete the selection of the new pump, which has
been considering the factor of control valve opening. Finally, the problem of insufficient blowdown capacity is effectively
solved, which provides a reference basis for solving similar problems in subsequent power plant renovations.

Key words: steam generator blowdown system; blowdown flowrate; device characteristic curve
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Fig.1 NRC criteria for thermal aging embrittlement sensitivity of high Mo content of CASS components
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sensitivity of low Mo content of CASS components
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Management Status and Outlook on Thermal Aging of

Cast Austenitic Stainless Steels Used in Primary Coolant

Pipes of Nuclear Power Plant

Yang Guangyu'”, Shi Fangjie"?, Shi Peng'?, Wan Jing'?, Li Qianwu"*

(1. Suzhou Nuclear Power Research Institute, Suzhou 215004, China; 2.National Nuclear Power Plant

Safety and Reliability Engineering Technology Research Center, Suzhou 215004, China)

Abstract: For the aging management of nuclear power plants, the structural integrity of the cast austenitic

stainless steel base metal and welds of the primary coolant pipes is essential to the safe operation. The primary

pipes face the problem of thermal aging after long—time operation, which requires effective management

methods. This article comprehensively introduces the international and domestic engineering management

status of the primary pipes for thermal aging. The difficulties and shortcomings in the actual management

process of the pipes are summarized. Combining non—destructive testing methods and research status,

the future direction is proposed. Effective management is achieved through thermal aging assessment and

inspection for base materials and welds, which provides strong support for the safe service of primary pipes.

Key words: cast austenitic stainless steel; base material; weld seam; aging management
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Application of the Handover Package Responsible Person Matrix
Model in the Handover and Production of Nuclear Power Plants

Zhang Deliang, Zhang Zhengiang, Lian Hui"

(State Nuclear Power Demonstration Plant Co., Ltd., Shandong, Weihai 264200, China)

Abstract:The construction period of nuclear power plants is long, and the systematic handover and

acceptance of production runs through the entire construction process of nuclear power plants. On the basis of

the existing handover and production management system, a nuclear power plant organized the establishment

of a matrix of persons responsible for the transfer contract, covering the owner and personnel in various fields

of the project department, aiming to identify the problems of handover constraints in advance and improve the

quality and efficiency of the handover through the operation of the handover contractor responsibility matrix.

Key words : handover of delivery;matrix;nuclear power plants
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Network Public Opinion Analysis of the Fukushima
Nuclear Sewage Disposal in Japan based on Emotional
Features and Topic Mining

Lei Shaojuan , Liu Xinhua', Wang Xiaofeng, Liu Ruihuan
(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: The Fukushima nuclear Sewage Disposal incident is a topic of great public concern both
domestically and internationally. Exploring the evolution process of public opinion, analyzing the emotional
tendencies of the public, and focusing on key issues are of great significance for public opinion response and
communication. Using text mining technology and combining public opinion data from social media, news
media, public comments, etc., this study investigates the evolution trend of public opinion in sea discharge
events, and statistically organizes the topics of public participation and discussion during the development
of public opinion; Select 5 typical topic comment texts to study the emotional tendencies of the public, and
use the LDA topic analysis model to explore the focal issues of public concern. Based on the research results,
provide suggestions and countermeasures for public opinion response to sea discharge incidents and similar
major events, and provide reference for nuclear energy public communication on major nuclear accident
response issues.

Key words: nuclear sewage disposal; online public opinion; emotional analysis; LDA topic mining
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Progress Status Research for Global Small Module
Reactor

Li Lin
(China Nuclear Energy Industry Corporation, Beijing 100032, China)

Abstract: The Small Modular Reactor is an advanced nuclear reactor that is gaining global attention for
its potential to offer new options for energy supply. This article examines global Small Modular Reactor
development and summarizes the Small Modular Reactor projects implemented by various countries, the
challenges faced by the Small Modular Reactor and the policy recommendations for the development of Small
Modular Reactor nuclear safety regulation in our country are put forward, with a view to providing reference for
the R&D, application and regulation of Small Modular Reactor nuclear safety in our country.

Key words: small module reactor; small module reactor classification; small module reactor project
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Abstract: This article conducts long—term tracking research on the Fukushima nuclear contaminated water
discharge incident into the sea. Taking the public opinion events triggered by the event at the two time points
of announcement and official implementation as the starting point, it summarizes the process of the discharge
incident, as well as the responses and changes in public opinion in countries such as China, Japan, and South
Korea. Based on the public opinion situation, it conducts in—depth analysis and proposes response suggestions.
This article can provide a foundation and clues for further research.
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Experimental Study on the Distribution and Evolution
Characteristics of Flow Field inside Low Speed Centrifugal Pump

Fan Yongjian', Huang Yunlong®, Wang Tuo’, Zhang Jinlei’, Tan Sichao’

(1. Dongfang Boiler Group Co., Ltd., Dongfang Electric corporation, Zigong 643001, China; 2. AECC
Hunan Aviation Powerplant Research Institute, Hunan 410315, China; 3. Heilongjiang Provincial Key
Laboratory of Nuclear Power System & Equipment, Harbin Engineering University, Harbin 150001, China)

Abstract: Centrifugal pump is the important component in nuclear energy systems, and the internal flow
has a direct impact on its safe operation. On the basis of the comprehensive application of Particle Image
Velocimetry (PIV) technology and Laser Induced Fluorescence (LIF) technology, the continuous visualization
experimental research on complex internal flow process of centrifugal pump are conducted in this paper. The
distribution characteristics of the flow field are obtained. The mechanism and variation law of internal flow are
analyzed.The results show that continuous PIV measurement technology can identify the vortex structure in the
flow field with high—quality spatiotemporal resolution. Under the effects of reflux, secondary flow, and dynamic
static interaction between impeller and vortex shell, the vortex structure undergoes evolution process including
formation, migration, diffusion, attenuation, fragmentation, and disappearance. Due to the coupling of multiple
mechanisms, the flow field structures in the regions near the rotor—stator interaction zone, the cut—water, and
the trailing edge of the impeller are complex, which can randomly form unstable vortex structures and easily
lead to pressure pulsation inside the centrifugal pump.

Key words: centrifugal pump; visualization; vortex structure ; flow field; pressure pulsation
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Exploration of Ways and Methods for Civil Nuclear Safety
Equipment Manufacturing Units to Practice Nuclear
Safety Culture

Liu Jiayi*, Liang Quanwei, Jia Shuo, Zhu Lian

(Erzhong (Deyang) Heavy Equipment Co., Ltd., Deyang 618000, China)

Abstract: Based on the rapid development of China’s nuclear power industry, To deeply implement the
ecological civilization ideology and China’s nuclear safety concept, According to the requirements of relevant
laws and regulations, nuclear safety culture policy statements, and the format and content of the quality
assurance outline for nuclear power plants, This article focuses on the concept of “PDCA” comprehensive
quality management and constructs an effective nuclear safety culture management system. From the
establishment, implementation, evaluation, and improvement of the system, it describes the ways and methods
for civil nuclear safety equipment manufacturing units to practice nuclear safety culture.

Key words: equipment manufacturing unit; nuclear safety culture; management system; approaches and

methods
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Suggestion for Maintenance and Management about Final
Safety Analysis Reports of Nuclear Power Plants

Shao Hui, Yang Lala, Chen Qiuyang, Yang Xu

(Suzhou Nuclear Power Research Institute, Suzhou 215004, China)

Abstract: As one of the application documents for nuclear power operation license, the final safety analysis
report (hereinafter referred to as FSAR) of nuclear power plant is a document that comprehensively reflects the
design and operation information of nuclear power plant, and also an important basis for the changes, safety
analysis and event evaluation of nuclear power plant. In view of the important role of the FSAR, the licensee
needs to maintain and manage it properly to ensure that the FSAR can truly reflect the actual configuration
of the nuclear power plant. At present, China’s nuclear safety related regulations and guidelines have not
provided specific guidance methods for FSAR management and maintenance, and the licensee have different
methods for FSAR management and maintenance. The contradiction between the content of FSAR and the
actual configuration of nuclear power plant is increasingly prominent. With the increase of the number of
nuclear power plants in China, the regulatory pressure of regulatory units has also increased significantly.
Based on the current situation of Maintenance and Management about FSAR, combined with the good practice
of foreign nuclear power plants, this paper puts forward suggestions for Maintenance and Management.

Key words: final safety analysis report; maintenance and management; suggestions for improvement;

modification; update
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Table 1 Standard substance basic parameter
S s ﬁif e B LR (o)
BZ-001 *"Am %5 AK-3747 Eckert & Ziegler / 1 mm 3 mm /
BZ-002 "Cs #ELGIH  AK-3749 AT / 1 mm 3 mm /
BZ-003 *Na#H5H  AK-3752 / 1 mm 3 mm /
BZ-004 JEIRIRAIH 108308 WA IR 69 mm 30 mm 12
BZ-005 KFERA TR 107355 4iKHPIARR 69 mm 58 mm 1.0
BZ-006 fHAIMKIREGUE 108308 TR 69 mm 30 mm 0.53
BZ-007 ASAEBIEEGE 12270 bty 47 mm 3 mm 0.92
x2 HERETEREHEZTELAR
Table 2 Basic parameters of sourceless efficiency calibration

GioEapanll In (Eff) =8.04e-8.34eln (E) +3.29¢ (In (E) )*-6.28 (In (E)*+5.79¢™ (In (E) )*~2.08¢™ (In (E) )’
TR AR In (Eff) =4.37¢-5.34eln (E) +2.17¢ (In (E) )*~4.19 (In (E)*+3.88¢™ (In (E) )*+1.39¢™ (In (E) )’

R IR 5 In (Eff) =4.18e-4.81eln (E) +1.99¢ (In (E) )*~3.89 (In (E)*+3.63¢™ (In (E) )*+1.31e” (In (E) )’
JRIRTR AR In (Eff)=3.37-1.72¢ln (E) +9.89 (In (E) )*~2.29 (In (E)*+2.35¢™' (In (E) )*~9.0¢”* (In (E) )°
SRR In (Eff) =3.8e—4.38¢ln (E) +1.83¢ (In (E) )-3.61 (In (E) )*+3.38¢™ (In(E) )*~1.22¢™ (In (E) )°

14 WIFZER

W F Al EE v 15 BES030 X 56 AL i ik
A3 S , VR L A A S T, Y ]y
2 h R A PRUE I B[] 24 24 he %] Canberra
OS] AR Genie2000 B, 5505 £k 1 AR
RUBLL TC IR i 26 o e ZABEAEL S Sk o 2
S UE 4 e (AT F A, T 5R0 HE 0 e (R X
22 PR AT EE R L 3. IRAIESE SRAE ,
W UE BRI + 2% AN, KFEIR &R
B UEEE A X R 22 Y97 + 5% DIP s hAE K
U U RIS e U8 AT 5 TSR X i 2 s =7 , T2
W22 290 4.9% , MR 22597 £7.2% LLN A
IR G S R I T i s 7 D DA 3= R b oA
VR G 2%, BRI A . AR SCIRUE T 7
ANFES 41 AEARE R A R 253 7E £ 7.2% LAPY,
AR T FEAR A IR B A R 22 15%
PR 38 3 A HEY) BT SR IR 1 ] LabSOCS Tt
TRRCRA T R AT E

2 TR ERRERNH
T VB30 e 7 IS5 W R L M

A e 2 W | 4 R o AR A S RE ) B e
RNz W AR SO G TR i DT ks T
TAEA fig J1 5 E 4R BERE 5t BE 01 ik J A= A8 30
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K IR AR DL SR IR i
21 WEBLERITMH

W 45 R IE M R B TAEA PR A% 7 ik 3E 17
AL, 3 590 e RS o AR A B R AT PR AL L R
J3£ SR PR 1 O 22 122 DEAT VA , A X i 22 Bias=
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(MARB) B, #E 8 BEIA Al 33257, PR 45 2R
AT SN GRS ORS W B CR PRI,
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Table 3 Verification results of standard sources

FERL AR [ MHE /Bq Z7%1H /Bq AHXT w22 /%

Am B IR *'Am 9.20 x 10° 9.13x 10° 0.77
Cs 2B A5 R s 8.76 x 10° 8.86 x 10° -1.14
*Na &t i i *Na 3.68 x 10 3.71x 10 -0.81
IKFEIR G TR 'Cr 7.61x10° 7.96 % 10° —4.42
“Co 2.42 % 10* 2.42 % 10* 0.14

“Co 1.25x 10° 1.26 x 10° -1.41
¥Sr 1.38 x 10° 1.43 % 10° -3.47

Sy 238 x10° 2.38x10° 0.01

cd 6.38x 10° 6.34%x 10’ 0.71

*Sn 1.13 x 10° 1.14 % 10° -1.41

120 Te 3.02 x 10* 3.05 x 10* -1.15

s 1.07 % 10° 1.09 x 10° -1.19

*'Am 6.45 x 10* 6.61 x 10* -2.38

TP B *Mn 8.87 x 107 8.52 % 10° 4.11
“Co 3.87x 107 3.67x 107 5.45

“Co 8.02 x 10 8.59 x 10° —6.64

%Zn 1.70 x 10° 1.61 % 10° 5.59

Sy 143 x10° 1.46 x 10° -2.05

*cd 1.89x10* 1.83 x 104 3.28

"Cs 4.95x% 107 4.86 x 107 1.85

*Ce 5.13 x 10 4.98 x 107 3.01

*'Am 1.25x%10° 1.34x10° -6.72

JRUeIR AR *Mn 1.05x 10° 9.86 x 107 6.49
“Co 4.50 x 107 4.20 % 107 7.14

“Co 9.28 x 107 9.93 x 107 -6.55

%Zn 1.96 x 10° 1.87 x 10° 4.81

”cd 2.25x 10* 2.10 x 10* 7.14

S 1.02 x 10° 9.84 x 107 3.66

YCs 5.94 % 10° 5.60 x 10 6.07

*Ce 5.86 x 10 5.57x 10 521

*'Am 1.65x 10° 1.54 % 10° 7.14

SRR *Mn 3.82x 107 3.65x 10 4.66
“Co 3.24 % 10° 3.04 x 10 6.58

“Co 2.58 x 10° 2.45x 10 5.31

%Zn 9.70 x 10 9.35x 107 3.74

Sy 1.02 x 10° 1.01 x 10° 0.99

"cd 1.58 x 10° 1.52 % 10° 3.95

S 9.45 x 10 9.24 x 10 227

s 1.58 x 10 1.53 x 10° 3.27

*Ce 8.08 x 10 7.59 x 10 6.46

*'Am 1.62 x 10 1.52 x 10 6.58
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A JTIUE 1 57K RN 2023 4F TAEA BEJ1 5601 2
SOKEE, L 220 g FEAZEA $75 mm x 70 mm
FES G, ] S 24 h, R 2R T TR
WEVERHL R KRR 26, PR 25 5 R ] TAEA B3R
MU0 (B R AT SR LR 4. KAERY
A0 LA TR PR, B AR A2, SR AT, 4 N REAL 15
AEAEAIHm2ZEIITE + 5% LAY, S w2220
3.09% , FHRE B EE L) R 7.67%, KRl K iEi %
*Am 2'Pb HIXFRZELE 2% P
2.3 EFEHANESTEG

[ R R 5 FH 2020 A ] 555 77 3 B fig
B9k 443 (LR i FR b R Be 1-4%) . 2020 4F TAEA
Ae J1 BHIE 4 5 AR WA AN 2023 4F TAEA fiE 1 5
iE 4 5 3ERE B 140 g H3EHT 69 g MM IK
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24 h, R0 2 43 Sl 35k FH AR 0 K RN e T TR A
HERTRLAY M £k, V-0 45 5 R TAEA [ 3FA i
WO, (R R PN 4G SR L 5. [ AARE
AT HE B AT 2, T TR R AL 25 SR X 25 55
K3 15 D EARAH XM ZETE £ 9.4% LI,
W 2ZEL R 4.76% , YNGR LR 9.05%.

24 SERENNESIENRN

SRR 2020 4 TAEA BE 150 0E 545
6 5.7 S J 2022 4E A T B AL U, A
AN G7S mmx 35 mm S &=, N T IH
bR °Se M Ag A5 A AN R 5 0 AR R
75 mm SR FINE IR 24 h, Rl
K HTCIEA HEE R A <k . P45 R ] TAEA
FG B 1 o S0 S AR B B A 45 S L3 6,
4 ARESD 10 DMEHRAITHm2ETE £ 9.2% LA,
¥ 2: 6.95% , F-YNEE BEL R 8.17%;

3 FHitH5EW

31 Zig

M TCIRRLRA HE S UE LS R E , AR A
SO UFARAE R 25 Z 0 IR AR . IR X 25 78
+2% LA IR B TR AR 2EE +7.2% L.
LabSOCS JC 4R A A TR0 AL HERT , 43 51l 16 FH
2020 4F & 2023 4F TAEA &S PR BERE S M4
] o e 5 AR, AR 2 FRATT LI K A
Y. 5 SRR SRAE TAEA T A5 o,
K1 LabSOCS JCIRAC M e M 2k, 400 1 R 1Y

x4 BEHEBRSMSENER
Table 4 Results of liquid sample analysis and evaluation results
wi o o IR I sutovy miosse MARS B i
IAEAKFE  “Na  747x10 3.8x10° 7.68x10 1.2x10° -2.73 20% 5.3 A
2020-1 MCs 320x10 1.5x10° 335x10  5.0x10” —4.48 20% 49 A
"ICs 6.17x10 35x10° 6.44x10 9.0x 10" -4.23 20% 5.8 A
IAEA K “Co  7.16x10 52x10° 7.42x10 33x10° -3.54 20% 8.5 A
2021-1 HCs 1.08x10° 8.0x10° 1.13x10°  5.0x10° -4.59 20% 8.6 A
YCs  6.58x 10 4.8x10°  6.92x 10 3.1x10° -4.98 20% 8.6 A
Am  6.05x10 4.7x10° 6.09x10 2.7%10° -0.68 20% 8.9 A
IAEA KK “Co  1.74x10 5.0x10" 1.77x10 1.1x10° -1.90 20% 7.0 A
2022-1 MCs  1.54x10 5.0x10" 1.59x10 1.0x 10° -3.18 20% 72 A
"ICs 2.34x10  14x10° 242x10 1.5x10° -3.27 20% 8.7 A
Pb  3.08x10 4.6x10° 3.13x10 1.9x10° -1.68 30% 16.2 A
IAEA KFE ™Sb 7.25x10 23x10° 7.30x 10 3.6x 10 -0.68 20% 5.9 A
2023-2 Cs 3.88x10 82x107" 4.00x10 2.0x10° -3.00 20% 5.4 A
YCs  427x10 85x10" 4.41x10 22x10° -3.17 20% 5.4 A
Ra 6.05x10 43x10" 6.32x10 32x10" -4.27 30% 8.7 A
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Table 5 Results of solid sample analysis and evaluation

MEAE WEES ZHE/ Z%ME HXHE

FE B&R Bq-kg'! . Bq-kg' . 5 MARB  P/%  TEMfrgsRE
IAEA Hi#IK  “K  3.74x10°  21x10"  3.69x10°  1.8x10' 125 25% 74 A
2020-1 s 1.15x10° 58x10°  1.19x10°  5.0x10°  -2.81 20% 6.5 A

YCs 1.75x 100 1.1x10°  1.89x 10 1.0x10°  -7.17 25% 8.2 A
Ra 128x10 7.0x10" 135x10  8.0x10"  -5.19 30% 8.1 A
Ra 335x10  1.8x10° 3.49x10"  2.0x10° -4.01 30% 7.9 A
rhs e 13 “K 681x10°  9.0x10°  7.33x10° 42x10  -7.09 25% 5.9 A
YICs 1.65x10  2.0x10"  1.66x10  4.0Ex 10"  —0.60 25% 2.7 A
Ra 2.04x10 40x10"  225x10 34%x10° -9.33 30% 15 A
Th  3.02x10  50x10"  3.01x10 1.5x10°  0.33 30% 5.3 A
IAEA 13 YK 534x10°0  28x10  5.84x10° 20x10  -8.56 30% 6.3 A
20234 HCs  6.44x10°  51x107 693x10°  5.0x107 -7.07  30% 11 A
YIcs 2.51x 100 1.0x10  2.70x10° 1.7x10  -7.04 30% 7.5 A
b 2.54x10  3.5x10°  2.66x 10 1.8x10°  -4.51 30% 15 A
Ra 3.02x10  32x10°  329x10 1.9%x10° =517 30% 12 A
U 233x10 0 37x10°  230x10 1.5x%10° 1.30 30% 17 A
xo6 SEARERSMETENER
Table 6 Results of aerosol sample analysis and evaluation

FE % U /Bq Migx S%(f /Bq ZS:ZEK *g/f/ﬁ MARB  P/% iR
TAEA JEE 7Se 1.96x10  12x10° 181x10 9.0x10" 843 25% 8.4 A
2020-5 Mmpag  508x10 24x10°  551x10 4.1x10° 850 30% 8.3 A
IAEA JE/IE 7Se 334x10  2.0x10"° 3.13x10 12x10°  6.68 25% 7.7 A
2020-6 1mAg  383x10  1.6x10°  3.51x10 29x10°  9.20 30% 95 A
TAEA JE/E 7Se 121x10°  7.0x10° 1.13x10° 2.0x10°  6.79 25% 6.1 A
2020-7 MmAe  215%x10  9.0x10"  1.98x10 1.4x10"° 859 30% 8.2 A
SEFE%S  PNa 681x10 28x10"° 644x10 32x10° 587 15% 6.4 A
BRI 2022 sivpn 422%100 25%x10° 3.99x 10 2.0x10°  5.80 15% 7.8 A

“Zn 1.04x10  1L1x10 997x10 50x10° 431 15% 12 A
'S 478x10  25x10° 454x10 23x10° 528 15% 73 A

25 RN 4 R B2 S 4 45 TAEA 2K, T A
ARV A R “A” 0 11 AFE R 40 B

WRAE. 8 IR BERCR KA iy, 12 e
R AT B AR W], NS SO SR i
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Sourceless Efficiency Calibration of High Purity
Germanium y Spectrometer

Wang Zhiyu', Kong Linghai’, Cao Pengtao', Li Jin’

(1. Lianyungang Radiation Environment Monitoring and Management Station, Lianyungang 222047,
China; 2. Nuclear and Radiation Safety Center, Beijing 100082, China)

Abstract: This paper introduces verification and application of sourceless efficiency calibration (LabSOCS).
Two types of 7 standard sources are selected to verify the efficiency calculation results of LabSOCS. The 41
monitoring datas, including '”’Cs, ’Co and **' Am, show that the relative deviations of hybrid source and point
source are within the range of +7.2% and + 2%, respectively, indicating that the verification effect of point
source is good, and the deviation of hybrid source is slightly higher.The LabSOCS software is applied to the
sample capability verification of [AEA and CIRP including national quality assessment , and 7 representative
samples such as water samples, soil samples, biological samples and aerosols are selected for analysis. The
calculation results of sourceless efficiency show that using IAEA evaluation guidelines, 22 data, including
"Cs, “Co and*' Am, are “satisfactory”, that is, accuracy and precision are qualified.

Key words: high purity germanium spectrometery; sourceless efficiency calibration; Gamma spectrometery ;

LabSOCS
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Exploration, Practice and OQutlook of Nuclear Safety
Culture Construction in Enterprises of Nuclear Technology
Application Industry

Xue Liang
(CGN Nuclear Technology Development Co., Ltd., Shenzhen 518000, China)

Abstract: This article delves into the basic theory of nuclear safety culture, explores its origin and foundation,
and combines the actual situation of nuclear safety culture construction in enterprises in the nuclear technology
application industry for analysis and interpretation. It explores the core philosophy and practical experiences
of nuclear safety culture construction, adopting a thinking method based on different stages, cultivation
processes, and station perspectives. This article aims to build a nuclear technology application feature and
effective construction practice, promote the integration of nuclear safety culture into the nuclear technology
application industry, go deep and solid, cultivate the concept of nuclear technology application supervision
units, radiation safety certification units (enterprises in the nuclear technology application industry), and
radiation workers, continuously improve the level of nuclear safety culture. It is necessary for enterprises in
the nuclear technology application industry to carry out exploration in nuclear safety culture construction.
Experience comes from practice, and safety lies in the inheritance and cultivation of culture. Drawing from the
experience of nuclear power, we should develop our own characteristic culture construction and promote the
industry to ensure and revere nuclear and radiation safety.

Key words: nuclear technology application; nuclear safety culture construction; practice and prospects
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Study on Refueling Time Optimization of PWR Nuclear Power Plant

Yao Yijun', Yu Dapeng” ", Pi Yue’

(1.China Nuclear Power Engineering Co., Ltd., Beijing 100840, China; 2. Nuclear and Radiation Safety
Center of the Ministry of Ecology and Environment, Beijing 100082, China; 3.China Nuclear Energy
Technology Co., Ltd., Beijing 100193, China)

Abstract: How to evaluate the operational efficiency of nuclear power plants, there is an internationally recognized me
Nuclear power plant capacity factor is an internationally recognized measurement index of nuclear power plant operation
efficiency, which is defined as the ratio of the available generation capacity of the generator set to the rated generation
capacity within a fixed period (usually one year), that is, the capacity factor of the nuclear power unit is equal to the
rated generation capacity of the unit minus the power loss difference divided by the rated generation capacity of the unit.
Among them, the refueling overhaul period is an important factor affecting the power loss. According to the International
Atomic Energy Agency (IAEA), in the last 10 years, the capacity factor of all types of nuclear power units in the world is
almost 85%. The amount of social value and economic value created by nuclear power plant power generation is directly
related to its capacity factor, and the capacity factor is proportional to the net power generation of a year, so improving
the capacity factor must improve the net power generation. With the improvement of the technical level of nuclear
power plant operation, abnormal power loss of nuclear power units rarely occurs during normal operation, except for
some necessary nuclear safety—related tests that require power loss. However, according to the characteristics of the
nuclear fuel design of nuclear power units and the reliability requirements of nuclear safety—related equipment, nuclear
power units have to be overhauled regularly. Therefore, the amount of planned energy loss caused by the length of the
overhaul period has become the most important factor affecting the capacity of the unit. This paper starts from the more
time—consuming aspects of the overhaul period and shortens the overhaul period from the perspective of system process
design optimization, so as to reduce the energy loss of the unit.

Key words: standard—capability factor; overhaul; energy loss; overhaul period
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Study on Accumulators Pressure Range Problem and
Improvement for CPR1000 Unit

Yang Lala’, Shao Hui, Chen Qiuyang

(Suzhou Nuclear Power Research Institute, Suzhou 215004, China)

Abstract: The CPR1000 unit accumulators is designed to flood the core in a short time under nitrogen
pressure in the event of a loss of coolant accident to avoid fuel meltdown and core damage. The nitrogen
pressure of the accumulators is the key safety parameter in the analysis of loss of coolant accident. At present,
the instrument measurement uncertainty (0.6 bar) is not considered in the control range of pressure of the
accumulators in the actual operation of CPR1000 unit, it has a potential risk that the actual pressure control
range of the accumulators exceeds the assumptions of safety analysis, which may affect the safety function of
accumulators. Based on the safety analysis of the above problem and external investigation, this paper puts
forward the improvement suggestions for nuclear power plant license documents, operation procedure and
alarm setting, aiming at ensuring the safe operation of unit, and the analysis shows that these improvements are
feasible.

Key words: accumulator; pressure range; measurement uncertainty; improvement suggestions
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