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Study on Nuclear Material Balance Method
of High-temperature Gas-cooled Reactor

ZHANG Min, ZHANG Liang, HONG Zhe, YANG Xiaowei, HE Wei, QUE Ji"
(Nuclear and Radiation Safety Center, Ministry of Ecology and Environment, Beijing 100082, China)

Abstract: High-temperature gas-cooled reactor (HTR) adopts spherical coated particle
fuel components and non-stop refueling operation mode. Therefore, the operation
mode, the form of fuel element and the refueling method are quite different from those
of PWR nuclear power plants. The characteristics of HTR determine that the nuclear
material is regulated differently from traditional PWR and bulk nuclear facilities. It is
not easy to use the piece material management mode and the bulk material management.
In this paper, a suitable method for HTR nuclear material balance and material unac-
counted for (MUF) evaluation was proposed for HTR nuclear material management.
According to the characteristics of HTR fuel components, operation mode and refueling
mode, considering the two modes of piece material management and bulk material man-

agement, studying on the rational division of the balance area of HTR nuclear material,
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the setting of key measurement points and the selection of physical inventory methods,

the model of piece material + bulk material is selected for nuclear material accounting

management and evaluation, which provides technical basis for HTR nuclear material

supervision. At present, this method is applied to the nuclear material management of

HTR in China, and the expected results are achieved.

Key words:

Tt e HE CHTRO) 4% H i >R FH 56 3 1Y 3k
H”ﬁ HTR e it A m ) A 2 4k,
A R ARG P AR AL, BRIK
HTR R FH Bk ¥ 1 5 0k 85 6L o0 14 SR FAS 15
Mgk is 17 7 3 R R R B R B A
BRARLER i T AR AT R R
HE B AT 7 2N AR T R IR 20 ek U S
R 7K HEAZ HL i 25 BIAR K .
HTR FE G0 17 =AM R 7 0K
[F] T 48 K HE . BRRHE SR T BRTE 1 880808 ot
P8 SRR BRAE HE S FP AR S T ) N IR 3N SLAE HE
s N B 43 A B — i AL | T T ME R R 6
BRRLER B B0 AR £ (HTR — A A
25 420 000 MPERLER) o t&,uxmﬂb%ﬁﬁ?yﬁvﬂm
B GRS AR ER AT B AT L BR DY
W s BN JRBE T A T VR AR g A Rk W R B

A (AN
a3 %‘;év@ o
Il Nle T
LIl I 0l O%
KX 2 ﬁ/@,\ "M
E;ﬁ:' —= =
e -

HTR; nuclear material; balance; MUF evaluation

MEAS BT, AR HTR AT 9 498 6k 2R
Z H B HE S I SRR E A AT R R

AL L HESES B AR BR R L AORE BR B9 47 3 Ik
R ES Ty 3 DA FE A R 2 1 R A
291 BT HTR AR R R3E 3 A HE
B RAREER K G 0 1 1) Z SRR BRI
JCIE S 9 AR 23 T 3 A RS R R ) a2 o
AWM. Bk, HTR 8% 6 R 0B ol i
BT AR B AR RO A = R P R i R
S W B 2 R BT Z AR BRI AR S R
BRI R SE B

1 HIRMPEAREETZHIE

HTR AR ERIA IR BR R T8 1

R BN R 4

BORHMIE R, R G 2 A e R HESL AT 1

1.1

@ R
=N (@©F:Fsiis s
= %&Eiﬁﬁsﬁﬁﬁ
3 ;_—-\ & ErpH
:: BE=ST (6) WEksr B 2
= =[= =| mmﬁm

= = ﬂ @*ﬁ e 70
e ! | D) BHRELE R 20
] iz - L/ Q{éﬂﬁﬁ%ﬁ

A 1
Fig. 1

17) T/t e

HTR $R0kBR G 25 BR o
Fuel ball cycle diagram of HTRM!



WSl Ak MR R HER AR B DT i

477

MEAFTRGEM LR T RGE. WAF T RGN
VA BT BRI A7 5 i (A7 F YA
WA RICAF A eeis mAE T H. WAF A48 T
HTERBEER M L) BIAZ HL 3 14T iz i LA SR
HEEHTI ) NICAT . AT REAR AT HOU AT 2245 (1
L IMAREE A . RRHRI ) 2 2 A R — R
B A — R B A7 A LR OB BRI S
TIBA BN R GRRUE IE .
L2 BMBEHRSE

KA D AR S 2 R P9 0RO 3 1 R R R
G, R AUk 14 75 sUSE BUR R BR 19 8 T T
I BE U 52 AR5 5 ) O SR OB i . L U
TR H R HBE N R G R U O e Z RN AT R
i, WEHEREE T ARG ARHETH T RS HE
BT R GE P REORL T R G Z R
BT R G0 DL R R ROk BRSO i 36 A 55 1) A
BT ARG, KABHE R G0N Y B AR a8 17 I )y
o HES ISR 2 SR T R TEH R
JEHEAT BEER 20 L o3 B A R ER R A B BRE T
A7) B GASAAE I 5 07 3% & d AR i R ¢
A RE JPRRE BRUZ 77 2% [] HE S 5 3R 1] 8N B 8 R} Bk
5 2B AR RERRE T 2R 8 BT ARG R 4R 2
MBHETH T R G0 R T BIHES R T R G IR A
HEAHE S THUS 5 AN R[] HEES (3 4081 2R U3 i =
WRRHEDE T RO E A Z OB AF R e A
MBI RGN - P IR R EH = A 2
AR s . AR OUAR
1.3 ZHRBEEFERS

ZHRBHEAT 28 58 AR5 0 2R G M = 4R
Tk s 38 2 2 R R e B = AR A
FHRHR Z ASOREIEHE o R 3t % 0 A 2 8 o
TG Z HRRL I TR 5% 12 3 Z OB A 1 B
W ZROBHEA I ] A7 B A AL AR I &
W ZAARE . Z AR O IR R 2 1 2R 4 )
Ja A B Z R AE R G Z SRRk ]
1 Z AR B Z R TR A Z ORI
W s Z ORI RER A 4 TS ZABTE S L
M K T 3 O O A R AT AR R
P 58 JUE 5 1 A RPN B I B AR B R
A 1A 8 B TR s SR e AR I i 2
H ET7 - FTITH i - 38 2o 13 S AL T BIL A A
FORE Z ORI G i A AT . Z MR ROR)
I T U I A A R BRI R L T

HE I GE ) Z OB BB AT R I . AT R R
B —HEM Z SRR BON B YT 4 A

2 ZMBEER

o1 T HTR #OBHE 26 07 2 9 #¢ 5k HTR
1) A% B A8 B3 TG 12 SR A% e A% M R A B v 1) £
REFIECR M . X EERF A1) HTR 1
BB N BLAR 6 cm 1 A7 SR BRI U, e HE L
TR H A2 TT BB ITE B BB T TC R R
P2 A RBT I EE N iz g B A — & bl
AL o AR XoF B R R BORS A o £7 FORS BRI
o AR XE K B 43 BT SR AS RO T R 1Y R AR
3) BRRLTC A RCRL R B0 TR i & B R R AR
154 AR ICR I A B8 /0 B0 JURE 45 ) 1 i L
DR ARG I 1 B A M B AR K

{HE B HTR () — S5 AR E T HTR
1) A% A A S AN S T S B T L AT 3k 2R
MR FAL G K HE PRGBS SRR 4G . D Bk
PR HE 19 B A R RL T 432 s B LA BE ML L (H—
RE 2 8] X 38T FE N BROREER Y Az 3 ) B A R
AP R R 2) B AT bR P B AHE IR
TSN H A R R Bk (L 65 2 SRR RN FEAE BRI RD #T
T L 28 3 ORI S 0K R U 19 AR X G AR e
T AR AR D0 5t ) 4 6T i 2 1T FH 5k Ty 2300 Jt R Ty
R S S R HE SR FE TR TR GE 5 3) BT
0 B A BT A BEAT AR TR E X ARG BF 2ot
TR vp 25 SRR T 1 CRL G B AR | P R R R
ZRBEEE) I T RT3 B H R RS BE L T H O
SR AN T 2 —54) AT B A TE LR
AN HESRE R A 5] R] P ) 4 HE Ry ) 3 5 R
WY HURHIRFE Z IR LR ™ K B X B 5C R 55) W) B
Wit 55y Ml i VSOP 7 R4 2 4 ad
JUTAE R 5 360 0E B A AR & 0 40 A i Bk
. I, T HTR AR M R 5, 2 45 R B
5548 25 R /K MEAS ] A9 D 0

EFUEZIE AR E T 5 X HTR B &
AR A7 A T 0] B SR FH A RE TG 1 T 500 R R I et
FHZE 6 0 A M Rk 55 T 1% s DA HE SO A B AR A
R A% T B LA HE RS ) 3 7 5 ROk 1 I sk
B AT Sy AR 2 S R o i bR T A DX R
R BN 38 SRR T T RO A% S B N
SR RRRL BR B AT Gt 38 L R FE I o I 4l LA
PRFE 5 4% R e AROBE ¢ R I BB B, X = R



478

BT RERIEHAR 5k

b O R R T R AT AL SE BN HTR
RRTRE- i o0 B S . R E T D
R A BRALM BT DX ARG PR TR
B Z IRk e R R R TEAR

3] EMBTEERISRXEVNESZE

HTR () 1 # #0528 S5 as 17, 3t
1 EHREICAET 1 BEZBICAE RS . B
SR AL BR 28 3o B 37 4 SRS, A S A BT R R I B
SRAL R B A7 o 6 BT IR Rk ) P 3 3t
18 ZER BT R 3B 3 R R A X HE S R TN T
R BRI ER AT BRI R R
PN 12 R 28 HEN L el HURE B Bk 4
TE % BRRE I e L HURERE A AR
o RIS L EHURHAE TE K ) =
RHE 2 Z SRR L 38 g b e R A R O e e
Ja B B Z IR AR S A . IR R HE
40 a A Z AR A7 RSN iE . A, O i 2
Joi 2 Z R 5T T B, T 2 R AT 20 B
BE B e BURESE 92 ) A EA T T

P HTR T2 45 5 45 A 15 55 K HE Y
PRI AZ R R TR X A0 IR 1) BIORHZ B R
A HTR 2508 3 A b L7 X
BRI A A 1A -4 X (MBA-1) A5 3 4

TEHJE 0T R A SRR ) A7 A% 5 2 S} DX St
FIECRERE Ay 1 A P45 X (MBA-2) . 40,35 5 44k
WEBORMET R B 1 2 MRS 2 5 RS HURE B
TEVRL T A7 206 B LR T 2 3 2 R N L
s Z AR A 1 AP A X (MBA-3) 4 8%
ZIRBHE AR . MR F 1 X R 4, MBA-1 il
MBA-3 R {4k A 20, SR CE B 5 WG 1)
M%7 s MBA-2 R HTHORHE BLEL L R BUAR
W4 2k B (MUTF) WEA B 45 5 05 1k

S A7 DX R 4y B O D o S E R TR 2,
A GBI i 5 UL TR 1

MBA-1 MBA-3
KMP2 —KMP4
—={ KMPA KMPA2[~ |KMPAI
KMP1 KMP3
T4 || 243t
KMP B1|[KMP Bl
MBA-2
z b [<MP7| et ﬁﬂgm%
KMP8| KMPC KMP C3[ || KMP Cl
Tk
KMP C2

*KMP6

Bl 2 P IX ) 43 B S A e iR R R
Fig. 2 Diagram of balance zone division and

key measurement point setting'?'*

R1 BRHHXENE R
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