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Application and quantitative verification of JMCT in engineering design of
improved Chinese pressurized reactor CPR1000

Ye Yaoxin, Bao Pengfei, Zhao Jun

(China Nuclear Power Technology Research Institute Co., Ltd., Shenzhen 518028, China)

Abstract: The improved Chinese pressurized reactor CPR1000 is one of the widely used second-generation
pressurized water reactor in China. Quantitative verification of the Monte Carlo code in CPR1000 series reactors is a
key step to demonstrate its ability in engineering design. Based on the actual parameters of a CPR1000 unit, the JMCT
Monte Carlo code was used to perform particle transport modeling and calculations. Critical calculations and fixed-
source calculations were performed, then the verification and validation were conducted. For critical calculations, a
full core pin-by-pin model was established using JMCT to calculate the effective multiplication factor and power
distribution of the core. For fixed source calculations, a reactor model for shielding analysis and a detailed structural
model of irradiation surveillance capsules (ISC) were established. Based on the neutronic parameters of multiple
refueling cycles, simulation was performed to calculate the cumulative fast neutron fluence for two ISC extracted from
two nuclear power plants. By comparing the calculation of JMCT with the reference code and measurement, the
simulation ability of JMCT code in CPR1000 reactor was demonstrated, and it was proven that the calculation
accuracy of JMCT code is of engineering-level.
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Fig.2 Power distribution and comparison of each assembly

[ 2 M LD R A S0 L

JO7 HEHE U HRRL U Sl AFA3G 41, 3k 157 4~ BT A AR
fF . BT RUEER 3 S B

HI T AR L 5 Az v 3 8 NS T ) 2 4 B S i B A, e
LAt X A1 AR 2L P HEAT SRS A A AR . o T A e
AR BE S 29 292 °C, 7 E 0V ERNE U 200 327 °C
BER N 35 °C., ARAL IR BE B, N M A F AR I At o il B8 6 %
li) 73 A AN AT L2800 o 5 R i 2 72 A 5 O 2 PR el 1)
Vo MR BE 3 AT AN I SIPE RO, HE G AR v 0500 4 B AR AL 1Y
IR R 2% 5 ] 150,08 g/em®, X PR T A48 AL A BRI

detector H

detector M

detector L

model of irradiation
surveillance capsule (ISC)

Fig. 3 Fixed-source calculation model and the

W, 7 Bl B LAy AR, T 2L T A FEL R ZE A4 1 il ) v position of detectors of ISC
FNFA IR o3 A RN B A0, B R A SR RS AR L AT Pl 3 R M B VB A Y 5 R MR A

FERY, 18 AL B AR IR B 1 B0, A0 B 4L ) X 93

PRI AL 1R 7

VRV Y YL BE RS BE A A A 5 L 3% B THE A R 25 U0, B BB A B LA v A 7R B e kR A Al T A5 3 T R
TSR, PRI A A 3 e, 00 20058 H I BT ZEL A1 5% ot ) 94 0050 5L 0 A 185 88 03 A

CPR1000 S B 34k 15 WL 06 2804 © AR M B A, 22 S 1 FA B A1 BE B S 536 M BE e BE AL o 68 M A B A o L 8
i FolR LRI R A T A ) S R R | AP T RN A A B SR AR A =R I A R i
Ak TR B R R | Al L B v RERE | BRI AR, — RO IR A AR A .
AR IR B — et s L P RS R RIS, R RS R — RO S A R B L B B B ATRH
LRI AR . ASSCREBUS A 2 AR BB O 1/4 SEESHEA T R, O ) 30 U AR e T M B A R AT TR S AL e . 2
R E 0 5 e ) 25 2R A 6] 9 AR 16MINDS B9k, Hh 7 s 4000 25 0 R AL 8 g 23 <o

33 EEEMFENRD LR H

o IMCT A7 S 107 M (¥ % D3, 75 BRI S I HE 122 2 RORAG IR 7 7 S N E 2 18] | fESE b AR

126001-4



MR ET, %%. JMCT 78 CPR1000 T2 ¥ it o 1 5 3iF 5 # A

GrA, I LA 2 ) R DR AR o MO Ceell) B9 il AR A0 3 W] LI 2 S = 4E D R Mok 4% . B e 2T R
JO7 SRR R A AR CAR B AR . P IR TS A SO

Vee =V
Scell = _HPthPcell_ ( 1 )
Veore K

K Ve 2 OB TT BRI, Veore S SN AR AR TR, Py RN HEME SR, p 2 KRR A T B A X )
A, vk T B BB RE R AR B TR, S cnon BT R TR U T A R B AR AR
Scc]]

Z N cell

SRR P R 0 2 1 2Z (8] BEHLEUT SIHE e, PT LA 3 (3) BT AS b 7 7658 1k

-1 1
chem<§i<2fceui (3)
i=1 =1

B BE P e BT 2] 20 A, X TG 1A B4 0 B AR AR (x,y,2), Al DA 23 20 23 T 4 SRR A ek R

fcell: (2)

I
0, x<xi.
I
x—x'.
min 1
F(X)= )CI —)CI ’ xming'xs'x{nax (4)
max min
1 x> xl

AP FOo) O x 5 1 B BT 3T PR X, X 2901 2 J5 180 ) S5/ M A B KA
Ty, z 5], BRUME RERIE AR . MR B 7 vk, U b Y A ARl AR £ SR R
X=X, + (xémx - x{nin)é‘:l
Y= Voo (yxlnax _anin)fz (5)
z=z,, +(Zl{nax_Z:nin)§3
Xf 2 [ AT IR AR J5 , 0 5 BT 5 b T BB LUK AR i HEAT IR AE . 2R b PRI MO B T, Bk
NAZESCHE 26 T AR A5 il A BR 25 2 22 B AL R A 28 b RE T, SR 8 2o A N b i T O A A R A B R,
A B MR NAL T TR AR R T 0y, 55 RS T B AR R L b T RE I A R b A
MR G 2 E T aei . BFR R IR G 208 13 Lo FORRIE 155 e ) 28 e bR e T e s 07
WA, H T M 2 X6 g 2 e ) PR - e SRR, ELAM B2 P B AR E 3R A AT AN ), R TR I
S FEZH A B8 ) 380 A Ik S0 R LA BEAT OB R S AE o BIFSE R T, A1 R ALl R I AN 25 pE R T SR A iy L5 B
PRIy A, W 23 3 22 3K 13.2% B0 22, LI e 90 D 38 70 A R AT Al A SE N4 LSS, R G AE fl ke i, Sb
Pl 2H 1125 J& T RE D A0 A
34 HHER
341 fREEEEAE TR AR
WA~ CPR1000 % Hi HIL2H 4% REALAH 4 BRI B RN R RLAE , AT 1 2700~ 360°5 FR 14 5 IR MG B A5 408, ik
AL 34k T — MR IR . DXk IMCT R e 7 6 IR B T80 0 52 B T RR ROCR BEA T 30 UE S5 A, 1]
_EIRPIAS CPR1000 4% HL LA A HE RS T2 2400 KR B HETHSASE R, JEAT T PARAR s i IR B A i vh i i i3
15, ik IMCT R R i H 380 1 A% f ALY 4R bV o 3000 A1, 45 21 1 WIS AL ZE 5 TR s 38 0 Ak, BT 70
PRI Z AR R R R SRR, il RN AG P b 7 TR AR, THIRAS R R AR A R
fn i Z RN R AR e b - A, R

¢=Z¢ntn (6)

e ¢, B n PGP T 15 1, 5 o 06 000 4 HR R[]

T HEAT R )25 i 0 B R S R BB TE AN, W B B EOR R B i (B) Y8 A R R, —RIE T,
ZIEMRE L E R £>0.1 MeV fil E>1.0 MeV, I, A5 THE WS & LR FRERIEE . R 2460 THAZAE
HILZEL v %) V9 R A R A = SR DN 2R A IMCT 8 )3 1 H 58 45 2R 5 S PR o {0 ) AR G e 25 o 45 SR R B, PR ILAL 9 PR

126001-5



weOoW s 5 Ol TR

X2 ERESENRPFEEILL

Table 2 Comparison of fast neutron fluence in ISC

1SC detector E/MeV uncertainty of relative difference of calculation
measurement/% and measurement/%
> 1.0 6.4
H 29
>0.1 2.6
> 1.0 6.1
1 M 2.1
>0.1 3.3
> 1.0 7.8
L 2.9
>0.1 7.1
> 1.0 34
H 2.9
> 0.1 8.9
> 1.0 5.8
2 M 23
>0.1 3.0
> 1.0 6.7
L 3.7
>0.1 9.7
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