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Figure 1 The thermal neutron scattering cross sections of hydrogen in
different materials.

68

MR A AS B A0 T AU R R T o 5, W ER A
H2 0 A FE A A FGCS ER BEOHE ) 1 S AR B T
AR A BE A B AENECP-Atlas, 7T PL_E7ANE
FE B R EE S T BoK M IEC S 5dE, ¥
BV, ARSI TR RS IR K LR, FEAHAR
PR UL FEE 2 D) 3 4 L 3 75 I B UL FEE 1 S0 8 i
.

22 IR RIAE

I N FH A% 00 P22 2 T e 0 o B 2 LA 2 1)
R, Bk, BOZE i R MHEN M RL 1281k
A AR, HR, R MAZ AL S R AR
MR ER, BIVBREHRFETT 5 75 %5 FE I AR 7
Y. A SCR P T BRFE IR AR PO IO B P 4 7 1),
EIXTCENDL-3.244 4 T BRFERE, Hff e PAFETH SR 55 11
RAFE2 1P E AL R AN SFhRAR =)

AR FICENDL-3. 2 $2 (it (1) o 7 5 JR 7 1% 1A%
SR, DA BB 2. 1T 3RA5 I 4 7K I R A U0,
K HINECP-Atlastil{f: 1 5 SA% [ o7 HE HE S4B AT 4K
fFBamboo-C1# FH 1) 2 B % 50040 /.

Bamboo-C ¥ FH 1% 5040 e 6,455 22 3 4 T 8 20
FERET A 0 7. 22 BEANTHT K FH69RF IR RE R 255 1), (UG 2
TR AT . 2 TR SR T RN 2 U AR R SR, 0T
H-1, C-12, N-14H10-16% 1% %, iefit T —Braki s
K, FT4na 5 1ETH5. Bamboo-CH3LHR 5048 Fl 4>
JR- RS RS AR AN G, R AR
ABANRE TV, TSN EST S, HIE T A TR
T ZREAECH BN SEEE,; X T AR s, HIE
TIES R A, BEERIEEIN0.625~24780 eV.

3 KRS A

Bamboo-CH A8 & A 42 FLOCUST., 2
F*SPARK. ZHLFEF LtoS =AM L INREFE 7. Hr,
HAFEFLOCUSTE: T AR A G R A &) ¥
A —4Ep Y, B RV, JE A Fiis
TR BRFETHE. R IETFE A ST E SR
e, WmATEANFRRFERE . TS EFAE A D
BB R R, SEFE T LoSE T A1 DR 5
A H BRI LG B AR 7 VA E AN R 2R AL /D Y
SIMGE RO T IRFEA T SH B AR B R, e



rhEBRE: AR 2025 4F 553 A1

O R RS . SRR DR SIS HUR
. HEOTE SPARKIE T-HES = 4E RERIY, 3l id o
T HOFE. ATHE. BRI R DR BN
THE I FE T S A SRR S B 22 A S U T .

4 T HR R 4R

ALV E A A — 5. M310 S it A
VVER10005% 5 /KHEHLAL A B, >R FiBamboo-CHAfF5¢
BT AL R HECS D B AR, K ) B P P e A )
FRIBAT SR HE LS DG 22 A S 1) SRR A5 5 2 ) S
{EEAT XS EEEGAIE. Forb, )3 S P a6 B B HE O i
BB EATEIE S B (critical boron concentration,
CBQ). %5 iR ¥ Z%(isothermal temperature coeffi-
cient, ITC). 184k R £ (moderator temperature
coefficient, MTC)RIHE G FEANME S, YiZiz 1T WA i HE
SR ZEZHAIEIG IR RS mE. BT
K P R, A SRR T35 H il FENDEF/
B-VIILO. L3 ENDF/B-VILO A % ke e il
7 Bamboo-CH# A (A A F5 P LOCUSTAE FH i k% £ 45
ST 2 Rl b A A B N /B = K T

4.1 A —SHLAUE

ey — SR B [ ) 5 = AR S R K,
W BB 77 & IE T TR AR, Bl R R
3210 MW.  AIC5ERE T He e — S HPLAHFE 1~375
(CO1~C03) 3 B4 B i 3 F1 Tfy 2242 AT S 1) M 85 OBk 22
LB, AIECBC, ITCHE RN (B35 5
MR, G1, G2, N1, N2, SA, SBRISCHzhI#4), LL A [ Bi
HETh R IB AT (A Th 2o A7

TRE X — S LA e e e SR
5N EAE 2 [ PR 2 WA IR1E, FEEAHE: CBCIRZEMN
TAZFR1E H+50 ppm(1 ppm = 107°%), ITCHIMTCIg Z (1)
TAEBRAE H9+3.6 pen/K(1 pem = 107°), #hIHEM{H 15
ZE W) TREIRENE10%. X F 244 oh o4, TR F#
SRAFNT T 2 (LR A 5L b D 2 5 AP 38 Th 2R (1 L AB) K
F0.9M M, THEAH S M SR ZE PR A+5%; AN
DhE/NT0.90 9444, THHAH S5 I B AE 17 22 FRAE 9+8%.

Fo~A5 T HER—SHLLCO1I~CO3EIN 5 34
FR S S H R IR 2 R X LI TER B BRENDF/
B-VIILOTH (K] CO21E R [ SBA% Hill BE M 1 12 22 4 10.4%

£ 2 R SHLACOVIEH E IR T

Table 2 Comparison of results for the startup physics test of
HPR1000 Cycle 01

AR ENDF/B-VIL.O ENDF/B-VIILO  CENDL-3.2
CBC (ppm) —-9.44 2.49 -32.3
ITC (penv/K) -1.878 —-1.297 —-2.897
REEHME -1.6% -2.8% -2.0%
Gl#EHME 4.0% 1.8% 3.3%
G2 A 2.1% 0.1% 1.5%
NIEHME 3.2% 1.2% 2.7%
N2EALNE —-6.8% —-6.1% —6.8%
SAFEZH M H —-2.4% -3.2% -2.6%
SBAEZLNA -1.9% -2.5% -2.3%
SCHME 5.0% 2.4% 4.3%
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Table 3 Comparison of results for the startup physics test of
HPR1000 Cycle 02

AR ENDF/B-VIL.O ENDF/B-VIIL.O  CENDL-3.2
CBC (ppm) -0.55 —11.83 -25.37
ITC (penv/K) -1.386 —-1.728 —-2.233
REEHMNE —4.5% -5.1% -5.3%
GIEAME —-9.4% —-9.5% -9.7%
G2HEHME -5.5% -6.2% -5.1%
N4 E -0.8% -1.7% -1.8%
N2FEZH A 1E -5.9% -7.9% —4.0%
SABHE —-5.4% —6.8% —4.6%
SBHEANE -8.3% —10.4% —7.4%
SCHEEHMNA -0.3% 0.4% -1.8%

Ab, BT =N TR AR B P SR AS 0 H At 2 50357 2 A
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CO LA 24N A HE 55 1T 5 45 R 22 1 T2 PRAE,
CO2TEIAT 1T BRFE s TH B 25 AR 2=t TREFRAA,
HiRZEBBN, S EIRCBCIRZ R E RN WIE 254 i
SENHESIBAT T TR RE, HES IR IR T IR TR
*-FENDEF/B-VIILO, fEC027E¥£7000 MW d/tUBRFETT
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Table 4 Comparison of results for the startup physics test of
HPR1000 Cycle 03

R ENDF/B-VILO ENDF/B-VIIL.O CENDL-3.2
CBC (ppm) -0.39 -17.18 —27.24
ITC (pem/K) -1.274 -1.621 —2.064
REEZHMME -3.1% -2.8% —4.0%
GlHEHME 0.6% 0.4% 0.5%
G2 AME 5.2% 3.9% 5.9%
NUBRAAME —0.4% 0.0% -1.8%
N2#RZH AN E 5.6% 2.9% 8.2%
SABAME 4.2% 2.2% 5.2%
SBHAANMA 2.1% 0.5% 3.2%
SCHANMA -2.0% -1.8% -3.7%
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Figure 2 Error of critical boron concentration of HPR1000 Cycle 01.
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Figure 3  Error of critical boron concentration of HPR1000 Cycle 02.
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Figure 4 Error of the assembly power of HPR1000 Cycle 01. (a)
Assemblies with relative power larger than 0.9; (b) assemblies with
relative power less than 0.9.
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Table 5 Result comparisons for the Cycle 01 startup physics test of
M310 and its improved unit

IR ENDF/B-VIL.O ENDF/B-VIIL.O  CENDL-3.2
CBC (ppm) 2.00 13.27 -21.24
ITC (pemV/K) —0.664 -0.125 —1.609
REEHANE —1.68% 0.39% —-0.59%
GlEEAME —5.68% —-3.06% —4.32%
G2HANME —2.45% —0.47% —1.42%
N1FEHME -3.36% -0.71% -1.98%
N2 ME 4.47% 3.14% 3.81%
SAFRZH M —9.48% —-4.62% -7.03%
SBHEZAMMA 2.31% 2.65% 2.55%
SCHAMA -2.38% 0.04% -1.10%
SD#EZH MM E —6.84% -3.19% —4.88%

F 6 M310 M H S B LA CO2IE R JE sh Wy FRAR IS %] HL

Table 6 Result comparisons for the Cycle 02 startup physics test of
M310 and its improved unit

AR ENDF/B-VIL.O ENDF/B-VIILO  CENDL-3.2
CBC (ppm) 27.00 143 8.61
ITC (pem/K) —0.553 —-0.958 -1.169
REEHME 4.32% 6.38% 5.89%
GlEHNME 3.01% 5.11% 5.02%
G2 A 1.50% 4.24% 2.48%
NIEHME -0.50% 1.82% 0.53%
N2EALNE —-1.72% 1.62% -3.89%
SAFEZH M E -3.23% -0.50% -3.69%
SBAEZLNA 2.25% 4.90% 1.99%
SCHeZHME 2.18% 4.65% 3.39%
SDHEHE 5.27% 5.60% 8.38%

F£ 7 M310KH SR HLLLCO3IEER Ja S B iRk 5o Xt L

Table 7 Result comparisons for the Cycle 03 startup physics test of
M310 and its improved unit

R A ENDF/B-VIL.O ENDF/B-VIIL.O  CENDL-3.2
CBC (ppm) 10.00 -8.12 —6.84
ITC (penv/K) —0.853 -1.322 —-1.479
REEHMNE 4.00% 6.49% 5.20%
GIHEAHMNE 3.42% 5.42% 4.93%
G2HEHME 4.82% 7.64% 5.61%
N4 E 2.85% 4.69% 4.67%
N2FEZH A 1E 1.33% 5.12% —0.44%
SABEAE 0.73% 3.57% 0.61%
SBHEEHANMA 3.54% 6.16% 2.99%
SCHEHMNA 4.95% 7.50% 6.33%
SDHEAL 1.88% 2.11% 4.43%

B N ASAIEAE, 5 EREANERGRLZHEAR
[]. VVERI1000 S #EHES B4 T 163 &N A 4H M,
HESEE I 293000 MW.

KX T VVERIOOOHL A CO1FICO27E 3.
VVER1000 /5 3 HE (1) HE O S H0 T 5 25 5 I & 25 R
Z I TRERME S _EIR WA 1E 7 TR A I N7 3 AN
[A: CBCFRIH N+0.6 g/kg, WJE REAIRIE N
£5.0 pem/K, A I BRIE H£20%, AHXTDhZK
F1LOM A Th A B 4o 5 2 FRAE N+0.1, FAXF IR
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Figure 5 Error of critical boron concentration of Cycle 01 for M310
and its improved unit.
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Table 8 Comparison of results for the startup physics test of

1.0

VVER1000 Cycle 01

A 2 ENDF/B-VIL0O ENDF/B-VIIL.O CENDL-3.2
CBC (g/kg) 0.03 0.08 —0.15
MTC (pem/K) -0.507 0.146 -1.351
H8HEHANE —-13.55% —12.04% -12.33%
HOBEANME —14.11% —12.41% -12.75%
H10#2H A i —12.49% —-10.42% -10.77%
H8HOHI0SBHME — —12.59% —11.15% —11.40%
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Table 9 Comparison of results for the startup physics test of

VVER1000 Cycle 02

PRI A ENDF/B-VILO ENDF/B-VIIL.O CENDL-3.2
CBC (g/kg) -0.22 —0.28 —0.4
MTC (pecm/K) 1.169 0.911 0.297
ITC (pcn/K) 0.997 0.729 0.131
HIMEHNE -7.01% —6.45% —7.13%
H2# A —3.08% —2.93% —3.06%
H3#EAHANE —6.86% —7.48% —6.30%
Ha#: A8 —6.54% —6.54% —6.33%
HSFEAMME —11.56% —11.54% —11.35%
Ho#E AN E —5.77% —5.81% —5.40%
H7¥HMME —6.48% —6.78% —5.95%
H8FEHMME —11.34% —11.25% —11.23%
HOWRHME —4.42% —4.12% —4.26%
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Figure 9 Error of critical boron concentration of VVER1000 Cycle 01.
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Autonomous research on reactor core physical analysis technology and
its application in commercial pressurized water reactors

WU HongChun', FENG Hao', ZU TieJun', XIAO ZheWen', QU Ping', WAN ChengHui',
HUANG YiHan', MA YuTu' & TANG YongQiang’

" School of Nuclear Science and Technology, Xi'an Jiaotong University, Xi’an 710049, China
2 Chongqing Jian’an Instruments Co., Ltd., Chongqing 400060, China

Nuclear reactors play a central role in nuclear energy applications, with physical analysis being crucial for their design, operation, and
maintenance. Historically, China has relied heavily on imported nuclear reactor physical analysis codes. As the nation strives for
independent nuclear energy technology, developing proprietary nuclear reactor physical analysis codes has become a pressing need. In
this paper, a series of works are introduced, including the evaluated nuclear data file CENDL-3.2, the nuclear data library generated
by the NECP-Atlas processing code, and core physic analysis performed by Bamboo-C. These elements create an integrated system
that covers the entire process of nuclear reactor physics analysis. The system is applied to analyze representative pressurized water
reactors such as the HPR1000, M310 and its improved unit, and VVER1000 operated in China. Results show that the errors between
calculated results from the system comprising CENDL-3.2, NECP-Atlas, and Bamboo-C and the measured values of key safety
parameters for the PWR core are within acceptable limits for engineering applications. This confirms that the system is suitable for
fully localizing the process of nuclear reactor core physical analysis technology.

evaluated nuclear data file, thermal scattering law, generation of application nuclear data library, reactor-core
physic analysis
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