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Verification analysis and modeling of 3D core simulation based on BEAVRS2.0

XIE Mingliang LUO Fanghui YANG Senquan XIAO Yunlong SHAN Fuchang XIE Zhengquan
(China Nuclear Power Operation Technology Corporation, Ltd, Wuhan 430223, China)

Abstract  [Background] Based on the latest release of benchmark for evaluation and validation of reactor
simulations (BEAVRS), verification of three-dimensional core simulation is one of important issues. [Purpose] This
study aims to verify simulation modeling of three-dimensional core in coordinate with BEAVRS version 2.0 and
establish corresponding burnup analysis model. [Methods] First of all, 2D transport theory with multi-group was
used to calculate the fuel burnup, and few-group constant of discrete state points for calculation of nuclear cross
sections fitting model. Then, the advanced nodal method was used to solve the neutron diffusion equation, and
establish the 3D core nodal code SIimOR simulation model. Finaly, various operating conditions were selected to
carry out component homogenization calculation and core critical calculation. [Results] The calculation results are in
good agreement with the measured values of BEAVRS benchmark and the reference results of nTRACER code,
which verifies the correctness of the simulation model and the accuracy of the program calculation. [Conclusion]
This study provides data basis and scheme reference for the calculation of fuel management components and core
diffusion-burnup calculation of PWR.
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Table 1 Fuel assembly parameters

% Parameter HH Value 24 Parameter #{H Value
WORHH AR 193 FRESE 24

No. fuel assemblies No. guide tube

PRRMH AR 21.503 64 FAE AR 1.122 68
Fuel assembly lattice pitch / cm Guide tube ID (above dashpot) / cm

WORHLIE PR R AR 3 AT 17x17 FHEIME G D 1.203 96
Pin lattice configuration Guide tube OD (above dashpot) / cm

TRRH R AR 1.259 84 S AR (AR D 1.008 38
Pin lattice pitch / cm Guide tube ID (at dashpot) / cm

R S 0.914 4 S B SME (A D 1.092 20
Outer diameter of fuel pin / cm Guide tube OD (at dashpot) / cm

PREIE EAR 0.784 36 SAE Mk Zircaloy
Fuel rod diameter / cm Guide tube material

ORLR B 81.8 (EGACY S 0.057 15
Heavy metal loading (MT) Cladding thickness / cm

WO R R R uo, ICRE S 1

Fuel rod material No. instrument tube

(oL Zircaloy WREIME 1.203 96
Cladding material Instrument tube OD / cm

THU/ & B S e B A Inconel 718 ERE N 0.873 76
Top/bottom grid spacer material Instrument tube ID (air) / cm

WAL LA 1) 5 1) 7 PN AT DA JBCE 28 okl s 2R o
FUR A AE AT R ) A F ERE ) %
BEAVRS2.0 85 P 73 il A B 57 W b )= XS4 il i
F56 o o X ez il # L FEMOfobt L 43 33 B,C
Ag(80%)-In(15%)-Cd(5%) , 37 2 #& Hi & ¥ il = 41
TR S

BEAVRS2.0 2 #E 8l sz 5 HE v] 98 35 40 A B 75 R
B XS = XA, HED S — RIS B S
KRR B AT B AL, 735 6BAL12BA15BA
16BA.20BA. £ 3L H S MREMAFEES
B, B2 45 AT B R AR AR E .
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Table 2 Control rod parameters

24 Parameters I E X385 Upper geometry T JZ X 1% Lower geometry
5 44 K} Control rod material B.C Ag(80%)-In(15%)-Cd(5%)
H 1% Diameter / cm 0.746 76 0.764 54

% ¥ Density / g-cm™ 1.76 10.16

5541 %} Cladding material SS304 SS304

SBRA KL Air gap material ZA Helium ZA Helium

1,584z Cladding OD / cm 0.967 74 0.967 74

1,58 J5L ¥ Cladding thickness / mm 0.097 79 0.097 79

5 i1l ¥ 7R 2H E2: No. control rod banks 57 56

241 F2 I A No. control rods 24 24

®3 WUREWESH

Table 3 Parameters of burnable absorber rods

2% Parameters

T BRI IS 44 Burnable absorber

T BRFFY)H4 K Burnable poison material

T EEYIHE 412 Burnable absorber rod OD / ¢cm
% & Density / g-cm™

A F 1 Kl Cladding material

4,57 7% Cladding outer thickness / cm

4,5% W 4% Cladding inner thickness / mm

SBEF R Air gap material

KA Air gap outer thickness / cm

S N 4% Aiir gap inner thickness / mm

12.5% 1 3% 35 Borosilicate glass
0.967 74

2.26

SS304

0.046 99

0.016 51

Z/< Helium

0.010 16

0.010 79

B G G G B B G G G B
G G 1 G G B G 1 G B
B G G G B B G G G B

2 AR A E K
(B: AIRFEMIRE, G: B IME, T URE)
Fig.2 Burnable absorber assembly model
(B: burnable absorber rod, G: guide tube, I: instrument tube)
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T4 BREAEEEER
Table 4 Distribution of fuel axis
i R B ERE WTBEY B

Elevation Fuel Guide Instru- Burnable Rod

/ cm ment

423.049 W G 1 SSP SSP
419.704 FP/ZR G 1 BRP CRP
402.508 F G 1 BRP CRUAP
401.238 F G 1 BP CRUAP
364.725 FG GG 1G BPG CRUAP
359.01 F G 1 BP CRUAP
312.528 FG GG IG BPG CRUAP
306.813 F G I BP CRUAP
260.331 FG GG IG BPG CRUAP
254.616 F G I BP CRUAP
208.134 FG GG IG BPG CRUAP
202.419 F G 1 BP CRUAP
155.937 FG GG 1G BPG CRUAP
150.222 F G 1 BP CRUAP
143.428 F G 1 BP CRLAP
103.740 FG GG 1G BPG CRLAP
98.025 F DG 1 BP CRLAP
41.828 F DG 1 BP SSP
40.558 F DG 1 SSPG SSP
40.520 FG G 1G SSPGG SSP
39.958 FG DGG IG SSPDGG W
38.660 FG DGG IG DGG w
37.162 F DG 1 DG w
36.748 ZR DG 1 DG W
35.000 SSP w W w w
20.000 W w BI w w

VE:FoRBHEE s FG B (RS2 1) s G- 148 s DG [ 45
(Znpde L) GG: R4 (AR 1) s 1 AGRAE S 1G AURAE (1%
B L) ;SSP: AN ; SSPG: F 1) 4 EANEEH ; SSPGG - 5[] 4
(828 ) RS ; SSPDGG: (ZZ s ) S8 FAREE M
(K28 1) s BP: Al JRTE W s BPG: Al AT W) (R 2L 1) 5
BRP: A #¥ATEWI#% ; CRP: £ il 1 ; CRUAP - F4 il 4 ( 1= W
DXIR) s CRLAP: #2 il H CT 2 X Ak) s BI: $RER GRS
ZR: BG4  FPREHE R A ;WK

Notes: F: Fuel rod pincell; FG: Fuel rod pincell w/ grid; G:
Guide tube pincell; DG: Dashpot guide tube; GG: Guide tube
pincell w/ grid; I: Instrument tube pincell; IG: Instrument tube
pincell w/ grid; SSP: Stainless steel pin; SSPG: Stainless steel
pin in GT; SSPGG: SS pin in GT w/grid; SSPDGG: SS pin in
dashpot GT w/ grid; BP: Burnable absorber pincell; BPG:
Burnable absorber pincell w/ grid; BRP: BPRA rod plenum
pincell; CRP: Control rod in plenum geometry; CRUAP:
Control rod upper absorber pincell; CRLAP: Control rod lower
absorber pincell; BI: Bare instrument thimble; ZR: Zircaloy
pin; FP: Fuel rod plenum pincell; W: Water
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x5 HEHHHE k-inf
Table S calculation of k-inf for assembly problems.

HEE PSR nTRACER McCARD THEAE Ap, /107 Ap, /107

Enrichment / % No.BA rods Calculated

1.6 0 0.993 40 0.994 83 0.991 47 -193 -336

24 0 1.136 96 1.137 51 1.135 19 -177 -232
12 1.013 18 1.014 32 1.016 10 292 178
16 0.974 54 0.975 97 0.978 74 420 277

3.1 121971 121971 1.216 26 -345 -345

1.162 73 1.163 13 1.162 02 -71 -111

15 1.078 35 1.078 95 1.080 52 217 157
16 1.063 40 1.064 16 1.066 16 276 200
20 1.027 69 1.028 86 1.031 60 391 274

il D 3 N HE S 42 il B C&D i A\ HE 25 4 Bk &
T, i S A vk B ) A AL s B s 9 5 nTRACER.
OpenMC 2:HEZ S Al L xfto™), g5 R0 . 51

SHEAEVL, Forh B 22 TE 30x107° 4, 3 2 I
B P SRORS LR, RN WP IRAIE | = 4ERa 5 HE
ORI (R 3 N7 DA R 4 e T SO TR ) LA

®6 ASEDREFUHTE

Table 6 critical calculation of thermal zero power

S R B ke B C(HHSAED 1R 2% Error
Case Measured CBC Calculated CBC /107

/107 nTRACER OpenMC /107
All Rods Out (ARO) 975 0.999 89 (-11) 0.999 20 (-80) 980 5
D in 902 1.001 47 (147) 1.008 00 (80) 921 19
C,Din 810 1.000 96 (96) 1.000 23 (23) 830 20
A,B,C,Din 686 0.999 48 (-52) 0.998 84 (-116) 698 12
A,B,C, D, SE, SD, SC in 508 0.998 20 (-180) 0.997 25 (=275) 532 24

33 HWERHRETE
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Table 7 Comparisons of critical boron concentration with core burnup calculation at different power levels

PRFE A B G = {ED nTRACER Calculated Errorl  Error2
Burnup / MWd -t Measured CBC /107 100% 75% 100% 75% 100%  75%
170 599 606 646 601 624 -5 =22
453 610 592 637 604 628 12 -9
659 614 596 642 605 629 9 -13
921 621 603 648 604 630 1 -18
1296 638 609 653 602 628 =7 -25
1499 610 610 654 599 626 =11 =28
2157 623 604 646 586 613 -18 =33
2 898 598 582 624 567 594 -15 =30
3564 569 558 600 546 569 -12 =31
3999 559 542 583 527 551 -15 -32
4 580 533 517 558 498 527 -19 =31
5159 506 490 531 466 503 -24 =28
5874 471 455 496 429 464 =26 =32
5998 461 448 490 423 457 =25 =33
6337 457 431 472 406 439 =25 -33
6 862 415 402 444 380 411 =22 -33
7274 394 379 421 358 389 =21 =32
7390 384 372 415 351 383 =21 =32
7510 384 365 408 344 376 =21 =32
7930 367 341 383 322 354 -19 =29
8490 322 307 350 291 322 -16 -28
8941 296 279 322 268 299 -11 -23
9148 286 266 309 256 288 -10 =21
9370 270 252 295 242 274 -10 =21
9501 270 243 287 235 267 -8 =20
10 338 207 188 232 187 219 -1 -13
11293 149 123 167 130 162 7 =5
12 305 72 52 96 68 101 16 5
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Fig.8 Boron let-down curves with core burnup
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