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Uncertainty quantification and nuclear data adjustment of physical calculation
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Abstract  [background] Uncertainty quantification and nuclear data adjustment of reactor core physical
parameters can improve the calculation accuracy, thus improving the safety of reactor core design parameters. In
recent years, domestic and foreign research institutions have developed a series of programs to analyze the sensitivity
and uncertainty of core physical parameters, and use various methods to adjust the nuclear data to reduce the

uncertainty of the calculation results. [Purpose] This study aims to conduct uncertainty quantification and nuclear
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data adjustment of the core physical parameters of the small lead-bismuth cooled fast reactor (SVBR), which holds
broad prospects in the fourth generation nuclear energy technology. [Methods] Firstly, the SVBR was simplified, and
the sensitivity analysis of critical reactivity, control rod value and power distribution were carried out by using NECP-
SARAX and UNICORN programs. Then, 138 groups of critical experimental devices were selected from the
International Criticality Safety Benchmark Evaluation Project (ICSBEP) for uncertainty quantification. A similarity
analysis was conducted between these 138 critical experiments and the SVBR. Finally, nuclear data adjustment was
performed using the critical experiment devices with high similarity coefficients, with the isotopes *°U and **U
involved in the adjustment. The adjusted database was then applied to the back-substitution calculations. [Results]
The selected critical experiment has a certain similarity with the SVBR. By using the adjusted nuclear data for back
substitution calculations, the calculation uncertainty of critical reactivity is reduced from 2.59% to 0.496%, which
improves the calculation accuracy. [Conclusions] It is verified in this study by back-substitution calculation that the
uncertainty of the physical parameter calculation results after nuclear data adjustment has been significantly reduced,
while the adjustments to the nuclear cross-sections are all smaller than the measurement errors. This indicates that the

nuclear data adjustment can provide more reliable calculation results for the design of the lead-bismuth fast reactor

and offers valuable reference for its design.
Key words
adjustment, ICSBEP
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Table 1 Main parameters of fuel assembly design

24 EV¢:
Parameter Numerical value
AfEARREHERCH 271
Number of fuel rods in the assembly

BRI LA 1.2
Fuel rod diameter / cm

WA 7 R 0.04
Fuel cladding thickness / cm

PREHEE A L 1.13
Fuel rod grid diameter ratio

L EH e Pl 22.545
Fuel assembly pair margin / cm

EROM R 30
Thickness of upper reflective layer / cm
TREREE 30
Thickness of lower reflective layer / cm
HERTETEIX R 90

Core active zone height / cm

x2 HWERRITESH

Table 2 Main parameters of core design

24 Parameter #{H Numerical value
HERS T 280

Core power / MW

MIES )3 128.56

Power density / MW -m™

S SRR D R U0,

Fuel assembly materials

R A Y 7514 Hexagon
Fuel assembly type

R 4R 14.36%, 16.07%, 19.30%
Fuel management

S R A AER R ANEEHA Stainless steel
Reflector component material

HERSTE PE XAR AR 2.178

Core volume of active / m’

MRS SRR 4.01

Total core volume / m’
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Table 3 Uncertainty quantification results of small lead-
bismuth fast reactor (%)

MT=2 MT=4 MT= MT= MT= MT= Total
16 18 102 452
U 0.007 0.022 0.003 0301 2422 0.539 2.59
U 0.035 0473 0.010 0.049 0.307 0.153
*Ni  0.004 0.001 0.00 — 0.004 —
Cr  0.020 0.005 0.004
*Fe  0.090 0.027 0.054
*Pb  0.063 0.015 0.016
O 0.033 0.004 0.012
*¥Bi  0.172 0.045 — 0.043
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Fig.4 Covariance data of **U capture reaction channel (a) and fission reaction channel (b) (color online)
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Fig.5 The group-by-group sensitivity coefficient of each reaction channel of **U (a) and **U (b) (color online)
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Table 4 Control rod worth calculation results (107)

CRO1 CR02 CR0O3 CR04 CROS5

AN E
Control rod worth

1.394 1392 1337 0936 0.485
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Table 5 The relative uncertainty contribution of CR01 (%)

MT=2 MT=4 MT=16 MT=18 MT=102 MT=452 Total
o) 0.292 0.244 0.029 0.404 0.879 0.453 2.02
U 0.423 0.742 0.098 0.293 0.576 0.362
*Ni 0.015 0.016 — — 0.074 —
“Cr 0.249 0.025 — 0.014
*Fe 0.577 0.085 0.005 0.087
**Pb 0.349 0.153 0.001 0.089
0 0.426 0.021 — 0.031
*“Bi 0.894 0.133 0.030 0.041
B 0.032 — —

2% 5~9 AT LA75 L £F % CRO1 L & CRO2,**U
{180 A 330U R I T AN o FEE DR 1A% R I R
TR, {2 H CRO3 FF4f , SPE UM ROBLTE o T 8 2
(AN 72 P DT RR R UA

AT A H AR, B T AN R AL
Ak >0 B RO I B A A B B ) A R
P RBCCAAE DL, W 7 fras . T RUE 2, ExE T

VERUN SNGE , #8 F 7 RE G SR TP I RE X, ANRI 7 B Ak
AT AR RGN, I HLREAE O B S 1T A1 1% %
JSEE R B PR AR B BTG K o % T AR SR AU e
IS, Fif 7 7 B FEUTHE A, 55 3~6 HE K RBUE REPOZ B
H IE AL 1] B AR AL 5 3K A0 2 AR 59 1k HEO e W TE AN i
SE JE IR B 1 32 2R A

o3 J3 AT DU B, SO HEAT , AR AT

110605-6



T OREE: BYRRRHERE B TS S B AN 52 R R S B T

Table 6 The relative uncertainty contribution of CR02 (%)

F6 CRO2BIHENT T HHEE TR %)

9 CROSHIEXM T AEETEN(%)

Table 9 The relative uncertainty contribution of CR0S (%)

MT= MT= MT= MT= MT= MT= Total MT= MT= MT= MT= MT= MT= Total
2 4 16 18 102 452 2 4 16 18 102 452

U 0275 0230 0.023 0380 0.648 0457 1.83 BU 0754 0482 — 0419 0481 0.579 245

U 0411 0.664 0.081  0.191 0462 0336 U 1069 0.851 0234 0923 0.096 0.310

*Ni  0.021 0.022 — — 0051 — *Ni 0032 0.025 — — 0030 —

“Cr  0.254 0.024 0.000 4 0.053 2Cr  0.776 0.053 — 0.124

“Fe 0.576 0.093 — 0.084 “Fe 1.245 0.448 0.014 0.231

2ph 0334 0.129 0.033 0.152 ph - 0.250 0.392  0.042 0.162

0 0415 0.028 — 0.110 “0 0596 0.023 — 0.038

Bi  0.862 0.103 0.029 0317 Bi 0483 0.195 — 0.493

B 0.030 — — — B 0038 —  —

Table 7 The relative uncertainty contribution of CR03 (%)

=7 CRO3BIHEN T HHERE TTRA(%)

#10 FRMELESZETHEETRAELIER (%)

Table 10 The variation of the uncertainty contribution of

each nuclide at different positions (%)

MT= MT= MT= MT= MT= MT= Total

2 4 16 18 102 452 CROI  CR02 CRO3  CR04  CRO5
U 0325 0357 0.021 0374 0851 0.501 2.12 U 1.13 0.95 1.16 1.22 1.24
U 0520 0501 0.106 0.605 0.352 0314 U 1.13 0.99 1.06 1.02 1.70
SNi 0033 004 —  — 0168 — *Ni 0.08 0.06 0.18 0.12 0.05
2Cr 0344 0.001 0.001 0.096 “Cr 0.25 0.26 0.36 0.54 0.79
SFe  0.747 0.161 0.010 0.172 *Fe 0.59 0.59 0.78 0.99 1.34
Wph 0372 0.170 — 0.162 25p, 0.39 0.39 0.44 0.46 0.49
0 0463 — @ — 0232 0 0.43 0.43 0.52 0.58 0.60
WBi 0932 0173 — 0.665 2Bj 0.91 0.92 1.16 1.08 0.72
"B 0.014 0.171 — "B 0.03 0.03 0.17 0.01 0.04

Table 8 The relative uncertainty contribution of CR04 (%)

%8 CRO4 MBI HEE THE (%)

MT= MT= MT= MT= MT= MT= Total
2 4 16 18 102 452

WU 0451 0443 0015 0387 0812 0534 2.11

MU 0672 0598 0.149 0257 0218 0.302

*Ni 0042 0025 — — 0115 —

“Cr 0535 0.024 0.006 0.082

“Fe 0943 0245 — 0.176

»ph 0337 0251 — 0.199

YO 0528 0.015 — 0.239

Bi 0.806 0.149 — 0.698

PB 0012 — @ —

AN 5 FEE DT BRI T3S K, KRS A2 e, B 0.59% 15
B 7 1.34%. 3X A PR DR 5 O HE RS AN, O I
VEFM S, RS E AR T 7 I U 52 AR 5 (1]
Fem B Tz X R Rk, B8R HE I E R
A M. mE8 W LLE M, 78 1 BE i
e I IX 3, S0 IS 2 A B A ) RO A X T
T fr B, HEA R RILEE . BRI A, K30 B HE
P S AT HE A A 3 R o, 2B X L AR B 5 A TR

BT s AR B, 5 AR TTEkE S A
FrZ5. B 5~9 85 1 nT LUE 2, *Bi I 351 5
SN SR X AN R T DT ik AR K () RS TE o K b
PR B I N T8 7E AN DU A B AL AR 6 R BUE R
0, B 9 Frar, W] LU 3 CROI~CROS , H 4 5 {1 2
PSR 98N a3, DR AR 4 = BRI AT 75,
2B Jof e B AN S P DR N S PR S 8 K S YN Y
FEE2

33 IMEDT

HERS T 2R 3 A o VP IS HE 22 A PR I (1) — T
BN SH, MR B AT A 2 =, ik,
EEXHANBUER R HE , AL T B — MR A DI R A
T R/, Hor, T BRI 428 ) e 4 A th RS

10 25 H T /N BRI Bl RHE 5 2H A4 1) T % 00 A
TEol. FTLAER], T a7 N HA R T B E
SRR T RRL, AR Th R EUIG , AUA 0.5, 1X 5 i3S
NEMHESAE G HES P D2 AT, KA
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Table 11 A critical experimental device for nuclear data adjustment and similarity analysis
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Fig.12 The reference results, calculation results and their uncertainty of 138 sets of critical experimental devices (color online)
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Fig.15 The results of nuclear data adjustment using experiments containing U elements (color online)
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Fig.16 The results of nuclear data adjustment using all experimental elements (color online)
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Table 12 The uncertainty contribution of critical reactivity calculation of small lead-bismuth fast reactor after
nuclear data adjustment (%)

MT=2 MT=4 MT=16 MT=18 MT=102 MT=452 Total- 1% HT Total-1 % f5
Total-before Total-after
PU-TR A HT 0.007 0.022 0.003 0.301 2.422 0.539 2.59 0.496
*U-before
BU-HE G 0.004 0.010 0.002 0.224 0.176 0.158
PU-after
BU- T 0.035 0.473 0.010 0.049 0.307 0.153
$U-before
U S 0.016 0.077 0.009 0.038 0.275 0.075
8U-after
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Fig.17 The relative adjustment of cross section of each reaction channel of **U (color online)
(a) MT=2, (b) MT=4, (c) MT=16, (d) MT=18, (¢) MT=102, (f) MT=452
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Table 13  Critical reactivity results of recalculation after nuclear data adjustment

TR R R S - B TR LI E R v

Before adjustment After adjustment-theoretical prediction After adjustment-theoretical prediction
JESVBR 1.055 06 1.056 61 1.056 74
CEFR 0.996 83 0.997 40 0.996 84
BFS1-61 0.994 50 0.996 60 0.996 77
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