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Fig. 1. (color online) 172 group covariance data for 23U nuclear data: (a) Inelastic scattering; (b) radiative capture;

(c) inelastic scattering-elastic scattering; (d) fission-radiative capture.
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Fig. 2. (color online) Uncertainty quantification using sampling method for Godiva Benchmark I (PDF is

probability density function): (a) keg distribution due to elastic cross sections; (b) kegr distribution due to

inelastic cross sections; (c) kegr distribution due to elastic and inelastic cross sections; (d) comparison of the

three cases.
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Fig. 3. (color online) Uncertainty quantification using sampling method for Godiva Benchmark II (PDF is

Probability Density Function): (a) keg distribution due to fission cross sections; (b) ke distribution due to

capture cross sections; (c) kegs distribution due to fission and capture cross sections; (d) comparison of the

three cases.
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Fig. 4. (color online) Normal probability distribution: (a) kg distribution due to elastic cross sections; (b)

keogr distribution due to capture cross sections.

K2 FMERGRSEEENR SR Godiva B kegr THETATEZ

Table 2. Uncertainties of ker from every nuclides and every reaction types for Godiva.

Bx ik n, n n, n’ (n, n)-(n, n') n, 2n n, f n, gamma nubar Total

B 3.46 x 107% 1.11 x 1074 — 1.05 x 1076 1.15 x 1073 8.66 x 10~° — 1.19 x 10703

AU R 3.53 x 1075 1.14 x 1074 — 1.05 x 1076 1.18 x 10~3 8.72 x 10~° — 1.19 x 1003
Wz -1.8% —3.3% — 0.0% —2.0% —0.7% — 0.4%

FRE 2,92 x 1073 6.31 x 1073 —3.90 x 1073 9.22 x 10~° 2.68 x 1073 9.05 x 1073 5.51 x 1073 1.21 x 10792

25U RIS 2.96 x 1073 6.16 x 1073 —3.85 x 1073 9.19 x 10~5 2.68 x 10~3 8.86 x 10~3 5.44 x 103 1.20 x 10~02
fW# -1.3% 2.4% 1.3% 0.3% —0.2% 2.1% 1.3% 0.5%

RS 311 x 107% 8.01 x 1074 —4.94 x 10~* 1.22 x 107% 3.41 x 107% 1.45 x 10~% 1.11 x 10~* 5.12 x 1074

28U REUEE 3.03 x 1074 7.71 x 10~ —4.67 x 10~% 1.21 x 10=5 3.37 x 10~3 1.45 x 10~5 1.10 x 10~% 5.13 x 10~04
i 2 2.5% 3.9% 5.8% 0.7% 0.9% —0.5% 0.9% —0.3%

T — R A MR TT ZEH, KRB,

A, &A% R S R NI, SR R UE ik
FHIFEEAR B koge T E AN E FEEAL LS R, 1)
ARG A, KW Z <6%. SUREFE T R
JE o Mrvk AN 2 B Bk 4 R ol 5 R B R
(TSUNAMI, SUSD % Pl 25 5 Lb 55 45 21 78 43 1) 56
IE. FFEEA e B RS RS RS RE RS
MREF, — 75T % W] SURE $il BRI AN & 1 Bk L
MIRTEEYE, 53— J7 I — B EE T R UL R
IIEIERE

YT RV R BIAS ) € BEAR 3 A 2
ST NGRS A R R LRI EE, R
BB VE S5 B V2 1 5 SR B AR A B R 4 Godliva
BB THA, TEAZEHE B 7 ZE AR SE A, Keege T

SE S EE R E S &

5.2 Jezebel B HESLIGIEAY

KRR AR, THE 1) Jezebel JE 1 S5
) kegr 9 0.99996, K F BEHLAAE LT 515 2] kogr 1
BEEN1.0001, FRFMHZICN 1.4 x 1074, FFER1E
U, @, R REE S riE R ) =1k
B 1% 3R IR ST AT AU A 3 BT Jezebel B S 4G
(1) koge VH AN E B, S5 R WK 3.

AL, 5 Godiva BT SAL, X S AZ R 5 %
LI, R FH R S A i R A A B Keoge 115
AN E FE A R ARG, S KIRZENCH
2.3%.

012801-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 1 (2017) 012801
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Table 3. Uncertainties of kqgr from every nuclides and every reaction types for Jezebel.

& Jrik n, n n, n’ (n, n)-(n, n’) n, 2n n, f n, gamma nubar Total
HiFfLE  4.66x1073 8.71x1073 —6.20x1073 1.05x107% 3.31x1073 7.51x10~% 8.18x10~% 5.69x1073
29Pu REPEE 4.56x1073 8.70x1073 —6.18x103 1.04x10™% 3.33x1073 7.37x10™% 8.09x10~% 5.74x10~3
(ks 2.3% 0.2% 0.4% 0.8% —0.6% 1.9% 1.1% —0.9%
HiFfE  2.96x107% 5.52x107% —3.99x10~% 6.05x1076 1.25x107% 1.69x10~% 8.76x1075 3.58x10~*
20py REYEEE 2.95%1074 5.51x107% —3.98x10~% 6.02x1076 1.25x1074 1.68x10~4 8.62x1075 3.62x10~4
(e 0.2% 0.0% 0.4% 0.5% 0.5% 0.4% 1.6% —0.9%
HiFfvk  8.14x1076 4.31x1075 — 1.73x107% 2.25x107% 2.39x1075 7.71x107% 5.64x107°
1Py REEHE 8.23x1076 4.34x1073 — 1.76x10~6 2.21x10~5 2.42x10~5 7.76x10~¢ 5.56x10~5
i -1.2% —0.8% — —1.3% 1.9% -1.2% —0.6% 1.5%
[4] Gilli L, Lathouwers D, Kloosterman J L, van der Hagen
6 & T H J J 2013 Nucl. Sci. Eng. 175 172
[5] Kim D H, Gil C S, Lee Y O 2008 International Confer-
ﬁ’%”%ﬁﬁ SURE f%? E(J iﬁ&gﬁj\ *ﬁﬁ/f*ﬂ Bjﬁ ;:ce oniVuc.ie;;“ [;;;n;(])‘(o); S;ige;we and Technology Nice,
ance, April 22-27, p
Y A ‘\ S /\E‘ IJ /;A Ry Al "‘;, )\A .
BLRE 7 T4, 08 WA S i 7t 2 5 5 Godliva A1 [6] Kodeli I 2008 Sci. Technol. Nucl. Instll. 2008 659861
Jezebel, TR T & 4% 3 & I M 1E 12 0408 A1 oE B2 [7] Pusa M 2012 Sci. Technol. Nucl. Instll. 2012 157029
S kogr THERAHEE. Xt [:EE'K%7 W7 15 [8] Williams M L, Rearden B T 2008 Nucl. Data Sheets 109
N S 5
BRI R ARG & . (£ TS
. X‘ . ‘f[ L |:(‘ . v i1 /'; [9] Hu Z H, Wang J, Sun W L, Li M S 2013 Atom. Energy
A2 T8 Y, 0 % B 2EAT IR, AN s e 7 19 2 Sci. Technol. 47 25 (in Chinese) [B1¥%E, T4, #ME ],
hogt HHELME. G AHTR I, hoge AL AF IR & 7 2013 BT RFEHA 47 20
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Abstract

The sensitivity and uncertainty analysis (S/U) method based on the first order perturbation theory is commonly
employed to calculate the uncertainties in-nuclear reactor’s integral parameters, such as the neutron effective multiplica-
tion factor (kest), due to uncertainties in nuclear data. However, this method is only theoretically suitable for the linear
model because of its first order approximation. Moreover, S/U method is difficult to incorporate into a neutronics code,
because the adjoint angular flux is needed to obtain the sensitivity coefficient of an integral parameter to nuclear data.
Meanwhile, the sampling approach based on parametric random sampling of input parameters, an easy implemented
method, evaluates the uncertainties in the integral parameters by performing a set of neutronics simulations inputted
with a set of stochastic nuclear data sampled from a multinomial normal distribution with nuclear cross section mean
values and covariance data. The sampling approach is considered as a more exact method, as linear approximation is not
needed. With the increase of computational power, the sampling methods with consuming more time are now possible.
The sampling approach is incorporated into SURE, a sensitivity and uncertainty analysis code developed in IAPCM, as
a functional module. A careful verification of the new function is necessary before it is used to analyze complicated prob-
lems, such as multi-physical coupling calculations of nuclear reactor. Two simple fast criticality benchmark experiments,
namely Godiva (HEU-MET-FAST-001) and Jezebel (PU-MET-FAST-001), are selected to verify the sampling module
of SURE. The uncertainties in nuclear data are given by multigroup covariance matrices processed from ENDF/B-VII. 1
data. The uncertainties in the computed value of kegr resulting from uncertainties in the nuclear data are calculated with
both S/U and sampling methods. The uncertainties due to reaction cross sections for each nuclide in two benchmarks
given by two methods with the multigroup covariance matrices are in good agreement. Since the S/U module of SURE
code is verified extensively, the correctness of the sampling function of the code is confirmed as well. The distribution of
the kegr from the sampling approach obeys the normal distribution pretty well, which indicates that ke varies linearly
with the nuclear data under its uncertainty range, since the nuclear data used in calculations are assumed to be normal
distribution in the sampling method. The results from the sampling method also support the S/U method with linear

approximation as a suitable uncertainty quantification method for kes calculation.

Keywords: uncertainty quantification, stochastic sampling method, sensitivity, nuclear data
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