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Quantification of calculated effective multiplication factor uncertainty
caused by nuclear data in research reactor

Sun Jingyu, Ma Jimin
(Institute of Nuclear Physics and Chemistry, CAEP, Mianyang 621999, China)

Abstract: To delve into the impact of nuclear data uncertainty on the effective multiplication factor calculation
for the JRR-3M research reactor, this study established a nuclear data uncertainty quantification process based on
SANDY. The specific methodology involved perturbing important reaction pathways of the target nuclides with
SANDY to generate perturbation files, processing these files with NJOY, and ultimately utilizing OpenMC for Monte
Carlo simulations. The influence on the effective multiplication factor due to several key nuclides (such as *°U, **U,
Hf, etc.) data uncertainty was calculated and analysed for three operational conditions of the JRR-3M research reactor.
For critical, control rods fully inserted and control rods fully withdrawn conditions, total effective multiplication factor
uncertainties are 660.8x107, 588.5x107° and 708.4x107, respectively. In all operational conditions, the impact of the
fission release neutron energy distribution of **U is the most notable. The study reveals that within hafnium control
rods only the nuclear data uncertainty of '"’Hf plays a major role.
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Fig. 2 Specific quantification process
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Table 1 Comparison of disturbance results of single group elastic scattering cross section of sodium

mean stdev/%
Fiorito L¥! MacFarlane!"”! this article Fiorito L MacFarlane!"” this article
ENDF/B-VII.1 7.94 7.94 7.95 2.44 2.46 2.52
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(a) fully inserted (b) critical (c) fully withdrawn

Fig. 4 Core cross-sections under three operating conditions of control rods
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Fig. 5 Disturbance file number convergence image
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Table 2 Contribution of uncertainty of each nuclide under three working conditions

uncertainty caused by uncertainty caused by uncertainty caused by
working condition ko fuel nuclides/107° coolant and moderator/107 control rod material/10~° total/10°°

7Al U U total 'H °*H 'O °Be total "“Hf "Hf '""Hf "*Hf "Hf ""Hf total

critical condition 1.004 57+0.00008 309.5 67.6 417.0 523.7 346.6 41.6 107.1 59.9 370.0 15.0 15.1 154.7 15.4 22.9 17.3 156.5 660.8

controlrod ) 01 5710.00008 247.5 57.5 309.8 400.7 250.0 46.1 964 602 2785 13.9 17.3 324.7 17.6 40.1 209 320.1 588.5
fully inserted

controlrod 1 57.0.00008 366.7 832 454.5 589.9 3674 443 1004 75.0 3907 132 13.8 13.8 135 140 143 337 7084
fully withdrawn
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B A 44 2R ) 37 R AR TRR-3M AL 14 HP 5 WS ACAER TR 450 DA, i P T3S A T -5 A 93 S T A1, T % 2 [l 3 36 v
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Table 3 Quantitative results of uncertainty for each reaction channel under different operating conditions (107
nuclide reaction channel critical condition control rod fully inserted control rod fully withdrawn
capture 181.5 154.4 237.0
fission 1159 99.5 132.4
sy inelastic scattering 8.3 7.2 8.9
elastic scattering 8.9 8.7 8.2
prompt multiplicity 131.6 116.8 163.9
energy distribution 331.8 220.1 325.4
capture 51.9 46.2 68.8
fission 8.3 7.8 8.2
sy inelastic scattering 36.9 27.1 39.7
elastic scattering 17.0 15.0 20.0
prompt multiplicity 10.1 9.6 9.4
energy distribution 7.8 8.0 8.0
capture 168.3 143.6 219.0
Al elastic scattering 130.9 98.3 127.1
inelastic scattering 2243 176.0 265.3
'Be elastic scattering 42.5 42.8 52.8
inelastic scattering 422 423 53.2
0 elastic scattering 106.7 96.1 100.0
capture 8.8 7.6 8.8
" elastic scattering 188.2 136.6 184.3
capture 291.1 209.4 317.8
. elastic scattering 40.6 45.2 43.6
capture 9.2 9.0 7.9
capture 8.8 8.3 7.6
HE elastic scattering 8.2 7.5 7.7
inelastic scattering 8.9 8.2 7.6
capture 9.5 133 8.0
SHf elastic scattering 8.4 7.8 8.0
inelastic scattering 8.2 7.8 7.8
capture 154.0 3239 8.3
YTHE elastic scattering 12.1 21.6 7.7
inelastic scattering 8.4 7.7 7.9
capture 9.2 13.4 7.6
SHE elastic scattering 8.9 8.1 8.0
inelastic scattering 8.6 8.0 7.8
capture 19.6 383 8.3
"Hf elastic scattering 8.4 9.2 8.0
inelastic scattering 8.3 7.4 7.9
capture 123 17.0 8.3
SO elastic scattering 8.9 8.8 8.4
inelastic scattering 8.3 8.4 8.1
4 & &

A SCHESE T AZRAE 5L 04 52 T Aeoge TH IS B 5 JEE B0 AR AR, OF T IR AR 1 SANDY 1 2 2 7 S5 8 1
AR AT AR, IR AT T HRAIE . ] OpenMC Sz Tt WS HE JRR-3M AOBIFFERERL, I 70 M dhlf 5t 47 il b 4
A AR 3 A T B0 BEAT 1 REE 5 D Y kg AN RE L ALBIESE

WFIE LSRR PR 24 L 5L 4R R 2 =R T rh 25 T AT B AR (R K (708.4x107),
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Fig. 6 Comparison of absorption cross-sections of hafnium in TENDL-2021 library
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