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Uncertainty of neutron activation calculation based on direct
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Abstract  [Background] In the neutron activation calculation, the inherent uncertainty of the input nuclear data
will cause a certain impact on the calculation results. The uncertainty of the calculation results plays an important role
in the source term analysis and radiation shielding design of nuclear facilities. [Purpose] This study aims to analyze
the uncertainty of neutron activation calculation based on direct derivative method. [Methods] Firstly, the direct
derivation method and Gear algorithm for uncertainty analysis were investigated, and the activation coefficient matrix
and sensitivity coefficient matrix were constructed. Then, the Gear algorithm was employed to solve the activation
equation and sensitivity equation simultaneously, and the sensitivity coefficient of nuclide inventory to nuclear data
was obtained. The relative uncertainty of nuclide inventory was obtained by combining the relative uncertainty of

nuclear data. Finally, This method was integrated into the neutron activation program ABURN, and typical examples
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was selected to test and verify its performance. [Results] The calculation results of the nuclide inventory and its

sensitivity coefficient and relative uncertainty by the ABURN program have little deviation from the analytical

solution and the numerical solution of the European activation program FISPACT, most of the deviations do not

exceed 0.2%, and the maximum deviation does not exceed 1%. [Conclusions] Verification results show that the

method and procedure developed in this paper have the ability to analyze the sensitivity and uncertainty of nuclide

inventory with high precision, and can provide tools and data support for the radiation protection of nuclear facilities

and the source term analysis.
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Table 1 Comparison of nuclide inventory results of *"Fe decay calculation

R AR Ly ABURN i 518 FEXT R 22
Nuclide name Analytical solution / atoms ABURN calculation result / atoms  Relative error / %
“"Fe 9.967 918x10° 9.970 978x10° 0.030 699

“Fe 8.166 458x10" 8.166 463x10" 0.000 061

*Mn 9.999 184x10" 9.999 184x10" 0

*Cr 3.706 978x10’ 3.706 977x10° -0.000 018
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Table 2 Comparison of nuclide inventory sensitivity coefficient results of *"Fe decay calculation

¥ L fEtiT ABURN it 54 HAXS R 22
Nuclide name Analytical solution / atoms ABURN calculation result / atoms  Relative error / %
S"Fe -3.223 940%x10' -3.223 745%10 -0.006 054

“Fe -4.350758%10"" -4.350 760x10™" 0.000 039

*Mn 3.553318%107° 3.547 085%107 -0.175 425

“Cr 3.578 522x10 3.578 498x107 -0.000 668
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Table 3 Comparison of nuclide inventory relative uncertainty results of *"Fe decay calculation

PR AR fE BT A ABURN {58 AHXS R 2

Nuclide name Analytical solution / atoms ABURN calculation result / atoms ~ Relative error / %

P"Fe -3.748 769x10™"' -3.748 542x10™" -0.006 054

“Fe -5.059 023x107 -5.059 02510 0.000 039

*Mn 4.131 767x107 4.124 519%x107 -0.175 425

*Cr 4.161 073x10™ 4.161 045x10™ -0.000 668
0 (stable) — (ny: 6.60189 x 10°°b) — I 2 A7 40 1074, b AR RIS [0 1 a, o T
7O (stable) — (n,y: 1.184 99 x 10""b) — BHEEN10% cm™ s o UK O 4 "0 1
"O(stable) — (n,y:5.426 13 x 107°b) — AT » JEADRT AN 2 0 5,430 972 x 107!, B3
PO(f,1.57788 x 107s) ARG R U R B AN E B TR R
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Table 4 Comparison of nuclide inventory results of 'O activation calculation

R AR T it ABURN i1 58 HART 1R 2
Nuclide name Analytical solution / atoms ABURN calculation result / atoms ~ Relative error / %
0 9.999 979x10" 9.999 979x10" 0.000 000

0 2.083 392x10" 2.083 392x10" 0.000 004

*0 3.895 470x10° 3.895 470x10° 0.000 003

“0 1.625 481x10° 1.625 481x10° -0.000 003
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Table 5 Comparison of nuclide inventory sensitivity coefficient results of '°O activation calculation

¥ L fEiT R ABURN 11518 FEXS R 22
Nuclide name Analytical solution / atoms ABURN calculation result / atoms ~ Relative error / %
0 -2.083 398x10°° -2.083 398x10°° 0.000 001

0 9.999 990x10™" 9.999 989x10"' -0.000 002

0 9.999 993x10™ 9.999 993x10™ -0.000 002

0 9.999 994x10™ 9.999 994x10™ -0.000 002
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Table 6 Comparison of nuclide inventory relative uncertainty results of '°O activation calculation

R AR AT it ABURN i 58 FHXT R 22
Nuclide name Analytical solution / atoms ABURN calculation result / atoms ~ Relative error / %
0 -1.131 488x10™ -1.131 488%10°° 0.000 001

e 5.430 966x10™ 5.430 966x10™ -0.000 002

"0 5.430 968x10™ 5.430 968x10™ -0.000 002

"0 5.430 969x10™ 5.430 969x10™ -0.000 002
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Table 7 Comparison of nuclide inventory results of nature Fe activation calculation

¥ E 2N FISPACT 154 ABURN 58 HAXTR 2
Nuclide name  FISPACT calculation result / atoms ~ ABURN calculation result / atoms Relative error / %
*CR 5.420 000x10* 5.422 275x10™ 0.041 970

Y% 1.496 560x10" 1.496 552x10" -0.000 561

*Sc 1.607 610x10° 1.611 207x10° 0.223 736

*Sc-m 7.174 480x10° 7.190 589x10° 0.224 538

*Ti 2.019 730x10" 2.024 272x10" 0.224 896

“Ar 4.299 090x10° 4.308 789x10° 0.225 606

K 3.654 510x10° 3.663 002x10° 0.232 365

YCa 3.754 670x10" 3.763 383x10" 0.232 063

“Sc 9.145 860x10° 9.180 006x10° 0.373 348

“Ti 6.375 080x10' 6.418 506x10' 0.681 177

R8 RAKBEUERERRRGFEHRMRETELE R
Table 8 Comparison of nuclide inventory sensitivity coefficient results of nature Fe activation calculation

R AR FISPACT i1 5 {H ABURN 1518 FHRT IR
Nuclide name  FISPACT calculation result / atoms ~ ABURN calculation result / atoms Relative error / %
“CR 7.099 000x107* 7.098 079x107* -0.012 974

Y 7.080 000x107* 7.079 479x107* -0.007 357

*Sc¢ 5.935000x107* 5.946 874x107° 0.200 066

*Sc-m 5.939 000x107* 5.946 873x107° 0.132 564

*Ti 5.939 000x10°* 5.946 873x10°° 0.132 564

“Ar 5.937 000x10°* 5.945412x10°° 0.141 688

K 5.937 000x10°° 5.945 406x10°° 0.141 588

Ca 5.937 000x10°° 5.945 406x107° 0.141 587

“Sc 3.281 000x10°° 3.284315x10°° 0.101 030

“Ti 1.457 000107 1.465 072x10° 0.554 015

T RARERIE A HE L, DL FISPACT-2007 #2 /57
THE S BAE N EL B vE , ABURN FE i 5 311
MBI R R R AR 225 0.681 177% BUSE 2506
B KR ZE N 0.554 015% A8 X ANH E B 1 e KR 22
790.571 268%, = %252 HH T FISPACT #2 /7 1% FH i) 24
BV 7 N BR B R E T V45 6 T 5 i = K

T AL B, 5 ABURN 2 17 3% Fl () Gear 515 1011
SR A — 2, 7 H FISPACT 2 7 & % T ik
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Table 9 Comparison of nuclide inventory relative uncertainty results of nature Fe activation calculation

(AN FISPACT i1 .18 ABURN i 518 HIHR 2
Nuclide name FISPACT calculation result / atoms ~ABURN calculation result / atoms  Relative error / %
“CR 1.419 800x10°* 1.419 616107 -0.012 974
Y 1.416 100x10°* 1.415 896x10° -0.014 420
*Sc 1.186 900x10°* 1.189 37510 0.208 510
*Sc-m 1.187 800x107* 1.189 375107 0.132 564
*Ti 1.187 800x10°* 1.189 37510 0.132 564
“Ar 1.187 500107 1.189 082x107* 0.133 255
K 1.187 500107 1.189 081x107° 0.133 154
YCa 1.187 500107 1.189 081x10 0.133 154
*Sc 6.561 400x107° 6.568 630x107° 0.110 185
“Ti 2.913 500107 2.930 144x10 0.571 268
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Fig.1 Network diagram of nuclear reaction
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