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Abstract
The Fast neutron fluence is a core parameter for assessing the structural integrity of nuclear reactor
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pressure vessels (RPVs). Carry out research on the covariance matrix construction method that in-
tegrates prior knowledge and expert experience from multiple sources, and preliminarily charac-
terize the uncertainty propagation characteristics of the calculation-measurement process. Spec-
trum adjustment techniques offer an effective means to enhance fluence calculation accuracy and re-
duce uncertainty. This study investigates covariance matrix construction methods that integrate
multi-source prior knowledge and expert experience, systematically characterizing the propagation of
uncertainty throughout the entire calculation-measurement process. A constrained least-squares al-
gorithm minimizing the variance of the objective function was established, forming a best-estimate
neutron spectrum model to achieve the co-optimization of spectrum accuracy and fluence rate uncer-
tainty. Using the H.B. Robinson-2 shielding benchmark experiment as a test case, numerical results
demonstrate: a 5% improvement in calculated reaction rate accuracy, with calculated-to-exper-
imental (C/E) ratios averaging approximately 0.98, and a relative reduction exceeding 15% in fast
neutron fluence rate uncertainty. Spectrum adjustment techniques thus improve the calculation ac-
curacy of the fast neutron fluence while simultaneously reducing its uncertainty, demonstrating
significant application value for high-accuracy RPV lifetime prediction.
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Table 1. Empirical parameters used in prior neutron spectrum uncertainty estimation
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Figure 1. Schematic diagram of the horizontal radial cross-section of the H.B. Robinson-2 reactor
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Table 2. Pre-irradiation measured activation reaction rates and associated Relative Standard Deviations (RSD)
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4 54Fe(n,p)**Mn 3.81E-15 6.16 3.55E-17 6.16
5 46Ti(n,p)*Sc 6.92E-16 6.16 6.55E—18 6.16
6 63Cu(n,a)*Co 3.86E-17 6.72 3.86E-19 6.72
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Figure 2. Multi-group covariance matrix for neutron flux response functions and partial threshold reaction cross sections
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Figure 3. Neutron transport calculation and adjusted neutron energy spectrum at irradiation surveillance capsule and reactor
cavity dosimeter positions
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Table 3. Calculated and adjusted specific activities with C/M ratios at irradiation surveillance capsule positions
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2380 (n,fFP 5.35E+01 4.53E+01 5.00E+01 20.8 53 0.85  0.94 10.53
S8Ni(n,p)®Co  1.79E+04 1.57E+04 1.75E+04 21.0 4.9 0.88 098 11.77
SFe(n,p)**Mn  9.34E+02 8.15E+02 9.11E+02 21.1 52 0.87 098 11.80
Ti(n,p)*Sc  3.50E+02 3.10E+02 3.44E+02 212 5.1 0.89 098 10.86
8Cu(n,a)®Co  2.65E+01 2.37E+01 2.62E+01 212 53 0.90  0.99 10.39

T LR R AT S TR PRI A LUV, X RE RS T AR S EOT R R R T b, 3R 3 ORISR 4
S35 H T R e M e ) T B R AR AR I S B R LU B S TR R S ) & IS B bR .
TR R I B A B A B FAE 5.6%~11.8% 2 (0], S HRIES LLIE BE AN B YEHZ 21.0%28 7 5 )5 B &2
5.0%. [FIRF, VEESNES RN —SMEERI0GE, WBE S RE EFIE 0.98 . R
P B A THERTE 0.7%~11.0%2 [, 55 ERIM 28 Ly A e MR SR 5.5% A4, A 5 SLi0E
[ 22 KB A3 1E 3.0% AN, Fe K ZE AT 8.0%.

GAESSHCRE, ELERINEE EEEAT R ScE 5SS RN SE 8, @F8EITHE
MRS FESE T4 5%, MRZERBIITHE R0, WAEHIIR 0 SEA T RS 7% A,
bR BT AR T E R R R T .

DOI: 10.12677/nst.2026.143007 80 R 5HA


https://doi.org/10.12677/nst.2026.143007

HHE 5

Table 4. Calculated and adjusted specific activities with C/M ratios at reactor cavity dosimeter positions
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54Fe(n,p)**Mn 8.71E+00 8.41E+00  8.76E+00 29.1 5.3 0.97 1.01 4.15
46Ti(n,p)*Sc 3.31E+00 3.31E+00  3.41E+00 29.1 5.2 1.00 1.03 291
83Cu(n,a)*Co 2.65E-01 2.61E-01  2.63E-01 29.2 5.4 0.99 0.99 0.70
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