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Abstract
Accurate irradiation assessment of the reactor pressure vessel (RPV) is critical for reactor life
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extension and the long-term operation of nuclear power plants. Each RPV possesses a unique irra-
diation history, necessitating a multitude of transport calculations. The inefficiency of traditional
methods prevents rapid recalculation for every operating conditions. This paper establishes a real-
time detector response calculation framework, referred to as Adjoint Detector Response Function
(ADRF) methodology. The ADRF coefficients are pre-calculated through a series of adjoint calcula-
tions with the First-Collision Source (FCS) technique. These coefficients are linearly combined with
neutron source distributions from the ARES system. Results demonstrate that the ADRF method re-
produces full transport results within 2%, while reducing computational time by several orders of
magnitude. The methodology provides a high-fidelity alternative for real-time RPV dosimetry, ena-
bling next generation online monitoring systems.
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Figure 1. The execution process of the ADRF methodology
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Figure 2. Geometric model of the simplified test model problem
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Figure 3. Adjoint flux distribution under four solution conditions
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Figure 7. Microscopic cross section of important nuclides
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Figure 8. Impact of coolant density on ADRF coefficients
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Figure 9. Schematic sketch of the H.B.Robinson-2 reactor
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Figure 10. Neutron source strength distribution of the H.B.Robinson-2 core midplane
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Table 1. Detector response comparison in capsule ADRF methodology and ARES forward calculations

= 1. ERIEEENE TR RS HNE X3t

8 PRI A5 2HA R WaRvS R AR B/ (n/s) FEXT IR ZE/(%)
ADRF J7i% 1.50E+11 —0.80%
*¥Ni(n,p)**Co W
1E iz 1.51E+11 Ref.
ADRF 75 1.09E+11 —-0.64%
Fe(n,p)>**Mn .
N . 1Ll 4is 1.09E+11 Ref.
R —
ADREF 75 2.00E+10 -0.02%
4Ti(n,p)*Sc W
1E iz 2.00E+10 Ref.
ADRF J7i% 1.14E+09 0.40%
9Cu(n,a)®Co .
NGk e 1.14E+09 Ref.
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Table 2. Detector response comparison in cavity ADRF methodology and ARES forward calculations

2. A E RN ER AN R X EE

A E BRI A% RARC: WARA RN A3 AH N/ (n/s) AR Z2/(%)
ADRF J5i% 3.07E+08 —0.61%
3¥Ni(n,p)**Co .
Emfiis 3.05E+08 Ref.
ADRF J5i% 2.06E+08 -0.73%
*4Fe(n,p)**Mn .
s IEmfiis 2.07E+08 Ref.
- . ADRF J7i% 3.80E+07 ~0.77%
4Ti(n,p)*Sc .
IEmfiis 3.83E+07 Ref.
ADRF J5i% 2.39E+06 -0.50%

Cu(n,a)*°Co .
IEmfiiz 2.41E+06 Ref.
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Table 3. The specific activity in the capsule
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Table 4. The specific activity in the cavity
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Table 5. Comparison of computational efficiency between traditional transport methods and the ADRF method
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