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Effect analysis of beryllium poison on the physics characteristics of reactor core

ZHANG Wenqi LIU Shuiqing MA Liyong LIU Runqi KANG Changhu LIU Peng
(Nuclear Power Institute of China, Chengdu 610041, China)

Abstract  [Background] With the advancement of nuclear technology applications, the demand for irradiation
resources continues to grow. As China’ s primary civilian irradiation platform, optimizing the utilization of in-core
irradiation resources in the minjiang test reactor (MJTR) necessitates precise core physics calculations. Prolonged
operation of the MJTR has led to neutron irradiation-induced accumulation of neutron-absorbing poisons in the
beryllium reflector and control rod followers, which exacerbates deviations in fuel management simulations.
[Purpose] This study aims to quantify the beryllium-derived poison inventory, evaluate its impact on core neutronics,
and mitigate computational inaccuracies. [Methods] The MJTR 28-1 core was selected as the research object. A
dynamic beryllium poison accumulation model was established based on its geometric configuration, operational
characteristics, and beryllium-neutron interaction mechanisms. Then, the Monte Carlo N-Particle (MCNP) code was
applied to neutron transport simulation. Key parameters, including thermal neutron flux distribution uniformity,
reactivity effects, and neutron spectrum hardening in the active core and irradiation channels, were analyzed. Finally,
experimental validation was conducted through cold subcriticality measurements and axial thermal neutron flux
profiling in channels 2# and 4#. [Results] Simulation results show that accumulated beryllium poison leads to a
reactivity difference of 0.032 45 between poison-free and fully decayed scenarios, and spectrum hardening occurs in
the active core and irradiation channels, evidenced by elevated epithermal-to-thermal neutron ratios. Thermal neutron
flux homogeneity improves in the active zone due to enhanced neutron moderation. Cold subcriticality calculation

deviation is reduced to approximately 1.54,,. Simulated axial flux distributions in 2# and 4# channels align closely
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with experimental data, demonstrating the fidelity of beryllium poison accumulation model. [Conclusions]

Incorporating beryllium poison dynamics into core physics simulations significantly enhances computational

accuracy. This refinement enables precise irradiation dose forecasting for samples, thereby improving the operational

safety and economic efficiency of the MJTR. The methodology provides a paradigm for neutronics modeling in

research reactors with beryllium-based components.
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Fig.1 Diagram of the distribution of beryllium in the MJTR
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Fig.2 Diagram of the nuclear reaction chain of beryllium poison °Li & *He
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Table 1 Calculation results of °Li atomic density of poison in reflected beryllium
(2 ‘Li g Btk °Li & Bl ‘Li & (2 ‘Li g
Beryllium  Contentof °Li ~ Beryllium  Contentof ‘Li ~ Beryllium  Contentof°Li ~ Beryllium  Content of ‘Li
/10" n-cm™ /10" n-cm™ /10" n-cm™ /10" n-cm™
Co03 4.79 103 1.50 K16 221 P14 1.38
Co04 3.57 117 1.52 K17 1.11 P21 11.50
D07 2.86 Jo4 2.54 K18 0.91 Ql12 13.00
D08 4.14 Jo5 8.19 K19 1.45 QI3 11.00
D11 4.25 J06 11.60 L05 2.51 Q15 7.33
D12 291 J15 3.31 L06 8.08 R14 2.62
D14 8.00 J16 1.56 LO7 11.50 S14 3.15
E08 8.45 J17 0.98 L16 3.23 S15 3.72
F06 15.30 J18 1.34 L17 1.54 S18 3.52
F07 13.70 K04 1.59 L18 1.05 S19 3.34
F09 11.80 K05 3.79 L19 1.73 S21 6.33
F10 1.92 K06 14.40 MO5 1.74 TI1 5.60
G17 1.84 K07 7.65 M19 19.60 T12 4.97
%2 REEHAEY He 5'HRTHELZ M HHAR

Table 2 Calculation result of the sum of atomic density of *He & *H of the reflected beryllium poison
e ‘He+'H 7 1 UEN ‘He+'H 5 1 e *He+'H 7 i e ‘He+'H 75
Beryllium Content of "He+’H Beryllium Content of ‘He+"H Beryllium Content of ‘He+"H Beryllium Content of *He+'H

/10" n-cm™ /10" n-cm™ /10" n-cm™ /10" n-cm™
C03 0.60 103 0.58 K16 2.43 P14 0.14
Co4 3.66 117 1.10 K17 0.69 P21 16.70
D07 2.94 Jo4 3.40 K18 0.22 Q12 18.70
D08 1.10 J05 13.20 K19 1.04 QI3 15.50
D11 0.63 J06 16.60 L05 3.30 Q15 8.71
D12 0.15 J15 4.10 L06 13.00 R14 2.46
D14 10.40 J16 1.21 LO07 16.20 S14 2.87
E08 12.30 I17 0.34 L16 3.92 S15 0.98
Fo6 21.70 J18 0.58 L17 1.16 S18 0.55
FO7 21.20 K04 1.81 LI18 0.36 S19 0.14
F09 17.80 K05 6.43 L19 0.58 S21 0.40
F10 0.16 K06 25.40 MO5 0.61 TI1 0.53
G17 0.65 K07 11.10 M19 33.30 T12 0.40
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Fig.4 Schematic diagram of the core for MCNP simulation
calculation (color online)
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Table 3 The k,; with different beryllium poison content

s Lifra ‘He 5°H (5 Lk ARG T GuitiRzE
Number Content of °Li Ratio of *He to’H ke Statistical error
1 Free Free 1.020 12 0.000 05
2 Saturation 0:1 1.017 91 0.000 05
3 Saturation 1:9 1.013 53 0.000 05
4 Saturation 1:4 1.009 71 0.000 05
5 Saturation 3:7 1.006 09 0.000 05
6 Saturation 2:3 1.002 84 0.000 05
7 Saturation 1:1 0.999 94 0.000 05
8 Saturation 3:2 0.997 02 0.000 05
9 Saturation 7:3 0.994 43 0.000 05
10 Saturation 4:1 0.992 01 0.000 05
11 Saturation 9:1 0.989 77 0.000 05
12 Saturation 1:0 0.987 67 0.000 05
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Table 4 The calculated and experimental values of cold subcriticality of beryllium poison are considered

BB LIE AL TH5E2 i 1 iz 2

Section Expeiment / §,; Calculation 1/ S, Calculation 2 / B, Deviation 1/, Deviation 2 / §,;
28-1 7.37 4.84 5.86 2.53 1.51

28-2 7.59 5.49 6.02 2.10 1.57

28-3 6.88 4.79 6.10 2.09 0.78

28-4 7.92 6.08 6.28 1.84 1.64
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Fig.6 Effect of beryllium poison accumulation on active zone (color online)
(a) Poison-free, (b) N, :N.,;=0:1, (c) N, ;N =1:1, (d) N, ;N =1:0
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