Nuclear Science and Technology %22 53R, 2015, 3, 1-8 Hans )i
Published Online January 2015 in Hans. http://www.hanspub.org/journal/nst

http://dx.doi.org/10.12677/nst.2015.31001

Study on Primary Shielding Calculation
Based on PWR Power Plant

Hui Li, Mengqi Wang, Chunmei Xia, Qiliang Mei

Shanghai Nuclear Engineering Research and Design Institute, Shanghai
Email: lihui@snerdi.com.cn

Received: Nov. 18th, 2014; revised: Dec. 20th, 2014; accepted: Jan. an, 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Open Access

Abstract

The primary shielding calculation based on 3D PIN-BY-PIN power distribution of the whole reac-
tor core is one of the most important and difficult problems for the radiation shielding design of a
nuclear power plant, and it is a typical deep penetration problem with complex source and geo-
metry. Using the three-dimensional Monte Carlo code and two-dimensional Discrete Ordinate
code DORT, this paper performs a detailed comparison of the primary shielding design results of
AP1000. To solve the deep penetration problem of the Monte Carlo code, and to obtain reliable
results, the surface source bootstrapping calculation function of the Monte Carlo code is studied.
Numerical results demonstrate that the surface source bootstrapping calculation function of the
Monte Carlo code is a very effective method to solve the deep penetration problem. And the com-
parison results indicate that distributions of fast neutron, middle-range energy neutron and
gamma ray agree well. But the result of thermal neutron calculated by DORT is smaller than that
of the Monte Carlo code, especially in primary concrete shield wall. The difference between the
results of the above two methods mainly comes from the difference of the cross-section libraries.
The surface source bootstrapping calculation method of the Monte Carlo code and the conclusion
of AP1000 primary shielding are valuable for the practical nuclear power project.
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Figure 1. Schematic diagram of the Monte Carlo code bootstrapping
calculation
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Figure 2. Schematic diagram of pressurized water reactor
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Figure 3. Schematic diagram of power distribution
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Figure 4. Neutron and photon azimuthal flux distribution at the inner
surface of the primary shielding wall
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Figure 5. Normalized axial distribution factor at the inner surface of the primary shiel-
ding wall
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Figure 6. Flux spectrum of neutron and photon at the primary shielding wall inner face
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Figure 7. Radial neutron (E > 0.625 eV) flux distribution nearby azimuthal 0°
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Figure 8. Radial neutron (E < 0.625eV) flux distribution nearby azimuthal 0°
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Figure 9. Radial distribution of photon flux
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