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Comparison of two atmospheric dispersion models in Small-Scale dispersion modeling at nuclear power plant sites. WANG
Zhao-yang', DONG Xin-wen’, YANG Li', XU Yu-han?, FANG Sheng? LI Xin-peng'”, CHEN Yi-xue' (1.School of Nuclear Science
and Engineering, North China Electric Power University, Beijing 102206, China; 2.Institute of Nuclear and New Energy Technology,
Tsinghua University, Beijing 100084, China). China Environmental Science, 2025,45(7): 3667~3680

Abstract: This study evaluated the small-scale atmospheric dispersion performance of the Micro-SWIFT SPRAY (MSS) model and
the GPU-accelerated QES model (GPU-QES) in the complex environment of a nuclear power plant site. Based on wind tunnel
experimental data from the Sanmen Nuclear Power Plant, two typical wind direction dispersion scenarios were simulated by both
models, and the results were compared in terms of wind field and concentration field predictions, including horizontal ground-level
wind and concentration fields, as well as vertical wind speed and concentration profiles. The results indicated that GPU-QES
outperformed MSS in wind speed prediction, especially in the areas between buildings, where the underestimation of wind speed is
reduced by about 53%. Furthermore, GPU-QES simulated the three-dimensional wind field 450times faster than MSS, generating
wind data over a 9km?® area with 35million grid points in just 4s. In plume dispersion prediction, high-concentration areas were
effectively reproduced by both models, but GPU-QES showed higher consistency with actual values in low-concentration regions.
Statistical analysis revealed that both models meet internationally accepted model criteria. However, higher simulation accuracy was
demonstrated by GPU-QES in most metrics, especially in the building ground area, where the fraction of predictions within a factor
of two of the observations (FAC2) was 4.5% higher than that of MSS. Additionally, due to differences in the dispersion behavior
behind buildings between MSS and GPU-QES, simulation accuracy was improved by averaging the results of both models
(FAC2reached 71.8%). On the other hand, due to differences in concentration calculation methods, GPU-QES generated the plume
approximately 48times faster than MSS. Therefore, a clear advantage was shown by GPU-QES over MSS in nuclear emergency
response scenarios that required rapid and accurate predictions.

Key words: MSS model; GPU-QES model; Lagrangian particle dispersion; wind tunnel experiment; 3D wind field and concentration

field prediction; small-scale modeling
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Table 2  Statistical metrics for concentration measurement

dots over the whole domain

ESE WNW
GPU-QES MSS  “¥¥% GPU-QES MSS A5
FAC2 0.638 0.597  0.718 0.358 0.321  0.329

FAC5 0.884 0.885  0.909 0.803 0.817  0.825
MG 1.246 1.909 1372 1.026 1.467 1.156
VG 4.992 3.740  3.103 11.182 7.769  7.466

MRE 1.001 0.525  0.640 3.668 2304  2.835

FOEX (%) -3.710 -3245 -13.98 -8.394 -15.94 -7.971
*3 EBREARENSFIHER

Table 3  Statistical metrics for concentration measurement

dots above the buildings

ESE WNW

GPU-QES MSS SP¥) GPU-QES  MSS S
FAC2 0.618 0.633  0.675 0.481 0370 0.329
FACS5 0.828 0.810  0.818 0.815 0.817  0.741
MG 1.594 2,154 1.697 1.296 1.467  1.145
VG 31.089  11.036 13.185  74.424 7769 13.151
MRE 1.117 0.593  0.745 5.080 2304 2757

F4 BERHEKENSFKITHER
Table 4 Statistical metrics for concentration measurement

dots on the building ground

ESE WNW
GPU-QES MSS  “F¥J  GPU-QES MSS Ty
FAC2 0.640 0.595  0.733 0.327 0.309  0.300
FAC5 0.903 0912 0.946 0.800 0.836  0.836
MG 1.141 1.813  1.259 0.968 1.471 1.129
VG 2.603 2.489  1.820 7.023 6.827  6.276
MRE 0.973 0.498  0.605 3.321 2.193  2.699
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