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ABSTRACT During the transportation of components related to nuclear materials, accidental chemical explosions
may occur, resulting in the release of radionuclides. Effective decision-making during nuclear transport accidents,
especially in cases with incomplete source information and a complex terrain, requires the rapid prediction of
changes in radionuclide concentration. This paper proposes a method for predicting the concentration of
radionuclides resulting from nuclear transport explosion accidents based on stacked long short-term memory
(LSTM) networks. Specifically, this study considered plutonium-containing explosive transport and chemical
explosion accidents under the pad surface of a hill as a research scenario. The diffusion data of radionuclide Pu-239
were simulated using the computational fluid dynamics (CFD) software OpenFOAM. Nuclide concentration and
meteorological time series data of a specific area were selected for stacked LSTM network training and prediction
based on geographical characteristics and population density. The proposed model, optimized using grid search, can
stably achieve a mean absolute percentage error (MAPE) of less than 5% within 150 iterations for Pu-239 nuclide
concentration prediction. The model is highly efficient and has significant practical value for use in nuclear
emergencies.

KEYWORDS Nuclear emergency, Chemical explosion accident, Nuclear transport, Radionuclide concentration
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Fig.5 Horizontal distribution of Pu-239 concentration at different time (in the XY plane where Z=200 m) (color online)
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] /s W/ (Bq-m™) AHX He 5 / Pa XEHRGE / (mes™)  YHRGE / (m-s™)  ZHHXGE / (m-s™)
Time Concentration Relative pressure Wind speed-X Wind speed-Y Wind speed-Z
780 19.187 11 0.3369 06 0.300 333 1.239 889 0.040 355
785 20.816 61 0.3372 67 0.300 599 1.239 967 0.040 489
790 22.555 58 0.3376 52 0.300 872 1.240 033 0.040 625
795 24.408 33 0.3379 43 0.301 149 1.240 111 0.040 765
800 26.379 01 0.3381 82 0.301 429 1.240 167 0.040 907
805 28.471 60 0.3384 76 0.301 714 1.240 178 0.041 052
810 30.689 79 0.3386 63 0.301 996 1.240 189 0.041 199
815 33.036 92 0.3387 99 0.302 280 1.240 167 0.041 349
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Table 2 Model performance comparison based on grid search

EIERZE PR E [ (Bqrm®) SRR E 4 R ZE / (Bqrm™)
Dense layers MAE MAPE
LSTM 244 2 4 6 8 2 4 6 8
LSTM layers
Bt H=4 1 20.348 7 31.0695 36.8742 38.7863 16.6075 262465 299828 31.631
Units =4 2 23.6207 199866  29.247 40.3583  19.5629 16.6096 25.0294 333101
3 12.362 4.045 3 4.029 153465 104334 35141 32834 12756 7
LSTRAG 1 10.0474  29.505 73704 12.7756 8.5831 249296 6.3148  10.769 6
Units = 8 2 13.893 8 6.8857 82543 184029 11.8568 5.804 6 7.1721 152397
3 172515  18.299 11.0669 27.2153 15.0289 155683 9.002 23.059 8
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Lk
EEEER CPRLRE / (Bq-m?) SERILRT H 4y LR % / (Bq-m™)
Dense layers MAE MAPE
HouHi=16 1 5.6187 8.7275 4.1879 9.5503 4.7557 7.6393 3.576 9 9.994 5
Units = 16 2 3.4814 5.687 8 5.962 6 1.8129 2.9497 4.9235 3.998 8 1.561 6
3 4.682 3 9.550 5 6.833 6 4.498 1 39215 8.2717 57137 52383
HouH=32 1 10.564 5 5.629 7 9.15 7.836 8 9.292 4.9057 8.067 8 6.929 4
Units = 32 2 7.204 4 38731 9.700 5 6.573 2 5.929 33576 8.5206 5.676 6
3 8.945 11.3345 33357 102495 7.743 9 9.892°5 2.789 8 8.959 6
HotHi=64 1 4.863 7 8.404 5 7.964 3 5.6355 4.080 8 7.2812 6.771 9 4.728
Units = 16 2 6.128 7.228 8 7.526 5.033 1 5.1316 63115 6.3459 43526
3 6.6104 10.8303 9.958 9 3.846 1 5.6433 9.118 4 8.6819 2.523 4
23 TR R SOBAL S R
Table 3 Model running time comparison based on grid search
A5 E# Dense layers [ 8] /ms Time
LSTM % 2 4 6 8
LSTM layers
Bt H=4 1 2 886 4 645 6284 8990
Units = 4 2 3049 4697 6216 8952
3 2971 4663 6326 8779
HITH=8 1 3005 4813 6411 9167
Units = 8 2 3070 4812 6 543 9231
3 3054 4871 6617 9277
HouHi=16 1 3464 5673 7718 16 380
Units = 16 2 3396 5655 7781 18 768
3 3349 5685 9670 17 667
FITH=32 1 162 171 225290 247 738 436 999
Units = 32 2 184 227 206 015 254 425 438 195
3 197 060 210 831 263 081 425058
HotHi=64 1 208 019 214 643 420245 427 670
Units = 64 2 204 623 215532 421523 431274
3 210 504 215 880 419 631 433215
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Fig.8 Nuclide concentration in area A and area B
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Table 4 Specific values of test set prediction results and true values in area A and area B

X1 A Area A X1 B Area B

IS ) / s FRIIAE / (Bq-m™) CFDAEME / (Bq-m™) AHX1RZE / % N i) / s FE / (Bq-m™) CFD #HME / (Bq-m™) AHXF %% / %

Time Prediction CFD simulation Relative error Time  Prediction CFD simulation Relative error
1620 142.495 140.667 1.30 380 49.901 9 50.252 4 0.70
1625 138.726 136.552 1.59 385 48.715 49.076 1 0.74
1630 134.597 132.323 1.72 390 47.4873 47.8756 0.81
1635 130.188 127.99 1.72 395 46.2115 46.648 9 0.94
1640 125.486 123.565 1.55 400 44.899 5 45401 2 1.11
1645 120.343 119.061 1.08 405 43.5353 44.1395 1.37
1650 114.843 114.492 0.31 410 42.123 8 42.870 4 1.74
1655 109.237 109.875 0.58 415 40.691 3 41.598 7 2.18
1660 103.74 105.223 1.41 420 39.2552 40.3272 2.66
1665 98.089 100.557 2.45 425 37.858 8 39.060 2 3.08
1670  92.5631 95.8882 3.47 430 36.6725 37.801 1 2.99
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