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Prediction of radionuclide dispersion concentration based on TCN-BiLSTM model

WANG Xiaoxiao” YANG Zihui* Al Yuxing®’
MO Ziwen'? YUAN Zhenhao'?

LI Yuchen™
LI Taosheng’

'(College of Physics and Electronic Engineering, Huaibei Normal University, Huaibei 235000, China)

*(Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)

*(Science Island Branch, University of Science and Technology of China, Hefei 230026, China)

ABSTRACT To meet the demand for rapid prediction of radionuclide dispersion in nuclear emergency response,

this study proposes a hybrid TCN-BiLSTM model for fast concentration forecasting. Temporal features are extracted

by the TCN,while bidirectional dependencies are captured by the BILSTM. Training data are generated using realistic

terrain and meteorological inputs with a Lagrangian dispersion model. The model is validated on the Kincaid SF,

tracer experiment dataset in Illinois, USA, and further applied to a simulated "“’Cs release case.Results show that

prediction errors remain below 2%,and compared with a standalone TCN,the hybrid model reduces MAE and RMSE

by 29.7% and 33.3%, respectively, demonstrating its efficiency and accuracy for rapid radionuclide dispersion

prediction.

KEYWORDS Temporal convolutional network, Bidirectional long short-term memory, Radionuclide atmospheric

dispersion, Concentration prediction
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Fig.1 Flowchart of radionuclide concentration calculation
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Fig.2 TCN-BiLSTM hybrid neural network model: (a) TCN; (b) BiLSTM; (¢) TCN-BiLSTM
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Fig.3 Flowchart for predicting nuclide concentration based on TCN-BiLSTM hybrid neural network model
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Table 1 Results of grid search on selected hyperparameters

HRE MAE RMSE MAPE / % SMAPE / %

B

Filters
BiLSTM .44 64 128 256 64 128 256 64 128 256 64 128 256
BiLSTM units
2 2] %=0.001 32 313 342 311 487 394 374 5.1 54 2.8 4.14 4.4 3.8
learning_rate=0.001 64 330 220 349 423 292 398 57 2.9 4.8 4.24 2.8 4.4

128 837 9.07 951 915 941 9.62 132 17.4 9.4 10.8 15.0 8.8
23] %=0.000 5 32 362 3.66 350 371 390 391 59 5.8 4.6 4.8 4.5 5.1
learning_rate=0.0005 64 344 281 355 399 289 449 53 3.1 5.7 4.8 2.9 4.5

128 455 399 361 584 414 561 57 5.2 5.5 4.9 4.4 4.5
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Table 2 Hyperparameter settings

S K {51 HZH {1
Hyperparameter ~ Value Hyperparameter ~ Value
SRS 0.001 | BB/ 4
Learning_rate Kernel size
GRUEIER 64 ik R % (1,2,4,8)
Filters Dilations
e A/C 200 BILSTM #4128
Epochs BiLSTM units
(i) 16 Dropout 0.3
Batch_size

2 MK EA

2.1 ETRELEHEEMTIBENEIE
A5G TCN-BILSTM A% B 72 AN [F] 37 5 26 14 R

R FHIN 5 5, A S B Kincaid 28 854 7 %
3347 AR 5 % H 42 #T . Kincaid B 4 S256 2 26 [H
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7%, BEREAWR 3 PR,

% 3 Kincaid 3R 4ER )
Table 3 Example from the Kincaid dataset

i 7] W /(%) JRGH /1 HEGEZ /(g™ WIZ / (ngem™)
Time Wind direction Wind speed Emission rate Concentration
1980-4-20-14:00 29 12 10.2 0.748
1980-4-20-15:00 29 14 8.2 0.442
1980-4-25-12:00 30 11.2 1.854
1980-4-25-13:00 20 11.2 0.599
1980-4-25-14:00 1 11.3 1.540
1980-4-25-15:00 31 10 11.1 1.300

P4 527% T Kincaid M S8 5 K FEAR 1053 1
WL, PER T S AR I, A A
.

80

0 05 10 15 20 25 30 35 4.0
Concentration / (ug-m-2)

4 KREHEITHE

Fig.4 Concentration histogram
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B, BREARMKEX AL, HAR X FAC2 Y
REFE0.9 LA E, HRHIEH 1.0, RUBAAE
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Fig.5 Scatter plot of TCN-BiLSTM model predictions
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Fig.6 Quantile-quantile plot
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Table 4 Comparison Results of different models

it MAE RMSE MAPE/% SMAPE/% WRMSE Log- P,/ % FAC2 FB NMSE
Model RMSE

ARIMA 047 051 487.88 92.76 0.45 2.15 2981 034 056 035
TCN 0.12  0.19 100.35 37.94 0.30 1.57 2399 082 007 023
BiLSTM 0.11  0.12 60.85 27.68 0.18 1.52 17.89  0.93 0.13  0.09
CNN-BiLSTM ~ 0.10  0.14 68.26 31.30 0.21 1.45 2296 090 0.4  0.13
TCN-BiLSTM ~ 0.09  0.12 52.54 32.19 0.18 1.72 2007 092  0.15 0.10

22 FELVCs RS

ASCHE BT AS HE B A% Wit ) Hk i 14 9 kmx
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BRI JE o3, A FE KRR, iR
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Fig.8 County topography (color online)
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GGG, EHC T — AN 9 200 mx200 m (1) X 45
BEAT T, % RS AL bR A (6,18), T 9 Fim o
PR 4% 8 12 I LRI o N R A AR A, R
]y XUHRHHI T B[R] 25 R A% 2 FE B A i N AR
B, N IR R O P A B R O A S
Wi, BIEILH 34155, BARFEAWR S PR,

2 AR R LA RIS (B e, g5 Rk 6
FiR o RIS 8] 254K 3ok 40 A 6 70 20 i HE B 1 4Kt
)0 Kot K T B0 B DR )20 K1 e
J95, RIS RS 43 0 F00 45t FH 12 M 00 AP I 5 A BT [A]
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9 WHFEX K
Fig. 9 Location of the study area

x5 CsHHIRBEY LR =B
Table 5 Example of simulated *’Cs leak data

e (1] K /() Kk /5 WREE/ (Bqrm™))

Time Wind Wind Concentration
direction speed

2010-01-10 23.0 10 196.50

2010-01-11 26.5 12 240.27

2010-01-15 6.5 9 235.66

2010-01-21 5.5 13 180.52

221 LG EHERTHESERAH

5 F TCN-BiLSTM [ /U 14 4% 2% ok B T ) A
R, KB R Y Cs R R AT T, B 10
() F(b) 7 T ASEALL AR B AN TR FE 1 3 AT A T
R S AR AL 7 Cs RS 11 TN &5 SR a0 P 11 Fro, T
DA 5 A S AR H B, R 6 T 35 8 A A5 4
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FAE, EER R HIE S S RSl 45 R — 2,

KUV TN LB, BT RAFIINATCR

R 6 PURERI P RER
Table 6 Grid search results for time step setting
IS (8] 2K Time_steps MAE RMSE MAPE / % SMAPE / %
3 2.93 3.04 33 3.6
5 2.20 2.92 29 2.8
7 3.06 3.49 425 3.56
9 2.99 3.92 3.61 3.57
9 - 9 -
8 - 8 -
400
7 1=
350
6 = 6 - «",“
300 E
5 - 5 - 3
£ £ 250 E
> 4 - S 200 2
s
3 5 150 @
5
o o 5 - 100 O
50
1- 1 -
0
0~ . ! . . o0
0 1 2 3 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

4
X/ km
(a) Simulated concentration

X/ km
(b) Predicted concentration

10 BZEIRFL A B ORI 25 O

Fig.10 Radionuclide concentration distribution heatmap (color online)
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Fig.11 Actual vs. predicted values for different models (color online)
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Table 7 Evaluation metrics of different models
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Table 8 Monte Carlo cross-validation results

7 Model MAE RMSE MAPE/% SMAPE/% n_iterations MAE RMSE SMAPE MAPE
TCN 313 438 45 4.1 1 192 246  1.8% 1.8%
LSTM 21.65 2526  18.1 16.7 2 171 241 1.9% 1.9%
BiLSTM 23.09 27.69  19.1 17.7

CNN-LSTM 421 518 45 45 100 201 267  21% 2.0%
CNN-BiLSTM  4.04  5.04 5.4 43 P Mean value 198 231 22 32

TCN-BiLSTM 220  2.92 2.9 2.8 95% B A5 X [A] £043 £051 £037 +048

95% confidence interval
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Fig.13  Error distribution in cross-validation
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