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SUMMARY 

The use of ANS neural networks in statistical modeling of radioactinide activity prediction 
are highly effective. Using both of radiocesium and radiostrontium as input parameters has 
several advantages: in man-made pollution their content is higher than the content of 
transuranic radionuclides; they are more sensitive indicators of vertical and surface transport; 
their identification requires less expensive and more accessible analytics. The incorporation 
in the statistical model such a qualitative indicator “sampling layer” significantly improves 
the reliability of the initial data. It takes into account the high spatial migration ability of 
cesium-137 and strontium-90 that provides 98-99% efficiency of the regression model. 
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Introduction 
 
One of the most important tasks of radioecological monitoring is to obtain reliable predictive 
estimates of the distribution and dynamics of radioactive contamination. For radioactive waste 
disposal sites in the Chernobyl Exclusion Zone, this problem is key, given the need to monitor many 
sites of preserved and hidden objects with significant total radioactive waste activity, estimated in the 
range of values from 2.6×1015 Bq to 7.4×1017 Bq (Bugai et al., 2022; Kovalenko et al., 2021; Vyzhva 
et al., 2018). The greatest hazard is posed by man-made radionuclides (90Sr, 137Cs, 239+240Pu, 241Am), 
the distribution of which in the environment is extremely variable, and the activity of pre-uranium 
elements significantly exceeds the activity of transuranium elements (radioactinoids). This feature 
makes the identification of strontium-90 and cesium-137 much easier than the detection of 
radioisotopes of plutonium and americium. The aim of the study is to obtain a reliable statistical 
model that would allow to predict the activity of such radiotoxicants as plutonium and americium 
using the known content of radiocesium and radiostrontium. 
 
Object of study. Data on the density of radionuclide contamination of soils were obtained from layer-
by-layer sampling at 10 sites of the internal (radioactive waste disposal point (RWDP "Buryakivka") 
and external (RWDP "Pidlishny") perimeters of the control objects of the Chernobyl Exclusion Zone. 
The observation period was 2018-2023. 
 
Method and Theory 
 
Sampling method. Samples were taken at depths of 0-5, 5-10, 10-20, 20-30, 30-40 and 40-50 cm. In 
2022, due to equipment damage as a result of the russian Federation's military aggression against 
Ukraine, the determination of the density of 238Pu and 239+240Pu contamination was not carried out, and 
241Am was measured only in layers 0-5, 5-10 and 10-20 cm. Sampling was carried out using the 
"envelope" method - five injections (at the corners and in the center) over an area of 25 m² using a 
cylindrical sampler with a diameter of 50 mm. The samples obtained from one depth interval were 
combined into a single mixed sample. 
 
Modeling. Statistical prediction was performed based on ANS (Automated Network Search). This 
allowed us to use the computational power of neural networks to find the best regression 
approximation, which can also operate on both quantitative and qualitative variables. The neural 
network was trained using a sample of data on the activity of radionuclides (90Sr, 137Cs, 239+240Pu, 
241Am) at two sites of the RWDP "Buryakivka" and "Pidlishny". The sample size consisted of 36 
measurements of each radionuclide, which were grouped into the corresponding horizontal layers (0-5 
cm, 0-20 cm, 0-50 cm). 
 
Results 
Regression by ANS neural networks (Table 1) allowed to achieve high predictive ability to predict the 
activity of radioactinoids by the content of cesium and strontium, which gave a convergence of model 
and measured values at the level of 98 to 99% (Fig. 1). 
 
Table 1 Summary of active networks. 

Input data Prediction 
variable Net. name Training 

algorithm 
Error 

function 
Hidden 

activation 
Output 

activation 
Training & 

Test perfomance 
90Sr 

137Cs 
mixed sample 
horizon (0-5 
cm, 0-20 cm, 

0-50 cm) 

238Pu MLP 5-10-1 BFGS 55 SOS Exponential Exponential 0,988718 
0,998794 

239+240Pu MLP 5-8-1 BFGS 71 SOS Logistic Exponential 0,987663 
0,999944 

241Am MLP 5-7-1 BFGS 10 SOS Identity Logistic 0,977558 
0,982933 
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The smallest deviations of the predicted values of the sought indicators from the measured ones, for 
all target indicators (238Pu, 239+240Pu, 241Am) are located in the region of the upper sampling layer (0-5 
cm), which is also represented by low activities. They form a clustered field of figurative activity 
points. The similarity of the configuration of the points of plutonium regressors with each other (Fig. 
1a and Fig. 1b) and their difference from the americium pattern (Fig. 1c), which is mainly formed by a 
subsampling of the horizon 0-50 cm, is noticeable. 
. 

-40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260
Pu-238 (Target)

-40

-20

0

20

40

60

80

100

120

140

160

180

200

220

240

Pu
-2

38
 (O

ut
pu

t)

 
-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650

Pu239+240 (Target)

-100

-50

0

50

100

150

200

250

300

350

400

450

500

550

600

Pu
23

9+
24

0 
(O

ut
pu

t)

 -100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Am241 (Target)

-100

-50

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

Am
24

1 
(O

ut
pu

t)

 
а b c 

 
Figure 1 The effectiveness of ANS neural networks for predicting the content of transuranic elements. 
 
The sensitivities (weight coefficients of the active layer of neural networks) of the features differ 
significantly from each other (Table 2). 

 
Tabl. 2 Sensitivity analysis. 

Networks Target layer Сs-137 Sr-90 

2.MLP 5-10-1 238Pu 1311,819 515,3090 195,2952 

5.MLP 5-8-1 239+240Pu 2864,163 2545,368 219,9515 

5.MLP 5-7-1 241Am 35,74018 10,11393 0,962021 

The greatest weight for the prediction of the behavior of 238Pu is its belonging to the soil horizon 
(“layer”), the second most important is the activity of cesium (“Сs-137”), and the least informational 
weight is strontium-90 (“Sr-90”). A similar ranking of features is shown by the neural network 5.MLP 
5-7-1, which predicts the content of americium-241. The weight coefficients in it are found in the 
same order, but with lower absolute values of the weights. The weight coefficients of the neural 
network 5.MLP 5-8-1 indicate the proximity of the weights of “layer” and “Сs-137”, and the practical 
low informational value of the feature “Sr-90”. 

The explanation for this should be sought in the difference in the density of the distribution of 
radionuclides in surface continuity and vertically. The surface distribution of 137Cs concentration 
shows a tendency to decrease the range of fluctuations, while the 90Sr values are characterized by 
significant variability. This is an impact of the gradual increase in the role of vertical migration of 
137Cs compared to 90Sr. Such a radiogeochemical feature has found a place in the expediency of using 
the 137Cs/90Sr activity ratio, which can act as indicators of specific mechanisms of nuclide movement 
in the soil, in particular the vertical migration indicator (Evangeliou et al., 2016; Kaglyan et al., 2022; 
Matrosov et al., 2018; Shevchenko et al., 2016). Therefore, we can observe the highest information 
weight of the “layer” factor in the predictive statistical model. Although the role of this factor, which 
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indirectly indicates the vertical migration of radionuclides, is not the same, it is greater for 239+240Pu, 
half as much for 238Pu, and the lowest for 241Am. 
 
Conclusions 
 
The harnessing of ANS neural networks in statistical modelling of radioactinide activity prediction are 
highly effective. Using boths of radiocesium and radiostrontium as input parameters has several 
advantages: in man-made pollutions their content is higher than the content of transuranic 
radionuclides; they are more sensitive indicators of vertical and surface transport; their identification 
requires less expensive and more accessible analytics. The incorporation in the statistical model such 
a qualitative indicator “sampling layer” significantly improves the reliability of the initial data. It 
takes into account the high spatial migration ability of cesium-137 and strontium-90. 
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