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SUMMARY 

The features of radionuclide redistribution in the landscape components within the Exclusion 

Zone of the Chornobyl Nuclear Power Plant (ChNPP), caused by the wildfires are 

considered. The urgency of improvement for the existing structure of the fire protection 

monitoring within the Zone area, the need for developing and adapting the efficient method 

and creation of information-analytical modelling system of prediction, the revealing and 

controlling the wildfires using remote sensing data (RSD) are argued. The examples of 

realization of the methodical techniques of the spatial-temporal, radiological and ecological 

monitoring for the localized areas conditions within the Zone damaged by the wildfire in 

2020 using the suite of ground and remote sensing data are represented. In particular, the size 

of the area of burned forest in the near zone of the ChNPP and the dynamics of overgrowing 

the corresponding area with the different types of vegetation during 2020, using the RSE data 

were determined. Based on the results of the ground-based automated radiation control 

system in the monitoring mode, the radionuclide content, i.e. 
137

Cs and 
90

Sr in the surface air 

layer of the Zone was determined. 
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Formulation of the research problem. Global climate changes and, above all, the processes of 

global warming mostly lead to a decrease in the amount of precipitation compared to the norm, to 

sharp changes in atmospheric air temperatures, to their abnormal high values for some localities, to 

strong long-lasting winds, etc. As a result, this leads to a decrease in moisture content, both in the soil 

and in the vegetation. Therefore, there is an increased wildfire hazard over the large part of dry land, 

as one of the factors in the occurrence of an emergency situation of a natural character associated with 

these fires. This is typical not only for "hot" countries, but also for Ukraine. Thus, in our country over 

the past almost 11 years, the largest number of forest fires (2,371) occurred in 2017, when the total 

area of fires was 5.5 ths. ha. Almost the same number of cases was observed in 2010. And 2014 was 

the record year for the area of forests that caught fire (16.7 ths. ha). 

Features of the study area. It is clear, that forest fires are key factor of the disturbance and dying of 

forest stands. They reduce the resistance of the forest vegetation due to these disturbances and drying 

individual trees, areas or whole massifs of forest. In addition to the urgency of the wildfire problem in 

Ukraine is caused by the large area of forests at the high density of radionuclide contamination from 

the Chornobyl origin above 10 Ci/km
2
. This area is 63.8 ths. ha, the most of which (98%) is located 

within the Kyivska and Zhytomyrska oblasts (Zibtsev and Savuschyk, 2000). For post-accident period 

the forest fire problem in this region became pointed as a result of the change of forestry management 

and socio-economic conditions. 

It is known (Azimov et al., 2004) that forest fires in the nuclear contamination zone accelerate the 

vertical migration of radionuclides beyond the boundaries of the primary nuclear fallout. After the 

crown fire 60–80% of radiocesium (
137

Cs) passes into the mineral part of soils, while this value is 20–

40% in the normal conditions. Radionuclide concentration may be increase more than 5 times in soil 

and air even at 5–6 km away from the fire location and can reach the critical values at the near fire 

front. Therefore, the crown radioactive fires are quite fairly qualified as the emergencies of local or 

even regional scale. 

In particular, in 1992 during the catastrophic fires in the Chornobyl Exclusion Zone and the Zone of 

Absolute Resettlement (ChEZ) the concentration of 
137

Cs in air has been increased by 200 times over 

the contaminated areas (Zibtsev and Savuschyk, 2000). Within the fire location and at the soil 

contamination density of 0.5 Ci/km
2
 the excess of maximum admissible concentration of B (MAC_B) 

for 
137

Cs in air has been observed, as well as the excess of MAC_A is recorded at density of above 

7 Ci/km
2
. About 8% of pre-fire soil storage of 

137
Cs from the forest ecosystem can be transferred 

outside of primary nuclear fallout. During the fire radionuclides drop into finely dispersed state and 

move upwards together with the convective fire column to the height of 6–12 km. The aerosol smoke 

cloud keeps during the week, month and one to five years in lower and higher troposphere, and 

stratosphere, respectively. Radionuclides arrive to the latter after heavy wildfires. The second transfer 

of nuclides increases the risk of radiation exposure to people and provokes the deterioration of their 

living conditions. 

Scientific approach. Therefore, the important condition for the stabilization of fire state for the 

forests, peatlands and different environmental ecosystems of Ukraine as a whole (and particularly 

those that are contaminated by radionuclides) is the formation and functioning of the efficient 

monitoring system for fire protection, which could include the operating control, forecasting, 

identification, tracing, extinguish the fires (Azimov, 2002; Azimov et al., 2004, 2014). The 

development of this system is possible on the base of the scientific analysis and estimation of main 

components for radiation and forest fire situation, flammability, pyrology structure for the forest 

reserves, the meteorological conditions, the sources of fire, the existing fire protection system in the 

forestry enterprises, etc. In our opinion (Azimov et al., 2004, 2006; etc.), improvement of the structure 

and methodical principles for the forest monitoring in our State requires the consideration the 

aerospace segment as one of the most important component. 

Therefore, there is a real need to develop and adapt an effective methodology and create an 

appropriate information-analytical modelling system for forecasting, detection and monitoring of fires 

within the natural formations of the mainland of Ukraine based on remote sensing data (RSD) 

integrated into the geoinformation products. The main developments and results of the system's 
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functioning should provide informational support to the relevant services that make management 

decisions regarding the prevention and mitigation of the consequences of forest fires. 

Research by a complex of methods is distinguished by its advantage. The joint application of various 

types of remote sensing in a wide spectrum of electromagnetic waves with ground observation data 

for the purpose of monitoring the natural fire hazard of territories is still not fully used in, for 

example, forestry and monitoring emergency situations, which are associated with fires. Traditionally, 

in forestry, satellite imaging data are used during regional studies of large areas. 

Consequently, it is necessary to develop an improved methodology, based on the use of the latest 

scanning materials of the RSE (remote sensing of the Earth) and other thematic data integrated into 

geographic information systems (GIS), aimed at a detailed assessment of the vegetation cover of the 

research areas in an automated (semi-automated-interactive) mode. At the same time, modern high-

performance software products of the level of ERDAS Imagine, ENVI, etc. should be used, that will 

provide the classification the land covers automatically in terms of the state of vegetation, soils 

(primarily their moisture content), and therefore their classification (gradation) according to the 

degree of natural fire hazard. Such data will help the relevant services to take preventive measures to 

avoid the fires. It is logical that the characterized development would be the special subsystem in the 

Governmental Informative-Analytical Emergency System (Azimov et al., 2006). 

Main contribution. The proposed methodical approaches, which we have partially tested during the 

study of atmospheric air in the City of Mariupol (Bunina et al., 2017), should be implemented for the 

Ukrainian Polissia. Evidence of recent period for this region shows that forest and peat fires are a 

rather threatening problem. In particular, in April 2020, large-scale forest fires captured the Zhytomyr 

Oblast and the C h E Z , covered an area of approximately 680 km
2
. 

The application of the Aqua and Sentinel-2 s a te l l i t e  da ta , acquired from 08.04 to 07.05, 2020, 

for the ChEZ enabled to identify the foci of fire, the directions of fire spread and its coverage as well 

as the consequent smoke formations, to map the areas of the formed fire scars and the vegetation 

cover conditions within their boundaries, etc. Involvement in the analysis of the time series of satellite 

images for the period April–August 2020 became the basis for a cartographic model of forests after 

fires in the ChEZ that is clearly illustrated by 

Figure 1 and Table 1 for the adjacent territory. 

The assessment results for the radiological 

situation in the surface layer of the air based on 

the gr o un d  m eas urem en ts  are given 

below. 

Weather and climate conditions during the 

development of fires (primarily moderate and 

strong wind, mainly from the north), 

atmospheric air polluted by the combustion 

products have caused a deterioration of the 

radiation condition in the ChEZ predominantly 

in the territories adjacent to the places affected 

by the fire. So, during the mentioned period, at 

the some points of the automated radiation 

control system (ARCS) using a mobile 

aspiration devices, the specialists of the State 

Specialized Enterprise (SSE) "Ecocenter" have 

carried out the air pumping and analyses of the 

selected samples in the Central Analytical 

Laboratory of the Enterprise to determine t he  

r ad i o nu c l id e  c on t en t  i n  t he  s ur fac e  

l aye r  o f  a i r . Thus, for the most active phase 

of the fire, when the fire approached close to 

radiation-hazardous objects located in the 

 
Figure 1 Schematic map of the coniferous forest after 

the April 2020 fires in the Near zone of the Chornobyl 

Exclusion Zone according to the results of Sentinel-2 

images processing. 1 – the areas of the burnt coniferous 

forest that remained as a standing dry-trees in August 

2020 (i.e. the area of fire scars as of 30.08.2020), 2 –

 areas of burnt coniferous forest, which partially 

recovered from June to August 2020 (i.e. areas of fire 

scars as of June 11, 2020), 3 – areas of coniferous 

forest that were not affected by fires 
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vicinity of the Chornobyl Nuclear Power Plant (ChNPP), on 13.04.2020, a radiation reconnaissance 

was conducted by a mobile operational team. According to the obtained data, an 18-fold excess of the 

control levels (CLs) of the volumetric activity of 
137

Cs in the surface air near the Ukrenergomontazh-

OSG-750 area (the site of the open switchgear of 750 kV) was recorded. 

Table 1 Areas of land cover classes and forest lost as a result of fires in April 2020 in the near zone of the 

Chornobyl Nuclear Power Plant, identified by Sentinel-2 images processing 

Land cover classes Area of classes at day of satellite survey, ha 

 5 April, 2020 11 June, 2020 30 August, 2020 

Deciduous forest 5554.79 5534.17 5554.79 

Coniferous forest 14752.41 9830.4 10802.68 

Bushes and shrubs 2344.93 2341.97 2344.93 

Herbaceous vegetation 12337.26 12102.23 12337.26 

Water surface 1443 1442.8 1443 

Sand, open sandy soil 547.25 547.25 547.25 

Settlements 525.61 524.29 525.61 

Fire scars of coniferous forest  5181.99 3949.73 

On 15-20.04.2020, the values of the volumetric activity of 
90

Sr in the air were 2.6 to 10 times higher 

than the CL (CL=3.0E-03 Bq/m
3
) at the point of ARCS within the Near zone. The maximum values 

were recorded at the ARCS point of OSG-750, i.e. 3.1E-02 Bq/m
3
 (Figure 2). And already on 

27.04.2020 at all points of the Near zone, the values of the volumetric activity of 
90

Sr in the air below 

the CL were recorded. 

On the contrary, at other observation points 

of the ARCS of the Far zone, no excess of 

the CL of the volumetric activity of 

radionuclides in the air samples was 

recorded. Thus, at the extreme southern 

border of the ARCS of ChEZ, i.e. 

"Dytiatky", the highest values for 
137

Cs 

(2.0E-04 Bq/m
3
) were revealed in the time 

period from 13.04 to 20.04.2020, and for 
90

Sr (6.3E-05 Bq/m
3
) from 8.04 to 

13.04.2020, respectively, that is, during the 

active phase of the fire. During the fires at 

all observation points, the CLs of the 

volumetric activity of transuranic elements 

in the air were not exceeded. Already on 27.04.2020, the values of the volumetric activity of 
90

Sr in 

the air below the CL were recorded at all points of the ARCS of the near zone. Since the beginning of 

May, no excesses of the CL of the volumetric activity of 
13

7Cs in the air has been observed (the values 

have decreased to the usual limits for each point). 

The intensity of a tm osp h er i c  r ad io ac t i ve  f a l l o u t  in the ChEZ is determined on 8 

topographic sheets for the Near zone and on 9 ones for the Far zone. The intensity of precipitation of 
137

Cs from the atmosphere in the Near zone in April was ranged of 0.23–16.7 Bq/(m
2
day), with the 

highest value at the observation point located 2 km to the west and 0.05 to 0.93 Bq/(m
2
day) with the 

maximum value at the Kopachi observation point for the Far zone, respectively. 

During the fire period, from approximately April 13-14, 2020, to the beginning of May, the intensity 

of atmospheric radioactive fallout was increased when compared it to the pre-fire period (January–

March, 2020). By the end of April, the intensity of 
137

Cs fallout from the atmosphere in the Near zone 

has increased by an average of 10 times (maximum by 36 times), at the beginning of May (05-

12.05.2020) – by 60 times. In the Far zone (10 km around the ChNPP), the intensity of 
137

Cs fallout 

during the period of the fires has increased from 2.5 to 13 times, in the city of Chonobyl – by 4 times 

(at the beginning of May – by 14 times). In the area of the "Dytiatky" dosimetry control point, the 

intensity of 
137

Cs fallout from the atmosphere increased almost 8 times during the fire period and by 

 
Figure 2 Dynamics of changes in the volumetric activity of 
90

Sr in the surface layer of air in March–April 2020 

according to the data of automated radiation control system 

of open switchgear-750, the Chornobyl Exclusion Zone, 

Bq/m
3
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the beginning of May – 13 times. Precipitation in late April and early May provoke the rainout of 

radionuclides from the atmosphere to the underlying terrain. 

According to the estimates of the SSE "Ecocenter", th e  rem ov a l  o f  r ad i on u c l id es  b ey ond  

t he  Ch E Z  as a result of the April-May 2020 fires, which covered an area of about 680 km
2
, is 

following: 780 to 1400 GBq, 310 to 570 GBq, 2.5 to 5.0 GBq for 
137

Cs, 
90

Sr, 
238,239+240

Pu, respectively. 

These results are agreed quite well with the observation of the content of radionuclides in the air 

during fires (
137

Cs exceeds 
90

Sr by 3–4 times) and indicate that the main source of their input was the 

components of vegetation with the corresponding ratios of 
137

Cs to 
90

Sr (grass and forest litter). 

These results of the assessment of 
137

Cs removal are commensurate with the data provided by the 

Institut de radioprotection et de sûreté nucléaire, France, and the Ukrainian Hydrometeorological 

Institute of the State Emergency Service and the NAS, Ukraine (700 and 630 GBq, respectively), 

however, territories located outside the ChEZ are excluded from the calculation. 

Comparison of the values for radionuclides removal beyond the ChEZ during fires by water and air 

ways enables to offer the following conclusions. During the period under consideration (from April 3 

to May 7), the amount of 
90

Sr (310–570 GBq) emitted to the atmosphere was 12–22 times greater than 

the total removal of this radionuclide by the Pripyat River (26 GBq), and 
137

Cs was greater 46–82 

times (780–1400 GBq compared to 17 GBq transferred by air and water ways. respectively). That is, 

the intense transport of radionuclides by air way caused by the fires of April–May, 2020, at such an 

indicator as their annual removal beyond the ChEZ can theoretically reach the level of removal of 

radionuclides by surface watercourses, and for 
137

Cs – even exceed the similar values. 

General conclusions of the study. So, the following main conclusions can be drawn from the above. 

RSE technologies are an operational and effective tool for detecting and monitoring the natural fires, 

assessing the condition of land covers in the areas affected by their impact. In combination with the 

ground measurements, the remote sensing data provide the adequate monitoring information on 

spatio-temporal changes in the radiation-ecological situation for the radioactively contaminated 

territories, in particular, within the ChEZ. The barrier function of the ChEZ has played its role. 

Thanks to the large area of the territory of the Zone, radionuclides did not spread beyond its borders in 

concentrations that would exceed the permissible concentrations of their content for the population 

defined by the "Radiation Safety Norms of Ukraine". 
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