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Based on the Earth remote sensing data, the authors assessed the dynamics of forest vegetation area destructed 
under the impact of uncontrolled underspoil runoff from the Northern copper zinc mine in the northern Sverdlovsk 
Region. Interpretation of a series of satellite images for the period from 2009 to 2022 revealed an exponential increase in 
the destroyed forest vegetation area. The researchers designed a runoff digital model, which confirmed the correlation of 
vegetation destruction foci with specific landforms. 
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There are two open pits, Shemursky and 

Novo-Shemursky, mined by Svyatogor, Joint-

Stock Company, being a part of Ural Mining 

and Metallurgical Company (UGMK), in the 

north of the Sverdlovsk region, at the distance 

of 3 and 5 km from the eastern border of 

"Denezhkin Kamen" nature preserve, on She-

mur range. Since 2008, copper and copper zinc 

pyrite ores have been surface mined in the pits. 

The pits are mined at the top of the range with 

steep slopes (the range height is 700 m above 

the  sea level,  and its slopes are 21% to 40%), 
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Satellite images with medial spatial 

resolution are widely used for studying 

vegetation damages in various topical tasks 

(Khamedov et al., 2006; Baumann et al., 2014). 

The use of the remote sensing data in this study 

allowed for modelling the vegetation 

destruction processes near the protected zone of 

the nature preserve that had not been identified 

before. It also enhanced the efficiency of on-site 

inspections by allowing simultaneous coverage 

of a large area. 

MATERIAL AND METHODS 

To determine the sources and pathways of 

contaminants intrusion into the stream flows of 

the Bannaya, Chernaya, Tamsher and Olkhovka 

rivers, the digital terrain model (DTM) was 

created based on 1:25,000 and 1:50,000 scale 

topographical maps.  The pixel size of the DTM 

was 10x10 m, which allowed for smoothening 

local depressions and eliminating minor errors 

and inaccuracies of the model.  

Based on the DTM, a flow direction 

bitmap was created indicating runoff from each 

cell to the closest adjacent cell down the 

steepest slope. Subsequently, a flow 

accumulation bitmap was developed for the 

mining area, representing the cumulative runoff 

into each cell. After linking the mouth points to 

the cells with the maximum cumulative runoff, 

the bitmaps of river catchment areas and 

drainage basins areas were created based on 

runoff direction bitmap. The hydrological 

therewith pyrites-containing dumps located on 

the slopes contributes to formation of stream 

flows of the Bannaya, Chernaya, Olkhovka and 

Tamsher rivers actively.  The Bannaya and 

Chernaya rivers are tributaries of the Taltiya 

river, while the Olkhovka and Tamsher rivers 

are tributaries of the Shegultan river. The 

Taltiya and Shegultan rivers are important 

stream flows of "Denezhkin Kamen" 

nature preserve; they originate from its 

territory. In 2018, contamination of all 

above-mentioned rivers with heavy metals and 

the areas with destructed forest vegetation 

were found (Kvashnina, Vladimirova, 2019; 

Vladimirova, Kvashnina, 2019; Kvashnina, 

2022). In addition to the operating pits 

Shemursky and Novo-Shemursky, the 

Northern copper zinc mine includes 

Tarnierkiy pit, where mining operations were 

halted in 2014.  

Assessment of the man-made 

contamination impact on composition and 

properties of the ground waters as a factor of 

affecting the condition of the vegetation cover 

is one of the most significant targets in ensuring 

environmental safety of the mining regions and 

minerals excavation   (Ershov, 2020). Thus, this 

paper is aimed at modelling the dynamics of 

destructed forest vegetation areas increase in 

the territory affected by uncontrolled 

underspoil runoff at the Northern copper zinc 

mine by interpretation of the series of satellite 

images for the period of 2009 to 2022. 
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analysis of the DTM and the development of the 

runoff model were performed using the ArcGIS 

Pro toolset. 

To determine the presence and the scale 

of vegetation degradations caused by 

contaminants runoff, the series of Landsat-5, 7 

and Sentinel-2 images for the summer season of 

2006 to 2022 were analysed. The combination 

of short-wave infrared 1 (SWIR1), near infrared 

(NIR) and red channels was used on Landsat 

images. To analyse Landsat-5 images, we used 

the combination of B5-B4-B3 channels, while 

B6-B5-B4 channels were utilised for Landsat-7 

images. To analyse Sentinel-2 images, the 

combination of short-wave infrared 1 (SWIR1), 

near infrared 8 (Vegetation Red Edge 8) and 

red, or B11-B8а-B4 channels was employed. 

The combination of channels in the red part of 

the spectrum typically provides the best 

detection of vegetation degradations (Krylov et 

al., 2011; Nikitina et al., 2019; Elsakov, 2021). 

To verify the processes registered based 

on the remote sensing data, on-site inspections 

of the destructed forest vegetation areas 

in Bannaya, Olkhovka, Tamsher river valleys, 

and the survey with the use of an unmanned 

aerial vehicle were carried out.  

RESULTS AND DISCUSSION 
The obtained results of analysis of the 

plotted runoff map demonstrate that the 
Tarniersky pit drains into the Mundyr river 

(Ivdel river tributary) and into unnamed stream 

flow inflowing to the Taltiya river. The runoff 

from Shemursky pit drains to the Bannaya river 

(Taltiya river tributary) and unnamed stream 

flow that is a tributary of the Chernaya river 

(inflowing to the Taltiya river). The runoff from 

the storage sites of weakly mineralised solids 

and sulfuric pyrites is accumulated in the 

Tamsher river (Shegultan river tributary). The 

runoffs from Novo-Shemursky pit contribute to 

formation of the Olkhovka and Tamsher rivers, 

which are the Shegultan river tributaries. Fig. 1 

shows the prepared map of the cumulative 

runoff from the Northern copper zinc mine 

facilities subject to contamination. The red 

colour in the figure shows stream flows with the 

maximum cumulative runoff, and the green 

colour shows those with the minimum one. The 

designed catchment areas involved in the for-

mation of stream flows on the surveyed ter-

ritory are indicated by different blue tones. The 

pit areas on the map are outlined in black, 

the "Denezhkin Kamen" nature preserve 

boundaries are outlined in red, and the protected 

zone of the nature preserve is outlined in 

green. 

    The study of changes in forest vegetation 

based on the satellite survey data 

revealed vegetation die-off in the Tarniersky 

mining area began in 2010, and, by 2015, 

the forest degradation started occurring in 

the Tamsher and Olkhovka river valleys. 
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Figure 1. Cumulative runoff from the territory of the Northern copper zinc mine facilities and 
designed drainage area involved in the formation of stream flows 
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According to the satellite data, the 

degradation foci confine to the rivers into which 

the pits drain (Fig. 2) and completely follow the 

designed runoff model.  The degraded forest 

vegetation areas are indicated by the red circle 

in the figure, with a Sentinel-2 image in the 

B11-B8а-B4 channel combination, taken on 23 

August 2021, used as the background. 

Figure 2. Fragment of Sentinel-2 satellite image with degraded vegetation areas 
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According to the remote sensing data, no 

significant degradations of the forest vegetation 

were found on the territories not subject to the 

impact of runoffs from the dumps. This 

observation was confirmed by field surveys. 

However, on-site inspection within the areas 

subject to the impact revealed the presence of 

small areas under the forest canopy where herb 

and subshrub vegetation layers degradation 

begins, which was not detected by the satellite 

imagery. 

The analysis of the correlation between 

vegetation degradation foci and landforms 

demonstrated that approximately 80% of the 

foci are situated on gentle slopes (with max. 

30% drift), where pollutants tend to 

accumulate. The mass degradation of 

vegetation is also observed on wetlands. The 

vegetation die-off signs are less pronounced on 

the steeper slopes. For example, the area of the 

degraded vegetation is minimal along the 

Bannaya river on the western slopes of the 

Shemur Range with a drift above 35%. 

Since 2018, the territory on which the 

forest vegetation degradation was detected is 

increasing exponentially. In 2019, the degraded 

vegetation area was 379.4 ha, in 2020 it was 

approximately 662.1 ha, in 2021 it reached 

712.5 ha, and by 2022 it increased to 1,149 ha 

(Fig. 3). 

Figure 3. Dynamics of the degraded vegetation area within 2009–2022 

Almost all areas of the degraded forest 

have slightly increased widthwise, with some 

also extending in length. The degraded forest 

area has significantly increased in the Tamsher 

river mouth, along the Shegultan river, and in 

the flat section of the Tamsher river valley.  The 

signs of vegetation degradation were recorded 

in the lower reaches of the Bezymyannaya 

(Chernaya) river in 2021. 
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CONCLUSION 

The remote sensing data allows for 

identifying the areas where the tree layer is 

degrading; however, the small patches with 

dead herbaceous and shrub vegetation cannot 

be detected using remote sensing methods. The 

data analysis demonstrates that widespread 

forest die-off is concentrated in river valleys 

receiving uncontrolled runoffs from copper and 

pyritic dumps of the Northern mine enter, and 

the dumps themselves. The territory on which 

the vegetation degradation was found has been 

exponentially increasing since 2018. The 

analysis of vegetation degradation foci 

confinedness to landforms using modelling 

revealed that approximately 80% of the foci are 

located on gentle slopes (with the drift of 30% 

maximum).  The specific features of the areas 

where vegetation has degraded due to chemical 

poisoning of the soils differ from those affected 

by other negative factors, as all components of 

vegetation are observed to die. For example, in 

areas affected by bark beetle, herbaceous and 

shrub vegetation does not die; in areas affected 

by forest fires, herbaceous vegetation begins to 

recover the following year. However, in the 

studied areas of soil chemical contamination, 

vegetation recovery does not occur. 
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В РАИ� ОНЕ ДОБЫЧИ ПОЛЕЗНЫХ ИСКОПАЕМЫХ 

НА МЕСТОРОЖДЕНИЯХ СЕВЕРНОГО МЕДНО-
ЦИНКОВОГО РУДНИКА В СВЕРДЛОВСКОИ� 
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На основе данных дистанционного зондирования Земли выполнена реконструкция динамики 
площади погибшей лесной растительности на территории, оказавшейся под влиянием 
неконтролируемого подотвального стока с Северного медно-цинкового рудника на севере Свердловской 
области. По материалам дешифрирования серии спутниковых снимков за период с 2009 г. по 2022 г. 
выявлено экспоненциальное увеличение площади погибшей лесной растительности, рассчитана цифровая 
модель стока, подтверждена приуроченность очагов гибели растительности к формам рельефа местности. 

      Ключевые слова: дистанционное зондирование, дешифрирование космических снимков, гидрологический 
анализ, модель стока, гибель лесной растительности, рудник 
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