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Abstract

One of the most serious ecological problems caused by coal mining is acidic mine water
(AMW). Authors studied environmental condition on the territory of the Kizel coal ba-
sin (the Western Urals, Russia) using GIS-based environmental assessment, including
catchment-based approach and methods of mathematical and cartographic modeling.
Investigation revealed that the polluted territory in the basin was more large than pre-
viously reported. Applied GIS technologies will be used at engineering of remediation
measures to determine optimal dimensions and location in situ of artificial geochemical
barriers and develop environment monitoring system based on both remote sensing

images and field observations.

Keywords: acid mine water, GIS-based technologies, land deforestation, river pol-

lution, remediation strategy

Introduction

Mining is one of the most important sectors
of the world economy. Coal-bearing forma-
tions occupy 15% in the earth’s crust over all
the continents. Total coal resources are esti-
mated as 16-20 trln. tons, prospecting re-
sources — 3,366 bln. tons; coal mining reach-
es 2,025 mln. tons annually. Coal industry has
a significant and regionally negative impact
on the environment. One of the most serious
ecological problems caused by mining indus-
try is the occurrence of acidic metal laden
(e.g. Fe, AL, Mn, As, Cd, Zn, Cu, and Pb) mine
water (AMW) from metal or coal mines. Coal
mining also generate large amounts of wastes,
which are deposited as waste piles or tailings.
Conventional disposal methods that expose
sulfidic mine wastes to atmosphere promote
sulfide oxidation and the release of acidity,
sulfate, and metals. Acidic effluents can mi-
grate from storage areas to adjacent aquifers,
surface water, and surrounding land, affect-
ing the quality of water resources and soil and
can inhibiting the growth of living organisms
(Alekseenko et al. 2017; Blowes et al. 2014).
Abandoned, closed, or orphaned mine
sites cover approximately 240,000 km? of the
Earth’s surface (Wolkersdorfer 2008). Closure
and abandonment of mine sites usually results

in a legacy of pollution of local environments
that may persist for decades and even cen-
turies after mining activity ceased (Younger
1997). Environmental pollution is a result of
various sources and the costs for remediation,
including environmental monitoring, can be
substantial (Soni, Wolkersdorfer 2016). Over
the past several decades, a number of re-
searchers and reclamation practitioners have
contributed to the development of AMW
passive treatment designs and science. Ro-
bust, reliable and economically feasible tech-
nological solutions for treatment of AMW are
available (Khayrulina et al. 2016; Skousen et
al. 2017; Soni, Wolkersdorfer 2016; Tyulenev
et al. 2015). Effective remediation of polluted
sites requires extensive site characterization,
including detailed spatial information about
AMW sources, because AMW characteris-
tics are site-specific and no single treatment
would be effective and financially feasible for
all AMW discharges (Pinto et al. 2016). It
was found that the spatial distribution of the
point and diffuse AMW sources was critical
for spatially targeted, cost-effective remedia-
tion measures (Baresel et al. 2006). A critical
activity in passive treatment is the selection
of the proper system type for a given situa-
tion. Factors to be considered in selection
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include the quality and quantity of waters to
be treated, water treatment goals, access, and
the land resources available for use in sys-
tem construction. Generally, larger land ar-
eas (relative to anticipated acid loads) enable
more effective treatment, and essential design
features for all systems include surface area
and/or volume (Skousen et al. 2017).

GIS technology is considered as a power-
ful tool that supports environmental impact
assessment and environmental management
decision-making in coal mining districts as
it allows to manipulate heterogeneous spatial
data using a mathematical simulation and
map-based modeling approach (Pyankov,
Kalinin 2009). Synthetic geo-images integrat-
ing land survey and remote sensing data can
be used to detect zones threatened by envi-
ronmental crisis and disaster at regional and
local scales, evaluate the result of reclamation
strategies, and plan new in-situ and on-site
treatment options in future.

The main objective of this study was to
characterize AMW-impacted territory of The
Kizel coal basin with GIS technology to better
understand the current extent of the problem
and develop remediation strategy.

Geological and Environmental Set-
tings

The Kizel coal basin (the Western Urals, Rus-
sia) occupies area of 200 km? and is located
within West Urals folding zone adjacent to
the pre-Ural boundary deflection. Rocks
of the basin are represented by sandstones,
mudstones, siltstones, shales, limestones, do-
lomites, marls, coals, and others. Carbonate
rocks are intensely karsted, especially in the
upper part of geologic cross-section. Coal of
the basin exhibits elevated content of sulfur
(mainly as a pyrite) — 5.8%. Mines were clo-
sured in the 1990s, and 12 adits of abandoned
mines have started to discharge acid mine
water into 19 rivers. Several tones of sedi-
ments which consisted of amorphous iron
and aluminum hydroxides and have a high
content of Mn, Cu, Ni, Zn, Pb, and other met-
als have been accumulated in rivers’ bottom.
These sediments were washed downstream to
the Kama river, where they become a second-
ary source of water pollution. Over 35 million
cubic meters of waste rocks had been accu-

mulated in more than 100 waste piles. Spon-
taneous combustion of waste piles, roasting
and melting of their rocks, and fumarole pro-
cesses within piles were detected. Rainfalls
drained waste piles are enriched in soluble
compounds and have a high salinity (up to
50 g L'"). Infiltration of these waters into un-
derlying grounds changes their physical-me-
chanical and filtration properties and pollutes
groundwater (Khayrulina et al. 2016).

Methods

An integrated environmental assessment of
each particular site in the Kizel coal basin
was carried out using a set of spatial criteria,
which include pH, total salinity of water or
water extract, sulfate content, metal content,
species composition of the surface-water bac-
terial community, and the area of degraded
land. Seasonal sampling of AMW at about
200 sampling sites during more than 35 years
of survey permitted collection of a large,
multi-seasomal database of geochemical and
hydrological values. SPOT-6 satellite images
in the visible spectrum bands, as well as high
resolution satellite images obtained from
open source mapping services were used to
determine the area of intensive soil pollution
and land deforestation. LANDSAT-8 satellite
images obtained during the summer low wa-
ter level period were used to detect polluted
and unpolluted river waters as they were dif-
fered in color — yellowboy coated plants and
sediments in the polluted stream beds, so
long stretches of ‘dead’ streams were easily
visualized in images.

Results and Discussion

Integrating land survey database and remote
sensing data allows to develope a cartograph-
ic and attribute GIS database of the Kizel coal
basin consisted of the digital elevation mod-
els (DEMs) and catchment boundaries delin-
eated from SRTM-90, and SRTM-X band’s
DEMs. Detailed DEMs were generated for
waste rock piles and adjacent areas and used
to determine waste piles’ drainage water flow
direction and delineate polluted land areas in
the scale of 1:10,000. To compile the invento-
ry of acid mine and drainage water flows over
the entire coal basin area both the land sur-
vey database and satellite images were used.
As a result, the determination of hydrograph-
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ic characteristics on 1:100,000-scale digital
topographic maps revealed more substantial
rivers contamination with AMW than it was
established earlier. One of the most polluted
was the Poludennyi Kizel river, the tributary
of the Yaiva river: the excess in metal Maxi-
mum Permissible Content (MPC) was 9,450
times for Fe, 1,188 times for Mn, 639 times
for Al, and 56 times for Be (Fig. 1, sampling
site no. 6).

As seen, surface water is contaminated
along the rivers pathway: the Poludennyi Ki-
zel, the Bolshoi Kizel, the Severnaya Vil'va,
the Yaiva rivers right up to the Kama reser-
voir. Investigation revealed that special atten-
tion should be paid to the Bol'shoi Kizel river
basin as most polluters were located there.
This river starts from the confluence of two
rivers: the Poludennyi Kizel and Vostochnyi
Kizel. Seven small rivers flow into the Bol'shoi
Kizel and only one of them (the Severnyi
Kizel) is not polluted by coal mining. This
tributaries bring a lot of pollutants into the
Bol'shoi Kizel: about 15,300 tons of sulfates,
6,000 tons of iron, 400 tons of aluminium and
57 tons of manganese come into the Bol'shoi
Kizel annually. Moreover, the Bol'shoi Kizel

is impacted by acid piles’ drainage water and
mine water discharge. Piles’ drainage water
has a high concentration of pollutants and
is acid (pH<3). High concentration of iron,
aluminium, beryllium and manganese comes
into water as a result of rain water infiltra-
tion and leaching of pile’s rocks — the con-
centration of these elements 100-1,000 times
exceeds MPC. Such metals as cadmium, co-
balt, nickel were detected everywhere but
in low quantity, lead and zinc were detected
periodically and their quantity 2-70 times
exceeds MPC. When the Bolshoi Kizel flows
into the Severnaya Vil'va river, the water of
the latter changes the colour that is observed
at the satellite image. Thus, the Yaiva river
is greatly polluted by the sources located on
its catchment area although they are tens of
kilometers away from the river body and are
restricted with watersheds.

LANDSAT images of rare flood events
were used to detect and map potentially
contaminated areas in river floodplains dur-
ing flooding. Mathematical and map-based
modeling of the river floodplains combined
with the database on field survey was used to
interpret remote sensing images. The results
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Figure 1 Pollution of the Yaiva river basin with acid mine water.
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of the interpretation revealed that the pol-
luted area in river floodplains was more large
than previously reported. The total area of the
river floodplains where near-stream vegeta-
tion could be affected by AMW during a peak
flood event was estimated to be 9,642 ha.
High-resolution satellite images and field
data were used to detect and map degrada-
tion in land areas affected AMW. Polluted
land areas and river floodplains exhibited de-
forestation property (Fig. 2) and were easily
observed in satellite images (Fig. 3).

Conclusions

GIS technologies applying to analyse envi-
ronmental pollution at the territory of the
Kizel coal basin had given more extensive
its characterisation — more substantial pol-
lution of lands and rivers with AMW than it
was established earlier were revealed. Com-
bination of field survey data and satellite im-
ages allowed to localize spotted sources of

Figure 2 Deforestation of the Poludennyi Kizel river
floodplain (left) and land area near the Kospashs-
kaya shaft waste piles (right) as the result of acid
water influence.

Figure 3 Satellite images of the Poludennyi Kizel
river floodplain (left) and land area near the Ko-
spashskaya shaft waste piles (right).

AMW, and delineate pollution boundaries
and spatial distribution precisely.
AMW-impacted site remediation could
be achieved either at the source of AMW or
along the subsequent AMW pathway. Ap-
plied GIS technologies, combining data on
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the quality and quantity of waters to be treat-
ed, water treatment access, and the land re-
sources available for use in passive treatment
system construction, will be used at engineer-
ing of remediation measures in future.

The results of this investigation could be
used to implement a complex remediation
strategy in the Kizel coal basin, which will
include both active and passive systems for
AMW treatment. The construction of artifi-
cial geochemical barriers implies determina-
tion of their optimal dimensions and location
in situ using GIS technologies. The develop-
ment of an environment monitoring system
based on both remote sensing images and
field observations will be a constituent part of
the strategy also.

Acknowledgements

This work was financially supported by
the Ministry of Education and Science of
the Russian Federation (Assignment No
5.6881.2017/8.9).

References

Alekseenko VA, Maximovich NG, Alekseenko AV
(2017) Geochemical Barriers for Soil Protection
in Mining Areas. In: Bech J, Bini C, Pashkevich
MA (eds), Assessment, Restoration and Recla-
mation of Mining Influenced Soils, Elsevier Inc,
p. 255-274. http://dx.doi.org/10.1016/B978-0-
12-809588-1.00009-8

Baresel C, Destouni G, Gren IM (2006) The in-
fluence of metal source uncertainty on cost-
effective allocation of mine water pollution
abatement in catchments. J Environ Manage
78:138-148

Blowes DW, Ptacek CJ, Jambor JL, Weisener CG,
Paktunc D, Gould WD, Johnson DB (2014) The
Geochemistry of Acid Mine Drainage. In: Tu-

rekian HD, Holland KK (eds) Treatise on Geo-
chemistry. 2nd edn. Elsevier, Oxford, p 131-190

Khayrulina E, Khmurchik V, Maksimovich N
(2016) The Kizel coal basin (The Western Urals,
Russia): Environmental problems and solutions.
In: Drebenstedt C, Paul M (eds) Proc, IMWA
2016 Ann Conf. Freiberg/Germany (TU Ber-
gakademie Freiberg), p. 766-771

Pinto PX, Al-Abed SR, Balz DA, Butler BA, Landy
RB, Smith SJ (2016) Bench-scale and pilot-scale
treatment technologies for the removal of total
dissolved solids from coal mine water: A review.
Mine Water Environ 35:94-112

Pyankov SV, Kalinin VG (2009) Methodological
aspects of spatial analysis of the river runoff for-
mation by using mathematical cartographical
modeling. Russ Meteorol Hydro 34(1):58-61

Skousen J, Zipper CE,Rose A, Ziemkiewicz
PE-Nairn R,-McDonald LM,-Kleinmann RL
(2017) Review of Passive Systems for Acid
Mine Drainage Treatment. Mine Water Environ
36:133-153

Soni AK, Wolkersdorfer C (2016) Mine water:
policy perspective for improving water manage-
ment in the mining environment with respect
to developing economies. Int ] Min Reclam Env
30(2)115-127

Tyulenev M., Zhironkin S., Litvin O (2015) The
low-cost technology of quarry water purifying
using the artificial filters of overburden rock.
Pollut Res 34(4)825-830

Wolkersdorfer C (2008) Water Management at
Abandoned Flooded Underground Mines -
Fundamentals, Tracer Tests, Modelling, Water
Treatment. Springer, Heidelberg

Younger PL (1997) The longevity of minewater
pollution - a basis for decision-making. Sci To-
tal Environ 194-195:457-466

410

Wolkersdorfer, Ch.; Sartz, L.; Weber, A.; Burgess, J.; Tremblay, G. (Editors)



	Front matter - Volume 1 high res
	01_Mining for closure BOOK
	02_Water treatment process BOOK
	03_Produced water BOOK
	4_Saline and Neutral Mine water BOOK
	05_Electrochemical treatment options
	6_Acceptability of Processed Mine water BOOK
	Topic 7 - high res
	8_Migitation BOOK
	Blank Page
	Blank Page



