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Preface

Urgency of the problem. Under the conditions of technogenesis underground waters
have become the most important life-supporting factor for a man and for the society in
general. The underground water extraction for water supply just in the Volga basin
reaches 5,173.864 million m3/year (Naidenko, 2003).

Man-caused pollution of the underground waters is especially dangerous in karst
regions, the total area of which in Russia constitutes about 20% of its entire area, and
according to N.A. Gvozdetsky, a well-known karst expert, about on one third of the
territory of our planet there exist real conditions for karst development. On the one
hand, karst regions are characterized by a significant decrease of natural protectability
of the underground hydrosphere; on the other hand, they contain considerable
reserves of high quality fresh underground waters.

The Kkarstified territories, where zones of a free flow (water exchange) between the
zone of suspended water and the underlying aquifers occur due to the development of
sinkholes and disruption of the geologic cross-section continuity, are the most
vulnerable to industrial, domestic, agricultural and chemical waste landfills, as well as
to other technogenic influences. Inevitably, it leads to deterioration of the underground
water quality, to the change of its medical and biologic properties, i.e. general
mineralization, pH, chemical composition, content of toxic microcomponents.

According to the Ministry of Natural Resources of Russia, about 370 million tons of
solid wastes are disposed annually on 280,000 landfills. About 1,600 million tons of
toxic wastes are stored in specially arranged disposal sites, including 178 million tons
of nickel and its compounds, over 9 million tons of hexavalent chromium and its
compounds, over 4 million tons of non-organic compounds of fluorine and other toxic
substances. These landfills are immediate polluters of the underground waters,
keeping in mind that about 40 per cent of them have not been equipped even with
liners. When planning protective measures, quality improvement and rational
management of water resources in the karst regions, one should pay a special
attention to the study of conditions of their natural protection, migration of pollutants
with regard to the recent and ancient sinkholes, identification of polluted areas and
assessment of the pollution level under conditions of a continuously growing
technogenic impact. The lack of methodology of a complex assessment of the
underground water pollution in the karst regions, as well as effective measures of the
underground water protection restrains the ecologically safe supplying of high quality
fresh water to population, and as a result — socio-economic development of large
regions in general. This explains the urgency of the problem and the necessity of its
early solution.



The goal and tasks of the researches. The researches were aimed at the
developing and applying methods of a complex evaluation of the man-caused pollution
of the underground waters in the karst regions for the purpose of selecting ecologically
safe locations of industrial enterprises, water intakes, wastewater treatment facilities,
disposal sites of industrial, agricultural and domestic wastes, storehouses of chemical
fertilizers, herbicides and pesticides, reduction of the existing man-induced loads on
the underground hydrosphere, and the efficient management of the underground
water resources.

The following tasks were to be accomplished to reach the above mentioned goal:

analysis and generalization of the existing international and domestic
experience in studying underground water pollution processes in the karst
regions;

analysis and typification of the geoecological conditions of the karstified
territories in connection with the existing long-term functional specificity of the
region (Nizhny Novgorod region);

identification of the main existing and potential underground water polluters,
their classification by the kind and composition of pollution;

analysis and evaluation of the locations of the underground water polluters
with regard to the degree of karst development;

organization and fulfillment of experimental researches for identification of
polluted water migration in the key areas;

modeling processes of pollutants migration from the land surface into the
fracture-karst waters;

forecasting possible development of the man-caused underground water pollution in
the karst regions.
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Chapter 1

ANALYSIS OF THE PRESENT STATE OF
UNDERGROUND WATER QUALITY AND ITS USE
IN KARST REGIONS



Chapter 1. Analysis of the present state of underground water quality and its use in karst regions

1.1 General characteristic of man-caused changes of the
underground hydrosphere in karst regions

One of the main consequences of human activities and their impact on the
environment is deterioration of the quality of underground waters due to pollution. First
of all, it refers to the fresh underground waters used for drinking.

Pollution of the underground waters is a direct result of the environment
contamination, particularly snow cover, rain precipitations, soils, surface waters. This
relationship is reciprocal. For instance, acid rains are likely to increase cadmium and
aluminum content in the underground waters. The atmospheric air pollution changes
gradually the ground water hydrochemical composition even far away from the source
of pollution. The underground water pollution processes should always be connected
with snow and soil contamination.

The man-caused pollution of the underground waters manifests first of all in the
increased mineralization, general hardness, temperature, content of chlorides,
nitrates, organic compounds (especially hydrocarbon and chlorine-containing), heavy
metals, and specific substances. This, in its turn, leads to the decrease of the oxygen
content in the underground waters, the growth of microbiota, increase of the
underground water biological pollution in general (J. Frid, 1989; Goldberg, 1991).

The following important geoecological consequences of the underground water
pollution should be mentioned: 1) increase of the underground water ion runoff;
2) increased pollution of the coastal shelf zone due to the discharge of polluted
underground waters; 3) formation of local hydrochemical and temperature anomalies
in the beds of rivers and lakes in the areas of polluted water discharge; 4) formation of
a technogenic gas cloud in the zone of aeration over the surface of the polluted
ground waters, especially over sinkholes, which may change agrochemical properties
of soils and vegetation; 5) change of the geochemical composition of rocks due to
sorption of pollutants; 6) conservation of bacteria in soils in the zone of aeration and in
water saturated rocks due to sorption processes and secondary contamination of the
underground waters due to desorption processes; 7) change of filtration characteristics
of rocks, especially of clay rocks, under the impact of technogenic load that leads to
the change of hydrodynamic conditions of aquifers (Goldberg, 1984, 1990; Geoec.
issl., 1994; Koposov, 2000, 2008).

Day ground-water aquifers in many respects determine ecological condition of
landscapes, i.e. immediate well-being of people in every natural region of Russia,
especially keeping in mind that in rural areas, small and medium-size cities they are
used for domestic and industrial water supply. Ground waters, as a rule, are the first to
be affected by the pollution; they are most vulnerable to industrial, building, mining,
and transportation activities of a man. Nevertheless, unlike surface waters, the
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1.1  General characteristic of man-caused changes of the underground hydrosphere in the karst regions

underground waters even of the day aquifers to a certain extent are protected from the
direct pollution due to the sorption properties of rocks. The deeper fresh underground
waters of artesian basins occur the better they are protected from the immediate
technogenic impact. For this reason they are considered the main state reserves of
reliable water supply sources.

Distribution of water resources on the territory of Russia permits to believe that water
supply in many subjects of the Russian Federation may be provided by means of the
underground waters. Today the underground water share in the total volume of
communal and agricultural water supplying constitutes 57 per cent. The underground
waters are the main source of water supply for rural settlements, small and medium-
size cities. In large cities with population over 250 thousand people the underground
water share reaches 30 per cent of the total water consumption (Belyakov et al., 1997;
Varmanyan, 1994).

The general underground water withdrawal and use for domestic purposes is
continuously growing. Considerable quantities of the underground waters (about 5 to 6
million m3/day) are pumped out of mines and quarries during mining operations.
Though this water is polluted, and part of it is highly mineralized, after a proper
treatment it may be used for production purposes. At present, anyhow, almost all
pumped-out water is discharged into surface water bodies and various collectors, the
fact that only intensifies the underground water pollution (Geoecology: problems and
solutions, 1991, Naidenko, 1995).

Thus, the dispersed extraction of the underground waters today may be considered
quite a common and strong factor of a technogenic impact on the general water
balance and regime of the underground waters that in some regions causes their
lowering and pollution. This is especially noticeable on mining allotments, in the areas
where natural conduits connecting underground and surface waters have been
permanently damaged during artificial regulation of the underground and surface water
runoff; in the areas of large construction dewatering; on the reclaimed lands (Kotlov,
1978; Krainov, 1987; Koposov, 2000).

Today large quantities of the underground waters are extracted for drinking and
industrial purposes, during dewatering of construction sites, quarries and mines. The
share of the fracture-karst waters in the drinking water supply is quite considerable.
N.A. Gvozdetsky (1972) identified three most important factors that determine the
priority of the karst waters: 1) growing importance of the underground waters in water
supplying due to the pollution of surface waters in industrial areas; 2) vast distribution
of karst rocks on the territory of Russia; 3) useful fracture-karst water reserves in
carbonate rocks exceed considerably underground water resources in other water-
bearing complexes. A classic example of that is the Yuzhno-Gorkovskoe underground
water field located on the south of the Nizhny Novgorod region and north of the
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Chapter 1. Analysis of the present state of underground water quality and its use in karst regions

Republic of Mordovia, karstified limestone and dolomite rocks of which contain about
1.0 million m? /day of high quality drinking water.

The Nizhny Novgorod region in general is rich with underground water. It is widely
used for domestic and technical purposes, for watering and medicinal purposes.

Fresh and low saline waters are of a special value. According to the forecast,
expected reserves of these waters reach 8.7 million m¥day. The claimed water
demand in the region before 2005 was 1.3 million m3¥/day. Procurement of the
explored water reserves amounts to 200 per cent.

Reserves of the quality underground waters used for water supply in the cities vary
over the region.

The most water-rich karstified territories are located in the south, south-west, and
central parts of the region. The underground water is supplied from both individual
wells and group water intakes. In all, there are about 10,000 production wells on the
territory of the region. Their total volume amounts to 0.8-0.9 million m3/day. Though
there is a significant shortage of drinking water in some areas of the region, industrial
enterprises use up to 30 per cent of it for technical purposes. For instance, in the city
of Pavlovo this level reaches 39 per cent, in Nizhny Novgorod — about 29 per cent of
total water consumption. As a result, the actual water consumption per capita in some
districts is below the line.

The approved reserves are used for water supply in the cities of Vyksa, Kulebaki,
Dzerzhinsk, Arzamas, Sarov, Bor, Gorodets, Sergach, Pilna, Pyra, llinogorsk.

According to the present hydrogeological conditions the underground waters on the
great part of the karstified territories of the region are not protected from the surface
pollution. In the areas with direct hydrological connections of rivers with karstifying
rocks via sinkholes, the underground waters are subjected to pollution most of all (Fig.
1.1). Such areas are typical for the rivers of Tyosha, Seryozha, Satis, Sarovka, Pyana,
Kishma, Kudma, Oka.

Deep erosion cuts, valleys of small and medium-size rivers in the areas of water
intakes of the south and central parts of the Nizhny Novgorod region affect badly
natural protectability of the underground hydrosphere (Fig. 1.2).

Operational imperfection of water intakes also leads to the pollution and depletion of
the drinking quality underground waters. Infringements of the operation rules are
numerous. They have been revealed during complex inspections of water intakes and
potential polluters. In many cases the wells have no sanitary zones, inactive wells
have not been timely liquidated, wellhead cementation is broken, quantities of
extracted water are not recorded, the underground water quality is not monitored. At
present there are more than 700 inactive wells in the Nizhny Novgorod region, which
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1.1  General characteristic of man-caused changes of the underground hydrosphere in the karst regions

are to be eliminated (some of them restored) for they can serve as conduits through
which contaminants can reach the exploited aquifers.
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Fig. 1.1 Scheme of fracture-karst aquifer pollution with river waters via a sinkhole: 1 — vegetation layer;
2 —clay sand; 3 - sand; 4 — sand with pebble, water-bearing; 5 — limestone.
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Fig. 1.2. Schematic hydrogeological cross-section along the line of operational water intakes

The maximum man-caused load falls on the central part of the Nizhny Novgorod

region, where there are permanent sources of pollution: the city of Dzerzhinsk with
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Chapter 1. Analysis of the present state of underground water quality and its use in karst regions

a vast area of chemical pollution, which by the variety of contaminating elements can
be compared with the periodic table; the cities of Balakhna and Pravdinsk, where
wastes of the pulp and paper mill and the microwave equipment plant almost put the
existing water intakes out of operation; the city of Nizhny Novgorod, particularly its
industrial part, where such large plants as GAZ, Krasnoe Sormovo, Dvigatel
Revolutsii, aircraft works are located. The spectrum of contaminating elements there
ranges from a wide variety of heavy metals to almost a complete set of oil products.

The soil pollution caused by the operation of the Turtapsk pig-breeding farm threatens
the underground water supplying in neighboring areas. The same situation exists in
the settlements located in the zone of influence of the lljinogorsk pig-breeding farm.

A long-term exploitation of aquifers may cause the underground water lowering and
development of cones of depression, as well as deterioration of the underground water
quality. The diameters of depressions vary from 0.3 km (the Reshetikha water intake)
up to 15 km (water intakes of the Dzerzhinsk industrial area). For the whole period of
the water intakes exploitation the depressions have developed to the depth ranging
from 1.5 m (the Reshetikha water intake) to 25.7 m (water intake Il of Dzerzhinsk).
Some water parameters (concentration of sulphates — the Reshetikha water intake;
concentration of iron and manganese — the Ivanovo water intake; hardness up to
10 mole/m3, oxidability 5.1-6.5 mg O2/dm?3, NH4 — 0.4-0.8 mg/dm? — the lljinogorsk and
Reshetikha water intakes) exceed the sanitary norms. Due to the industrial
contamination and existence of permanent sources of pollution (the wastewater
collectors “Volosyanikha” and “Beloe more”, industrial waste disposal site, waste
utilization shop, tar ponds, etc.) the change of water chemical composition is
periodically reported in individual wells of the Dzerzhinsk water intake, namely the
presence of cyanides, benzol and oil products.

The change of the hydrodynamic situation inside the karstifying rocks and the massif
of the overlying sediments often causes an abrupt activation of karst processes, i.e.
occurrence of sinkholes and deformation of buildings and structures on the land
surface. The basic factors that cause karstification are fracturing, voidage, crashing of
soluble rocks to pebble or powder and, as Kozhevnikova, 1984, and Kutepov, 1986,
rightly underlined, mechanical destruction of karstified rock masses by high-velocity
underground waters, karst cavern filler washing-out due to the change of filtration rate
and direction, as well as due to the processes of rock softening and filtration
deformations (Fig. 1.3) in the overlying formations (Khomenko, 1986; Zlobina, 1986;
Gaidin, 1987).

The man-caused karst activation was reported in the area of the water intakes of the
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1.1  General characteristic of man-caused changes of the underground hydrosphere in the karst regions

Fig. 13 Scheme of simultaneous
processes of a complete filtration
destruction of the structure of water-
saturated sands and a sand collapse in the
zone of aeration (by V.P. Khomenko):

1 - karstifying rocks with fractures and
voids; 2 - tight rocks with broken
continuity; 3 — sand rocks; 4 - ground
surface; 5 — ground water level;

ADRRSR N I 6 — pressure lift of fracture-karst waters;
1_T”“l—“T’ T 7 - boundary of a firation shift of the
ground; 8 — voids of sand collapse in the

s 7[NS i
= =Hieook] zaz U aEEaT LIRS zone of aeration.

industrial zone of Dzerzhinsk, where the water lowering in the exploited aquifer
exceeded 20 m and the depression boundaries reached the city residential areas.
Every year 5 to 6 karst-suffosion sinkholes form in the area of water intakes.
Depressions and sinkholes have been also found in the area of the water intake wells
of the city of Pervomaisk of Nizhny Novgorod region.

A long-term use of the underground waters on the territory of Moscow (Kotlov, 1978;
Kozhevnikova,1984; Kutepov, 1982; Kutepov, 1995) has caused formation of a huge
depression with the piezometric level lowering up to 80 m and activation of karst-
suffosion processes that resulted in karst deformations and destruction of several
buildings in the area of the Khoroshevskoe highway.

Numerous cases of pollution of the exploited aquifers, where water-bearing strata are
formed of limestones and dolomites, are typical for many regions of Russia (Borevsky,
Khordikainen, Yazvin, 1976; Goldberg, 1991; Vartanyan et al.,1994; Koposov, Kaznov,
1996; Plotnikov, 1998).

In the Middle Volga area the south and central parts of the Nizhny Novgorod region
may serve an example of this type of pollution (Biryukova, Chentsova, 1990; Koposov,
Kaznov, 1996). While conducting field investigations of the karstified territories, the
authors witnessed repeatedly gross violations of the environment protection
regulations and ignorance of elementary rules during natural resources development
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Chapter 1. Analysis of the present state of underground water quality and its use in karst regions

by the representatives of the executive power as well as managers and specialists of
various companies and organizations.

For instance, large sinkholes on the suburbs of Sosnovskoe settlement, Nizhny
Novgorod region, where fracture-karst waters are the only source of water supply in
the area, have been turned into reservoirs for waste POL discharge. Consequently,
the main exploited aquifer was heavily polluted with oil products.

During field investigations numerous unauthorized dumps of solid municipal and food
wastes were found in the area of the karst lake Yalchik in the Republic of Mari El.
They create a constant risk of water bacteriological contamination. At the same time
water supply of tourist camps, sports centres and rest homes in this area depends
entirely on the fracture-karst waters.

In the result of an intensive extraction of the underground waters, directions of their
flows and lines of their hydraulic watersheds may change, a risk of water suction from
the underlying aquifers characterized by increased mineralization and different
chemical composition appears (Fig. 1.4).

As a consequence, the exploited aquifer is contaminated with low-quality water and
may become unfit for further use. This is the case of the intakes of the Pavlovo bus
plant, villages of Bogorodsk district, water intakes of the Dzerzhinsk industrial zone.
The same risk exists for the Teplovsky water intake in the Nizhny Novgorod region in
the areas where sulphate rocks occur immediately under sands (Fig. 1.5).

During commercial production of shallow sulphate and carbonate fields, especially if
the mining is connected with dewatering and water drainage, sinkholes and cases of
fracture-karst water inrush are very frequent (Abramov, Gazizov, Kostenko, 1976;
Tychina, 1989).

For 30 years of the underground mining of the Bebyaevo gypsum field 38 sinkholes
have formed (Fig. 1.6). In some areas of the field the work had to be permanently
stopped due to the collapse of large volumes of clay material. During this period the
adits and drifts of the Bebyaevo mine twice were entirely flooded by the fissure-karst
waters due to the catastrophic inrushes. In some areas of the open pit development of
carbonate rocks of the Budaevo, Gremyachevo, Smirnovsk, Ubezhitsy, Satis deposits
up to 25 per cent of the useful rock mass were buried under the collapsed sand-clay
formations. During the field investigations of the carbonate quarries the authors found
out that in case of the open pit mining the underground waters were contaminated with
mechanical particles and chemical compounds due to overburden washing-out, as
well as with mineral oils, phenols, alkali and other contaminants associated with
operation of boring, stripping, production and transportation equipment. Every year in
the vicinity of the Budaevo field, where rocks are crushed by explosion, 2 to 3
sinkholes of depth from 0.5 to 2 meters appear on the neighboring karstified territories.
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1.1  General characteristic of man-caused changes of the underground hydrosphere in the karst regions
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Legend:
O - source; O - well; *- sinkhole; * * - group of sinkholes; 180 — contour lines

Fig. 1.6 Relief map of the Bebyaevo gypsum deposit

1.2. Problems of arranging and exploiting waste disposal sites
on the karstified territories

Every year more than 7 milliard tons of wastes are produced in the Russian
Federation, less than 30 per cent of which are subjected to utilization. About 80
milliard tons of solid wastes have been accumulated on disposal sites on the territory
of Russia (Boravskaya et al., 2010). Concentration of toxic and hazardous wastes on
the landfills amounting to 1.6 milliard tons is of a special concern. According to the
State Committee of the Russian Federation on Statistics and Analysis (Goskomstat),
since 1990 about 75 million tons of highly toxic wastes have been produced annually
in Russia, only 18 per cent of which being processed and neutralized. By 2005 they
exceeded 120 million tons. The unsatisfactory state of landfills, and often lack of them,
creates emergency situations, when wastes are dumped directly on the land surface,
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Chapter 1. Analysis of the present state of underground water quality and its use in karst regions

into rivers, lakes, sinkholes and karst depressions (Naidenko, Koposov, 2005). Today
industrial and domestic wastes have become principle sources of the environmental
pollution. In the areas of their storage changes in the underground water chemism, soil
structure, water-physical and mechanical properties of soils take place, as well as
pollution of air, soil and surface water (Goldberg, 1995; Trufmanova, Galitskaya,
1999).

The urgency of the problem of storing and utilizing industrial and domestic wastes is
connected not only with their constantly growing volumes. Up to now a whole number
of issues related to the control and especially forecast of changes in various
components of the environment in the areas of landfills has not been solved. The
extent and character of the underground hydrosphere pollution as well as changes of
rock properties depend largely on the stability of the geologic environment of a karst
region as a whole to the technogenic influenc