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ABSTRACT
The assessment of natural resources and the ecological demand for 
underground water in Kazakhstan is based on a water-balance equation 
which considers underground lateral flow, hydrogeoecological 
regions and river basins. We propose a methodology to estimate the 
underground water resource for this region. The flow of water in all the 
rivers of Kazakhstan is estimated at 102.3 km3/year, of which 57.6 km3/
year originates in the territory of the country, and 44.7 km3/year in 
the adjacent countries. With potential increase of the underground 
water usage up to 15.5 km3/year, the surface water volume could be 
decreased to 5 km3/year. Optimization of water resource use should be 
based on the introduction of the water-efficient process of reinjecting 
and recycling the water supply in all branches of industry, and a 
reduction in losses during distribution.

Introduction

The analysis of water supplies worldwide shows a rapid per capita reduction because of the 
increase in population and depletion of freshwater resources. In order to meet all the future 
water needs of all ecosystems, it is necessary to implement systematic hydroecological mon-
itoring of the existing water resources and improve sustainable water usage. Accordingly, the 
United Nations declared the 22nd of March the World Water Day [1], and declared the years 
of 2005–2015 to be a period of dynamic actions under the Water for Life Programme [2].

About 50.5% of Kazakhstan’s fresh water supply is identified as being from underground 
lateral flow, with surface flow comprising about 49.5% [3]. This paper concerns the inter-
relationship of the underground lateral flow water and the surface water based on the 
hydrological and hydrogeological model of underground runoff formation which was intro-
duced by Kudelin. His model analyses the parameters of the total river surface flow with 
the underground lateral flow [4].

Kudelin segregated three dominating factors to quantify the formation of underground 
water runoff: climate, terrain and hydrogeology. These factors are interrelated. The size 
of the underground water flow or runoff is determined by the general characteristics of 
more complex natural phenomena that combine the processes of feeding, moving and 
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unloading the underground water. The volume of the underground water is determined by 
the amount of precipitation, the space-time distribution of which is subject to geographic 
location. Another factor is evapotranspiration whose annual rate in the northern hemisphere 
increases from the north to the south.

Terrain greatly affects the formation of underground watersheds. Within the Alpine 
orogeny of eastern and south-eastern Kazakhstan (Altai, Dzungaria, and Tien Shan), the 
latitudinal and vertical geographic location has a complex effect on the conditions of the 
underground water formation. Other influences include any acute fluctuations of elevation 
in the terrain, the increase in the amount of precipitation with increase in elevation, and 
the distribution of permafrost rocks.

Deep erosions in the terrain, drainage network density, and various slopes of the ground 
surface and the level of groundwater within mountain structures have put pressure on 
underground watersheds. Underground watershed formation is closely associated with the 
zone of distribution of precipitation, i.e. with the climatic vertical zone. An increase in the 
amount of precipitation with the terrain elevation up to known ranges (so-called ‘orographic 
precipitations’) results in the improvement of the conditions for feeding underground water 
resources.

The effect of terrain elevation in mountain topography is seen also in normal under-
ground flow or runoff layers. The factor combined with the orographic increase of pre-
cipitation intensifies underground water flow or runoff on highlands compared to plains. 
The intensity of underground water flow or runoff decreases in relation to the regional 
depressions of the relief (endorheic basins of inland seas such as the Caspian and Aral, and 
lake systems such as Balkhash, Alakol, and Teniz).

In contrast, within intermountain cavities of Kazakhstan, as a rule, the capacity of a 
freshwater zone is greatly increased. These cavities have more significant resources of under-
ground water (Kopa-Ili, Balkhash-Alakol and other cavities) because they are fed from 
adjacent intermountain cavities.

The influence of the local hydrogeological conditions on underground water resource 
formation is most apparent in the areas of development of watered karsting rocks – Carbonic 
and Devonian limestone (Karatau, Ulytau, etc.). This localised phenomenon is associated 
with the absorption of precipitation and surface runoff in caverns and leads to the rear-
rangement of the underground water within comparatively small areas.

The influence of the rock permafrost on underground water flow in the mountain regions 
of Kazakhstan is unknown. There are incomplete data on the physical and geographic fea-
tures within the permafrost areas, and very little quantitative assessment of underground 
water flow or runoff in these regions.

The structural and hydrogeological factor of underground runoff formation is closely 
related to the geotectonic structure of the territory. Three of Kazakhstan’s largest, compli-
cated and diverse sub-global geostructural oblasts are located in these territories:

(1) � �  Ancient Pre-Cambrian East-European (Russian) platform – in the outermost 
north-west;

(2) � �  Recent Epi paleozoic Ural-Siberian platform – in its central part;
(3) � �  Epi platform region of the Alpine orogenesis of the Central Asia – in the east and 

south-east of the country [5].
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On the basis of these segregated geological and structural regions, the following structural 
and hydrogeological regions [6] are formed within it:

(1) � �  The Pre-Caspian cavity in the south-east of the ancient East-European platform;
(2) � �  The Turanian and West-Siberian plates of the Ural-Siberian epipaleozoic plat-

form with the rocks yield of heterogenetic foundation in the form of mountain 
fold systems: Uraltau-Mugodzhary, Central-Kazakhstan shelf, West Altai, Saur-
Tarbagatai, Karatauand Ugama;

(3) � �  Central and eastern parts of Tien Shan, Dzungaria, Saur-Tarbagatai, Altai as a 
part of epi platform area of the Alpine orogeny of the Central Asia.

The separate structural and hydrogeological regions show various specific hydrogeologi-
cal features. These depend on the shapes of hydrogeological bodies and structures, types of 
rock penetration, degree of rock penetration, spatial variability of rock penetration, charac-
ter of water content of rocks by area, water-bearing nature of rocks through time, conditions 
of hydraulic interrelation of hydrogeological bodies, indicators of reservoir characteristics 
of the geological substrata, hydrodynamic zones of the hydrodynamic potential, and, as a 
result, quantity and quality of natural and operating resources of underground water.

The main types of hydrogeological bodies and structures are: (a) artesian basins of plates, 
which are located on sub-mountain troughs of plateaus and intermountain troughs of folded 
areas; and (b) hydrogeological massifs – offsets of folded areas and crystalline foundations 
of plateaus containing veined hydrogeological bodies.

The territory of the first structural and hydrogeological region is represented exclusively 
by hydrogeological bodies and artesian type structures. The groundwater here has a wide 
salinity range – from marginal brines to brackish medium production varieties near the 
Uraltau-Mugalzhar areas.

Two types of hydrogeological bodies and structures have been developed in the second 
structural and hydrogeological region where various levels of fresh water flow rates (from 
low to medium high) and qualitative composition (from fresh to sodium chloride) are 
formed.

Fast flowing fresh underground water exists in the third structural and hydrogeological 
region represented by hydrogeological bodies and structures such as artesian massifs in the 
premountain and intermountain zones and hydrogeological massifs in mountain structures. 
These were formed and increasingly appeared during the Alpine orogeny period.

The three main types of underground water runoff to the rivers (feeding of rivers) exist 
in differing terrain [7]: seasonal and permanent groundwater (hydrogeological massifs), 
artesian basins (in plateaus and intermountain cavities of folded areas), and ground-artesian 
(mixed) aquifers (sub mountain troughs of platforms).

The assessment of natural resources of underground water according to Kudelin’s model 
[4] is lacking because of the variety of natural causes of underground water formation. 
Therefore, an assessment of natural resources of underground water was carried out in the 
1960s and 1970s in the Institute of Hydrogeology and Hydrophysics of the Academy of 
Science of the Kazakh Soviet Socialist Republic under the supervision of U.M. Akhmedsafin. 
The amount of underground water at that time was understood to be 37.84 and 48.3 km3/
year, respectively [8]. In other words, they differed by 10.46 km3/year (28%), but the devia-
tion of long-term annual average values of the river runoff from the standard did not exceed 
5% for the discharge gauges.
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Study area

There are about 85,000 rivers and temporary water courses in Kazakhstan, with 8000 of 
them being longer than 10 km. The average area of most river basins is about 30 km2. Many 
rivers belong to the closed basins of the Caspian and Aral Seas and Balkhash, Alakol and 
Teniz lakes. Only the Yertys River belongs to the basin of the Arctic Ocean (Kara Sea). 
A higher drainage network density is registered in the highlands such as Altai, Zhetysu, 
Alatau and Ile, and less density is registered in the areas of sandy deserts of Pre-Aral and 
Pre-Caspian (less than 0.03 km per km2). The largest rivers of the country are Yertys with 
a length (within Kazakhstan) of 1700 km, Syr-Darya (1400 km) and Zhaiyk (1082 km). 
Six larger rivers of Kazakhstan have water flow rates which range from 30 to 900 m3/sec 
(average annual values). Seven rivers have flow rates ranging from 50 to 100 m3/sec and 40 
rivers from 5 to 50 m3/sec [9].

The river network of Kazakhstan combines six hydro-ecological basins:

(1) � �  Zhaiyk-Zhem (basin of the Caspian Sea),
(2) � �  Tobyl-Essil (basin of Kara Sea),
(3) � �  Yertys (basin of Kara Sea),
(4) � �  Nura-Teniz (basin of Teniz lake, closed),
(5) � �  Balkhash-Alakol (basin of Balkhash lake closed),
(6) � �  Aral-Syr-Darya (basin of Aral Sea, closed) [9].

The distribution of river surface flow in the territory varies. Large surface flow volumes 
are formed in the Yertys and Balkhash-Alakol basins (73–86% of the total resources). There 
is almost no local surface flow in the Nura-Sarysu, Yessil and Tobyl-Torgai basins in the 
years of low water flows. The river surface flows are characterized by significant inter-annual 
variability: the maximum and minimum values of an annual surface flow are three times 
the norm and two times below the norm, respectively. There are also changes in levels of 
low water every 7 years and the abundance of water every 1–3 years. Because of climatic 
features in Kazakhstan, up to 90% of the annual surface flow occurs in spring, and up to 
70% of the mountain river surface flow occurs in summer months.

The major feature of the orography and hydrology of Kazakhstan is the dividing range 
of Europe and Asia, forming the Atlantic-Arctic and Indian-Pacific drainage sub-global 
orographic regions. From the eastern boundaries of the country, it goes through the 
ridges of the Chingiz-Tau Saur-Tarbagatai mountain system, and moves southwards from 
KushmurunLake (Kustanai saddle), past the head of the Tobyl River and its feeders to the 
north, and beyond Kazakhstan to the ridges of the Ural mountain system. The north and 
east of Kazakhstan have areas belonging to the Atlantic-Arctic sub-global region, but its 
greater part is located in the Euroasian region without any surface flow. Generally, the oro-
graphic dividing range goes through the southern boundaries basins of the Tobyl-Yessil, 
the Nura-Teniz without runoff and the Yertys [9].

The large river arteries, their snow and rain feeding and minor salinity of water in surface 
runoff are typical in the area of the Atlantic-Arctic sub-global region. The closed Euroasian 
basin has very different features. There is a variegated distribution of the density of perma-
nent river network. For example, many areas are completely deficient in permanent surface 
flow; there is great variety in size of rivers and their regimes; difference in conditions of 
the river feeding; and a great range of water salinity measures. The general features of the 
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hydrology of both areas are the relatively poor development of the river network, which is 
explained by intercontinental aridity of the climate [9].

Kazakhstan’s water network is mostly internal, except for the Yertys River basin which 
extends to the Arctic Ocean. Some of the country’s water has also been engineered into 
canals and channels for domestic, agricultural and industrial use.

The channel network of the river basin depends on the lithologic structure, its geography 
and elevation, orography, vegetation and precipitation. The density of the river network is 

measured in this manner: d =

�

∑

n

L
n

�

∕F, which is determined by the ratio of the length 

of all watercourses in the river basin 
∑

n

L
n
 to the area of the basin F, in addition the entire 

area of F the number of streams (n) and each has a length Lп.
Pursuant to the latitudinal and zone diversity, the density of the hydrographic network 

(from north to south) is different [10]. The central region of the country with the steppe 
and deserts is characterized by rather poor development and the absence of a network of 
permanent rivers. Farther southwards, with the transition to the sub-mountain regions, the 
density of the permanent river network increases; reaching its greatest density at the south 
and south-east region. The denser river network (40–180 km per 100 km2) in the basin 
of the Kara Sea is confined to the mountain regions of Altai, Saur-Tarbagatai, Chingiztau, 
Zhetysu Alatau.

In the central plains (steppe), the water is distributed through small inland lakes without 
permanent tributaries. The pools measure between 0 and 2 km per 100 km2.

The largest territories have a hydrographic network density from 4 up to 6  km per 
100 km2, and it increases up to 8–10, and rarely expands to 12 km per 100 km2 in the 
highest elevated areas.

The Ile-Balkhash basin consists of two distinct zones – the steppe and mountains. The 
first has few rivers, but the second has many. The network density of Ily-Balkhash basin 
in its steppe is 0–2 km with an elevation up to 6 km within the areas of the Balkhash river 
basins–tributary.

The river network density in the steppe and desert areas of the Aral Sea basin decreases 
from north to south, from 4–6 up to 2–0 km. The desert area of the Aral basin is almost 
waterless. Zones with a permanent river network density from 2–4 up to 4–6 km per 100 km2 
extend only along the Syr-Darya, Sarysu and Shu Rivers.

In the Torgay flat area, the temporary river network has a density of 6–10 km, and in the 
lower reaches of the Torgay river, the density is over 16 km per 100 km2.

The higher river network density of 10 km per 100 km2 is in the Caspian basin and those 
greater than 12 km per 100 km2 are observed in the north and north-west – within the 
steppe zone. The density in the desert zone is as low as 2–4 km per 100 km2, and there are 
territories without permanent surface flow in the deserts and sand massifs. The territories 
with the most surface flow are along the great rivers (Zhaiyk, Zhem, and Oral).

The temporary river network has maximum density in the areas of low-mountain and 
medium-mountain elevations located within the steppe and desert geographic zones. For 
example, Mugodzhary has a value of 6–8 km per 100 km2, and has two individual spots 
more than 12 km per 100 km2. The density of the temporary river network in the west-cen-
tral-Kazakhstan hilly regions is 6–8, 8–10, 10–12 km per 100 km2. Individual spots with 
density of 14–16 km and those more than 16 km per 100 km2 also exist. The north part of 
the Central-Kazakhstan hilly areas has density of 4–6 and 6–8 km per 100 km2.
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Methods of assessment

All water in the Earth is in constant motion. The source of energy for global water circula-
tion is the sun, which heats water areas of the hydrosphere and land surface and vegetation 
surface. These areas are the sources of evaporation and evapotranspiration, the values of 
which mainly depend on direct and dispersed solar radiation, temperature, humidity, wind 
speed and surface roughness. An average of 1030 mm of water evaporates from the surface 
each year. Evaporation over the oceans within the area of equatorial latitudes range from 
1500 to 2000 mm/year, but wherever there is vegetation cover, the on-shore evaporation 
exceeds the evaporation over the oceans substantially. In dry on-shore conditions, where the 
main consumable element of water balance is physical evaporation, its value is comparable 
to that for precipitation, amounting to about 100 mm per year [9].

The water balance of river basin territories has usually been measured using this equation:
P = R + ET, where P is precipitation, R is river flow, and ET is for evapotranspiration/

evaporation.
Since this equation can only estimate the main or primary water resources of river basins, 

an adjustment of the components has helped to measure its differential form [11]:
P = S + U + ET = S + U + N + T = R + ET, where P is atmospheric precipitation, S is 

surface (flood) river flow, U is underground flow (more stable part of the total river flow 
R = S + U), ET = (N + T) is evapotranspiration, N is evaporation out of the soil or physical 
evaporation, and T is transpiration of plants or biological evaporation.

Next, the differential equation of the water balance when considering glacier-derived 
flow has a universal form P = R + E + L + U1 + Q + J, where L, underground water flow to 
the sea along the coast line U1, moisture condensation from the atmosphere Q (portions of 
the atmospheric moisture P:Q = mP, where m <<1) and sublimation J, which is transition 
of a substance from the solid as snow, ice, to the gas phase as evaporation, without passing 
through the intermediate liquid phase.

The water balance equation also allows the determination of a lithological link of the 
water circulation, i.e. hydrological processes related to the geological substrate, particularly, 
the soil. Indeed, the water balance equation shows the important hydrologic and hydroge-
ological ratios [12].

Where W – gross soil moistening that characterizes precipitation filtered into the soil and 
used to recharge the natural resources of underground water, further feeding of rivers by 
means of underground flow, evaporation and transpiration; KU  =  U/W – coefficient of 
feeding of rivers by underground water (share of infiltration forming the underground flow 
of water to rivers); KE = E/W – evaporation coefficient (share of infiltration and gross soil 
moistening spent for evapotranspiration); KR = U/R – coefficient of underground feeding 
of rivers (ratio of the underground run-off value to the total river run-off value, i.e. share of 
underground water in the total river flow shall be calculated for regions where underground 
flow derives from drainage of water bearing horizons by rivers; KP = U/P – coefficient of 
underground flow (ratio of the underground flow value to the value of atmospheric pre-
cipitation over the same period [4].

The water balance equation is based on precipitation, surface and underground water 
flow, evaporation, transpiration and sublimation. The evapotranspiration elements are not 

W = P − S = U + E, K
U
= U∕W , K

E
= E∕W , K

P
= U∕P, K

R
= U∕R
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clearly analysed or assessed because the river flow is the integral index of formation of the 
river basin water balance, which reflects both surface and underground components of the 
unified biospherical hydrologic and hydrogeological cycle of water exchange. Furthermore, 
the river discharge is the only reliably definable water balanced characteristic of the river 
basin.

The main difficulties in using the water balance equation of the onshore surface are the 
lack of proper evapotranspiration assessment and data. The evapotranspiration uncertainty 
error values are in the range of 10–15%, which creates error in the water balance calcula-
tions [13].

In order to reduce these uncertainty error values we refer to the analysis of the differential 
equation of the onshore water balance within the period of low winter runoff, when the 
surface runoff takes the minimum value Smin and is formed at the expense of underground 
water flow of the winter flow low period Urunoff low and evapotranspiration Erunoff low. Therefore, 
we transpose the original Equation (1) as follows

Whence it follows that

Therefore, the long-term average annual value of the evapotranspiration Eave.low water within 
the period of low water level may be obtained on the basis of long-term average annual 
data Rave.low water and Save.low water. This may be calculated according to the long-term average 
annual data of the hydrological monitoring:

Subject to

We obtain

considering that within the period of low winter surface flow the physical evaporation 
(mainly through sublimation) and transpiration have the minimum values, which is con-
firmed by the Penman-Monteith theory of evapotranspiration and experimental data [14], 
given in Figure 1.

We may accept the following as a limiting condition

and upon analysing the water balance Equation (1) come to the analogue conclusion:

accepted as an initial condition in the first case (2).
Thus, the share of the long-term average annual value of the low winter period flow 

(underground flow to river Uave.low water) in the long-term average annual value of the river 
flow Rave.low water may not exceed 50%. In other words, Uave.low water/Rave.low water ≤0.5.

But we must note the cases:

R = 2S
min

+ E
runoff low

= 2U
runoff low

+ E
runoff low

,

S
min

= U
runoff low

.

(1)E
ave.low water

= R
ave.low water

− 2S
ave.low water

= R
ave.low water

− 2U
ave.low water

(2)U
ave.low water

∕R
ave.low water

= 0.5, i.e.R
ave.low water

= 2U
ave.low water

,

E
ave.low water

= 0,

E
ave.low water

= 0,

U
ave.low water

∕R
ave.low water

= 0, 5, t.e.R
ave.low water

= 2U
ave.low water

,
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Uave.low water/Rave.low water ≥0.5, recorded in the mountain territories of Tien Shan and 
Dzungaria as well as at Pamir and/or Kamchatka [2], and the Swiss Alps [15]. In these 
cases the basins of rivers such as Sharyn and Arys (belonging to the mountain territories 
of Tien Shan) are glacier-fed by flow of these rivers, which is confirmed by the maximum 
values of the coefficient of underground flow Ku.r. = Uave.low water/Pave.low water ≈ 0.5 (Table 1). 
During winter flow, evapotranspiration has a minimum value, which is confirmed by the 
theory of Penman-Monteith and the experimental data in Figure 1.

Coefficients KU and KE show the proportion of two ratios of the gross soil moistening: 
the sum of the coefficients of feeding (infiltration) KU and evaporation KE as per above 
mentioned proportions of the water balance elements equals to 1 (see Table 1)

Within the regions of glacier feeding (mountain territories of the Alpine orogenic belt of 
Kazakhstan) and occurrence of condensation, the underground water flow coefficient KP 
may be more than 1 and the coefficient of underground feeding of rivers KR (the share of 
underground feeding of rivers) reaches and even exceeds 50%. The share of the glacier feed-
ing of the river runoff changes from 12 to 13% (Karatal, Bukturma Rivers, respectively) up to 
20% (Shu, Sharyn Rivers), and the total value of feeding of these rivers by subsoil and glacier 
water reaches (%) 47–57–60–75 (Bukturma, Karatal, Shu, Sharyn Rivers, respectively) [16].

The coefficient values of the underground feeding of rivers KR = U/R within the selected 
hydro-ecological regions of Kazakhstan are shared as follows (%): Zhaiyk-Zhem – 23.44; 
Tobyl-Yessil – 13.37; Yertys – 49.18; Nura-Teniz – 9.5; Balkhash-Alakol – 45.35; Aral-
Syr-Darya – 47.8, and the average value in the country is 42.86 (Table 1). These data fully 
conform to the theoretically substantiated assessments of the coefficient of underground 
feeding of rivers: KR ≤ 50% (Table). Therefore, an appropriate volume of underground flow 
(natural resources of underground water of the Republic of Kazakhstan) reaches 52.44 km3/
year, considering our estimates related to the standard of water flow for all the rivers in 
Kazakhstan (104.88 km3/year) (see Table 1).

KU + KE = 1

Figure 1. Mean evapotranspiration measured during non-growing, winter periods at Kimberly, Idaho, 
United States by Wright (1993): ETc − crop evapotranspiration under standard conditions [mm day–1], 
Rs − solar or short ware radiation [MJm–2 day–1], Rso − clear-sky solar or clear-sky shortware radiation 
[MJm–2 day–1]. Source: Ref. [14].
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The runoff of all the rivers of Kazakhstan is estimated to be 102.3 km3/year [9], of which 
57.6  km3/year forms in the territory of the country, and 44.7  km3/year in the adjacent 
countries (20.4 km3/year – China, 14.4 km3/year – Uzbekistan, 7.01 km3/year – Russia, 
2.59 km3/year – Kyrgyzstan).

Kazakhstan’s environment and industries are sensitive to any change in river flow. A strat-
egy of stable water provision should focus on the negative combination of two destabilizing 
factors: climate-dependent change of the local surface flow (10–20%) and anthropogenic 
decrease of trans-border surface flow (up to 50%). If climatic and trans-border hydrological 
threats materialize, water resources of the river flow may eventually decrease in Kazakhstan 
by 2020 to a level of 81.6 km3/year, as follows: trans-border – up to 33.2 km3/year; local – up 
to 48.3 km3/year; by 2030 – up to 72.4; 22.2, and 50.2 km3/year, respectively [9].

Discussion

This study shows that in the process of water cycling, underground water is hydraulically 
interrelated to the surface water of river basins, forming a unified water resource potential. 
This is equivalent to a layer of moisture for the entire territory of Kazakhstan (2.7 million. 
km2) of about 50 mm per year [9] with an average value of 250 mm of precipitation per 
year and an estimated evapotranspiration of 200 mm per year [14].

With the possible impact of the global climate and regional trans-border hydrological 
threats, the underground water resources may eventually decrease in Kazakhstan by 2020 by 
up to 40.8 km3/year. A possible change of the underground drain water could be the value 
of ± (1–2)%, i.e. on ± (0.5–10) km3/year. This equates to a modern selection of Kazakhstan’s 
groundwater for economic-drinking water supply amounting to 0.84 km3/year [9].

The increased environmental concern in Kazakhstan and worldwide is confirmed by 
the ecosystem restrictions in use of water resources, i.e. regulation of the environmental 
demand for water resources. Sustainable water use is necessary.

Renewable resources of the river runoff of Kazakhstan are the integral environmental 
component providing for the stability of the salt-water regime of internal and marginal 
impoundments, watering of floodplains and estuaries and for the water resource balance 
of the territory. Hence, the standards for the ecological surface flow of rivers have been 
established for river waters of Kazakhstan and allow a stable balance of water ecosystems 
to be maintained: ecological potential 37% (now 37.85 km3/year), production resource 63% 
(now 64.45 km3/year) from the rate of water flow [9].

If the proportion of the surface and underground water flow is 2:1, the rated environmen-
tal demands of the natural and domestic ecosystems of the country for water resources will 
be18.93 km3/year. In this case, the rated underground ecological water flow in the volume 
of ecological demand should meet the following conditions:

• � Provide gross subsoil moistening sufficient for the terrestrial biota;
• � Be changeable in time within a year as in natural conditions;
• � Ensure maintenance of underground water flow parameters within the range of its 

optimal values, i.e. levels of subsoil water and piezolevels of artesian water and their 
salt regime.

Consequently, in the case of limiting water intake of groundwater with the volume of 1.5 
km3/year, Kazakhstan’s underground water reserve will be 21.5 times more.
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Conclusions

The estimated general water need in Kazakhstan is planned to provide: surface  
water – 19.8  km3/year; ground water – 1.5  km3/year (10% of explored reserves); sea 
water – 1.1 km3/year; other water sources – 0.9 km3/year and it should actually tend to 
the level of 23.3 km3/year, including irrevocable water consumption – 15.3 km3/year, on  
agriculture and water disposal – 8.0  km3/year (industry – 4.0  km3/year; municipal  
services – 2.2 km3/year; other branches – 1.8 km3/year). Plans for the immediate future 
(to 2020) coefficients of the growth of using groundwater resources in priority sectors 
of Kazakhstan’s economy comprises: 1.12–1.56 for public water supply, 1.27–1.22 for  
industrial water supply, 1.36–1.33 for agricultural water supply and 1.12–1.21 for other 
productions [17].

Consequently, at the lowest estimate for groundwater in volume of 1.5–2.0 km3/year, the 
requirement would be 20 times the reserved water supply of Kazakhstan .

The Ak Bulak programme is estimated to use 15.44 km3 of underground water per year 
[7]. Because of the surface and groundwater connection, the surface water level would be 
decreased to 5 km3 per year.

The excessive and inefficient use of water leads to the deterioration of hydro-geoecological 
conditions in Kazakhstan [18].
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