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IMPROVEMENT OF THE METHODOLOGY AND
SCIENTIFIC-TECHNICAL BASIS OF THE ADJUSTMENT
PARAMETERS OF RESERVOIRS IN THE POOL
OF UNDRAINED RIVERS (CASE STUDY OF ILE RIVER BASIN)

Abstract. The starting points. The basic principles of the UN Rio Declaration, 1992 [1]. Maintaining the water
level in Lake Balkhash at the mark of 341.0 m. Ensuring sustainable development of economy and preservation of
environmental sustainability in the basin of the Ile River in Kazakhstan.

This article presents the methodology, scientific and technical bases, and results of research on the Kapshagai
reservoir adjustment parameters in the following order:

- Analysis of the current status of water and land resources use in a river basin in the Republic of Kazakhstan
(RK);

- Water resources and water use by the economy branches for water areas within the lle River basin in Ka-
zakhstan;

- Methods and scientific-methodological basis for identifying the inflow of water to various targets in the lle
basin relevant to different scenarios of industries development both in Kazakhstan and in the People's Republic of
China (PRC);

- Recommended water management measures adopted in accordance with the «Sustainable development sce-
narios by the Russian State Institute of Hydrology» (SDS RSIH);

- Hydrological and water calculations to identify the Kapshagai reservoir parameters.

The adopted methodology and the scientific-technical basis for the study of social, environmental and economic
performance measures to adjust the operating parameters of reservoirs were carried out in the following three stages

» the first stage was finding the alignment of the inflow to the reservoir for a variety of long-term periods based
on the analysis of the volume and modes of water on the border of a Kazakhstan;

« the second stage was finding the adjusted parameters of the reservoir through comparing the water inflow into
the reservoir;

« the third stage is a socio-ecological-economic assessment of optimal variant of the water management system
parameters.

Keywords: volume and modes of inflow water, inflow into the reservoir target, return water from the reservoir,
the reservoir parameters, water management system, water balance, ecology of water.

1 Introduction. Reduced water flow into Lake Balkhash is due, as noted in paper [2] to the construc-
tion of Kapshagai hydroelectric power station, to uncontrolled use of water resources ofthe rivers Karatal,
Lepsy, etc. For example, the Ayaguz river got to the lake until mid-1950. Regulation ofthe flow ofthe lle
River by the Kapshagai reservoir and lack of counter-regulator led to a dramatic change in its hydro-
regime, sudden floods affecting the cattle.

The lle River delta has been decreased by more than three times. There are only five of the 16 delta
lakes, while the fishery demands are being ignored completely. The area of grasslands and riparian forests
has been significantly reduced and this resulted in the biodiversity reduction. Total number sheep and
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goats decreased by more than three times due to the excessive use of pasture capacity and the consumption
of meat per capita has fallen from 77 to 45 kg/year. [3]

The lle River delta is a part of a large and unique ecosystem of the lle-Balkhash hydroeconomic
complex. It is a system of lakes, branches, channels, former riverbeds, interspersed with thickets of reeds
and dry valleys, which are the ecological environment of the lake, providing habitat and reproduction of
fish, muskrat, wild animals and various biotic complexes. In addition, the delta is important as an econo-
mic entity. The humidified delta areas are floodplain grasslands that make up the main base for fodder
farms located both inside and outside the delta [4].

The problem of providing the rapidly growing population and rapidly growing economy with water is
becoming more and more urgent for most countries of the world. Reservoirs, distributing the flow in due ti-
me and space and meeting the water needs of water users are of great importance in solving this problem [5].

Construction of regulating reservoirs allows to eliminate all or part of disasters associated with floods
for the river sections located below the dams, to engage new lands in agricultural use and improve the use
of available agricultural land, to reduce the cost of building economic constructions in various sectors of
the economy [3, 4].

This implies that the reservoirs can reveal their environmental impact both in the nearby and remote
areas, including even the lower atmosphere and what is more all the layers of air and all the environmental
components ofthe biosphere.

Therefore, the problems of improvement and adjustment of the parameters of functioning reservoirs
in the basins of the sewer or undrainage rivers require first and foremost analysis of river basin water
resources use patterns for the current and future periods. Most important is finding out the possible volu-
mes of water inflow to the reservoir alignment against the analyzed calculated levels of economic sectors
development. In turn, the calculation of potential water inflows to the reservoir alignment can be done
given to economic development analysis both in the Republic of Kazakhstan and the neighboring States,
for various prospective periods.

2. Materials and method. 2.1. Principles of water loss calculation in the Ile delta and ofwater in-
flow into Lake Balkhash. In calculating the parameters of the reconstructed reservoirs, it is necessary to
identify the dependence of water releases from the Kapshagai reservoir on water inflow to Lake Balkhash,
figures land 2.

Based on figures 1 and 2 possible values of inflow to Lake Balkhash were found. The calculations
were summarized in Table 1

Based on calculation results, a chart was compiled, figure 3.

As follows from the chart, there are incremental losses of water in the Ile delta. Negative loss of
water in the delta is observed when more than 13.0 km3 of water releases per year from the Kapshagai
reservoir. On the contrary, when less than 13.0 km3 of water releases from the Kapshagai reservoir per
year, there is a positive increase of water loss in the delta. Thus the volume of water inflow into Lake
Balkhash is found (figure 6).

Figure 1-
Interdependence
of water loss inthe lle delta
and water discharge
from the Kapshagai reservoir [7]

Water inflow to Lake Balkhash
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W. km3

Figure 2 -
Interdependence of water inflow
to Lake Balkhash and water loss

in the delta of the lle River [7]

Waterinflow to Lake Balkhash

Table 1- Calculation of water losses increase in the lle River delta depending on water return
from the Kapshagai reservoir and inflow of water to Lake Balkhash

As of data from Fig. 4 As of data from Fig. 3 .

Ne Discharge Water loss ~ Ne Inflow Water loss Watier: :ﬁi}g,f;ease
from the Kapshagai reservoir  inthe delta to Lake Balkhash  inthe delta
1 29,0 9,6 1 29,0 7,0 +2,6
2 27,0 8,7 2 27,0 6,4 +2,3
3 25,0 7.8 3 25,0 58 +2,0
4 23,0 6,8 4 23,0 52 +1,6
5 21,0 6,0 5 21,0 4,7 +1,3
6 190 50 6 190 4,2 +0,8
7 17,0 4,0 7 17,0 36 +0,4
8 150 32 8 150 29 +0,3
9 130 2,2 9 130 2,2 +0,0
10 11,0 14 10 11,0 16 -02
n 90 04 n 90 08 -04
12 80 00 2 80 04 -04
Figure 3 -
Calculation of water
loss increase

in the lle River delta
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Waterinflow to Lake Balkhash

Figure 4 - Volumes of water inflow to Lake Balkhash depending on the volume of water return from the Kapshagai reservoir

In general, it is necessary to clear out the dependence of the water releases from the Kapshagai reser-
voir and water inflow into Balkhash Lake taking into account the loss of water in the lle delta, figure 5.

Figure 5- dependence ofthe water flow to Lake Balkhash on water releases from the Kapshagai reservoir and water loss
inthe lle delta: 1- loss of water in the lle River delta depending on water releases from the Kapshagai reservoir; 2 - inflow
of water into Lake Balkhash, depending on the water release from the Kapshagai reservoir and water loss in the lle delta

3. Principles and calculation of the inflow into the Kapshagai reservoir target. According to [7, 8],
the flow of water in the border target is 11.4 km3. For comparison, see the flow of water to the border
target water inventory data, Table 2. In addition to these measurements, we analyzed and used measu-
rements carried out by other organizations in the region [9, 10].

Table 2 - Calculation of lle-Dobyn river water distribution of 50% capacity

Months Annual
Exponents
| nm m v v Vi Vil vl IX X Xl Xl
River discharge in 2015, m3s 243 306 380 315 506 651 465 77/6 465 338 244 237 411

Distribution of the river flow, % 49 62 77 63 102 131 94 163 94 68 49 48 1000
The flow of the 50%capacity, m3cs 594 751 933 764 1236 1588 1136 1976 1139 824 594 582 10108
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The future demand for water industries both in China and in the Republic of Kazakhstan will
increase. The following initial scenario for industries development are assumed: 1. Moderate development
of industries. 2. Intensive development of industries.

For a moderate development of industries in China, the inflow to the territory of Kazakhstan ranges
from 11.0 in 2015 to 10.40 km3in 2040, the intensive development of economic sectors, respectively,
from 11.0 to 9.40 km3 table 3. A similar situation for water areas (WEA) is observed in Kazakhstan.

Ifthe flow of water in the border target (Figure 6), as a result ofthe PRC industries development will
be reduced, then Kazakhstan will experience the same situation. Thus, the flows of the lle River to diffe-
rent targets (Figure 7) will vary with the development of industries. If under a moderate development of
the industries the inflow to target 2-2 in 2040 will be 10.10 km3, under intense development it will make
10.04 km3. The inflows oftarget 5-5 in the corresponding periods are assumed as 13.90 and 12.71 km3of
water per year. The inflow of water to the various lle River targets and reduction of water volume allo-
cated to the sectors of economy, is illustrated in Figure 10. Hence, you can see that already in 2020, the
volumes for different industries will be reduced to zero.

Table 3- Calculation of the inflow to the Kapshagai reservoir target in the years of 50% supply
under different levels of industry development in China and Kazakhstan

PRC
Target, Exponents To date In future
hydroeconomic area Moderate development Intense development
20 2020 2030 2040 2015 2020 2030 2040
1 2 3 4 5 6 7 8 9 10
PRC Water consumption 3,40 3,60 380 4,00 34 40 45 50
RK border (target 1-1) Inflowto RK 11.4* 1080 1060 1040 110 104 99 94
_ River runoff
s e Sl S0 waerconsurton
Excess
Target 2-2 Ile River runoff
_ River runoff
Ef“tlﬁgslggtmr??%geem slope Water consumption
Excess
Target 3-3 Ile River runoff
River runoff
The Sharyn river Water consumption
Excess
Target 4-4 Ile River runoff
River runoff
'é{]:?w?glthe Big Almaty Water consumption
Excess
Target 55 Ile River runoff
RK above the Kapshagai Discharge
reservoir Consumption

* |s an average inflow to the territory of the Republic of Kazakhstan - 11,40 km3 In fact, it is probably even less. If it is
10.40, then all the calculations need to be adjusted (recalculated).
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Target ,
hydroeconomic area

PRC
RK border (target 1-1)

Rivers of the southern slope
of the Dzhungar Alatau

Target 2-2

Rivers of the northern slope
of the Ketmen ridge

Target 3-3

The Sharyn river

Target 4-4

Area of the Big Almaty
Channel
Target 55

RK above the Kapshagai
reservoir

Exponents

2
Water consumption
Inflowto RK
River runoff
Water consumption
Excess
Ile River runoff
River runoff
Water consumption
Excess
Ile River runoff
River runoff
Water consumption
Excess
Ile River runoff
River runoff
Water consumption
Excess
Ile River runoff
Discharge
Consumption

To date
2015

1,08

0,38

0,70
11,70
0,36

0,05

031

1201
115

0,15

1,00

1301
2,44

0,96

148

14,49
5,03

151

Cepus reonorum un TexHuyeckux Hayk. Ne 3. 2017

2020

1,08

0,39

0,69
11,49
0,36

0,05

031

11,80
115

0,16

0,99

12,79
2,44

0,97
147
14,26
5,03

154

Republic of Kazakhstan
In future
Moderate development
2030 2040 2015
13 14 15

1,08 1,08 1,08
0,39 0,38 0,38
0,69 0,70 0,70
1029 1010 11,70
0,36 0,36 0,36
004 0,04 0,05
032 0,32 031
161 1142 1201
115 115 115
0,16 0,15 0,15
0,99 1,00 1,00
1260 1242 1301
2,44 2,44 2,44
097 0,96 0,96
147 148 148
1407 1390 1449
5,03 5,03 5,03
153 150 151

Continuation oftable 3

Intense development
2020 2030 2040
16 17 18

1,08
0,40
0,68
11,08
0,36
0,06
0,30
11,38
115
0,16
0,99
12,37
2,44
0,98
146
13,83
5,03
157

1,08
042
0,66
10,56
0,36
0,07
029
10,85
115
0,17
0,98
11,83
2,44
1,00
144
13,27
5,03
1,62

108
044
0,64
1004
0,36
0,08
0,28
10,32
115
0,18
0,97
11,29
2,44
1,02
142
1271
5,03
1,68

Figure 6 - Water resources, water use and the inflow in the lle River on the balance sheet plots
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Figure 7 - WEB and a linear scheme of lle River basin water resources use

Figure 8- Water resources, the inflowto Kapshagai reservoir target and gross return water
from the reservoir (lle River basin) to the present level of economic sectors

w e km3 Inflow to the Kapshagai reservoirtarget under moderate and
- intense development modes, as of SDS RSIH n

| | | | | | |

1900 1940 1980 2020 ayear

Figure 9- the influx to Kapshagai reservoir target given the planned (moderate and intense) economic branches development
in PRC according to the scenarios by SDS RSIH
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4. The proposed principle of identifying the reservoir parameters. 4.1. Calculations to identify
theflow ofwater in the Ile River by hydroeconomic areas (HEA) in the Republic ofKazakhstan for the
average water river. The value of 50% supply river flow is added to the difference of water discharge and
consumption at each hydroeconomic area, table 3. These calculations are made from the target 1-1 to
target 5-5, figure 7. (For example: "The rivers of the southern slope of the Zhungar Alatau", target 2-2.
Firstly, the calculations are carried out in the context of a multi-year period, according to the flow regime
of the river, provided that there is some background information, and in those cases where there is no data,
the calculations are made according to regional schemes, and thus the calculated flow is found. Excess or
deficit in the observed flow calculation intervals are calculated basing on water use and water consump-
tion mode. If the result of calculations is a deficit, then this month there would be no water inflow to the
lle River. The lle River runoff is calculated as the flow of the Ile River at the border alignment (Dobyn
point), plus the difference between the flow and consumption in hydroeconomic area). Thus, the
calculation is made in the context of each alignment.

4.2. Calculations to determine the impact of water from Kapshagaifor average water river. The
calculations in the downstream reservoir are made from Lake Balkhash (target 9-9), to the Kapshagai
reservoir alignment (target 5-5). Thus, the calculation is made from the lower to the upper area under the
following restrictions. Water level in Lake Balkhash should be at least 341.0 m. The lle tributary is 80%
of the total inflow to Lake Balkhash equal to 12.0 km3. That is, Lake Balkhash should receive 9.6 km3of
water per year from the lle River.

To do this, the amount of water loss in the delta is calculated which at this stage is 2.4 km3, figure 5.
Then in target 8-8, an inflow to the Delta should be equal to 12.0 km3. The inflow to the same alignment
of the 7-7 (front intake in Akdalinsky irrigation array) should be equal to 12.8 km3. Demand for Akda-
linsky water irrigation array (permanently) is 0.8 km3ofwater per year.

Water releases from the Kapshagai reservoir (target 6-6) should reach 12.6 km3 of water per year,
since 0.2 km3of water per year will be delivered by the Kurty river (excess water flow in the Kurty river
basin).

4.3. Long-term regulation reservoir parameters calculation. The above calculations show that the
net return of water from the reservoir (water releases from the Kapshagai reservoirs - target 6.6 should
make up to 12.6 km3 per year): Awrdess = 12.6 km3. Loss of water from the reservoir, for average con-

ditions: W = 1,9 km3. Then gross return water: A fgpshresv= Awrdess + Winfpsresy = 12,6 + 1,9 = 14,5 km3.

Table 4 shows the calculations to determine the inflow to the Kapshagai reservoir target.

Table 4 - Summary of the Kapshagai reservoir calculation parameters for retrospective and prospective period (2040)
under different scenarios of expected development of industries in the PRC and in Kazakhstan

_ Perspective (2040)
No Exponents Till - 5915 Under Under According
1970 moderate intense to the SDS RSIH
development  development scenario
1  Inflowto the reservoir target,km3 170 1493 13,90 1271 14,38
Gross water release (average for a multi-year
2 period) given the Balkhash level at 341,0 m, km3 145 145 145 145 145
Reservoir parameters:
Total volume, km3 including: 280 186
- dead volume 28 128 128 128 128
3 - usable capacity 152 58
Retaining marks, m
- DLM (dead level marks) 4745 4745 4745 4745 4745
- NWL (normal water level) 485 479

4.4. Task solution.
4.4.1 Flow parameters for 2040 (enlarged):

- average multi-year value of inflow to the reservoir target, W kishresv = 13,0 km3;

107



M3BecTua HaunoHanbHoW akagemun Hayk Pecnybamku KasaxcTaH

- coefficient of variation Cv= 0,30;
- coefficient of asymmetry Cs= 2 Cy.

4.4.2 Gross water release from the reservoir: A gpswesv= 14,5 km3.

4.4.3 Regulation ofthe flow rate is determined according to [11, 12]:

A= W kapbhTesy - (1)

W inf
where a g - is coefficient of regulation; Ag - gross water release from the reservoir; W k hresv average
value of water inflow to the reservoir alignment.
Thenag= 145/ 13,0 = 1,12.
4.4.4 Autocorrelation coefficient between the drain adjacent years. The most probable value r = 0,3
[13, 14].
4.4.5 The long-term component of long-term regulation reservoir capacity (Plax) [15-17]:

Plongt Cv, Cs,r,p). 2
where r - is autocorrelation coefficient between the drain adjacent years; p - water consumers satisfaction;

Plog - long-term regulation.
4.4.6 Water consumers satisfaction is found as [18,19]:

| pi- n,
Phec =  —--mmmmmmmn , 3)
| I,
i=1
where ni- is water consumption volume of an industry; Phec - hydroeconomic complex (HEC) satis-

faction with water consumption; Pi- HEC - participant’s satisfaction with water consumption; n - total
number of HEC participants.

The following economy branches are located below the Kapshagai reservoir:

- Lake Balkhash - natural system of national importance: ni= 9,6 km3and Poom= 95%;

- irrigated agriculture. Water need of the Akdalnsky irrigated array: n irgimicggtio) = 0,8 km3 (con-
sumptive water use) and pirg = 85%.

Then Phec =0,94. We can conclude with more confidence that Phec~ 95 %.

It is not possible to find a long-term component of long-term regulation reservoir capacity (Ploxf) by
the nomograms, since, in this case, the level of regulation of the flow is agr > 1,0. In the nomograms data
are provided only for agr< 0,9 [13, 15], where it turns out that it is not possible to meet the water needs of
water users.

Therefore, in the long term, from 2014-2015, it is necessary to take drastic measures to reduce water
needs of all water users. And, until 2015, yet there may be some increase, but in the next five years and
decades there should be significant reductions in water consumption, table 5.

Table 5- Assumed water consumption levels for economic branches in 2015-2060
as of the development scenario by SDS SGI [20]

Future Water use by the industries in shares from 2015

No periods domestic industrial agricultural regular and other Notes
(vears) water supply water supply water supply estuary irrigation branches

1 2015 0,95 0,95 0,95 0,95 0,95

2 2020 0,90 0,90 0,90 0,90 0,90

3 2030 0,80 0,80 0,80 0,80 0,80

4 2040 0,70 0,70 0,70 0,70 0,70

5 2050 0,60 0,60 0,60 0,60 0,60

6 2060 0,50 0,50 0,50 0,50 0,50
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Water consumption by economic branches in accordance with the environmental protection re-
quirements (maintaining the level of Balkhash lake at 341,0 m), table 6, figures 9, 10.

Analysis of Table 6 shows that efforts to reduce water needs of water users in the basin of the lle
River in Kazakhstan are insufficient to compensate for the increase in demand for water by the PRC
industries. For example, if by 2040 the demand for water increase under moderate development of
industries in China is 1.0 km3, the water needs reduction of water users in the basin of the lle River in
Kazakhstan is - 0,42 km3.

The issue ofthe inner reservoir - Lake Balkhash - preservation would be solved only provided that an
international agreement would be signed with the PRC.

So, it is necessary to cut down the needs of water consumers throughout the Balkhash-Alakol water
economy region (adoption of drastic measures on water saving) in order to compensate for the increase of
rising needs in water of Chinese industries.

Figure 10- Inflow to the target and impact of gross water return from the Kapshagai reservoir
in the Ile basin during drastic measures to reduce the industries demand for water:
1- inflowto the target; 2 - gross water return from the reservoir

Figure 11 - Actual and assumed volumes of water consumption by industries in accordance
with crucial measures to reduce the demand inwater: 1- the lle River basin above the Kapshagai reservoir;
2 - the basin of the Big Almaty Channel (BAC) without the Ile basin; 3 - Akdalynsky irrigation array
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Table 6 - Calculation of water flow to the Kapshagai reservoir target in the years of 50% capacity under the moderate
economy development in PRC, according to the development scenario by the SDS SHI in Kazakhstan and provided
that the natural complex of especial importance for the state is being preserved (Lake Balkhash, not lower than 341,0 m) km3

PRC Republic of Kazakhstan Notes
Target, Exponents today Moderate development today  Development as of SDS SHI
water economy plot 2008
2015 2020 2030 2040 2015 2020 2030 2040
(2006)
PRC Water consumption 340 360 380 4,00
RK border
(target 1-1) Flowto RK 1140* 1080 1060 1040
. Rivers runoff 108 108 108 108 108
Rivers of the southern
slope of Zhungar Water consumption 037 03 033 030 0,26
Alata
. Excess 071 073 075 078 082
Target 2-2 The lle River runoff 1211 11,73 1155 11,38 11,22
Water consumption 004 004 004 003 003
Excess 032 032 032 033 033
Target 3-3 The lle River runoff 1243 1205 11,87 11,71 1155
The Sharyn River Rivers runoff 115 115 115 115 1715
Water consumption 014 013 013 011 010
Excess 100 102 102 104 105
Target 4-4 The lle River runoff 1344 1307 1289 12,75 12,60
The BAC area Rivers runoff 244 244 244 244 244
Water consumption 09% 09 08 07 0,66
Excess 149 154 158 168 178
Target 5-5 The lle River runoff 1493 1461 1447 1443 1438
RK: above the
Kapshagai reservoir Runoff 503 503 503 503 503
Water consumption 147 142 136 120 105
Rivers of the northern
slope of Ketmen Rivers runoff 036 036 036 036 036
Ridge
5. W ater economy activities for the reduction of water consumers’ needs in water. Accepted

starting point. Identification of parameters for the Kapshagai - long-term regulation reservoir was made
on the assumption that the needs of water consumers throughout the Balkhash-Alakol water economy
region (BAWER) have been reduced (as a result of drastic water saving measures). Then, water flow to
Lake Balkhash by the Ile River could be lessened due to water resources saved throughout the BAWER.
This would result in annual 20% water economy, which makes 1,9 km3. Then only 7,7 km3a year instead
of 9,6 km3ofwater should flow to Lake Balkhash.

Thus, the net water discharge from the reservoir (annual water releases from the Kapshagai
reservoir - target 6-6 - should make 10,3 km3 of water, i.e. net water discharge from the reservoir:

Akapsknmsv = 10,3 km3. Water loss from the reservoir: W ApfA™= 17 km3. Then gross water discharge:

A = Awreleas + w = (10,3 + 1,7)109= 12,0 km3.

Water inflow to the Kapshagai reservoir target under the drastic measures is between 14,6-14,4 km3
table 6. The summarized data on the water inflow to the Kapshagai reservoir target are given in table 7.
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Table 7- The summarized data for calculating the Kapshagai reservoir parameters for the past and future periods (2040)
as ofthe development scenario by SDS RSIH in Kazakhstan given the preserved natural complex of special state importance
(Lake Balkhash level not belowthe mark of 341,0 m) km3

No Indexes Till 1970 2015 2040
Water inflow to the reservoir target, km3 17,0 1493 1438
Gross water return (average for many years) provided the level of L.Balkhash 341,0 m, km3 145 145 120
Reservoir parameters:full volume, km3, including: 28,0 186
- dead volume 128 128 128
- usable capacity 152 58 7,0
Water marks, m
- DLM (dead level marks) 4745 4745 4745
- NWL (normal water level) 485 479 4800

Conclusion.

1. The initial premise taken into account for adjusting the Kapshagai parameters was the future
development of industries both in PRC (China) and in Kazakhstan assumed in accordance with the
following scenarios:

- Moderate development;

- Intensive development.

2. Given the moderate development of industries in China, the inflow to the border of Kazakhstan
target in 2040 will amount to 10.40 km3, instead of 11.0 km3in 2015, while under the intensive develop-
ment of economic sectors 9.4 km3of water will come instead of 11 km3in 2015.

3. For a moderate development of industries in Kazakhstan, the influx of Kapshagai target in 2040
will amount to 13.90 km3, instead 14.49 km3in 2015 and, respectively, for the intensive development of
economic sectors 12.31 km3ofwater will come in 2040, instead of 14, 49 km3in 2015.

4. To maintain the level of water in the lake. Balkhash at elevations below 341.0 m, water saving
work is recommending, thus the development of industries in the Republic of Kazakhstan in accordance
with the SDS RSIH scenario. Water management activities on water conservation in the economy in the
Ile River basin, in accordance with the recommendations of the SDS RSIH reduce water consumption for
2040 by only 0.42 km3, which is not enough to compensate for the increased demand for water in China
by 1.0 km3. Therefore, water management activities on water conservation are being carried throughout
the lle-Balkash water management district.

5. Water conservation activities in the lle-Balkash water management district allow to save about
1,90 km3by 2040, and in this case the influx to the Kapshagai target will be between 14,6-14,4 km3a year.
Consequently, then 7,7 km3will come along the lle River to Lake Balkash annually, instead of 9,6 km3.
Net water release will make 10,3 km3, water loss from the reservoir - 1,7 km3 annual gross water release
from the Kapshagai reservoir will be 12,0 km3water.

6. PHECDLM NWL. The Kapshagai reservoir parameters were adjusted for an average water content
year in accordance with the proposed methodology for ensuring that the water needs of water complex
Pwec = 95%, the mark of the dead volume EMA = 474 m (12.8 km3 and normal propped level
NPU =480 m (19, 8 km3).

REFERENCES

[1] Rio-De-Janeiro Declaration for Environment and Development // United Nations Organisation Conference for Environ-
ment and Development, Rio-De-Janeiro, 3-14 June, 1992, p. 9 (UN, 1992).

[2] Dostaev J. Tursunov A. Balkhash lake problem and out of system crisis//Abstracts. International Symposium on Water
resources and Environment in the Central Asia Region. 4-15 Oct. 1993. Urumgji: Sciense Press, 1993. P. 85-86.

[3] T.Petr, Lake Balkhash, Kazakhstan, International Journal, Salt Lake Resources. 1992. P. 21-46.

[4] Pavel P. Problems of water resources management in the drainage basin of Lake Balkhash with respect of Political
Development // Shpringer, 2012. P. 449-461.

[6] Avakyan A.B., Saltankin V.P., Sharapov V.A. Water reservouirs. 1987. 325 p.

[6] Aldiyarova A. and ets, Regularities of Runoff Formation of Rivers Falling into the Kapshagai Reservoir, Biosciences
Biotechnology Research Asia. April 2015. Vol. 12(1). P. 627-638.

111



M3BecTua HaunoHanbHoW akagemun Hayk Pecnybamku KasaxcTaH

[7] Report on PWEI (pool water economy inspection) for 2009. The Balkash-Alakol pool inspection for regulating, use and
protection of water resources, 2009.

[8] Report by KazGiproVodHoz. Schemes of complex use and protection of water resources in the RK main river basins in
different years (2000-2009). Almaty.

[9] Annual data on the regime and resources of surface waters in the dry land, Basins of rivers of the lakes Balkhash and
Alakol, 2014. Astana, 2011. 7 p.

[10] Annual data on the regime and resources of surface waters in the dry land, Basins of rivers of the lakes Balkhash and
Alakol, 2015. Astana, 2011. 7 p.

[11] Kritski S.N., Menkel M.F. Water economy calculations // Gidrometeoizdat. 1952. 382 p.

[12] Raudkivi AJ. An Advance Introduction to Hydrological Processes and Modelling, University of Auckland. New
Zealand, 1979. 471 p.
[13] Zheleznyakov G.V. Hydrology, hydrometry and flow regulation // Kolos. 1984. 205 p.
[14] M. Shaw Elizabeth. Hydrology in practice, UK, 1983 - p.569.
[15] Chokin Sh.Ch., Baishev B.B., Grigorov V.A. Calculations for multifunctional water reservoirs// Nauka, 1983. - p.201.
[16] Patra K.C. Hydrology and Water Resources Engineering. Alpha Science International. 2008. 591 p.
[17] Definition of basic design hydrological characteristics SP 33-101-2003. M.: Gosstroy, 2004. P. 7-30.
18] Zaurbek A.K. Water and hydroecosystems stability. KazNatAGRU. 2009. 570 p.
[19] Zhang L., Walker G.R., Fleming M. Surface Water Balance for Recharge Estimation. Csiro Publishing, 2002; 24.
[20] Water resources of Russia and using of them. Under reduction of I. Shiklomanov SDS SGI. 2008. 600 p.

T. bl. Hap6aesl, A. K. 3ayip6eK2 M. T. Hap6aes3 K. T. Hapb6aeBa4

IKa3ak ¥nTroly arpapisly, yHuBepcuTeT!, Anmartsl, KasaxcTaH,
2. H. lN'ymunes atbiHaarsl EBpasunansly yHuBepcuteT ActaHa, KasakcraH,
XK. WN. CaTtnaes aTbiHAarbl Kasak robinbiMy TeXHUKasbLL yHUBepeuTeT Anmartsl, KasaxcraH,
HOn-dapabu atbiHgarsl Kazak “nTTbik yHUBepcuTeT Anmathbl, KasaxcraH

ATbIHCbI3 B3EHAEPAL, ANANTAPLIHAAT LI CY LLOMMANAPbLL
NAPAMETPNEPLH TY3ETYAEN HEM13r1 FblIbIMU-TEXHUKAbILL, )K3IHE
3[1CTEMENLK XXETLNALPYEP (T/IE 83EH1 ANTABbIHbIL, MbICAMTBIHAA)

AHHOTauma. Herisri wapt. 1992 xbinrsl Pro-ge->XaiHepogarsl Heri3ri NpUHUMNTI Kagaranay. bankaw keni
JeHreliiHiH 341 m-re TemeHgeylleH caktay. KasakcTaHfarbl 1ne anabbliHbiL, 3KONOMMANLIK T PaKTbl/ibiHbIH CaKTay
XK3HE 3KOHOMMKa/IbIK cananapAblH T PaKTblbIHbIH KaMTamachi3 eTy. Makanaga, Kanwarali cy KoliMacblHbIH napa-
MeTp/epLL TY3eTyAL, 3epTTeyniepi MeH HITUKENEePi X3He bifbIMU-TEXHUKABIK Heri3gep MeH 3jictemenep Kenea
XY VleninikTe acanbIHraH:

» KasakcTtaH Pecny6nmkachl TeppUTOpuACbIHAArbl e3eH anadblHbIH Ka3ipri xaraigars! xxep-cy pecypcrapbiH
nanganaHyabl Tangay;

» KasakctaH Pecny6numkacbiHgarsl Vine anabblHbiH Cy LuapyallbliblK dXepfepiH4eri cy pecypcrapbiH X3aHe
3KOHOMMKANbIK casianapibiH Cy TYTbIHYLUbLIAPbIH KapacTbIpy;

o KrTain Xanbikapasiblk MeMeKeTiHIH TeppuTopuscbiHAarbl X3sHe KasakcTtaH Pecny6/MKackl TeppuTopus-
CbiHAarbl, 1re e3el anabblHbIH 3p TYpPAi 6eKkeTTepiHe arbin KeneTiH arbiHabl, SKOHOMUKaNbIK cananapiblH AamybiH-
[arbl cLeHapuitnepAi eckepe OTbIpbIM, 34ICTEMENIK XK3He FblibIMU-34iCTEMENIK HEN3LL e aHbIKTay;

* ¥CbIHbINATbIH Cy LUapyallbibIK Lapanap Peceil MeMNEKeTTIK ruaponorusafiblK MHCTUTYTbIHBIH TEPaKTbl
JaMyfblH CLEeHapuiinepiH eckepe OTbIpbIN, KabblngaHaab!;

» KanwaFali cy KolimacbIHbIH NapaMeTpiepLL MMAPOAOTUAMBIK X3HE CY LuapyallbliblK ecenteynepiMmeH aHblK-
Tay.

Cy KoiManapdblH napameTpreplu TY3eTygeri 3KOMOrMANbIK X3He 3KOHOMWKaNbIK TWMALWK Liapanap MeH
3NeyMeTTIK Heri3iH ganengeyaen kabbingaHFaH 3gicTeMenik >xaHe FbiibIMU-3gicTeMenik Hensgep 3 Ke3eHHeH
Tvpagpl:

* 3p TYpni KenewlekTeri KeseHaepaeri a’WHbIH pexumi MeH kenemi KP TepputopusacbiHaFbl cy KoiMachI-
HbIH TACTamacblHAa aHbIKTa/1adpl;

*  Cy KOMMAaCbIHbIH TAcTamMacblHAara aFbiH CanbICTbipbliabl;

*  3M1eYMETTIK-3KONOrUANbIK-3KOHOMUKANbIK XaFfainapabiH HerisiHge Cy LapyallbliblK KeLLeHHLL napaMeTp-
NepiHiH TMimMAi H cKackl Herisgeneai'

TYViiH cesaep: arbin KeneTl arbiHHbIH PeXUMI MeH KeNleM” Cy KolMaHbIH GeKeTiHe Kenin K¥ATbIH arbiH, cy
KOWMaHbIH Kerififemeniri, Cy KOMMaHbIiH MapaMeTpiepll Cy LiapyallbliblK KeLleH, Cy LapyallbiiblK Tene-TeHOX,
3KOMOTUSANbIK aksaTopusnap.
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ZEBpasniickunii HaLMoHanbHbI yHBepcuTeT M. J1. H. M'ymunes, ActaHa, KasaxcTaH,
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YCOBEPWEHCTBOBAHWE METOAO/TOTNN N HAYYHO-TEXHUYECKNX OCHOB
KOPPEKTUPOBKW MAPAMETPOB BOAOXPAHW/INLL B BACCEMHAX BECCTOYHbIX PEK
(HAMPUMEPE BACCEVHA PEKW WIE)

AHHOTaums. McxogHaa npegnockinka. CoGntogeHWe OCHOBHOrO npuHumna [Jeknapaumun Puo-ge >KaHelipo
1992 r. [1]. CoxpaHeHus ypoBHS BOAbl B 03. bankall He Hibke oTMeTKM 341,0 M. ObecneyeHne YCTONUMBOrO pa3Bu-
TS OTpac/eil 3KOHOMUKM N COXPaHEHUEe 3KOMOrMYecKoi yCTonUuMBOCTM B Ka3axCTaHCKOW YacTu bacceiiHa peku
Wrne.

MpuBefeHbl METOLOMOMMSA U HAYUYHO-TEXHUYECKME OCHOBBI, U pPe3ynbTaTbl UCCNe0BaHUsA MO KOPPEKTUPOBKE
napameTpos Kanyaralickoro BOA0OXpaHWuLa, KOTOpble OCYLLECTBAAIOTCA B CNeAYHOLLell Nocnef0BaTelbHOCTU:

- @HaM3 COBPEMEHHOTO YPOBHS UCMONb30BaHUA BOLHO-3eMENbHbIX PECYPCOB HacceliHa pekn Ha TeppuTopuu
Pecny6nmku KasaxctaH (PK);

- BOZHbIE PECYPChI 1 BOAONOTPebIeHne 0TPaCcaAMM 3KOHOMUKM MO BOAOXO03ANCTBEHHbIM y4acTKaM B npegenax
6acceiiHa peku Vne Ha Tepputopun PK;

- METOLO/IOMMSA U HayYHO-MEeTOAMYECKME OCHOBLI MO OMPefeNieHNIo NMPUTOKa BOAbI K pa3/fiMyHbIM CTBOpPaM B
6acceiiHe pekun Mne ¢ yueTOM pasnmnyHbIX CLEHapueB pasBUTUA OTpac/ell IKOHOMUKIN Kak Ha TeppuTopum PK, Tak u
Ha TeppuTopun Kntaiickoin HapogHoii Pecniy6nvkn (KHP);

- PeKOMeHAyeMble BOLOXO3ANCTBEHHbIE MEPOMpPUATUA MPUHMMAOTCA B COOTBETCTBUM C yyeToM «CLeHapuu
YCTOWYMBOTO Pa3BMTMA POCCMIACKOrO rocyAapCTBEHHOIO rMapoornyeckoro uHetutyta» (CYP IFTU) [2];

- NPOV3BOACTBO TMAPOIOTMYECKMX WU BOLOXO3ANCTBEHHbLIX PacyeToB MO OnpefeneHWto napameTposB Kanua-
raickoro BogOXpaHumLa.

MpuHATaS METOLONOMMS U HAy4YHO-TEXHUYECKME OCHOBbI 0OOCHOBAHUSA COLMAIbHOM, 3KOOrMYECKON 1 3KO-
HOMWYECKOV 3D(EKTUBHOCTM MEPONPUATUIA MO KOPPEKTUPOBKE NapaMeTpoB (DYHKLMOHUPYOLLMX BOAOXPAHUMLL,
OCYLLIECTB/ISIETCA B TPM JTana:

* Ha MepBOM 3Tame Ha OCHOBE aHaau3a O6BHEMOB U PEXMMOB MPUTOYHON BOAbl Ha Tepputopum PK ycTa-
HaB/IMBAETCA MPUTOK K CTBOPY BOLOXPaHW/MLLA 33 pa3/INuHble NepcrneKTUBHbIE NePUOAbI;

* Ha BTOPOM 3Tare OCYLLECTB/IANIOCH COMNOCTaB/IEHNEM MPUTOKA BOAbI B CTBOP BOLOXPaHWINLL;

* Ha TpeTbeM 3Tarne NpPou3BOAWTCS COLMAbHO-3KOIOr0-3KOHOMUYECKoe 060CHOBaHWE OMTMMASIbHOrO Ba-
praHTa napamMeTpoB BOLOXO3ANCTBEHHOrO KOMII/IEKCa.

KntoueBble cnoBa: 00bEMbI M PEXMMbI NPUTOYHON BOAbl, MPUTOK BOAbI B CTBOP BOLOXPaHWMLLA, OTAAuu
BOZbl M3 BOAOXPaHWIMLLA, MNapameTpbl BOAOXPaHWNWLLA, BOAOXO3AWCTBEHHbIA KOMMEKC, BOAOXO3AWCTBEHHbIN
6anaHc, 3KONOrus akBaTopuu.
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