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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 Ile River basin in Ka-
zakhstan;

- Methods and scientific-methodological basis for identifying the inflow of water to various targets in the Ile
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 of the rivers Karatal,
Lepsy, etc. For example, the Ayaguz river got to the lake until mid-1950. Regulation of the flow of the Ile
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 Ile 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 Ile River delta is a part of a large and unique ecosystem of the Ile-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 of the 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 lle delta and of water 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 1 and 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 km® of water releases per year from the Kapshagai
reservoir. On the contrary, when less than 13.0 km® 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).

. pd

Wl
/

4 a 12 16 20 24 w km 3
Water inflow to Lake Balkhash

Figure 1 —
Interdependence
of water loss in the Ile delta
and water discharge
from the Kapshagai reservoir [7]

Water loss in the lle River delta
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Table 1 — Calculation of water losses increase in the Ile 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 )
- Water loss increase
Ne Discharge Water loss Ne Inflow Water loss in the delta
from the Kapshagai reservoir | in the delta to Lake Balkhash | in the 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 5.8 +2,0
4 23,0 6,8 4 23,0 5,2 +1,6
5 21,0 6,0 5 21,0 4,7 +1,3
6 19,0 5,0 6 19,0 4,2 +0,8
7 17,0 4,0 7 17,0 3,6 +0,4
8 15,0 32 8 15,0 2,9 +0,3
9 13,0 2,2 9 13,0 2,2 +0,0
10 11,0 1.4 10 11,0 1,6 -0,2
11 9,0 0,4 11 9,0 0,8 -0,4
12 8,0 0,0 12 8,0 0,4 -0,4
3
o
E o W [km? Negative increase
B - of water loss in the delfa
gle 8
‘E 3 T sl Water loss in the delta depending
£ 8 & on the water release from the
Z2 3 Kapshagai reservoir
S|, = &
EE  got
=1 -
3lg = 2 .
S8 ” Positive increase of water Figure 3 —
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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 Ile delta, figure 5.

W km? /
X 3 /,6
\'\. 6 /
> s
1 N ¢ /
'\ £
\.L e 5 /
a5 - i ‘d
K
. \.‘_ ) / W'Q"M;m
km? o 22 18 14 10 6 8 10 12 14 16 5

Figure 5 — dependence of the water flow to Lake Balkhash on water releases from the Kapshagai reservoir and water loss
in the Ile delta: 1 — loss of water in the Ile 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 Ile 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 km’. 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 Ile-Dobyn river water distribution of 50% capacity

Months Annual
Exponents
I Inm | | v A% VI VII | VIII IX X | XI | XII
River discharge in 2015, m’/s 243 | 306 | 380 | 315 | 506 | 651 465 776 | 465 |338 244|237 | 411
Distribution of the river flow, % 49 (62|77 |63 10,2 | 13,1 9,4 16,3 94 16814948 100,0
The flow of the 50%capacity, m’/cs | 594 | 751|933 | 764 | 1236 | 1588 | 1136 | 1976 | 1139 | 824 | 594 | 582 | 1010,8
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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 km® in 2040, the intensive development of economic sectors, respectively,
from 11.0 to 9.40 km’, table 3. A similar situation for water areas (WEA) is observed in Kazakhstan.

If the flow of water in the border target (Figure 6), as a result of the PRC industries development will
be reduced, then Kazakhstan will experience the same situation. Thus, the flows of the Ile 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 km’, under intense development it will make
10.04 km’. The inflows of target 5-5 in the corresponding periods are assumed as 13.90 and 12.71 km® of
water per year. The inflow of water to the various Ile 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
201 2020 | 2030 | 2040 | 2015 | 2020 | 2030 | 2040
1 2 3 4 5 6 7 8 9 10
PRC Water consumption 3,40 3,60 3,80 4,00 34 4,0 4,5 5,0
RK border (target 1-1) Inflow to RK 11,4* 10,80 | 10,60 | 10,40 | 11,0 | 10,4 9,9 9,4

River runoff

Rivers of the southern slope .
v | P Water consumption

of the Dzhungar Alatau
Excess

Target 2-2 Ile River runoff
River runoff

Rivers of the northern slope

of the Ketmen ridge 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;iig;the Big Almaty Water consumption
Excess

Target 5-5 Ile River runoff

RK above the Kapshagai Discharge

reservoir Consumption

* s an average inflow to the territory of the Republic of Kazakhstan - 11,40 km®. 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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Continuation of table 3

=

Republic of Kazakhstan
Target , Exponents To date In future
hydroeconomic area 2015 Moderate development Intense development
2020 2030 2040 2015 | 2020 | 2030 | 2040
1 2 11 12 13 14 15 16 17 18
PRC Water consumption
RK border (target 1-1) Inflow to RK
River runoff 1,08 1,08 1,08 1,08 1,08 1,08 | 1,08 | 1,08
Rivers of the southern slope .
of the Dzhungar Alatau Water consumption 0,38 0,39 0,39 0,38 0,38 0,40 | 0,42 | 0,44
Excess 0,70 0,69 0,69 0,70 0,70 | 0,68 | 0,66 | 0,64
Target 2-2 Ile River runoff 11,70 11,49 10,29 | 10,10 | 11,70 | 11,08 | 10,56 | 10,04
River runoff 0,36 0,36 0,36 0,36 0,36 | 0,36 | 0,36 | 0,36
Rivers of the northern slope 'y o umption | 0,05 0,05 | 004 | 004 | 005 | 0,06 | 007 | 0,08
of the Ketmen ridge
Excess 0,31 0,31 0,32 0,32 0,31 0,30 | 0,29 | 0,28
Target 3-3 Ile River runoff 12,01 11,80 11,61 11,42 | 12,01 | 11,38 10,85 10,32
River runoff 1,15 1,15 1,15 1,15 1,15 | 1,15 | 1,15 | 1,15
The Sharyn river Water consumption 0,15 0,16 0,16 0,15 0,15 0,16 | 0,17 | 0,18
Excess 1,00 0,99 0,99 1,00 1,00 0,99 | 0,98 | 0,97
Target 4-4 Ile River runoff 13,01 12,79 12,60 12,42 13,01 | 12,37 | 11,83 | 11,29
River runoff 2,44 2,44 244 | 244 | 244 | 244 | 244 | 244
Area of the Big Almaty .
Water consumption 0,96 0,97 0,97 0,96 0,96 098 | 1,00 | 1,02
Channel
Excess 1,48 1,47 1,47 1,48 1,48 1,46 | 1,44 | 1,42
Target 5-5 Ile River runoff 14,49 14,26 14,07 | 13,90 | 14,49 | 13,83 | 13,27 | 12,71
RK above the Kapshagai Discharge 5,03 5,03 5,03 5,03 5,03 5,03 | 5,03 | 5,03
reservoir Consumption 1,51 1,54 1,53 1,50 1,51 1,57 | 1,62 | 1,68
b Scaie of the lle River target 1:1000 min m*
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Figure 6 — Water resources, water use and the inflow in the Ile River on the balance sheet plots
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Figure 8 — Water resources, the inflow to Kapshagai reservoir target and gross return water
from the reservoir (Ile River basin) to the present level of economic sectors
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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
the flow of water in the lle River by hydroeconomic areas (HEA) in the Republic of Kazakhstan 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
Ile River. The Ile 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 Kapshagai for 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 Ile tributary is 80%
of the total inflow to Lake Balkhash equal to 12.0 km®. That is, Lake Balkhash should receive 9.6 km® of
water per year from the Ile River.

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

Water releases from the Kapshagai reservoir (target 6-6) should reach 12.6 km’ of water per year,
since 0.2 km® of 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 km’® per year): Ay releas = 12.6 km®. Loss of water from the reservoir, for average con-

ditions: W = 1,9 km”’. Then gross return water: AZ" SISV — A tens Wffﬁ’”mv =12,6 + 1,9 = 14,5 km".

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 2015 Under .Under According
1970 moderate intense to the SDS RSIH
development | development scenario
1 Inflow to the reservoir '[arget,km3 17,0 14,93 13,90 12,71 14,38
Gross water release (average for a multi-year
2 period) given the Balkhash level at 341,0 m, km® 14,5 14,5 14,5 14,5 14,5
Reservoir parameters:
Total volume, km?, including: 28,0 18,6
- dead volume 12,8 12,8 12,8 12,8 12,8
3 - usable capacity 15,2 5,8
Retaining marks, m:
- DLM (dead level marks) 4745 | 474,5 474.5 474,5 474,5
- 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 """ = 13,0 km®;
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- coefficient of variation C, = 0,30;
- coefficient of asymmetry C, =2 C,.

4.4.2 Gross water release from the reservoir: A 1;" Y = 14,5 kn',

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

A
§ = 8
U gr 14 kapsh .resv * (1)
inf
kapsh.resv
inf

where 6 , — is coefficient of regulation; A, — gross water release from the reservoir; W average

value of water inflow to the reservoir alignment.
Then &, = 14,5/13,0=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 (Biong) [15-17]:

Blongt: (d, Cv s Cs > I, P) (2)

where r — is autocorrelation coefficient between the drain adjacent years; p — water consumers satisfaction;
Biongt — long-term regulation.
4.4.6 Water consumers satisfaction is found as [18,19]:

Zpi 'Hi
i=1
>
i=1

where II; — is water consumption volume of an industry; Pygc — hydroeconomic complex (HEC) satis-
faction with water consumption; P; — 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: II; = 9,6 km® and Peop = 95%;

- irrigated agriculture. Water need of the Akdalnsky irrigated array: Iligimigationy = 0,8 km?® (con-
sumptive water use) and pi,, = 85%.

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

It is not possible to find a long-term component of long-term regulation reservoir capacity (Biong:) by
the nomograms, since, in this case, the level of regulation of the flow is é4 > 1,0. In the nomograms data
are provided only for ¢, < 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.

, 3)

Phec =

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

Ne periods domestic industrial agricultural regular and other Notes
(years) 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 Ile
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 km®, the water needs reduction of water users in the basin of the Ile River in
Kazakhstan is — 0,42 km?.

The issue of the 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.
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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 — inflow to the target; 2 — gross water return from the reservoir
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Figure 11 — Actual and assumed volumes of water consumption by industries in accordance
with crucial measures to reduce the demand in water: 1 — the Ile 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) km”

PRC Republic of Kazakhstan Notes
Target, Exponents today | Moderate development | today | Development as of SDS SHI
water economy plot 5003
2015 | 2020 | 2030 | 2040 (2006) 2015 | 2020 | 2030 | 2040
PRC Water consumption 3,40 3,60 3,80 | 4,00
RK border Flow to RK 11,40%| 10,80 | 10,60 | 10,40
(target 1-1)
) Rivers runoff 1,08 1,08 | 1,08 | 1,08 | 1,08
Rivers of the southern
slope of Zhungar Water consumption 0,37 0,35 | 0,33 | 0,30 | 0,26
Alatau
Excess 0,71 0,73 | 0,75 | 0,78 | 0,82
Target 2-2 The Ile River runoff 12,11 | 11,73 | 11,55 | 11,38 | 11,22
Water consumption 0,04 0,04 | 0,04 | 0,03 | 0,03
Excess 0,32 0,32 | 0,32 | 0,33 | 0,33
Target 3-3 The Ile River runoff 12,43 | 12,05 | 11,87 | 11,71 | 11,55
The Sharyn River Rivers runoff 1,15 1,15 | 1,15 | 1,15 | 1,15
Water consumption 0,14 0,13 | 0,13 | 0,11 | 0,10
Excess 1,01 1,02 | 1,02 | 1,04 | 1,05
Target 4-4 The Ile River runoff 13,44 | 13,07 | 12,89 | 12,75 | 12,60
The BAC area Rivers runoff 2,44 244 | 244 | 2,44 | 2,44
Water consumption 0,95 0,90 | 0,86 | 0,76 | 0,66
Excess 1,49 1,54 | 1,58 | 1,68 | 1,78
Target 5-5 The Ile River runoff 14,93 | 14,61 | 14,47 | 14,43 | 14,38
RK:abovethe | o oogr 503 | 503 | 503 | 503 | 503
Kapshagai reservoir
Water consumption 1,47 1,42 | 1,36 | 1,20 | 1,05
Rivers of the northern
slope of Ketmen Rivers runoff 0,36 0,36 | 0,36 | 0,36 | 0,36
Ridge

5. Water 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 km®. Then only 7,7 km® a year instead
of 9,6 km’ of water 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 km® of water, i.e. net water discharge from the reservoir:

kapsh.resv __
Ak =

kapsh.resv __ kapsh.resy
A - AwAreleas +W

8gr

cons

10,3 km’. Water loss from the reservoir: W
=(10,3+1,7)-10° = 12,0 km’.

cons

kapsh.resv __

1,7 km’. Then gross water discharge:

Water inflow to the Kapshagai reservoir target under the drastic measures is between 14,6-14,4 km’,
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 of the development scenario by SDS RSIH in Kazakhstan given the preserved natural complex of special state importance
(Lake Balkhash level not below the mark of 341,0 m) km”

Ne Indexes Till 1970 | 2015 | 2040
1 | Water inflow to the reservoir target, km’® 17,0 14,93 | 14,38
2 | Gross water return (average for many years) provided the level of L.Balkhash 341,0 m, km® 14,5 14,5 12,0

Reservoir parameters:full volume, km?®, including: 28,0 18,6

- dead volume 12,8 12,8 12,8

- usable capacity 15,2 5,8 7,0

Water marks, m:

- DLM (dead level marks) 474,5 474,5 | 474,5

- NWL (normal water level) 485 479 480,0
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 km®, instead of 11.0 km® in 2015, while under the intensive develop-
ment of economic sectors 9.4 km® of water will come instead of 11 km® in 2015.

3. For a moderate development of industries in Kazakhstan, the influx of Kapshagai target in 2040
will amount to 13.90 km®, instead 14.49 km® in 2015 and, respectively, for the intensive development of
economic sectors 12.31 km® of water will come in 2040, instead of 14, 49 km® in 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 km®, which is not enough to compensate for the increased demand for water in China
by 1.0 km’. Therefore, water management activities on water conservation are being carried throughout
the Ile-Balkash water management district.

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

6. Puec DLM 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 km’) and normal propped level
NPU =480 m (19, 8 km”).
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1Ka3al< WITTBIK arpapJiblK yHUBepcuTeTi, AnmaTel, KasakcraH,
JLH.T yMuIIeB atbiHAarbl EBpasusuislk yHuBepcuTeTi, AcraHa, KazakcraH,
3K. . CilTHaCB aTeiHAarel Ka3ak FEUTBIMU TEXHUKAIBIK YHUBEPCHTETI, AnMatel, KazakcTaH,
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AFBIHCBI3 ©3EHJEPIH AJTAIITAPBIHJIAFBI CY KOMIMAJIAP/IBIH
MMAPAMETPJIEPIH TY3ETYJIET'T HET'3I'1 FBLIBIMUA-TEXHUKAJIBIK KOHE
OJICTEMEJIIK KETLIAIPYJIEP (IJIE O3EHI AJTABBIHBIH MBICAJIBIH/IA)

Annoranusi. Herizri mwapr. 1992 xbuirbl Puo-ne-XKaiineponarsl Heri3ri mpuHIMITI Kagaranay. baikamn ke
neHreinin 341 m-re TeMeHneyiHeH cakrtay. Kasakcrannarbl liie anaObIHBIH SKOJOTHMSUIBIK TYPAKTBUIBIFBIH CaKTay
’KOHE SKOHOMHUKAIIBIK, CallaJlapblH TYPaKThUIBIFBIH KaMTaMachl3 ery. Makanaza, Kamarail cy KoliMachIHBIH Tapa-
METpJIEpiH TY3eTyiH 3epTTeysiepi MEH HOTHIKEJEPl jKOHE FhUIBIMU-TEXHHUKAIBIK HEri3/lep MEeH djicTeMenep Keieci
JKYHEIUTIKTe KacallbIHFaH:

e Kasakcran PecnyOnmkace! TeppuTOpHSsICHIHIAFb! ©3€H alaObIHBIH Ka3ipri »aFaaiiarsl xep-Cy pecypcrapbiH
naianany sl Tajaay;

e Kazakcran PecryOnmkaceiHgarel e amaObIHBIH Cy MIApyamIbUIBIK JKePIIEPIiHICTI Cy pecypcTapblH KoHE
9KOHOMUKAJIBIK, CajlaJlapAbIH Cy TYTHIHYIIBUIAPBIH KapacThIpy;

e Krrtait Xanmsikapanslk MeMIeKeTiHIH TeppUTOPUICHIHAAFE! jkoHe Kazakcran PecmyOmikace! TeppuTopus-
CBHIHIAFbI, [11e e3¢eHi amaObIHBIH op TYpIli OeKeTTepiHe arblll KeJEeTiH aFbIH/bl, SKOHOMHKAJIBIK cajlajaplIblH 1aMybIH-
JIaFbl CLIEHAPHUIAJIEP/II €CKepe OTBIPHII, /IICTEMEITIK KOHE FhUIBIMHU-OIICTEMENIIK HETi31H/e aHbIKTaY;

e YCHIHBUIATHIH Cy INApyamIbUIBIK IMIapanap Peceli MEMIIEKETTIK I'MAPOJIOTHSIBIK MHCTUTYTBIHBIH TYPAKThI
JIaMyJIbIH CLICHAPUIIICPIH €CKePe OTHIPHII, KaObUIIaHAIbI;

o Kamnaraii cy KoiMachIHBIH ITapaMeTpiiepiH IHIPOJIOTUSUIBIK XKIHE Cy NIapyallbUIbIK €CETITeyJIePIMEH aHbIK-
Tay.

Cy xolimManapAblH NapaMeTpiepiH Ty3eTyJeri SKOJOTMSUIBIK JKOHE SKOHOMMKAIBIK THIMAUIK IIapanap MeH
QIIEYMETTIK HETi3iH Jaanenjeysieri KaObUlgaHFaH oICTEMENIK J>KOHE FBUIBIMH-JICTEMENIK Herizaep 3 Ke3eHHEH
TYpajbl:

® Op TYpJi KeJemeKTeTi Ke3eHAepAeri aFbIHHBIH pekuMi MeH kenemi KP TeppuropusiceiHmarsl cy KOHMachl-
HBIH TYCTaMachIHJa aHBIKTAIa b,

® Cy KOWMACBIHBIH TYCTaMaChIHJIaFbl aFbIH CAJIBICTBIPBIIAIbI;

®  QJICyMETTIK-9KOIOTHSIBIK-3KOHOMUKAIBIK JKaFIaillap/iblH HETI31H/e Cy LIapyallblIbIK KEIeHHIH TapamMeTp-
JICPIHIH THIMJ1 HYCKAChI HETi3/1eneIi.

Tyiiin ce3mep: arbil KeJeTiH arbIHHBIH PEXXUMI MEH KeJieMi, Cy KOWMaHbIH O€KeTiHe KeJill KYATBIH arblH, CY
KOMMaHBIH KeMiJJIeMeNiri, Cy KOMMaHbIH MapameTpiiepi, Cy MIapyalbUIbIK KEIeH, Cy MapyallbliblK Terne-TeHIIK,
9KOJIOTHSUIBIK aKBaTOpHsLIap.
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'Kasaxckuii HalMOHAIBHBIN arpapHbiil yausepenter (KasHAY), Anmatsl, Kaszaxcran,
2EBpa31/HZCI<HI71 HanMoHaNbHEIN yHUBepcuTeT uM. JI. H. I'ymunes, Acrana, Kasaxcras,
SKazaxckmii HaIMOHAJBHBIN HCCIIe0BATENbCKUH Texandecknil yanBepeuteT uM. K. 1. Carmnaesa,
Anmartsl, Kazaxcran,

*Kasaxckuii HAIMOHANBHBIN YHHBEpCHTET UM. anb-Dapabu, Anmarel, Kasaxcran

YCOBEPHIEHCTBOBAHUE METOJ0JIOT'MU U HAYYHO-TEXHUYECKHX OCHOB
KOPPEKTUPOBKH NAPAMETPOB BOJOXPAHWUJINI B BACCEMHAX BECCTOYHBIX PEK
(HA TIPUMEPE BACCEHMHA PEKH WJIE)

Annoranus. Vcxoxnas mpennoceutka. CoOiromeHue ocHoBHOro mpuHImma Jexmapannun Pro-ne JKaneiipo
1992 1. [1]. CoxpaneHus ypoBHsS BOIHI B 03. bankam He Hmke otMeTkH 341,0 M. ObecniedeHne yCTOHYNBOTO pa3Bu-
THS OTpacield SKOHOMHUKH M COXpaHEHHE SKOJIOTHYECKOHW ycroiumBocTH B KaszaxcraHckoi wacTu OacceliHa pexu
Nne.

IIpuBeneHb! METOJONOTHSI M HAYYHO-TEXHUYECKHE OCHOBBI, M PE3YNbTaThl HCCIEAOBAHUS 1O KOPPEKTHPOBKE
napameTpos Kamuaraiickoro BoJOXpaHWININA, KOTOPBIE OCYIECTBIISIOTCS B CICIYIOLIEH T0CIE0BATEIbHOCTH:

- aHaJM3 COBPEMEHHOI'0 YPOBHSI MCIIOJIb30BaHHS BOJHO-3EMENIbHBIX PECYPCOB OacceifHa peKd Ha TepPUTOPHH
Pecny6nuku Kazaxcran (PK);

- BOAHBIE PECYPCHI U BOJIONIOTPEOICHUE OTPaCIsIMUA SKOHOMHKH I10 BOJOXO3IHCTBEHHBIM yJacTKaM B IIpejieniax
Gacceiina pexu e na tepputopun PK;

- METOJOJIOTHSI M HayYHO-METOANYECKHE OCHOBBI MO ONpPENENICHUIO NPUTOKA BOJBI K PA3IMYHBIM CTBOpaM B
OacceitHe peku Wie ¢ y4eToM pa3NIUYHBIX CIIEHAPHEB Pa3BUTHU OTpacieil SKOHOMHUKH Kak Ha Teppuropun PK, Tak u
Ha Tepputopun Kurtaiickoit Hapoaroit Pecriyomuku (KHP);

- PEKOMEH/yeMbIe BOAOXO3SHCTBEHHbIE MEPONPHUITHS MPUHUMAIOTCS B COOTBETCTBUM C ydeToM «CLeHapuu
ycToitunBoro pa3Butus Poccuiickoro rocyaapcTBeHHOro ruaponorudeckoro nacrurytay (CYP I'TH) [2];

- TIPOU3BOJCTBO THAPOJOTMYECKUX M BOJOXO3SIMCTBEHHBIX PACUETOB IO ONpEIeIeHUI0 IapameTpoB Kamua-
raiickoro BOJIOXpaHUJIAIIA.

[IpuHsTass METOMONOTHS ¥ HAYYHO-TEXHUYECKHE OCHOBBI OOOCHOBAHHMSI COIIMAILHOM, HKOJIOTHYECKOH M JKO-
HOMHUUECKOH AP(PEKTUBHOCTH MEPONPUSITHH MO KOPPEKTUPOBKE MapaMeTpoB (YHKIHMOHUPYIOUIMX BOJOXPaHUIIHUILL
OCYILECTBIIETCS B TP 3Tama:

e Ha NEpBOM 3Tale Ha OCHOBE aHajiM3a O0bEMOB M PEXXMMOB IPUTOYHOH Bojbl Ha Teppuropun PK ycra-
HaBJIMBAETCS NPUTOK K CTBOPY BOJOXPAHMIJIMINA 32 PA3JIMYHbIE IEPCIIEKTHBHBIE IEPHUOIbI;

® Ha BTOPOM 3Talle OCYIIECTBISUIOCH CONIOCTABIEHHEM IIPUTOKA BOJBI B CTBOP BOJAOXPAHMIIHIIA;

® Ha TPETbEM HTale MPOU3BOJUTCS COLMAIBHO-IKOJIOT0-3KOHOMHYECKOE OOOCHOBAHHE ONTHMAJIBHOTO Ba-
pHaHTa IapaMeTPOB BOJOXO3SHCTBEHHOTO KOMITIEKCA.

KiroueBble c10Ba: 00bEMBI U PEXUMBI IPUTOYHON BOJBI, IPUTOK BOZBI B CTBOP BOJOXPAHWIMING, OTAAYH
BOJBI M3 BOJOXPAHWIMINA, MapaMeTpbl BOJOXPAHWINILNA, BOJOXO3SIMCTBEHHBI KOMIUIEKC, BOJOXO3SHCTBEHHBIN
OaytaHc, IKOJIOTHST AKBATOPHH.
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