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Abstract

Possessing certain information and knowledge about the current hydrological
state of a water body, it is possible to foresee the future state of the studied object and
its main characteristics. On their basis it is possible to estimate the peculiarities of the
given period and to carry out corresponding to these conditions the development of
effective regimes of functioning of hydraulic structures with advance or mitigation of
the onset of hydrological threats and risks.

The condition for optimal functioning of natural ecosystems is a close relationship
between fluctuations in water levels and river and sea runoff - this is the specificity of
the study of water bodies in the Aral Sea region.

The proposed work evaluates the reconstruction options for the Northern (Small)
Aral Sea. To determine the quantitative characteristics of the parameters of the object
under study (Northern Aral Sea - Saryshyganak Bay), the balance method was used
by means of sequential solution of balance equations that allow indirectly assessing
its dynamics, hydrological state and analysing the interrelationships of various com-
ponents of the moisture balance.

Based on the dynamic-stochastic approach in solving the problems of determining
the optimal level of filling of the retaining hydraulic structure, where in the balance
calculations a temporary hydrological series (n = 35) made up of annual river inflow
volumes by the method of statistical modelling (Monte Carlo method) is used, it can
be concluded that out of two variants of the complex of considered engineering struc-
tures in the water area of the Northern Aral Sea, the most preferable is the variant of
reconstruction of the NAS with the mark of the normal retaining level. The two-level
variant of the reconstruction corresponds to the optimal parameters of the structure
with a short period of filling of the bay 67 years, less water losses-up to 3,0 km? and
moderate the system water exchange processes.

Keywords: Aral Sea, water balance, dynamic-stochastic approach, hydraulic
structure, reconstruction, reservoir.

80



JIUHAMUKO-CTOXACTHYECKHUM NOJXO0/ K ONPEJAEJEHUIO
OIITUMAJIBHOTI'O YPOBHA 3AITIOJTHEHHU A BOJOXPAHUJINIIIA

A. 3. Taupos, M. Jleman

Pedepar

OOnanass onpeneNeHHbIMU CBEJCHUSMH M 3HAHUSMHM O TEKYILIEM THAPOJIOrHYe-
CKOM COCTOSIHUM BOAHOTO OOBEKTa, MOXKHO MPEABUACTh OyAylIee COCTOSTHUE H3yda-
€MOro oObEKTa U €ro OCHOBHBIC XapaKTepUCTUKU. Ha X OCHOBE MOXKHO OLIEHUTH
OCOOEHHOCTH JAHHOIO MepHUoJa U IMPOBECTH COOTBETCTBYIOIIYIO 3TUM YCJIOBHUSIM
pa3paboTKy 3(P(EKTUBHBIX PEKUMOB (PYHKIIMOHHUPOBAHUSA TUJIPOTEXHUUYECKUX CO-
OpPYEHHUI C ONEpPEKCHUEM WU CMIATYEHUEM HACTYIUIEHUS TMIPOJIOTHYECKUX YIPO3
U PUCKOB.

VYcnoBueM oNTUMaIBHOTO (DYHKIIMOHUPOBAHUS MPUPOJHBIX SKOCUCTEM SIBIIAETCS
TECHasl B3aMMOCBS3b KOJIeOaHUsI YPOBHEHM BOJBI U CTOKA PEKU U MOPS — B 3TOM 3a-
KITFOYAETCSl CMEeNU(PUIHOCTh HMCCIEIOBAHUS BOJHBIX OOBEKTOB PacCMAaTPHUBAEMOIO
pervoHa.

B mpemaraemoii pabote mpoBeeHa OlEHKa BapHaHTOB peKOHCTpyKuuu Cesep-
Horo (Manoro) Apanbckoro Mopst (CAM). [lnst onpezneneHuss KOJTMYECTBEHHOM Xa-
PaKTepUCTUKH TapaMeTpoB uccieayeMoro oobekra (CeBepHoe Apalibckoe mMope —
3amuB CapbllIbIraHaK) UCIOJb30BaH OAlaHCOBBI METOJ MOCIEA0BATEILHOIO pelie-
HUsl OAJIAHCOBBIX YPAaBHEHUM, MMO3BOJISIOMIUX KOCBEHHBIM ITyTEM OLIEHUTh €ro JHUHA-
MUKY, TUAPOJIOTHUYECKOE COCTOSIHUE W MPOAHAIU3UPOBATH B3aUMOCBSI3U Pa3IUYHBIX
KOMITOHEHTOB OaJjlaHca BIIATH.

Ha ocHOBe TMHaMHKO-CTOXACTHUYECKOTO MOJX0Ja B PELICHUsX 3a7ay Mo OInpese-
JIEHUIO ONTUMAJbHOIO YPOBHSI HANOJHEHUS MOJMNOPHOTO THUAPOTEXHHUYECKOTO CO-
OpYy>XEHHSI, T/ie B OAIAaHCOBBIX pacdeTax MCIOJIb30BaH BPEMEHHOUN TUIPOJIOTUICCKUAN
psix (n > 3D), COCTaBICHHBIN M3 TOJOBBIX 00BEMOB PEYHOIO IMPUTOKA METOJIOM CTa-
TUCTUYECKOTO MojaenupoBaHus (meton Monte-Kapiio), MOXHO 3aKIIOUUTh, YTO U3
JIByX BapHAHTOB KOMIUIEKCA PACCMATPUBAEMbIX MHKEHEPHBIX COOPYKEHUHN B aKBaTO-
pun CeBepHOTO ApanbCKOro MOpsi HanboJiee MPEIMOYTHTEILHBIM SIBISETCS BAPHAHT
pexkoHcTpykiuu CAM ¢ oTMeTkoN HOpMasibHOTO TmojamnopHoro ropuzonta (HIIIY) —
50,00 m abc. [IByxypoBHEBbII BapuaHT peKOoHCTpyKiMu CAM coOoTBETCTBYET ONTH-
MaJIbHBIM MTAPAMETPAM COOPYKEHUS C KOPOTKUM 10 BPEMEHU MEPUOJOM HAIMIOTHEHUS
Jamym 3anuBa — 6—7 JeT, MCHBIIMMH MOTEePSIMH BOJbI — 710 3,0 KM® U YMEPEHHBIMU
BOJI00OMEHHBIMH MPOLECCAMU CUCTEMBI.

KiroueBble ciioBa: Apaibckoe MOpe, BOJHBIN OallaHC, JUHAMHKO-CTOXaCTUYECKUI
NOAXO0J, THAPOTEXHUYECKOE COOPYKEHHE, PEKOHCTPYKIUS, 3aiIMB CapbllIbIraHaK.

Introduction
The crisis of the Aral Sea region is typical and characteristic of many drainless
basins of arid zones, which are highly sensitive to climate change and anthropogenic
Impact and, at the same time, are extremely vulnerable elements of the aquatic eco-
system [1]. Ignoring these principles in the previous development stages led to severe
environmental consequences in the region.
The ‘Basic Provisions of the Concept for Improving Socio-Economic and Envi-
ronmental Condition in the Aral Sea Region’ approved by the Heads of the five
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Central Asian countries substantiates the preservation of the Aral Sea region by creat-
Ing a new sustainable natural and anthropogenic complex on its territory.

Within the framework of the programme ‘Regulation of the Syrdarya river chan-
nel and preservation of the northern part of the Aral Sea (RSNASP-I), construction of
the Kokaral dam in the former Berg Strait of the Aral Sea was completed in 2005.
The construction of the hydraulic structure prevented the progressive lowering of the
sea level and raised its level from 38,0 metres to 42,0 = 0,5 metres abs. The area of
the Aral Sea and the volume of water in it were fixed at more stable parameters
(Figure 1).

Figure 1 — Northern (Small) Aral Sea (NAS)and Saryshyganak Bay

In February 2012 the Ramsar Convention Secretariat included the ‘Small (North)
Aral Sea and Syr Darya river Delta by total area of 330 thousand ha in the list of
Ramsar sites as the most important wetlands of the planet - Important Bird and Bio-
diversity Area (IBA).

However, about half of the total surface water resources of Kazakhstan come
from neighbouring countries [2]. The Aral-Syrdarya river basin is the most dependent
on transboundary runoff, with almost 90 % of the basin's resources coming from this
component. The volume of transboundary flow entering the Shardara reservoir is de-
termined by the operation mode of a whole cascade of reservoirs located in the upper
reaches of the Syrdarya (Table 1).

Table 1 — Parameters of main reservoirs located in the Syrdarya river basin

Reservoir Country River Volume Year
Toktogul Kyrgyzstan Naryn 19,5 1975
Andijan Uzbekistan Karadarya 1,9 1978
Kayrakkum Tajikistan Syr Darya 4,2 1956
Charvak Uzbekistan Chirchik 2,0 1970
Shardara Kazakhstan Syr Darya 5,2 1965

According to the design operation regime of the Shardara reservoir, the highest
flow rate is 1200 m?/s and the lowest is 220 m?/s in winter. During extremely high-
water years, such as 1969, a significant part of the flow was discharged into the Ar-
nasay depression (Uzbekistan).
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Problem statement Measures to prevent environmental problems in the Aral Sea
region have been taken since the middle of the last century. Thus, in 1989, a feasibil-
ity study was approved for the construction of engineering structures to restore water
availability in the Saryshyganak Bay.

Within the framework of implementation of the second phase of RSNASP -1, re-
construction of the Northern (Small) Aral Sea (NAS), water area was planned, aimed
at improvement and restoration of the Aral Sea water ecosystem. Two alternative var-
lants of the NAS reconstruction were identified:

« two-level option — by restoring the former Saryshyganak bay as a water body;

» one-level variant with a single Northern Aral Sea — by building up the Kokaral
dam.

Both reconstruction options have positive and negative sides, both in construction
and operation of the engineering structure complex [3, 4]. However, at present there
IS o unanimous opinion regarding the choice of reconstruction options. This paper
considers the issues of solving practical problems on determining the filling of the
optimum water level of the proposed retaining hydraulic structure. To solve the set
problem, the dynamic-stochastic approach is applied, which allows describing a real
system with sufficient accuracy without experimentation on a real object and obtain-
ing data for further statistical processing, as well as anticipating future changes in the
filling regimes of lake-type water bodies. The results of studies in the field of hydrol-
ogy show that the prevailing direction in the development of hydrological processes
Is the stochastic concept [5].

Research methodology Methods of hydrological and water management calcula-
tions, dynamic-stochastic approach, and computer data processing methods were
applied.

Data sources Materials of expeditionary works on water bodies of Aral region,
scientific and project materials and publications were used.

Main part Knowing regularities in water flow fluctuations or possessing certain
information about the current state of water availability, it is possible to foresee the
future state of the studied object and its main characteristics. On their basis it is pos-
sible to estimate features of the given period and to carry out corresponding to these
conditions development of effective modes of functioning of hydraulic structures
with advance or mitigation of occurrence of hydrological threats and risks.

In the proposed work, the assessment of options for reconstruction of the NAS is
carried out. To determine the quantitative characteristics of the object under study
(Northern Aral Sea — Saryshyganak Bay), the balance method was used by means of
sequential solution of balance equations, which allow indirectly assessing its dynam-
ics, as well as identifying and analysing the interrelationships of various components
of the moisture balance.

The balance equation for some time interval At is as follows

Q+X—E =+AW, (1)

where @ — river runoff; X — precipitation; E — evaporation from the water surface,
AW — change in water volume over the same time period.
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It follows from the equation that if the inflow part of the balance is less than the
outflow part @ + X < E, the water volume in the water body will decrease in time
(i. e., AW < 0), while at the other ratio (@ + X = E) it will increase (i. e., AW = 0),

Since the volume (W), area (F) and level (£) of water are interrelated with each
other, the calculated change in water volume AW can be used to determine the ratio
of change in the area of the water body and its level.

To assess the dynamics of the state of the studied water body in time, the balance
equation (1) is used as

BT = I"1"r;:+:l = Q]! + H'r;' +X]! _ EZI! _ V;:! (2)

where, BT — water balance; W, ., — volume for the design year; Q,, — annual inflow
volume; W, — volume for the previous year; V,, — total runoff withdrawal volume;
X, u E,, — precipitation and evaporation volumes depending on the water surface area
of the object; n - design time series (year).

In the equation, precipitation falling on the water surface (X) and evaporation
from it (E) can be replaced by evaporation (E.). It should be noted that visible evapo-
ration in arid climates, when evaporation is tens of times higher than precipitation, is
always positive. Then equation (2) will take the form

BT = Wi =0, +W,-E, —V,. (3)

Simplified balance equation (3) is adopted as a mathematical model of the re-
search object.

To solve the equation in the mathematical model, the mean annual evapotranspi-
ration from the water surface of the NAS (£},), is taken equal to 920 mm, average an-
nual precipitation (X,,) falling on the water surface is taken equal to 126 mm.

Water exchange processes or system flowability is determined by the components
of the water balance and is the most important indicator of the state of the aquatic
ecosystem, characterising various dynamic processes occurring in water bodies.

Estimation of system flowability (P), calculated by the relative volume of capaci-
ty of the isolated bay Saryshyganak, as

P =W, /W, 4)

where, W, — average annual discharge volume in NAS; W, — the full volume of Sary-
shyganak Bay.

Considering river flow patterns are stochastic in nature, in the dynamic-stochastic
approaches to solving the problems of scenarios of water body development and deter-
mining the optimal level of filling of the hydraulic retaining structure in the balance cal-
culations, a temporary hydrological series (n = 35) made up of annual VVolumes of river
inflow using random number generation through statistical modelling (Monte Carlo
method). The initial parameters of the studied water object are given in Table 2.

Table 2 — Initial parameters of input data of the object under study

Water object H m F, thousand km?> | W, km3 E, km3
Northern Aral Sea 4200 3300 27,0 2,62
incl. Saryshyganak Bay ’ 0,133 0,100 0,100

84



The average annual flow of the Syrdarya river as a guaranteed limit is accepted in
the volume of 12,0 km? per year with a permissible reduction in dry years at 90 %
availability — up to 10,0 km? per year and a coefficient of variation (C, = 0,26).

In the calculation tasks, the average annual inflow to the NAS is assumed to be
3,80 km? per year. The results of solving water-balance problems are given in Figure 2
and Table 3.

Figure 2 — Working fragment of water-balance calculations

Table 3 — Calculation parameters of NAS and isolated Saryshyganak bay

Northern (Small) Aral Sea Saryshyganak Bay
Option I. Single-level dam Option I1. Two-level dam
At a level of 46.0 metres abs.
F, thousand km2 W, km3 E, km3 F, thousand km2 | W, km3 E, km3
4180 42,0 3,32 0,600 1,73 0,476
At 50.00 m level
5200 | 61,0 | 413 | 0,853 | 477 | 0677
At the level of 52.00 metres
— | 0,980 | 745 | 0778

Under the RSASP-11 Project, water intake to the Saryshyganak Bay is envisaged
in the amount of 1.42 km? per year. Water transport to the bay will be carried out by
means of a supply canal, which has two delivery routes from the Syrdarya River:
through the Tushchibas or Kamystybas reservoirs. Under any variant of water trans-
fer route selection, flowing water will be created in one of the lake systems of the del-
ta, which will have a favourable impact on the aquatic ecosystem of the Aral region.

Main conclusions. Water-balance calculations show that under a single-level dam,
taking into account the reality of water regime of the Syrdarya river lower reaches,
the duration of AMU filling up to 46,0 m abs. mark will be 26-27 years. The period
of filling up to the design mark of 50,0 m abs. — more than 35 years, at those losses
will exceed 106 km? (annual water loss for evaporation on average 3,0 km®). The crit-
ical water level is clearly limited by the bottom topography to 43,0 m abs., at which a
further decrease in the level will lead to the separation of the Saryshyganak Bay from
the northern Aral Sea (Figure 3).

At a two-level dam, the optimum water level of the NAS remains the design level
of 42,00 m abs. For the isolated bay Saryshyganak 3 characteristic marks of water
levels are considered: 46,00; 50,00 and 52,00 metres abs. (Table 3, Figure 4).
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1. The bay will reach the elevation of 46,00 m abs. with a capacity of 2,2 million
m?® within 3 years, with evaporation averaging 440 million m? per year or 1,3 km? for
the entire filling period. Thereafter, unproductive discharges to the BAS (Big Arak
Sea) through the NAS will continuously increase.

2. Saryshyganak Bay will reach the level of 50,00 m abs. within 6-7 years.
To create favourable conditions of aquatic ecosystem by salinity close to river water
it is enough to carry out annual water discharge into the NAS in the volume
of 740 million m*. When filling the bay up to the design level, the total water losses
for evaporation will be up to 3,8 km? or 550 million m* per year, which is insignifi-
cant for structures of such scale.

3. The bay will reach a level of 52,00 m abs. within 10 years, with evaporation
losses of 8,0 km? or 800 million m? per year during the filling period.

Calculated data on the assessment of the flowability of the aquatic environment
show that at water level elevations up to 50,0 m abs., water exchange processes occur
in the zone of moderate flowability (0,16), and at 51,0 m abs. and above, the flowa-
bility in the system decreases (0,08).
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Figure 3 — Critical levels of Saryshyganak Bay NAS
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Figure 4 — Longitudinal profile of NAS and Saryshyganak Bay,
characteristic reconstruction levels
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Conclusion

Based on the dynamic-stochastic approach in solving problems on determining
the optimal level of filling of a hydraulic structure, it can be concluded that of the two
options for the construction of hydraulic structures in the water area of the Northern
Aral Sea, the most preferable is the second option of reconstruction with the mark of
the normal retaining horizon (NRH) — 50.00 m abs.

The two-level variant of the NAS reconstruction is characterised by a short period
of filling of the bay bowl — 67 years, less water losses - up to 3.0 km* and moderate
water exchange process of the system — F 0,16.

The proposed parameters of the structure maintain high level stability providing
good water transport connection, close to natural level fluctuations.

The proposed engineering measures will:

— improve the condition of the aquatic ecosystem of the Northern (Small) Aral
Sea;

— significantly improve the socio-ecological and economic situation in the region,
and increase the recreational attractiveness of the Aral Sea region;

— effectively manage limited water resources in the Aral-Syrdarya basin.

The significance is to improve natural properties and optimal functioning of the
aquatic ecosystem with full provision of ‘ecosystem service’.

It should be especially mentioned that the Aral Sea region with its unique flora
and fauna play a peculiar role of ‘reserves’ in preserving the gene pool of biodiversity
in the Aral Sea region. They also carry a solution to the problem of water supply and
increase of bioproductivity of the ecosystem and help to better adapt to global climate
change under conditions of uncertainty and in mitigation of unfavourable effects on
the environment.
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