Designed in an automated mode, the head salt removing tract needs in analysis and possible
adjustment by highly qualified hydrologists.

The proposed water and salt removing tract of the Amu Darya’s right bank is designed to
improve the environmental situation in the region and preserve the residual body of water in the
deep part of the currently drying up Aral Sea, as well as to help in improvement of the soil quality
in the region, raising the agricultural production level, and all these activities will be implemented
within Uzbekistan.
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HEJECOOBPA3ZHOCTD IPOEKTUPOBAHUS I'OJIOBHOI'O COJTEOTBOJAIIEI'O
TPAKTA C UCITOJIb30BAHUEM I'MC-TEXHOJIOT Ui

EXPEDIENCY OF THE DESIGN OF THE MAIN SALT OFFTAKE TRACT WITH
APPLICATION OF GIS-TEHNOLOGIES

O30ekcmanobli atmMazblHOa masza CyyHyH mapmuliimbiebl MEHeH IKON0SUANbIK  aAOaIO0biH
HAYaprawbIiHell WapmmapulHOa Hana 21006andyy aneanoa oa cyy pecypCmapuvli capamicanoyy
nanoanlanyyHy Kamcvi3000 Maauwuiyy npoorema 6onyn kanyyoa. bopbop Asusanvin 3y 6auikel
oapuwisinapol Amy oapwvis menen Coulpoapvis mapwixvili OU3OUH AUMAKMA HCAUALAH I10epPOUH
AHCAUWOOCYH YNIA2AH HCANBL OATBIK bonyn Kanea. byn sxu oapeianvin cyycy Apan oequsumne Kysm.

Amyoapbianvin oy dHcIad2uHOE2U CYY CAKMOOUY KOMNIEKC KOLIEKMOPIOPOVH JHCAHA CYY
azvizyyuy mpakmmapOoblh CUCMEMACbl Kamapwvl Kul3Mam Keliam dcana ai 3apaguan menen
Kawrxaoapuia cyy bacceiindepunun, byxapa swcana Tepmkyn oasucmepunun, Kapaxainakcmanowin
OH #CI2U MEHEH KU 636HOYH OPMOCYHOA2bl YO2YNeaH KOIOOPOYH KONIEKMOPOYK-OPEHANCObIK
cyynapvinan moaom. QUIOHOOU 37e anapovlH acblH Cyyed_ AUIAHBIUbBIH HCAHA HAMBIUNCAOA
my30apOaun apwliblblH KAMCbI30AUm.
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bu3z uwmen uvixkan mpaxmmuoln 8apuanmuol 001000POYVH ALOLIHOA HCAHA OOAOO0P YUYPYHOA
uwmenun YvlKKan He2uzoemenepoer KUUH Ul HCy3yHo auiblpyyea CYHYumanam.

Aukwlu co300p: atiiana YOUPOHY MOHUMOPUHEOEH 6MKOPYY, atibll wapoacwl, I UC-
MEeXHI02UANAD.

B ycnosusax yxyowenus sKo102uueckol 00Cmanosku u oepuyuma nNpecHol 800bl 8 Haulem
pecuone U 6 2100anbHOM Macuimabde 8aXCHOU NpobIeMol  CMAHOBUMCA obecneueHue
PAYUOHATILHO2O — UCNONIL30BAHUA  BOOHBIX pecypcos. [lge 2iasHvle MpAaHCcepaHuumbie peKu
Lenmpanvnoti Azuu Amyoapvs u Coulpoapvs ucmopuuecku sAIAI0OMcsA  00wumM 01a2om u
UCTOYHUKOM HCU3HU 01 HAP0O08 Haue2o pecuona. Cmok smux pex obecneyusaem 60001 bacceli
Apanvckoeo mops.

Booooxpannviii komniexc npagobepexcos npeocmasisiemcs KaKk cUcmema KoleKmopos u
80000MBOOAWUX MPAKINOE — NPUEMHUKOB KOJLIEKIMOPHO-0OPEHANCHBIX 800 ¢ baccelinos 3apaghuana
u Kawxaoapvu, Byxapckoco u Typmkyavckozo oazucos, Ilpasobepescnoii Kapakannaxkuu u
HANUBHBIX 03€p MenHcoypeybs, ¢ mem, ymobvl obecneuums ux npomoyHOCMb U, KAK cleocmeue —
pacnpecneHue.

IIpeonazaemviii 6apuanm mpakma nocie Hnpo8edeHUs NPeOnPOeKmMHbIX U NPOEKMHBIX
000CHOBAHUIL, U3LICKAHUL MOXCEM ObiMb PEKOMEHO08AH K €20 Peanu3ayuu.

Knrouegvie cnosa: monumopune okpyscaroweil cpeowl, cenibckoe xossicmeo, I UC-
MexXHON02UU.

An important problem in terms of the environmental degradation and water scarcity in our
region and on a global scale is to ensure the rational use of the fresh water resources. The
Amudarya and Syrdarya, two major transboundary rivers in the Central Asia, have historically
been a common good and a source of life for the peoples of the region. It is through these rivers the
water is provided in the Aral Sea basin.

In the arising situation the water preserving complex of the right bank seems as a system of
collectors and drainage tracts — receivers of collector and drainage waters from the pools of
Zarafshan and Kashkadarya, Bukhara and Turtkul oases, right-bank Karakalpakstan and off-
channel lakes of the zone between two rivers to provide their flowage and, as a result, obtaining of
more fresh water.

The proposed version of the tract can be recommended for implementation after carrying-
out of the pre-project and project evaluations and studies.

Keywords: monitoring of environment, hydrology, agriculture, GIS-technologies.

Uzbekistan gives priority to sustainable development and environmental security. The proof
of this is the Program of action recently adopted in our country for the protection of the
environment for 2013-2017. The government of Uzbekistan will allocate about $ 2 billion for
implementation of this program aimed at further ensuring a favorable environment, the rational use
of natural resources, the introduction of the environmental bases of sustainable development in the
sectors of the economy.

As mentioned, the death of the Aral Sea is one of the largest global environmental
catastrophes in the modern history. Every year, it becomes clear that the problem of the drying of
the Aral Sea, and especially the impact on the natural and environmental, social and humanitarian
situation, gene pool, health becomes destructive and irreparable.

It is necessary to organize activities under the auspices of the UN to prevent the complete
destruction and protection of preserved natural and ecological system of the Aral Sea region,
ensuring minimum living conditions for the people, keeping the remaining flora and fauna. These
key issues are the focus of the note submitted by the President of the Republic of Uzbekistan,
Chairman of the IFAS, as an official document to the UN General Assembly.

Uzbekistan consistently calls upon the international donors to assist in the implementation of the
Program of measures to eliminate the consequences of the drying of the Aral Sea and prevent
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ecosystems disaster in the Aral Sea area, which is fully consonant with the Millennium
Development Goals, in particular achievement of the environmental sustainability, fight against
diseases, improving maternal and child health.

An important problem in terms of environmental degradation and water scarcity in our
region and on a global scale is to ensure the rational use of water resources. The Amudarya and
Syrdarya, two major transboundary rivers in the Central Asia, have historically been a common
good and a source of life for the peoples of the region. It is through these rivers the water is
provided in the Aral Sea basin.

The water resources in the Republic of Uzbekistan are very unevenly distributed and there is
an acute lack of it on the vast plains. The proportion of the total water intake of the Republic of
Uzbekistan in accordance with the schemes of the basin is 63.02 billion m’, including from the Amu
Darya - 26.9 billion m’, from the Syr Darya - 10.5 billion m’, from the small rivers - 16.18 billion
m’ and from the underground and waste waters - 9.42 billion m’ [1-3].

Over the past ten years due to the water resources scarcity and change of the reservoirs
operation mode of the transboundary rivers' upper reaches, low level of technical condition of water
supply systems, the actual intake in the whole country was in the range of 57.74 billion m’, i.e. 90%
of the integrated volume according to the selected scheme. From the total water intake: 87% are
used in the agriculture, 4% in the municipal sector, 7% in the energy, 1% in the industry, 1% in
fisheries and other industries.

As expected for a range of climate scenarios for 25 years we should not expect a significant
change in the volume of water resources in the upper watershed. However, in connection with the
operation of the overlying reservoirs on the transboundary rivers in energy regime it is expected
only flow variability, both within-year and in the long-term perspective.

At the same time, while maintaining the current level of water consumption per capita, the
annual additional need of the public utility in the water resources due to the annual growth of the
population will increase by 16-20 mIn. m’. In connection with the development of the industry it is
also expected an increase of the industry's needs. The growth of the water consumption of these
industries, first of all, should be covered by reducing the operating losses in these sectors, as well as
by reducing the intake limit of the agriculture.

According to calculations of the Ministry of Agriculture, while maintaining the efficiency of

the water management systems and irrigation network, in order to cover the biological needs of the
crops, as well as the demand of the other sectors of economy, the needs in the water resources in the
Republic makes about 69.4 billion. m’, including the agriculture 59.9 billion. m’.
An important problem in terms of the environmental degradation and water scarcity in our region
and on a global scale is to ensure the rational use of the fresh water resources. The Amudarya and
Syrdarya, two major transboundary rivers in the Central Asia, have historically been a common
good and a source of life for the peoples of the region. It is through these rivers the water is
provided in the Aral Sea basin. In this situation, plans to build in the neighboring countries of new
large hydropower plants with giant dams by world standards cause concern. The implementation of
such plans, according to many competent experts, will lead to a breach of natural river flow,
transfer to the energy regime that is fraught with the most dangerous environmental and socio-
economic consequences. It will dramatically disrupted the already fragile water and ecological
balance in the Central Asia as a result of the impact of new hydraulic works on the natural water
regime, environment, flora and fauna, etc. [2-3].

For achievement of meliorative wellbeing of the irrigated lands of the right bank, judging by
the project studies and generalizations of these supervisions, the drainage (for the purpose of salts
removal) has to reach 20-25% of the water intake [4,5]. Thus the total amount of the returnable
waters which are subject to utilization on the right bank can make 4,9-6,8 km®/year. The existing
system of the returnable waters utilization has underwent changes. Since 1996, it is forbidden to
dump returnable waters to the Amu Darya in order to maintain waters quality of the river at the
admissible level of the sanitary and hygienic norms for drinking water supply. Besides, according to
this agreement (1996) the water division of the cross-border waters inflowing to the middle flow
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across the Amu Darya is distributed equally between Turkmenistan and Uzbekistan. Across the
Amu Darya in a year, average on water content, inflowed to the middle flow 63,1 km’/year and in a
year of 90% supply it made 47-48 km?/year[5-8].

Achievement of meliorative wellbeing of a right bank according to the design practices is
based on the construction and operation of the Right-bank collector. However, if the Right-bank
collector is also a rod element of the meliorative actions, in more general case achievement of
ecological wellbeing of the Amu Darya river, irrigated massifs, pasturable grounds and in general
the land fund of a right bank requires creation and realization of a complex of the water preserving
actions. At the heart of a complex of the water preserving actions it is supposed to create the system
for removal of salts in the regional receiver of salty waters, the Aral Sea, more specifically in its
western part which gradually turns into the brine lake.

In the arising situation the water preserving complex of the right bank seems as a system of
collectors and drainage tracts — receivers of collector and drainage waters from the pools of
Zarafshan and Kashkadarya, Bukhara and Turtkul oases, right-bank Karakalpakstan and off-channel
lakes of the zone between two rivers to provide their flowage and, as a result, obtaining of more
fresh water.

The marginal waters of the water preserving complex the volume of which can reach about 7
km® /year, can be also utilized for melioration of the woods, fishery, recreation, etc.

The main contribution of a metamorphization of the river waters of the basin of the Amu
Darya river - vaporizing concentration to which they are exposed after a fence for irrigation in
agriculture and in evaporated form, as well as re-saturated by the soluble salts from soils and in mix
with ground waters, come back to the natural drains rivers. Such order of formation of the
hydrochemical mode will remain also in the future, but at reduction, as expected, of the streamflow
formation and at increasing of the water intake for household needs, a mineralization of river water
(perhaps to the initial gradations of the ground waters) will raise. In the basin of the Amu Darya
river such order of a metamorphization of the natural waters occurs practically everywhere.

The main source of salts on the farmlands is the irrigating water, more often it is saltish. The
drainage systems are unproductive and superficial that leads to maintenance of a mirror of ground
waters above of the critical depth, and their mineralization also exceeds critical values. All that in
total leads to restoration of the salts accumulation in the soils during the irrigation interval, to
increase of salinity of the soil solutions and eventually to oppression of the cultivated cultures. To
some extent their fatal final is prevented by the washing mode of irrigation, what causes high water
consumption of the agriculture. Such is a salt situation in the territories commanded to the
Takhiatash water-engineering system.

As already noted, the drainage waters of the middle and lower basin of the Amu Darya river
do not have a single flow receiver and are flattening on the entire basin area. In this area, according
to the analysis of the satellite imagery were formed and continue to form numerous local salt
collectors (Figure 1).

Within Akchadaryinskaya and Khorezm-Sarykamyshsky deltas of the Amu Darya,
commanded to the Tuyamuyunsky water-engineering system, the salt factor is less menacing than in
northern territories of Karakalpakstan. The salt factor is weaker in Karshinskaya and Bukhara oases
that is traced by a little bigger productivity of the cotton and its a little smaller water-retaining
capacity.

Thus the salt factor on the considered objects of the middle and lower flow of the Amu
Darya has gained a cyclic character and in the conditions of the expected shortage of water it can
come to the fatal end, unless emergency measures are taken for elimination of its reasons.

The involved collector and drainage network drains the mineralized waters either to Amu
Darya, or dumps on lowlands of the right bank. Because of that the lands of desert grounds sustain
losses. So not only the salt off-taking from the irrigated and built up territories, but also from desert
pastures requires realizing a package of measures. The structural component of this package of
measures is provided by the Right-bank collector, an initial plan and characteristics of which were
elaborated by designers in the eighties of the last century.
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Figurel. Sample of the local salt collectors in the Bukhara region

The changed geopolitical, water management and institutional conditions, technical
technological capabilities and ecological imperatives require a considerable modernization of the
initial plan. First of all, it is connected with the route of a collector: it must be in the borders of
Uzbekistan. Not less important: it needs to be laid to the western deep-water residual reservoir, the
Aral Sea. In the upgraded version of the right-bank collector, it is offered to support the essential
level of its fish capacity and, generally, a biological productivity of the landscapes interfaced to it.

In a year, average by water content, the collector drain in a residual reservoir from the Aral
Sea is expected in limits of 3-4km® when a water mineralization of about 10-12 g/dm’. Such quality
of water will allow, apparently, to stabilize a reservoir mirror on the area of 3000-4000 km?.

The collector and drainage drain formed in the middle and lower flow of the Amu Darya
river is estimated in cubic kilometers and it deserves attention regarding utilization and elimination
of ecological damages. It is obviously expedient to begin elimination of the outlined gap. According
to the above it is formed one of the main goals of research, namely development of the main tract
concept of the scheme for networks of water - and salt removing of the basin in the Amu Darya
river on the basis of the integrated GIS-technologies with application of materials of space
shootings and three-dimensional modeling methods. These objectives are achieved across the
territory of Uzbekistan.

The scheme of a tract laid through the dried bed of the Akchadarya was considered for
further analysis as more perspective.

One of the main objectives of the GIS technologies using in the implementation of projects
in the field of hydro-ecology and environment protection is the ability to use it to develop more
rational, efficient and optimal management decisions.

As part of research to develop the concepts of salt removing networks have been used the
digital topographic bases developed by us on the scale of 1: 200 000. The digital topographic base is
developed on the basis of the general requirements to the process of creating and updating the
digital topographic maps, the main requirements to the digital topographic maps, including
requirements to the completeness of the initial information, to its actualization, accuracy and
consistency of the information [9]. The digital topographic base is developed in the ArcGIS
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environment. In order to simplify the analysis procedure while laying the trace of the salt removing
tract it has been developed a three-dimensional model of the terrain. For greater clarity, the vertical
scale has been enlarged by 1000 times (Im in vertical is equal to 1km in horizontal). When
choosing a trace of the salt removing tract it was used the brainstorming techniques with the
assistance of highly qualified hydrologists. It was constructed the vertical profiles of the salt
removing tract which allowed to specify the track and avoid the elevated areas in order to provide a
gravity-flowing.

The figure 2 shows the diagram of the main water and salt removing tract in a perspective
view. The vertical scale is enlarged by 1000 times (1m in vertical is equal to 1km in horizontal).
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Figure 2. Diagram of the main water and salt removing tract version in a perspective view. Vertical
scale is enlarged by 1000 times

The offered modified tract needs in the pre-design and design justifications and researches
before to receive permission for realization. From the point of view of ecological requirements, a
necessity for implementation of such offers is obvious. Other options, versions, concepts, projects,
etc. are not excluded, but ecological, social and economic situation becoming aggravated in the
region, especially during implementation of the construction plans for the grandiose hydroelectric
power stations in the neighboring states, makes necessary its fastest consideration and realization.
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