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Role of science in solving water and energy problesn

in Central Asia
D.M. Mamatkanov
Institute of Water Problems and Hydropower,

National Academy of Sciences of the Kyrgyz Republic

The role of science as a form of human activitiesea at learning and transforming the
objective reality is very significant in the soluti of water and energy problems in the Central
Asian region.

Having analyzed in the 1990s the use of trans-bayndater resources in the Aral Sea
basin in the USSR and after its collapse, thetlrstiof Water Problems and Hydropower,
National Academy of Sciences of the Kyrgyz RepufiléPHP NAS KR) highlighted the
following key issues and proposed mechanisms tegblem.

1. In Central Asia, there is a system of limiteld@tion of trans-boundary waters
between the countries. It was established duriagsttialist period for the republics of
Central Asia and Kazakhstan and secured in thenSefiand Regulations on water allocation
for various cross-border basins. The main criteimodetermining national quotas was
equal water supply to existing areas of irrigatiBaginning with 1960s, intensive
development of irrigation was carried out in thaip$ of the Central Asian region. For the
period of 1967-1987, irrigated lands area incredmsetl million 364 thousand ha in
Uzbekistan, by 1 million 354 thousand ha - in Kdmtkn, and only by 189 thousand
hectares in Kyrgyzstan. Distribution of water resas among the republics was made
in accordance with the availability of irrigatecas. Quota for use of water resources on the
territory of Kyrgyzstan is about 23% of the amofartmed during an average water year of
50 knt. The remaining water, except for our internal kskyl basin (4 kn), goes to the
territories of the neighboring states. As a resh#re are substantial differences in the
availability of water resources and irrigated laimdthe republics situated in the Aral Sea
basin. For example, in Turkmenistan, there is G&bf irrigated land per capita, in
Kazakhstan - 0.3, Uzbekistan - 0.19, in Kyrgyzstanly 0.14, in Tajikistan - 0.12, although
the mountainous states (Kyrgyzstan, Tajikistanyjol® the formation of 90% of surface
water resources in the Aral Sea Basin. Thus, tisermlation of the right for equitable access
to water resources.

Such approach to allocation of water resourcesjugsied under the planned economy
of the USSR, when there were compensation delis@fidood and fuel from the Soviet
Union budget to our country. Today, however, imteof independent development
and termination of subsidies, it is necessary ¥seswater quotas, as, having significant land
resources suitable for irrigation (about 2 millioa), Kyrgyzstan does not have water



resources, which restrains the development ofateid agriculture for food independence of
the present and future generations.

This problem is getting more and more serious. ihEimarily due to demographic
trends and the need to ensure food security focahetries of the region.

To protect national interests and ensure regidaailgy, IWPHP NAS KR developed
the Strategy of national policy of the Kyrgyz Relition the use of trans-boundary water
resources. It reflects the fact that Kyrgyzstarogmizes that the existing system of trans-
boundary rivers’ water distribution in Central Asiaes not meet its national interests,
contradicts the Constitution of the Kyrgyz Repubiis current national legislation
and principles of international water law.

There is only one way to solve this problem - rettigtion of water quotas, according
to key principles of international documents: "Hghle and reasonable use of
international watercourses” (UN Convention 1997y dmhe right of peoples and nations
to Permanent sovereignty over natural resourcesS¢Rtion 1803 (XVII) of the
General Assembly of the United Nations of Decenil#erl962).

We must fully realize our sovereign right for oumronatural resources. This
requires determining the value of Kyrgyz water qué¥VPHP calculated the criterion of
maximum satisfaction of our own water needs forghtgrm perspective, i.e. ensuring the
needs of future generations. Irrigation of 3 millibectares requires about 30°%of water,
and taking into account the volume of industrial damunicipal-domestic water
consumption, the required volume will be 35-37°kinstead of 11.9 kirallocated currently.
Kyrgyzstan should claim exactly this volume. Itakvious that neither today, nor in 10-15
years, we will be able to consume 35-37kmf water resources. Modern irrigation
infrastructure today allows using 10-11 krthe remaining amount can purposefully flow into
the Aral Sea as a contribution of Kyrgyzstan tontain it.

2. Second important issue is the equal participationeighboring countries in costs of
the Kyrgyz Republic, related to the implementatdnwvater works and services in favor
of contiguous states. Numerous water facilitiedlt bon the territory of Kyrgyzstan, are
subjects of interstate significance. They are usadgulate water resources of the rivers and
supply them to neighboring states. They are oparatehe expense of Kyrgyz budget. The
Republic also spends considerable own funds fordagtkteorological monitoring and
implementation of works to reproduce water resainegthe runoff zone. These costs should
be born by all the States-users of water resouficesolve this problem, IWPHP NAS KR
developed an economic mechanism for trans-boundeayer resources management,
including methodological regulations identifying ricaus types of tariffs for water and
assessing damage caused by construction of theoJukivaterworks facilities and its use
in irrigation mode.

Compensation for losses and damages can be impledhémrough the introduction
of economic mechanism to manage trans-boundaryrwasources. This mechanism was
developed by the Institute for Water Problems agdrblpower of the National Academy of
Sciences of the Kyrgyz Republic. It is based oarpretation of water as a commodity.

Water resources are considered to be natural res®w@nd, along with mineral (coal,
oil, gas, etc.), land, and forest resources, theyaed as a source of livelihood.

Natural resources are part of public wealth of atate within the boundaries of its
territory, and under capitalization of fixed asset&l development of market relations, they
acquire commodity form. Commodity as an economie@gary is considered to be:

- product of labor, made for exchange and sale;
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- any product of economic production activity inteypical form;

- an object of sale between buyers and sellers,

Commodity has two main properties:

- consumer price, which determines the measure ohddrfor a product, its utility and
necessity;

- cost that represents social labor of producerspeied in the commodity.

Basing on these concepts, water resources metteatlefinitions and properties of a
commodity in the following circumstances:

1) after the dissolution of the USSR and independafidee USSR’s republics,
the latter declared their right for ownership armhteol over their social wealth, including
natural resources;

2) market relations were introduced, therefore, nhtuesources acquired the
right to be considered “commodity”, provided thatial labor is invested in them;
3) water resources, as a commodity, are a product ndiistrial-economic

activity of the upstream states, which spend thdiudgetary funds on their
formation (reproduction, monitoring, study), flogulation in reservoirs, operation of water
facilities of interstate significance and water glyprequired by the downstream states;

4) water resources have two basic properties of théyzt (or commodity):

- Consumer price (necessity and utility), which isydred any doubt is the highest
compare to other natural resources, since existehcall living creatures is impossible
without water;

- Cost (the cost of public labor for reproductiomnnater resources, its transportation to
consumers, regulation in reservoirs, etc.).

Thus, water resources have all the grounds tedmgnized as a commodity.

Besides, water is special natural substance, wdlighys keeps moving. This requires
special approach in determining economic parametiewgater as a natural resource, as well
asa product and raw material, in its utilizatiory bhe population and various
technological industries, first of all irrigationthe main consumer of water resources in
Central Asia. In addition to economic and sociapamance, water has a high ecological
value. It can be clearly seen in the following sadérst, water, as an energy feedstock, has
obvious superiority over mineral (organic) fuel, ifge the most affordable,
environmentally clean and renewable source of gn&gcond, water, impounded in
reservoirs, ceases to be environmentally hazardberefore preventing floods, mudflows,
and excessive winter discharges that cause flopditaderlogging and glaciation of lower-
lying territories of adjacent States.

The economic mechanism for management of transdsoyrwater resources includes
methodological regulations for identifying diffetetypes of water tariffs and assessing
damage from construction of the Toktogul hydroeleqgtlants and its operation in irrigation
mode.

During the economic evaluation of water resourttege levels were identified:
1) formation of runoff;

2) water distribution and transportation with thse wf trunk and inter-farm canals in the
points of water lots for consumers;

3) water supply using water-regulating facilitigsrigation and power reservoirs.

The zone of runoff formation includes surface wagsources from water sources to
major catchment facilities. In this part of the am@mburse, where water is presented in its
natural state, it already has economic cost, sittoe state finances the activities of
several organizations, engaged in water resourcasitoning and management, research,
flood and mudflow control, coast work, reproductiof forest plantations. To compensate
these costs, it is necessary to introduce thef farfwater as a natural resource. In order to
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accomplish it, the “Methodology for determining thvater tariff as a natural resource” was
developed.

The second level concerns water intake, distrilbuéiod water supply, using the trunk
and inter-farm canals. The entire complex of warksvater intake and water supply in points
of water lots is performed by operational water ag®Ement associations (OWMA), in
Kyrgyzstan they are represented by district watanagement agencies (DWMA). Here we
establish the tariff for OWMA water supply servicesalculated according to the
"Methodology for determining the tariffs for OWMA ater supply services to
consumers”. This tariff applies to domestic wa@msumers.

The third level is water supply, using water regolafacilities.

In the Kyrgyz Republic, reservoirs for long-termdaseasonal regulation of the flow
have been built and maintained. Some of them - Ak Orto-Tokoi, Kirov and Papan
reservoirs - are objects of interstate significasegving water consumers of Kyrgyzstan,
Kazakhstan and Uzbekistan. At this level, the ftéoif regulation, calculated according to the
"Methodology for determination of tariffs of wateegulated by irrigation and complex
reservoirs”, is set.

The interstate water tariff is set for Kyrgyzstan&ighboring States, which use its water
resources, and is calculated as the sum of ther weatéf as a natural resource and the water
tariff, regulated by irrigation and complex reserso

All developed methods are based on the cost-noveptinciple of costs formation,
when the main determinants of prices are the acipetational costs and regulatory profit of
budget organizations, serving the water indusing, the amortization and maintenance works
costs are calculated not on actual basis, but diewpto the standards, which is the essence of
the cost-normative principle. This will enable watenanagement organizations to
receive sufficient funds for current and capitgdaies of fixed assets.

By the use of the calculated tariffs, it is quitesy to solve the problem of determining
the equity participation of water consuming statesater management costs for a particular
facility.

The methodology, usedto calculate the annual loasised by constructing
and operating the Toktogul waterworks facilitiesiutier-state significance, is based on the
principle of compensation of costs of negative eguences. They are associated with
flooding and waterlogging when reservoirs are aoeséd, with electricity underrun in winter
because of drawdown of reservoirs in accordancé whe irrigation schedule, with its
subsequent compensatory output at the thermal pstaBon, causing environmental damage
from burning fossil fuels.

Annual total damage made to Kyrgyzstan is estimtddae 154.9 million dollars.

The Republic is interested in compensation of thdaemages by Kazakhstan and
Uzbekistan, because this will solve all the exgsmoblems:

- Flooding and waterlogging in the autumn-winter pdrin the Kazakh and Uzbek
territories:

- decrease in water supply during the growing seamuwh,Kyrgyzstan will be able to
use the received funds:

- to purchase energy resources, where it is ecaradiyiadvantageous;

- to modernize the Thermal Power Plants.

This approach seems to be more efficient tharexiing barter exchange of summer
electricity for energy resources, existing under Agreement of 1998. Every year, it is more
difficult for Kyrgyzstan to sell the summer electty, which entails failures in the supply of
gas, coal and fuel oil. As a result, there is mation of the technological cycle at the
Bishkek thermal power station.

The above-mentioned research works, aimed at pioge@ational interests of the
Kyrgyz Republic and ensuring regional stabilityGentral Asia, indicate that science in our
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country is capable of solving complex water andrgyneroblems. Why doesn’t the science
have effective impact on hydropower relations betwKyrgyzstan and neighboring countries
then?

Answering  this question, we mustthink about the rppee of
academic science. Theoretically, science canntgctehe interests of either the majority or
the minority, not to mention individual interestis.must impartially identify problems,
understand the essence ofthese problems and prommutions. In Kyrgyzstan,
unfortunately, the proposed research findings reedhiunclaimed for a long time, due
to well-known economic and political circumstances.

We hope that this situation will change for thetéetand the academic science of
Kyrgyzstan will take an important place and apglaain solving water and energy problems
in Central Asia.

Generalist's Approach on Water Resource Managemernssues in
Central Asia; Some Advices with Reflections from Sath Korea's
Experiences During Last Half a Century

Wuk-Hee Hong
Semin Institute for Sustainable Environment, SeSaljth Korea

1.  Introduction
Central Asia has many problems in water resouragagement, such as water scarcity, water

quality degradation, inefficient water use, etce3é problems may be typical in many
developing countries, however, particularly vulideaenvironmental conditions and complex
geopolitical situation of Central Asia would makeven more difficult for the countries in
the region finding effective measures. Furthermamgeent trend of rapid economic
development with less attention to environmentalseovation would make matters even
worse (Granit et al., 2010; IWP, 209).

For improving such difficult situation in the regiomany regional and international expert
groups are eager in delivering their professionhlt®ns. However, this is the author's

feeling that those measures are often based oer naginrow perspectives and hence
sometimes may lead to some conflicting directidizs.example, some experts suggest strong
water conservation measures while some specialigisurage extensive hydropower
development with the same water source. Expertggatarious disciplines, such as
economics, energy planning, civil engineering, emvinental conservation, etc. and their
different interests may be the main reason whidls éar those conflicting resolutions making
effective water resource management at the nateomaregional levels even more
complicated.

Often observing such embarrassments in Central Asaauthor would like to submit a
generalist's approach. This is the autharish that South Korea's successful water resource
management practices, while not sacrificing ecoeatevelopment during the last half a



century, 1960~2010, provide some insights for pieganore effective water resource
management planning in Central Asia.

2. South Korea's recent experiences in water resoce management

Korea’s economic success during the last half aucgrhas become a well known legend.
While contemporary Korea in terms of economic depwient, as well as environmental
management, may seem quite impressive, particul@rlthe people in the developing
countries, 1960s’ Korea, when its national econameieelopment plan was first initiated, was
regarded as one of the world poorest states.

As seen in Figure 1, Korea’s GDP per capita in 18668 only 155 dollars which was smaller
than Ghana and China at the time. It took abouwtelss for Korea to reach a thousand dollars
GDP level. Since the mid 1970s, however, a sharf® G@rease has continued except brief
periods of worldwide economic crises in the 19%€ 2008-9.

Korea’s poverty until 1960s would be explained radue to deficiency of natural resources

including available land, water, minerals, and ggesources such as coal and oil. In fact,
Korea holds the world’s third highest populatiemsity, 450 person/khafter Bangladesh
and Taiwan, and it's available water resources;ipition per capita, is only 2,705 tyear
while world average precipitation per capita is8P6), ni/year. That number is

even far smaller than the ones of all the stat€eimtral Asia.
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Fig.1. Trend of economic development and wateruesodevelopment in Korea
during the 1960-2010.

As shown in many developed countries, economicldpweent frequently goes with water
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resource development. This has been particulary itv the case of Korea because of the lack
of water and electricity for industrial use as wa#i for municipal use greatly hindered
economic development. For this reason, Korean gowent launched a systemic water
resource development plan from the early 1960sanallel with the initiation of nationwide
economic development.

Until that time, droughts and floods were annuargs throughout the country and lack
of electricity made even the Capital city of Setwube under power rationing. Hence, it was
natural that the focus of the first water resoumnamagement plan was laid to the construction
of multipurpose dams for the integrated control amahagement of water resources with
power production. As a part of the National Magtm for the Economy and Comprehensive
Land Development, the Integrated River Basin Dgwalent Plan (IRBDP) of the four major
river systems was established and systematicalpfeimented. During this period of 1965-
1980, great successes were achieved in the wateurce development and management.
Reduction of flood damage by 40 % as contrasteld thi¢ annual average, 90 % completion
of channel improvements, and increase of municigakr supply from 30 % to 60 % were
some examples of such achievements. Fig. 1 draafigtdlemonstrated the increase of hydro
power production during this time. This first staglewater resource management planning
continued until 1980 (http://english.kwater.or.kr/)

After the completion of IRBDP, the focus of natibmaater resource management has
been moved to individual basin development. Palitidemocratization and spring-up of
environmental movements since the mid 1980s seaged major vehicle of such changes.

Sociopolitical ideology changes froltentralizatiohto ‘localizatiort also provided great help.

The achievements between 1980 and 1995 includecbthgletion of multipurpose dams and
multi-regional water supply systems throughoutdbentry.

Korea has been experiencing serious water pollytiablems since its first stage of
economic development but the government hardly asledged it until the mid 1980s. Since
then, government efforts toward improving qualittésdrinking water sources, mostly large-

rivers in Koress case, has escalated until early the 2000s bystingelarge quantities of

money and manpower. Water quality of most riverd &kes improved slowly from the
1990s and continued through the 2000s, but achiemein water quality seems not enough
when compared to the success obtained in wateunesdevelopment.

It would be worth to point out that in the earljage of water resource development
during the 1960s and 1970s, foreign aids, in teohgapitals, technologies and skilled
manpower, were essential. Without such supportge&avould never have solved such
problems like lack of water and electricity whickene urgently needed for its economic
development. In this regard, it may be fair to shgt timely start-up of water resource
development with maximum supports from foreign ddes have served as a concrete
foundation for establishing contemporary Korea.

Another thing worth mentioning is that Kofedimely investment for higher education

enormously contributed to pursuing water resoumeibpment and water quality protection.
In the early days of the 1960s, the number of fadliengineers and scientists was
significantly limited, hence most water works imdilng planning for water resource

management had to be carried out by foreign enggnétowever, this dependency quickly
alleviated as many domestic universities and erging schools opened and produced
enough qualified engineers as well as well-trairgmentists. Since the 1990s high
qualification of Korean workforces in such fieldswater resource development and water
quality protection have become well-known worldwigarticularly in the Middle East and

South Asia.



3. Speculations on water resource management issuestie region

Like Central Asia, Korea geographical condition is not so favorable fotewaesource

management. Two thirds of annual precipitationfisroconcentrated to two-summer months
frequently causing high floods in summer and lormugdhts from winter to the next monsoon
season. In the early stage of economic developnrenthe 1960s and 1970s, rapid
industrialization and urbanization demanded sigaiit increase of water supply while
agricultural water consumption also increased bybting every decade (Fig. 2). Until the
late 1980s, when Korea gained some fruit of econodevelopment, lack of capital,

technology, and qualified manpower was overwhelm@cbbably, the current difficult

situation which contemporary Central Asia is faciimg terms of water demand and
consumption may be comparable to that of South &orehe 1970s and 1980s.

In this regard, Koréa experience in water resource development and geament in its
early stages, from the early 1960s to late the 4986uld provide some insight for better
implementation of water resource management pextit the 2% century Central Asia. The
following are some speculations the author wowd to share with those who are working in
the fields of water resource related business intt@eAsia, particularly with the scientists
and engineers.
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Fig.2. Trend of water consumption in South Kore&rdul19665-2003.

1) Short-term and long-term projections

First of all, Kore& early history of water resource development wauiggest that as

one country starts economic development with madeation the demand for water
dramatically increases. Fig. 2 shows that in thelyeatage of industrialization and
urbanization during the
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Fig.3. Trend of economic development and wateruesodevelopment in Central Asia
during last two decades.

1960s and 1970s Korsavater consumption tripled from 5.12 billior® k& 15.3 billion
M? within just 15 years, 1965-1980, and almost dadibi to 24.9 billion M in the next 10
years. It should be noted that the most significautease of water consumption was
observed in the sector of municipal use while tieréases in the industrial and agricultural
sectors were rather moderate. However, as the obeing more modernized with rapid
industrialization, the rates of water consumptinaréased in the industry sector exceeding
the ones in agriculture and in municipal sectors.

Koreds such experiences in water demand would providessosight to the prediction
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of how the water demand-supply relationships int@¢msia be proceeded in the next couple
of decades.

Most Central Asian countries had to endure sergezenomic retreats throughout the
1990s and the first half of the 2000s as shownign3F however, overall economy in the
region seems to take off from the mid 2000s (Wa&dahk, 2010). Particularly, GDP increases
in such countries like Kazakhstan and Turkmenisténready has tripled and doubled
respectively within recent several years. Econodeieelopment in other countries may need
more time to grow, but when the time comes evehtwehter demands in the region would
far exceed the capacity that the current supplyesysould provide. In this regard, the most
important task in the region would be increasing water supply capabilities. Thinking such
a possibility that water demands in the region @de doubled or tripled within the next
decade or two, the author would like to stronglppmse that the expansion of the current
water supply system is the most important thingdeonow, and hence dam construction
projects under consideration shall be treated nfaw@rably than many specialists are
arguing. Modernization of old dam structures angromement of water channel systems
would be the next best thing to do in terms of wateply capacity increment.

Dam construction also has the advantage of eldgtniroduction which is surely a
prerequisite for economic development. For thisoeaKorea had given its utmost priority to
the hydropower development when its first natioalsavater resource development plan was
initiated. A sharp increase of hydropower productimtil the 1990s shown in Fig. 1 greatly
helped economic development at its early stage ane& and this example will also be
applicable in most countries in Central Asia.

Fig. 1 also clearly shows water pollution probleimdorea have risen in parallel with
its modernization. However, the need for wateryiah protection was frequently ignored by
the government and it was in the early 1990s winey finally decided to resolve water

pollution problems with massive investment of calpind manpower. But Koresaefforts for

water pollution protection seemed to be somewhatdad therefore the improvement is still
being continued only with limited success.

As observed in Korea, Central Asia would face gigant water pollution problems in
the near future whether this region get successsiolving serious water shortage problems or
not. More the pace of current water resource deveémt is delayed, more critically water
pollution problems next to come shall hit.

2) Water governance vs. water resource managementgetices

It has been widely recognized that water-food-emengxus in Central Asia is
particularly strong. Recently this unfavorable tielaship is being worsened mainly because
of serious water resource deficiencies. For examphe 2007-2008 drought brought
significant reductions of crop production and hymraver generation and eventually deepened

long-lasting tension between countries in the negly causing so-calledupstream-

downstream conflicts.

In order to improve such a situation in Central@sinany domestic and international
expert groups have actively delivered their pratesd solutions in favor of water
governance (ADB, 2008; Sojamo, 2008). However, thisauthor feels that emphasizing
regional water governance too much sometimes ctmdd time in which is desperately

needed for implementing more effective measuresCéntral Asiés case, no matter how

sophisticated the water governance system is inmgaésd in the region the possibility of
fundamental improvement in the current situatioallshe limited without greatly increasing
water capacity by constructing new dams, improvagsting dam infrastructures, and
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applying new water saving technologies in irrigationunicipal and industrial water use
(Linn, 2011). However, since most water policy-teth publications in the region are
prepared by international groups mainly composedspécialists with social science
backgrounds, such engineering-oriented resolutiasrequently underestimated.

On the contrary, Kores experience demonstrates the importance of sciamce

engineering in water resource management. As disdusefore, Korea enormously expanded
its water capacity by applying hard technology #rat provided a momentum for economic

development. This hard technology-based strategjydied not only application of such water

capacity enhancement options mentioned above batearly investment to higher education
particularly in science and engineering and thenoype of the nationwide authority named

Korea Water Resource Development Corporation wisietved as a main vehicle of most

engineering works needed for water resource dexsop.

In seeking strategies for lessening water-relatedsses in Central Asia, Korea

experience would serve as a model. Here, thisdsatithois opinion that developing hard

technology based-resolutions is tremendously ingpmbrtand sometimes would be more
effective than pursuing social science-based sfiegdike water governance establishment.
3) Challenges for Integrated Water Resources Manageent
Integrated water resources management (IWRM) iri@ssof processes for managing
water resources in a harmonious and environmensalfainable way by gradually uniting

stakeholders and involving them in planning proess&ver since & formal introduction to

the science community in the early 1990s, IWRM beasn widely investigated and applied
worldwide. The idea of IWRM was introduced to CahtAsia at its early developmental
stage, probably by the foreign experts workingifdernational aid institutions, and actively
implemented since the late 1990s (McKinney, 2008kHovny et al., 2004)). For this

purpose, Interstate Commission for Water Coordimatof Central Asia (ICWC) even

established the Central Asia IWRM Resource Cergearaarm of the Scientific-Information
Center (SIC ICWC) of it.

However, IWRM was considered as rather an elusivecept by many people and
many countries that have implemented IWRM planshaiten faced the challenge of what
this means on the ground. Also, some expertstgiout that implementation of IWRM
requires an enormous amount of resources and iat@mwhich are hardly available in most
countries, particularly in the developing countiig&MI, 2004).

In Korea, the methodology of IWRM was first intrashd in the mid 1990s and since
then a series of nation-scale research has begadcaut for more efficient implementation
of it. However, establishing IWRM in Korea has nelieen an easy task and is still regarded
as an ongoing research project with limited suc@etss://water21.re.kr/en/index.asp).

Korea is a small and very homogeneous country ieryevsense. However,
implementation of IWRM has been frequently confezhtvith a strong reluctance of involved
stakeholders. Particularly, opposition of somecadfs of central and local governments and
water agencies who worry about losing their jobsdenshe practices often delayed and
prolonged. Integration of opinions from other sestosuch as various interest groups
including agriculture, industry, commercial busises and NGOs has also been very
difficult. In other words, what makes implementatiof IWRM in Korea less effective was
not a lack of research, resources, or manpowea blifficulty of uniting various stakeholders
and impartially distributing the costs and benefitshem.

Considering the complexities of Central Asia inmerof society integrities, economic
conditions, and differences of social cultures andgtoms among involved countries, active
implementation of IWRM in the region would requaidlot more effort and time than many
supporters of IWRM expected.
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4. Conclusion

Central Asia’s water problems are very complicatedature and hence solving them
would require enormous efforts in terms of time,ney and sociopolitical coordination. For
resolving such problems numerous ideas and suggestiave been proposed, mostly by the
international expert groups which usually haveaddéht backgrounds and interests each other.

Recent history shows that Korea has been quiteessfid not only in economic
development but also in water resource managenk@area launched its first-stage water
resource development plan as a part of the Natidadter Plan for the Economy and
Comprehensive Land Development in early 1960s arw shen water resource development
and economic development always went together stipgoeach other during the last 50
years. In this regard, Korea's experience in wagsource development and management
would serve as a model for the Central Asian states

This is author’s speculation that water demand<Cemntral Asia would be greatly
increased in the near future with regional econdmyng improved. Korea’s experience
suggests that doubling or tripling in water demamdthin next a decade or two is not
impossible in the region. Therefore, increasing ewasupply capacity would be most
important task to be carried out without delaysctSumeasures like dam construction,
modernization of old dam structures, improvementvater channels and water savings in
every sector should be actively pursued by the mwents, regional authorities and
international aid agencies.

Establishing regional water governance and impldémgnintegrated water resource
management (IWRM) in Central Asia would be goodiay for distributing the costs and
benefits of water use to the stakeholders, but evbel not enough solving water problems if
the demand and supply relationship is serioushriopted. Korea’s experience demonstrated
such soft-science based approaches often requa@dnuch time and efforts while only
limited successes were obtained with them.

Finally, investment to the higher education fortiwmating qualified scientists and
engineers should be emphasized. As water resouacegement becomes more and more
important in Central Asia, the need for such qiedifmanpower will also be increased as
Korea’s case proved. This is author’s belief thatyeinvestment for higher education should
be regarded as a key for successful water resowoagement in the future.
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Abstract

In contrast to Indo Basin, th€entral Asian countries are closely interdependetiteir
water utilization. Most of the water in the Aral&8asin is from upstream river waters,
whereas in Kazakhstan, Turkmenistan and Uzbekistter is mostly used for irrigation in
downstream areas. Competing demands for watereirggion have considerably exceeded
supply for a long time. In the future, water shges will only worsen in Central Asia because
of the growing population, the development of irdas and agrarian production and the
expansion of irrigation. Tajikistan and Kyrgyzstaave vast hydro energy capacity, but are
heavily depend on the supply of hydrocarbons frdhreiocountries in the region. During
winter 2008, public electricity and heating was @detely cut off in Tajikistan; production of
aluminum at the Tajik aluminum plant, the countryisin source of foreign currency, fell
dramatically. The estimated renewable hydro en@agntial of Central Asia is 460 billion
kWh per year, but at the present time less thapet@ent of this potential is used. Energy is
mainly produced in Tajikistan and Kyrgyzstan. Tow llevel of power independence and the
potential of water resources explain the willingnes Tajikistan and Kyrgyzstan to develop
hydro energy in their countries. However, thesenttoes do not have the resources to finance
the construction of HPPs and are forced to seeérmxt financing. The region’s countries
have different attitudes to the construction of HRIAd this acts as a barrier to external
investment in such projects. There are many exanplgoss the world of successful
cooperation in regulating water resources to theefieof all participants. Resolving the
issues of shared utilization of water and poweoueses in Central Asia has huge economic,
ecological, political and international importans#ce it is a major factor in preserving
stability, economic prosperity and ecological ségumn this region. The most important
issues in this regard are the management of wat@remergy resources and leverage of
significant long term investment in hydro energyjpcts. At present, the Production of
Primary Fuel and Energy (PPFE) in the region reieénly on hydrocarbon fuel. ). Most of
the hydro potential is in Tajikistan (69 per cemafd puts Tajikistan in 8th place in the world
after China, Russia, USA, Brazil, Zaire, India @dnada. Kyrgyzstan accounts for 22 per
cent of the region’s total hydro potential. In mging water resources and energy production,
the regional governments must balance competingaddmbetween urban and rural, rich and
poor, the economy and the environmethdwever, because people have triggered this crisis,
by changing their actions they have the power ®v@mt water scarcity and energy from
devastating region’s population, agriculture, andromy in the Great Asian Basin (GAB).
This paper will address and discuss the issuegatér and energy scarcity, management,
and solutions for the governments to consider faréu

After the collapse of the Soviet Union the elabesdt of water and energy sharing

agreements among the Soviet republics of Centrial lasgely broke down and the previously
integrated regional water and electricity infrastaue became fragmented and suffered from
lack of maintenance. With overuse and poor wataragament, agricultural yields declined,
and the water levels of the Aral Sea dropped rgp/i a result the provinces around the Aral
Sea, in particular the Karakalpakstan region ofdlkedtan, suffered great hardships and
increases in poverty. An estimated one third ofpbpulation
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uses drinking water that does not meet qualitydsteds and the problem is acute in Bukhara,
Navoi, Khorezm and Karakalpakstan regions.

The situation in Karakalpakstan and Khorezm areasdeclined further as a result of
two consecutive years of drought. The drought baasaffected 2.5 million people, resulting
in 2 years of crop failure in 2000 and 2001 that tieteriorated the local economy which is
dependent heavily on agriculture.

By the water problems erupted, relations amonddhmaer Soviet Republics have been
strained, especially between Tajikistan and KyriBgpublic on the one side and Uzbekistan
on the other. Tajikistan, the poorest of the for®eviet republics of Central Asia, has move
ahead unilaterally in the construction of a projebtch will allow it to become a net exporter
of electricity. The Rogun Dam, which was first pie@ad as a gigantic Soviet hydro-electric
power project, stalled when a civil war erupted ajikistan in the early 1990s after the
breakup of the Soviet Union. Uzbekistan has cutnahigas exports to Tajikistan because of
the tension between two states. It is also knowah the two countries have long been at
loggerheads over a number of issues from energyliesgo cultural struggle.

The main regional rivers - Syr Darya and Amu Dasyth their tributaries - are the
only fresh water sources for the entire five coestof the region and are of great importance
to the region’s economy, since agriculture contelia large share to the countries' GDP - in
Kazakhstan it is an estimated 6%, in Kyrgyzstan 3#84ikistan 21%, Turkmenistan 25%
(2003 data), and Uzbekistan, 23% (World Bank 20Bre than 90% of the Amu Darya and
Syr Darya waters are used for irrigation and alé@db of rural residents using these rivers
are engaged in agriculture.

Since the Syr Darya and Amu Darya originate in Kysgan and Tajikistan, these two
countries are considered upstream countries, thex tiree countries - Kazakhstan,
Turkmenistan, and Uzbekistan — located at the lo@&ches of these rivers and are called
downstream countries. Central Asia's irrigated $aak located mainly in the downstream
countries - 85% - while only 15% are in the upstraauntries (Table 1). This kind of natural
distribution pattern of water in the region gave 8oviet-era Kremlin reason to designate
Kyrgyzstan and Tajikistan as water providing cowstto the rest of the region. During this
time, centralized water management controlled kyAlrUnion Ministry of Water Resources
based in Moscow established water limits for eamimtry in the region (Dukhovny 2005).
Starting from the 1960s, large construction prg@ttdams and reservoirs were launched in
the upstream countries, while at the same timgaition systems were developed in the
downstream countries. According to the barter agesds concluded during Soviet times that
are still partially in force, water collected iretheservoirs in autumn-winter is released in
spring-summer to irrigate Uzbek, Kazakh, and Tunkragricultural lands. In return, the
downstream countries provide the upstream countritsgas, oil, coal, and the electricity
which the upstream countries cannot produce. Tihg & heavily interdependent
infrastructure works properly only if these couadrremain united. Therefore, it is not
surprising that with the collapse of the Sovietdmithis system resulted in negative
consequences and caused serious cross-bordemtensio
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Conflict potential and threats to the region

The circle of the well-established Soviet waterrggeexchange process was broken
after independence, as each country in the reg¢asted experiencing lack of dialogue,
coordinated action, and cooperation among natiaatkorities dealing with water
management. As a result, in the post-Soviet yesnh state had to work out its own strategy
of development based on their national interestisaasailable resources. However, those
strategies brought little if any results due tdidifit economic situations in these countries. In
these conditions the uneven distribution of wagsources led to the clash between the
providers (Kyrgyzstan and Tajikistan) and consunfgbekistan, Turkmenistan, and
Kazakhstan) of water. In the so called globalizatoa, Central Asian domestic and foreign
economic, social and political developments aretlygnterconnected with global events.
Thus, the tense geopolitical situation around éggon, accompanied by economic sanctions
against a number of Central Asian states, as walhgoing domestic transformation
processes led to the reduction of foreign investrfiews into large scale projects in Central
Asia. Foreign financial assistance accompaniectblgrtical and expert-consultative
assistance to the countries would be timely givienvtorld economic crisis that would
radically improve their economies. Nevertheless,dbuntries have opted for utilising their
own capital and natural resources.

Although Central Asia is abundant with valuableunak resources, their distribution in
the region is uneven - Tajikistan and Kyrgyzstaa\aery poor in fossil fuels (oil, gas, coal)
but very rich in potential hydropower, while dowrestm countries are rich in fossil fuels but
poor in potential hydropower. For example, Kyrggrsalmost totally depends on oil and gas
imports from Kazakhstan and Uzbekistan. Oil andrgdsKazakhstan depends on
Kyrgyzstan and Uzbekistan for 60% of its electyi@ihd buys gas from Uzbekistan. Kyrgyz
and Tajik hydroelectric stations (HES) provide Uabtan with irrigation water during
planting periods to satisfy its seasonal need¢eictrgcity (Dorian 2006)

Therefore, while natural resource-rich Uzbekistéazakhstan, and Turkmenistan can
elaborate more or less independent strategiegingbhonomies, small and economically
weak Tajikistan and Kyrgyzstan have to rely ongbecess - and largess - of their
neighbours, which can incorporate them into larcgdesintegrated economic projects and
thus create favourable grounds for their prospehityhis sense, the revival of the Great Silk
Road with its transport branches on their ter@®iis of special interest to Bishkek and
Dushanbe in their efforts to be integrated intoréggonal and world economy.

Nowadays, Dushanbe and Bishkek are interestedingé of water for the production
of hydro-energy to satisfy their own needs andxjmoet it to third countries. The Tajik
government, for instance, considers that the orly t® become economically sustainable is
to develop their hydro-energy sector “as a priaditgction in modernization of the state
economy” (Khairulloev 2007). As for Kyrgyzstanjstmore ambitious and wants “to occupy
leading positions at the energy market of the még{Bakiev 2009). In this regard, Dushanbe
and Bishkek demand that their downstream neighiborease financial compensation for the
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exploitation of their HESes in the irrigational neodFor instance, Kyrgyzstan announced its
intention to sell water in the National Kyrgyz EggrStrategy for 2008-2010 (2008).

According to some sources, turning water into armaaity was pre-conditioned by the
events in 1999, when Uzbekistan substantially deszre natural gas delivery to Kyrgyzstan
due to the latter’s debt (Business Week 2005)esponse, Kyrgyzstan demanded financial
compensation for water deliveries to cotton fietdEerghana Valley. Bishkek justifies its
position of receiving financial compensation byccdditing economic benefits Uzbekistan and
Kazakhstan gained using water that was collectdd@eased for downstream and economic
losses Kyrgyzstan experiences as a consequencex&mple, they say that both Kazakhstan
and Uzbekistan were able to increase the terrbigrigated lands by 400,000 hectares
thanks to the reservoirs and dams built on Kyrgyetory (Kurtov 2004). Uzbekistan alone
was able to double the territory under cotton eatton, the source claimed. Kyrgyz experts
say that during 22 years of using the Toktogulmese Uzbekistan and Kazakhstan received
7.6-8 billion USD of net profit (Kurtov 2004). Acating to their calculations, annually
Uzbekistan earns 360 million USD and Kazakhstansea40 million USD using water
resources from constructions in Kyrgyzstan.

However, the idea of turning water into a tradd hias not been welcomed by other
Central Asian states, especially Uzbekistan andiKlagtan. These countries insist on the
predominantly irrigational mode of HESes, both bmilthe Soviet era and planning to be
built in the present days. These claims can byfiedtby the fact that Uzbekistan and
Kazakhstan account for 53% and 10% correspondifgiiige region's irrigated lands and
constitute the biggest share of the region’s pamig SPECA 2004, Tables 1, 3). Kazakh
and Uzbek specialists claim that charging downstreauntries for water is unprecedented in
international law and within the international coomity (Taujanov 2009, Rengum 2009a).
The mere fact that water originates in a countmgsdaot give it the full right to become the
sole owner of the water. The upstream countries bavealize that it is universally
acknowledged that the absolute sovereignty of epstrcountries over available water
resources is inadmissible under international lavthis respect, the Preamble of the
Convention on the Protection and Use of Transboyndétercourses and International
Lakes (UNECE 1992) states that transboundary watek be used through the elaboration
of agreements between countries bordering the saaters.

Lack of trust among parties in the region is anothetor that impedes consensus. The
upstream parties are highly suspicious of annugmadlocation quotas (Bogdanov 2009)
established by the Interstate Coordinating Waten@esior2] (ICWC), which is based in
Tashkent and therefore sometimes does not compiyestablished and recommended
guotas. The upstream parties may presume thatiaadmns on water allocation quotas are
done to the detriment of them and benefit only Witian.

Population growth, melting glaciers, and Centrabfsarid climate constitute natural
and human causes for further pressures on drirdagrrigation water. Central Asia's
population grows by 1.02% per year (Table 3) whiadjuires additional increases in water
resources up to estimated 700 million m3 annu&lMECE 2008). Climate change and
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global warming put additional pressure on CentrsibA water problems. Scientists predict
that by 2025, thousands of small glaciers in thgTaountains will disappear, the glaciated
area will shrink by 20%, and ice reserves will @ase by 25% (Eurasian)

ing technology coupled with weak management doésaliaw the situation to improve
(Biswas 2008).

New tendencies

The severe winter of 2007-2008 combined with seridwwught hit Central Asia hard,
especially the upstream countries, and resultedciompound water-energy-food crisis in
Tajikistan and Kyrgyzstan. If on the one hand,upstream countries were unable to provide
their population with electricity because the wadsel in their main HESes, Nurek in
Tajikistan and Toktogul in Kyrgyzstan, were recegddue to reduced snow melt, on the other
hand, the downstream countries limited the expoitssil fuels to the upstream countries in
order to meet high domestic demands. In additismfad December 2009 Uzbekistan is not a
part of the Central Asian United Electricity GrigisBem that was partially providing
electricity to some regions of four countries excByrkmenistan. Uzbekistan explained its
position that it had to take this decision duensanctioned electricity withdrawals by
Tajikistan that were threatening the security ahmission lines and caused their damage
thus posing a serious threat to energy securitge@tountry (Gazeta.uz 2009). Although
Uzbekistan could provide electricity to the partshe region that were dependent from the
grid system by building new electricity transmisslmes, Tajikistan and Kyrgyzstan
experienced problems in providing electricity teittparts of the country (Kholmatov 2009,
Central Asian News 2009).

These negative implications pushed Tajikistan apizstan to accelerate their plans
to complete the construction of reservoirs and tnalectric stations started in the Soviet
times and to build new ones. Dushanbe plans tsHiRiogun HES with the capacity of 3600
MWt and Bishkek plans to finish Kambarata-1 andith\the capacity of 1900+360 MWt.
While by building these HESes the upstream countrape to meet their domestic electricity
requirements with a surplus for export to Chin&kigtan, Afghanistan, and other countries,
the downstream countries fear that the planne@{aogle dams might reduce the amount of
water available for irrigation and strengthen tbatool over water resources by the upstream
countries.

The upstream Central Asian countries lean towdr@sbtion that economic benefits
are enjoyed mainly by the upstream countries thadl ldlams and reservoirs (SPECA 2004).
In these terms, Ostrom (1994) argues there araypas of issues when several countries
have to use common water resources. The first @nolis called appropriation and takes place
when only one member enjoys the benefits of them@sources instead of making it
available to others. In the situation of CentralaAsnce the large-scale dams are built, the
filling of empty reservoirs with water will preseah appropriation issue and impact
significantly on the flow regimes in downstreamerisections. The second issue is called
provisional and relates to the operation and maartee of dams that will directly impact the
environment and safety of people. Wegerich (200&3gnted a similar explanation where he
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argued that the construction of large dams mairdggnt a zero-sum game, in which
upstream countries receive the benefits and doeausticountries are subservient.

Theoretically, building large scale HESes in thettgam can be either advantageous or
disadvantageous for downstream countries. If thiemfeom the dams can be used both for
producing electricity and agriculture by co-riparicountries at the same time, this will result
in a win-win solution. However, if water is reledsghen it is not needed for downstream
irrigation, it is only the upstream country thatllave the benefits; not the downstream who
experience losses in irrigation (Wegerich 2007)ththie current difficult political conditions
and lack of cooperation among the countries in @GéAsia, the downstream countries
experience to a lesser or greater extent the katteation.

However, firstly, if on one hand the intentionsl@ijikistan and Kyrgyzstan to develop
large-scale dams can be understood and seen byathammay to become economically
sustainable and reduce poverty, on the other suth, big projects need to be technically
feasible, economically efficient, environmentalfiehdly (Biswas 2008) and most
importantly, negotiated with the countries thatdvigally have been using water from the
same rivers. Secondly, there are a range of ecan@twlogical, and political threats to the
viability and stability of the Central Asian regishould these plans be carried out:

Economic threats In regard to Tajikistan's Rogun HES, a staff mendiehe Institute
of Water Issues at the Academy of Science in Dusbhamas stated that the construction of
Rogun is an ineffective and overly costly projdetfov 2004), as an alternative plan for
diverting the flow of the Pyanj River towards VahdBS would require a total cost of 340
million USD, while the Rogun project costs 2 bili?JSD.

According to another Tajik power engineering spiéstia view, the Rogun project is
not a cure for the current energy issues the cpumexperiencing every year (Safarov 2008).
First, according to the source, the project itseifot attractive for investors: even if the
reservoir is built, several decades will pass keefostarts repaying. Second, the source
continues that 50-60% of the produced electrigityrf Rogun will go to a planned new
aluminium factory, the remaining 40-50% will not éeough either for selling abroad or
providing to the population. Third, every year imter large-scale reservoirs in Tajikistan
have to limit electricity production due to reducedter flow as a consequence of limited
snow melting during that period (Safarov 2008). Sehkmitations in combination with
usually experienced dry years would result in stges of electricity production that again
will not be enough for its own population and comaied purposes. Thus, the country cannot
escape electricity and fossil fuel dependency ®néighbours, regardless of whether or not it
builds the Rogun HES.

Ecological and technical threats Majority of HESes in the region have deteriorated
due to lack of funds for needed renovations andemodation (Dorian 2006) therefore,
specialists in the region do not rule out the pbaliig of a replication of the Sayano-
Shushensk type of accident that took place in Rumsil7 August 2009. Central Asian large-
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scale HESes were constructed during the Sovietuinder the same general plan and the
turbines of Toktogul HES (in Kyrgyzstan) are 35ngeald and were bought from the same
plant as those for Sayano-Shushensk (AKlpress 200@) deterioration of the HES
equipment in Kyrgyzstan reaches 70% (Centrasid@09212.uz 2009; Beliy parus 2009).

Kyrgyz and Kazakh scientists have highlighted savenvironmental and technical
risks of building a new HES in Kyrgyzstan due ®ldcation in a major seismic zone
(Jalgasbaev 2009). The earthquake that took ptat892 in the Suusamyr Valley, which had
before been defined as a seismically weak regiearly showed the danger of building new
dams in mountainous Kyrgyzstan. Some sectionseoKdiambarata-2 dam dislodged as a
consequence of the tremors and later in 1996 fudhmage to the dam took place. Indeed,
Central Asia’s earthquake frequency is one of ilgadst in the world (GeoHazard
International 1997). According to the 1978 officBdviet seismic hazard map, most of the
territory of Tajikistan and Kyrgyzstan can expederseismic intensity up to 9 (the highest is
12) on the Medvedev-Sponheuer-Karnik scale whi@n@ugh to cause the destruction of
many ordinary buildings and heavy damage to wellktructures such as water dams.

At the same time, the radioactive and toxic wast€yirgyzstan can pollute its own
territory and the territories of Uzbekistan and &ldzstan in case of landslides and flooding
and could cause ecological disaster at the madefezrritory in Central Asia— Ferghana
Valley.

Representatives of the Institute of Seismology abékistan assert that the construction
of any big hydro- technical objects in the valléyttee Naryn River or on the territory of
Rogun HES could stimulate a cascade effect in waicimsignificant breakthrough in one
place provokes a chain reaction of irrepressiloe f water and dirt masses (Usmanova
2009). This can stir up vast economic and ecoldgiamage to downstream states and
sharply increase the seismic activity of the Hysd€alkshaal seismogen zone. As a
consequence, the Sarez Lake in Tajikistan wittvitheme of 17 cubic kilometres of water
threatens to flood a territory with more than Slimil people (Faskh

Problems with payments due to economic difficuldes disagreement over energy and
water prices among the countries in the region i@®o2006) provoked tensions in Kyrgyz-
Uzbek and Tajik-Uzbek relations and has led to orihtions and supply cut-offs.

Although Russia had been giving financial and praitsupport to Kyrgyzstan in
building its HESes, the last official stance camary Russia’s Vice-Prime Minister’s visit
to Uzbekistan at the beginning of 2010. He annodloat construction of large-scale HESes
can not be launched without the consent of neighbgstates and Russia will not finance the
projects until it receives the results of interaatl expertise (Central Asian Portal 2010).
Moscow had earlier suspended giving credit fortalteum of 1.7 billion dollars meant for the
building of Kambarata-1 (Eurasianet 2010). Two gmeseasons were given for that: first,
Russia, after discovering unexplained spending ffoerfirst credit tranche by the Kyrgyz
government, was waiting for an explanation. Secé&ussia did not want to upset
Uzbekistan, whose discontent with Russia was istngedue to the support Russia had given
to Kyrgyzstan in building the station.
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From its side, Tajikistan inclined to continue ayyecooperation with Russia in the
framework of the Eurasian Economic Cooperation grdwt unlike Bishkek it relies on
expanding trilateral cooperation with Afghanistam &akistan too. At the New York Summit
on the Global Climate Change, Dushanbe reiterasa@adiness to increase its hydro energy
potential (Rengum 2009b).

During a meeting between the Presidents of Uzbmkiahd Kazakhstan that took place
in 16-17 March 2010, the Kazakh President annoutitache totally shared the concerns of
Uzbekistan in regard to the building of Rogun aradribarata-1 and 2 HESes. He highlighted
that he would support the building of the HESegesttlio receiving objective international
expert analysis of these projects (Panfilova 20f@n independent international body proves
that the downstream countries will not experientg rregative consequences, Uzbekistan and
Kazakhstan are ready to invest in the construafdarge-scale HESes both in Kyrgyzstan
and Tajikistan (Rengum 2009a). Thus, Uzbekistankamhkhstan request a guarantee that
building of new large-scale dams in the upstreaomtrtes will not result in worsening the
ecological environment or affect the current watssge balance, especially during irrigation
seasons.

Overall, two obvious contradictory tendencies ertv in Central Asian development.
The first tendency reflects the Central Asian tiiadal orientation towards Russia, which was
demonstrated by signing a customs union agreenme®7? dNovember 2009 by Russia,
Kazakhstan, and Byelorussia with potential inclngi Kyrgyzstan and Tajikistan
(Khramkov 2009, Kirmel 2009). Simultaneously Mosclas signed an agreement with
Dushanbe on the mutual cooperation in combatingsitiafficking (Khamrabayeva 2009).

The second tendency reflects efforts of the Celtsan states to reunite themselves.
This can be illustrated by the intentions of theipa to continue to strengthen regional
cooperation and continuation of multilateral anldteral negotiations among all sides. It is
worth mentioning that for the past many years Gamtsian states have been able to find
compromises, despite staging economic, tariff,aa& duty “wars” and other non-military
conflicts (Joldasov 2009). A certain ethno-naticenadi religious-cultural closeness serves to
soften positions of the opposing sides in CentsahATherefore, there is a high probability
that Tajik-Uzbek water issues and other tensiotisb@iresolved peacefully. First, Dushanbe
agreed to conduct independent comprehensive assetssan the techno-economic, social
and environmental viability of the Rogun HES. TheN Bank is funding a study that will
evaluate technical soundness, economic viability@mpliance with all relevant
environmental and social safeguards of the stgtorld Bank press release). Second,
Uzbekistan is the second biggest trade partner Rfissia for Tajikistan (Gazeta.uz 2007).
Third, the Tajik-Uzbek Intergovernmental Commissibat was inactive for the last 10 years
resumed its work in February 2009. Fourth, the eoative approach of Tajikistan towards
Uzbekistan has been reconfirmed recently by thik Taadiness to sell electricity to Tashkent
cheaper than to its own citizens. Forth, the Peggidf Tajikistan proposed to announce the
year of 2012 as an International year of wateradiigicy during the 64th session of the
General Assembly (President.TJ 2009).

24



The former Kyrgyz leader also declared his readiesconstructive dialogue on water
issues with all Central Asian states (Zpress.kg@208e stressed that the mutually
supplemental character of the Central Asian ressuica precondition for a stable energy
system (Bakiev 2009). With the current ongoing ¢$farmation in the government of
Kyrgyzstan and the change of the leadership, theafstance in the water issue is still
unclear.In these circumstances much also depenttemuccess of Uzbek-American
cooperation in construction of the railroad to Adglistan. The potential success of this
project can serve as an indicator for more a fadleraansformation in public opinion and
unite all opposing sides in the region.

Ongoing discrepancies and absence of compromiserdtydamong the Central Asian
states on water issues have already spawned thehgod economic, ecological, political
threats and challenges to the region that havalplitsss for turning into local military
conflicts. One must ask if this process is revéesind, if so, how to do so.

It is clear that the break-up of the single Solgdro-energy system in Central Asia and
the absence of large-scale investments into therreabeconomy, aggravated by the global
economic crisis, has forced the states into arrldatsituation in which they concentrate on
their own resources, the usage and developmenhichvetill demand huge investments and
material-engineering assistance. These facts tegeiith the current disintegrated state of the
region and circumstances of geopolitical competitave led the Central Asian states into
conflict with one another due to their contradigteconomic interests.

Hence, external factors coupled with internal peofd, including the absence of
necessary coordination and political will among pkegyers, the absence of effective control
bodies over decision-making, as well as an indffedegal basis and the underdevelopment
of the Central Asian states are the main reasonsrésent water crisis in the region. Thus,
the solution of this problem should be also be tbimboth internal and external actions:
internal efforts should be reinforced by the goadlll @ the external regional players, such as
Russia, China and the US, external financial-tezdirassistance, and objective consultation
and expertise from the international structureseutide aegis of the UN.

A related factor impeding the resolution of thaisss the direct participation of some
of the external regional players in the water is€imuntries which are supporting the
construction of new HESes in the upstream shoultizeethat their assistance will only
intensify the conflicts among Central Asian cowgriThis factor together with Chinese,
European and other interests in the region caneelzate the competition and interstate
tensions in Central Asia, in case the regionalraaio not find adequate balance of interests
and do not elaborate compromise approach to Cefdial The Central Asian countries can
and must generate the necessary political wileswive water problems themselves. Only
when the countries in the region will have a unifeyenda regarding water use, which will
take into account the plans and needs of theithieig, will the tensions be defused.

Water problem in Central Asia : is there a solutiors
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With the arrival of summer, the problem of waterifoigation is becomes increasingly
urgent in the Central Asian republics. With thainsiderable cultivated lands, Uzbekistan
and Kazakhstan are looking at a substantial watentage this summer. By producing
electricity this past winter, Kyrgyzstan delivereehsiderable amounts of water to Uzbekistan
and Kazakhstan in non-irrigation season from iggreoirs. That, in turn, results in a shortage
of water in dry summer months. As this problem efehe lives of millions of people,
regional cooperation is needed on the use of taice resource in the most rational and
mutually beneficial way.

In Soviet times, water posed no problem. The upstrstates, Kyrgyzstan and
Tajikistan, were collecting water in autumn andteirin large reservoirs and delivering it to
Uzbekistan and Kazakhstan in the irrigation peridownstream states, in their turn, provided
upstream republics with coal, electricity and otheergy resources. Thus, for 68 billion cubic
meters of water collected and delivered to Uzbakisind Kazakhstan during 1986-1991,
Kyrgyzstan received large quantities of coal, lodnts, and natural gas. By contrast, 78.125
billion cubic meters of water were similarly reledsbetween 1992 and 1997, but the
downstream states were increasingly selling tlesiources on world market prices. Without
possessing rich natural resources and being imcagt@nomic depression, Kyrgyzstan has
not been able to pay for importing energy resouotesme

During energy crises these last few winters, Kysggz has been using water for the
production of electric energy. But that does nlmvalwater to be collected in reservoirs, and
consequently downstream states have less watdrdrirrigational needs. Uzbekistan’s gas
embargo in the winter of this year forced Kyrgynsta release water from reservoirs in order
to provide the population with energy.

This will obviously cause problems to the downsinestates in the irrigation of their
lands. According to the KABAR news agency, Uzbekistnay lose about $400 millions of
revenues from the sale of cotton as a result ofmadficit this year. Kazakhstan'’s losses also
seem to be significant: the cultivation of cottardaice in the southern regions depends on
water supply from Kyrgyzstan and Tajikistan.

This situation requires an urgent solution. Therstige of water may to some extent be
explained by the irrational use of this resourcgbpulation. Galima Bukharbaeva, IWPR's
regional director in Uzbekistan writes that accogdio Bioecology specialists, 40% of the
water was lost in irrigation system in Karakalp#is In this light, rationalization of the use
of water seems to be the most logical step tofiakthe Central Asian governments.
Interstate management of water resources is atsuniag one of the hottest issues in
relations between republics. The idea of demandipgce to be paid for the water collected
in reservoirs during winter is becoming more andermopular in Kyrgyzstan. Proponents of
this idea argue that downstream states should cosape Kyrgyzstan’s shortage of energy
caused by water collection in winter months. Anoth&int raised is that the large reservoirs,
serving the whole region, were built on arable ltrat could bring considerable revenue for
agriculture. But opponents argue that water isstednsidered as a common good, gifted by
the God, which cannot be sold at all.

26



With the arrival of summer, agricultural fields ixdbon demand water. It is doubtful
whether Central Asian states will be able to coafeeto arrive at a realistic way to provide
them with water for irrigation. The political imphtions of high-level negotiations is also an
open question.

SOME SUGGESTIONS ON WATER ISSUES IN ARAL SEA BASIN

1. The data about actual water supply in Amu Dasfg. In order to reach a solution,
data of water supply must be clearly put by alitbasuntries.

2. An expert assessment, accepted by all intergpstees, of the Central Asian water
and energy shortage and its impacts is needed imatesd

3. Depending on the outcomes of such an assessgoeetnments of the Central Asian
countries need to plan emergency responses, liteeidrought of 2000-2001, but at higher
and more sustained levels.

4. The long-term prospects of water and energynigalain the region need to be
assessed in the light of changing climatic condgjaot only in terms the existing swings of
weather cycles, but also in terms of the likely amipof long-term global warming on the
water and energy resources of Central Asia.

5. River basin countries should discuss the wataslpm by using other issues among
them. This negotiation strategy may open benefgoaltions on the water issue. Downstream
countries can give guarantee on energy issuesiaipdor winter seasons to upstream
countries, Kyrgyz Republic and Tajikistan, in ortiefeel themselves safe and downstream
countries can use upstream dams as a regular dowes of water.

6. Basin countries should refrain from third panyolvement on the water issue which
can impose their political agenda to the basin ts)

7. Follow the statues of 1998 at Almaty betweekestaolders.
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Abstract. Organization of International water-energy Corisantfor effective and joint
exploitation of water-economy objects, improvemaintvater supply in the countries of
Central Asia Region and rational and effective afdeydropower resources is offered.

Introduction

The problem of market relations formation in wagector in any level, national or
regional, is the problem of economic relationstessay a problem of water payment
(NormatoV, 2003).

This problem is not new. Even during existencehef USSR the first attempts to solve
it were accomplished. After the independence offalstates of the Central Asia in 1991 this
problem turned into one of the major problems amehérous international organizations were
involved in solving it.

It is complicated to introduce the market relatiamghe national level due to necessity
to correspond to the example of the advanced desgnfttom one hand, and due to the weak
economy which does not allow to carry it out to thé on the other hand. Today full self-
financing in water and agriculture sector is impassin the countries of the Central Asia.
Gradualness and support are necessary, but tles stan’'t have sufficient budget for it. It is
impossible to solve this matter without foreign got. Its task is not only to render sponsor’s
gratuitous help, but also to begin the processidgss implementation of market reforms
cannot be postponed. Service life of the majorigtesr-economy constructions in the region
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has already exceeded 25 years. For the last 1@ yetl financing of the water-economy

branch from all the sources has not been coveriegessary expenses even on simple
reproduction and by now its infrastructure is imopo@r emergency condition and requires
repair work. In the nearest future the situation lsacome catastrophic.

Mechanism of market relation

At the regional level the complexity of the markelations is explained by the fact that
water resources are common for all the regions ymarers of the Aral Sea basins are
transboundary - formation of a river runoff occumsone country and its use - in other
countries) (Normatdy 2003). Historical traditions in the Central Asiansidered river water
to bet he general blessing accessible to all petipieg on its banks with very rigid
obligations.

But in the days of the USSR, water resources wisie @nsidered to be the national
property; it was quite natural in condition of thaeited state. Thus, practically the whole
infrastructure of the water-economy complex of @entral Asian countries, both irrigation
and power, were formed those years consideringcipten of community of resources.
Besides, all the large hydro-units in region, idahg such unique even on a world scale as
Nurek, Toktogul, Kapchagay and others, were contdtufor complex objectives, first of all
irrigation-power ones.

After the independence of the Central Asian coastthis integrated approach became

the core of the problem as the priority of the ddes where the rivers originate was water-
power engineering, while the priority of the couggrdown the stream was irrigation. These
priorities contradict one another, which leadsiteristate conflicts.

The situation only worsened in 1992, when the Agrest “On mutual recognition of
the rights and regulations in relations to propeviss signed in Bishkek, unconditionally
dividing all the uniform water-economic complexes state interests, without taking into
account its functional features. Practically alpapred to be much more complicated. For
example, the Tuyamuyun hydro-unit, belonging to ékistan is located on the territory of
Turkmenistan; the Andizhan reservoir, which is iteperty of Uzbekistan, has its dam in
Kyrgyzstan.

Analyzing national and regional features of thebpem, it is possible to note that they
have much in common. At it two basic aspects camllxeated: the relation to water and
mutual relations between participants - water users

As for the status of water, today in the countakthe Central Asia there are two

opposite points of viewDne considers necessity to recognize water inea @8 the goods
with all the following consequences, including faet that the owner of the water is the
country where the runoff is formed. Thus all themmies downriver must pay for the water.
Such approach is officially accepted by the Kyr&epublic. In 2001 in Kyrgyzstan the Law
on interstate use of water objects, water resowdsvater-economic constructions of the
Kyrgyz Republic was accepted; in its clause 3 thewing is established:

recognition of water as natural resource, havirgegbonomic cost at all of its
competing kinds of use and being the goods;

interstate agreements and contracts provide thésidecof water delivery
guestions, payment for water use and distributibthe profit from use of water basins and
other irrigational constructions of the Kyrgyz Rejic and other states;

payment for the water resources of the Kyrgyz Répuis based on
transactions of the interested parties, considehegevel of the world prices and consumer
demand for water.
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At that, as in usual commodity relations, waterpdyps carried out only in case it is
required and in volumes coordinated during prelanyjnarrangements. During the winter
period when the downriver countries do not reqiriigation water and even prefer to reserve
it for summer, countries - owners of the water ngiep its supply, but it contradicts to their
national interests. In case of such uncoordinatatemsupply, recovery of damage to the
aggrieved country should be fulfilled. Also it istrclear, what to do, if a river flows through
several countries. For example, the basic runoffthe Sir-Darya river is formed in
Kyrgyzstan, and in downriver Tajikistan, Uzbekistard Kazakhstan are situated. In this case
the countries located in the middle of the waterseuas a matter of fact, should be
considered to carry out the transit of the goodatéw. But then such transit should be
coordinated, and paid as well. Such scheme is inselgctric power industry and oil-and-gas
complexes where transit is carried out in confoymiith preliminary concluded contracts and
under the coordinated prices. But all these questare practically insoluble in case of river
water resources. And it is not surprising, thatapproach of Kyrgyzstan to solve the problem
by accepting the law on water payment was congideyebe unsuccessful by other states.
Moreover, it worsens trust between the states.

The approach based on charges for hydro-units gapém is more productive.

There also are several options. One of them igdwighe proportional participation of
all the countries, located in the basin of thenrivwe payment for hydro system maintenance.
Such approach seems to be rather logical. By the tha similar method was applied in
water relations in the historical past. (In Fati<alir vol. IX):

A deepening and cleaning of the rivers should béopaed by society, not by
private individuals. Covering of charges are iselahthe expense of universal tax.

Charges for maintenance of the public river areiddid between all the
participants.

Besides, the above mentioned Muslim Law dividedrivers into the general purpose
rivers (analogue of modern concept of the Transtanpnrivers) and the private rivers
(today’s national rivers). Concerning the genetappse rivers the same Fatkh-al-Kadir vol.

IX established:

Everyone has the right to drink, wash the cattlé amirrigate the land from
large rivers such as the Jayhun, the Saykhun, fila¢ &d the Tiger rivers.
Today hydro-units not only regulate runoff withiaw of irrigation, but also produce
electric power. In this case it is difficult to werdtand why the other countries on a river

should only pay the operational expenses, notheéngiving any profit from production.

This paradox could be resolved if to recognize ssitg of participation of other
countries in paying only parts of the working casish as accumulation and water supply. In
general this variant looks as follows. The coustoé zone of formation of the runoff as base
for calculation of indemnifications develop natibrieeatment of work of the hydro-units
(Kyrgyzstan — for the Toktogul, Tajikistan - foretiKairakkum) without taking into account
interests of the downriver countries. Then theyell®y the second variant of operating modes
of the same hydro-units, but this time considerimgrests of the countries of lower reaches.
The difference between these two variants, losedsdamages, define necessary volume of
indemnifications.

This approach is secured by special Bishkek "Agezgrhetween the Government of

the Republic of Kazakhstan, the Government of tiiggkz Republic, the Government of the
Republic Tajikistan and the Government of the Réipuzbekistan about the use of the

33



water-power resources of the Sir-Darya River bafisrth March 17, 1998. Article 4
contains the substantive provision of this agregmen

Excess of the hydropower produced by cascade ofriNair-Darya hydropower
station in vegetation period at the expense ofsedsegulation of the runoff in the Toktogul
and Kairakkum reservoirs is transferred to the RépuKazakhstan and Uzbekistan equally.

Indemnification is carried out by deliveries of pawesources (coal, gas, black
oil, the electric power), and also other product{@rorks, services) or in money terms as
agreed in the Kyrgyz Republic and the Republic afikistan in equivalent volume, for
creation of necessary annual and long-term watsgrves in water basins for irrigational
needs.

At realization of payments the equal tariff polmy all kinds of power resources
and their transportation should be provided.

This approach has disadvantages as well. Firsli @abd indemnification of losses in
years abounding in water is impossible. Water whsgears will be delivered simply as a by-
product, without payment. And, at last, the questim division of functions between two
hydro-units has not been solved: the Toktogul bgilug to Kyrgyzstan and the Kairakkum
belonging to Tajikistan often duplicate each other.

To improve this situation it is reasonable to oee#fte International water-power
consortium in which all the countries of CentralidAsvould participate. Its overall aim is
effective joint operation of water-economic objectacrease of water-security of the
participating states, rational and full use of lydesources of the region. As one of
mechanisms of realization of these purposes cansortould undertake the decision of a
guestion of mutual economic relations in a watemplex. As a basis of such economic
mechanism it is possible to accept the circuituséifed in the Agreement on use of water-
power resources of the Sir-Darya River, but haypnogit on stronger basis. In general, such
approach could be as follows.

The consortium buys from the countries of headwatiyrgyzstan and Tajikistan) the
excess of electric power, developed in summer dutite vegetative flow augmentation,
carried out for the downriver countries. The cotigar purchases this electric power at high
prices, thus providing these countries an oppantuniget the same amount of electric power
(or energy carriers equivalent to it) in wintergtimost scarce period when water in the
reservoirs is accumulated for vegetation, as tlay/lbst in summer. Consortium realizes this
electric power at the summer prices which can Isergglly lower then winter ones. The
consortium will cover the difference between th@sees delivering water for irrigation,
which, as a matter of fact is the basic purposaldhis circuit. Payment for water supply will
be carried out according to the legislation alreast@gblished in the countries of Central Asia
and at the tariffs authorized there. Taking intocamt deficiency of monetary weight in the
republics, payment for water can be made to a ¢tinsoby way of barter. The consortium
will realize this production in the market and a®sult all calculations between the upstream
and downstream will be carried out in the same raygdorm.

Conclusion
There are essential advantages of Consortium estat#nt:

It is not necessary to develop a new scheme of ahulations in water power
sphere; the scheme that has been operating forthmmeten years can be used.

The consortium does not replace existing adminisgaand managing
structures, and works in parallel and in close eotion with them. But at the same time it
has an opportunity, both to cooperate, and to cterpethem.

. The consortium will solve this problem complexlyimaltaneously, in
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economic and in other spheres such as internatnhinstitutional relations.
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Water is the main economic assets and vital resdordrrigated agriculture and power
generation, the two main sources of income forettenomy of Tajikistan. Every year about
64 knT of water are generated on the territory of Tajis including 62.9 km3 in the basin
of the Amu Darya River year and 1.1 km?3 year in$lye Darya basin. Major rivers of
Tajikistan are the Vakhsh, the Panj, the Kafirnigae Zeravshan, and the Syr-Darya Rivers;
their basins occupy more than 75% of its territdrgjikistan's rivers are fed by precipitation
and melting glaciers. Occupying 8% of the teryittirey form 845 krhof water [1].

In stable ecological systems a closed cycle oftfanimg and complex use of water
resources is observed. There is such a set of s@rsuand users of natural resources in such
systems, that they don't get polluted or depleliedhis connection, artificial systems that use
water resources, should be formed so as not toecasal/or minimize the depletion and
contamination of water, providing resource-enviremtal safety, which is requirement for
sustainable development.

In the late 28 century it became clear that uncontrolled useatewresources in
Central Asia can lead not only to the Aral Seaigrisut also to its transformation into a
global crisis.
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There are many water problems in Tajikistan:

- ineffective institutional foundation;

- ineffective water resources management system;

- classification of water bodies is not flexible egbhdor management;

- unrealistic water protection standards and lackffective legal mechanisms of
regulation (the focus is on pollution control ratki®an on its prevention);

- low level of public awareness;

- lack of effectiveeconomic inducement;

- lack of continuous monitoring of the water enviremwh and lack of quality
information, which is the basis for water managetnen

- lack of funding of water protection activities ti@fer principle);

- lack of coordination, both between agencies and wliévelopment partners
(civil society, state administration and privatetse).

In Tajikistan state policy in the field of watereuand protection is oriented to:

- ensuring safe and regular water supply to the m@jou, industry and
agriculture, considering the interests of otherevaters, keepingater-resource
capacity and biodiversity;

- improvement of organizational, institutional, regory, legal, economic,
informational, and socio-psychological mechanisinsgater use and protection;

- measures to improve sewage treatment, reduce ditguts, introduction of
waterless and low-waste technologies.

Indicators of rational use of water resources are:

- the ratio of water dump to the volume of producedi water;

- repetition factor of water use, i.e. the ratio obgs water consumption to the
volume of fresh water consumption

- number of users, stopping the disposal of untres¢eehge to the total number
of users;

- reduction of the absolute volume of water consuomptby decreasing the
deadweight losses and adherence to scientificatlyrgled standards and water
use limits.

For Tajikistan, the main reserve for increasingewaise efficiency is to reduce

consumption of fresh water in the agrarian sedtogated agriculture dominates in the
structure of water consumption; it takes up to &fvater supply; farming takes 8.5% of
water supply, industry takes 4.5%, fisheries - 3% Another way to increase effectiveness is
to eliminate water losses on all stages of its especially losses caused by water-users.
Water losses also happen due to insufficient cmrdadf plumbing and lack of flow meters.
Low water rates for the population stimulate wadtabe of costly (taking into account the
cost of its preparation) drinking water.

Strengthening of regulatory and legal mechanisnasliseved by improving laws,
regulations, standards, contracts, etc.

Strengthening of economic mechanisms is achievemphiynizing budgetary
provisions, payments for water use and pollutiares and benefits, the system of water
protection activities funding, bonus system, etc.
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Strengthening of information mechanisms is aimgoraviding objective and timely
information on water-saving technologies, and ahpting scientific exchange.

Socio-psychological mechanisms include educatieviyal of traditions and
development of culture.

Comprehensive approach to water managementidesimg glacial and forest
processes, involved in the formation of water regims required in Tajikistan, taking into
account best international practices.

Tajikistan needs improvement of monitoring overweater environment, modernization
and reformation of the existing institutional foatidn of water resources management,
reconstruction of irrigation systems to preventevébss and reduce water consumption by
means of introduction of more effective equipment arigation technology, and
improvement of mechanisms for public participatod awareness [2].

Organization of integrated water resources manageim@ecessary under present-day
conditions, and it should be introduced stepwisenfthe simple to the complex. Integrated
water resources management should be defined@asesg that aims at balanced water use
and management correlating with land and othemuress using methods acceptable to all
water users. At that the area of a river basiegsarded as the unit of management. Within
this basin surface and groundwater waters areratéded in quantity and quality. This unit of
management requires acceptable management strudeaeand stable allocation of water,
clear criteria for quality assessment.

The system of integrated ecological and economitagement of water resources
considers:

- management of the quality and quantity of wateoueses;
- taking nature conservation measures;
- meeting economic interests of water users;
- ecological audit including assessment of compliawth strategies of water
users;
Purposeful formation of state order for integratagironmental and economic

management of water resources should be fulfilestategic sector.
To ensure this process it is necessary:

- to transform the structure of water managementdifferentiate taxes and
payments considering environmental capacity and iossEvironmental
characteristics of water use;

- to consider the socio-environmental componentuitiolg the interests of future
generations, when determining the cost of wateyurees and payment for their
use, which in turn implies the introduction of eovimental discounting;

- to develop and introduce a system of social andremwental limitation of
economic activity and choice of economy strategisvarious levels of
management;
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- to develop and form of ecological and social nedfdbe population as element
of culture and factor of socio-environmental tramsfation of aggregate
demand and supply [3].

Integrated environmental and economic managemenatr resources requires

implementation of the following tasks:

- assessment of existing water management complex i@ndvater supply
problems;

- analysis of ecological condition of water bodies aigns of harmful effects of
water;

- assessment of safety of hydraulic structures;

- forecast of development of water industry and watse, taking into account
socio-economic development of the country;

- determination of framework values of water use tmnitaking into account
surface and ground water resources;

- assessment of the need for water conservation atefelated activities on the
basis of republican and regional programs and lsdiemes;

- development of proposals on improvement of pubtimimistration of water
resources;

- planning of the development of monitoring of watexdies, hydroeconomic
systems and facilities;

- assessment of the need for water sector financimy improvement of the
mechanism of economic relations when using andeptioty water bodies;

- development of an integrated information systemwater resources, their use
and protection;

- determination of themes for legal, information, e@sh and methodological
works in the field of water bodies use and protetti

- Assessment of socio-economic and environmental eguesices of its
implementation.

Basin schemes of complex use and protection ofrwaseurces carry out analysis,

assessment, and forecast of:

- water resources and their change under the influefichuman activities and
climate changes;

- water requirements in terms of runoff volume, regjiofi water supply and water
quality;

- volume of wastewater, pollution sources and comjuosiof the contaminants
getting in the water with sewage;

- water quality and ecological condition of water s

- quantity of sanitary and environmental discharges lume of the maximum
allowable runoff removals from water bodies;

- harmful effects of water and their negative conseges for the population,
economic facilities and the environment;

- hydroeconomic calculations and balances, evaluatfosufficiency of water
supply, selection of optimal flow regulation regime

- future water use limits for participants of the gragector;

- technical condition and forms of ownership of thaimwater production funds
[4].

The planned engineering measures should be aimed at

- water supply (in proper volume, regime and watexlity);
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- prevention of harmful effects of water;

- ensuring safety of hydraulic structures;

- sewage and stormwater treatment, improvement oedadogical condition of
water bodies.

Conclusion

It is typical for integrated environmental and emmic management of water resources

to include all the production functions in the prss of preventing adverse effects. Water
supply is important for effective environmentalipgl as environmentally optimal water
supply allows to minimize the burden on the ecalabcapacity from the moment of its initial
appearance. The goal of conservation actions ifigteeof water use is the partial or total
elimination or avoidance of overload of environmetsing in the production process. This
can be done either by optimizing the existing whwater use, or by selecting a new, focused
on compliance with requirements of conservatiomahed. The problem of integrated
environmental and economic management of wateuress lies in the management of goods
and services produced by water users and delivéngmg to consumers, providing maximum
reduction of load on the environment.

=
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In Tajikistan, surface water watercourses are siverservoirs, streams, canals of inter-
basin redistribution and complex use.

Water can be used in technological process (fom@ka, in hydropower engineering)
and in its pure form it can then be directed tasidater it can be consumed by another water
user (for example, in irrigation), and in form efrgage in the event of natural drainage it can
be reused. Water scarcity occurs when some nathesdomena such as drought reduce
rainfall, which is the source of renewal of thigural resource before the active melting of
glaciers begins.

By the end of the twentieth century, water resositmecame limiting factor for
sustainable development, both in Tajikistan anGéntral Asian region as a whole. Some
areas began to experience water shortage. Thagisituconditioned necessity of qualitative
and quantitative conservation of water resources.

Tajikistan is rich in water resources, but latelgter problems considerably worsened
here due to natural and anthropogenic changesenminoff. Agro-technical measures, the
reduction of mountain forests, irrigation reclaraatiregulation of runoff with water
reservoirs, water withdrawals for irrigation, inthied and municipal water supply, discharge
of polluted water into water sources, and otherghihave significant impact on runoff and
water quality. Modern methods of solving water peofs, such as the regulation of runoff
and its territorial redistribution, in their turawese a number of technical, environmental and
socio-economic problems.

In Tajikistan, major water users are irrigated agliture (up to 84% of intake),
economic - drinking and agricultural water sup@ys@o), industry (4.5%) and fisheries (3%).
The main and priority water user is hydropower eagring. These major parties of water
industry determine the strategy of national develept [1].

Further development of the agrarian sector is forared at the same time limited by
two major resource components - land resourceshndrie minimal, and water resources,
which are expensive for their delivery to the field

Significant population growth has led to decredsh® irrigated area per capita;
especially arable land — it is 0.07 hectares ppitzalt is the minimum rate in the Central
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Asian region. Because of the shortage of land gkistan was forced to develop wasteland
(Bad Land): sand-stony, saline, soils subsidendeeass plateau, and large areas of
mountainous areas with slopes above the critival lr the application of surface irrigation.
Due to the absence of water - soil conservationnelogies it has led to soil erosion.
Currently, Tajikistan has about 720 thousand hestaf irrigated land; 22% of them are
sandy and stony soils, 16% are saline, 8-10% #&eetatl by water and wind erosion, and 10-
12% of irrigated land are located in subsiding area

Thus, 55-60% of irrigated farmland have not favtegiyoperties limiting their fertility.
Keeping such lands productive requires high enarglyresource costs to introduce advanced
technology and irrigation technology both duringlaenation and exploitation. Before such
efforts were put, and as a result in 80-es Tapkistad the highest in Central Asia
productivity from its irrigated lands.

The complexity of the mountain-valley terrain injiKestan predetermined creation of
modern water management system, consisting oftaraysf complex and somewhat
vulnerable to impact of debris flows and flood egematerworks. In the end of the"20
century up to 60-70 per cent of the irrigation eyss were well equipped; modern water-
saving technologies were actively introduced. Tost of major land reclamation fund was
1.5 billion U.S. dollars. To control the level abbgindwater and salt balance in irrigated lands,
quite an extensive collection and drainage networkhe area of 311.2 thousand hectares, an
average of 36.2 n.m./ha and drainage module of0043liters/hectare was built. Drainage
wells covered 47.4 thousand hectares, out of wdli@ut 60% do not work now due to lack of
funds for their restoration and spasmodic poweageit 5,896 km of water-lifting networks,
432 km of relief network, about 8 thousand watekspb17 pumping stations, 26.6 km of
tunnels, 3,272 km of roads and other operatingg$uedong to off-farm part of the irrigation
system. 26,000 km of irrigation networks, 1610 kmvaste networks, about 15 thousand of
hydraulic structures and other assets are on tbksbaf household of water management
system. All the expenditures were carried out leydtate. As the market relations were
introduced, the payment for water supply servicesohsumers was put to use. However,
sectors - water users can only cover an insigmifipart of all the expenses of irrigation and
drainage systems maintenance, resulting in theisiderable deterioration, reducing in the
effectiveness of water supply and acceleratinggsses of deterioration of irrigated lands,
covering more than 100 thousand ha. Thus, ovelai€0 years not more than 5-6% of the
statutory funds were spent on irrigation and cédlee drainage systems maintenance.
Besides 30% of these systems require reconstruction

After 1992, commissioning of new irrigated landsast stopped. All the efforts are
focused on maintenance of existing irrigation aoldector — drainage systems. With some
economic recovery and growth of collected feesas wossible to increase cleaning of
irrigation and collector — drainage systems frorfdf 1999 to 43% in 2001 (compare to
1990, when the volume of these works was more #2amillion nt) [1].

Population growth and shortage of land with possgvhvity irrigation led to the
expansion of lift irrigation, which was the mostiverable in market conditions. In Tajikistan,
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40% (about 300 thousands hectares) of irrigated dma served with the pumping stations,
and 64% of them are situated in Sughd region. AtrB0%o of the pumping stations are
cascaded; they pump water with 5-7 levels to aht&iy250 - 300 meters or more. They have
complicated construction and require highly skileegbloitation. International consultants
unreasonably propose to transfer zones of casaadp ptations to zones of pasturable cattle-
raising. Socio - economic consequences of suckfeawill cause great calamity for their
residents. It will cause secondary desertificatiod a large number of environmental
migrants. It will be much more expensive to reedheir problems than to maintain pumping
stations. Based on this, the country is taking messsto use the most profitable but little-
water-consuming crops, and favorable energy sufepliransitional period is provided.

Tajikistan has faced complicated, capital-intensind long-term task of rehabilitation
and improvement of the technical level of irrigat@nd collector—drainage systems, since the
constructed irrigated agro-landscapes, providintpgelevel of employment, play an
important role for habitat for 75% of the populati@.6 million). To solve this problem it is
necessary to carry out an inventory of fixed assdtech hadn’t been implemented since
1990. On the basis of it, primary, medium and ltergh measures for rehabilitation and
further development of irrigation and drainage ey will be developed. Fruitful
cooperation of Tajikistan with international findaldnstitutions in these areas should be
noted. Supported by the World Bank and Asian Dgwelent Bank, the work on
rehabilitation of inter-farm and in-farm irrigatiand collector - drainage infrastructure has
been carried out for over the last 10 years.

Rational use of water, improving of soil agro-lacalse and reclamation zoning,
introducing scientifically-based irrigation regimasivanced water-saving technologies, and
amelioration of land are very important for econaamgl ecology. Increased efficiency of
irrigation systems, improved irrigation technologgpital and current land planning and
comprehensive reconstruction of irrigated land t@ldecided on the basis of long-term
programs. The necessary investment will come from:

- funds collected from water users;
- funds from the republican and local budgets;
- land tax

- foreign investments and other sources not prtgdidy law (the private sector
funding, the proceeds from the alienation of lamdrfonagricultural purposes, tariff and tax
regulation to improve the efficiency of irrigategraculture, etc.)

Total funding from the normative content of thegation com- complex will largely
depend on investment activity for its rehabilitatio

In order to meet the needs of the population atidma economy in grain products,
special comprehensive program is designed to isergg production and bringing it up to 1
million tons with productivity of 1 ha from irrigatl land of wheat and rice not less than 4
000 kg/ha, maize - 5 000 kg/ha, and soybean 3 @ftakAt the governmental level, the
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decision to phase out the cotton growing on rocky sandy soils, requiring large material
inputs and irrigation water, and on steep slopesiog soil erosion, and switching to less
energy-intensive technologies for sustainable, ecocally viable crops, was made.

Tajik law establishes administrative liability faiolation in water use and protection.
Such violations:

- unauthorized usurpation of water body and unaizbd water use;
- implementation of projects without affirmativerambusion of state ecology expertise;
- water pollution or violation of regime of usewhéter protection zones;

- commissioning of industrial, municipal and otlfegilities without structures and
devices that prevent water pollution;

- water intake exceeding the established limits;
- unauthorized engineering works;
- the use of water bodies not for their designgiaghose.

Water consumption in the nearest 10 - 15 yearsaalhdepend on National
development strategy and Poverty Reduction Strategjyzation. These strategies consider
sustainable economic development, demographictgitydormation and realization of the
system of living standards and sustained improvémieinancial state of population,
introduction of water saving technologies, develeptrof all sectors of the economy [2,3].
The food problem should be solved by increasingptisductivity of existing lands, and
development of all potentially suitable new irrigatareas, with the total area of 1.6 million
hectares. They will be developed gradually, it téke years, so the states of the lower
courses of the Amu Darya and the Syr Darya rivelido& able to reconstruct their irrigation
systems.

Tajikistan requires a gradual transition to a systeanagement method within the
hydrographic rather than administrative units; lesgament of sustainable water user
associations; ensuring differentiation of payméatsvater supply depending on specific
conditions; the development of a variety of formigKvate, collective and joint use of water
based on the market water management.

To accelerate the development of industrial pradacthe following aspects are
important: the valuation amount and quality of watensumed in various industries per unit
of output; further capacity expansion of recyclingyse water and closed water systems and
water management; full reduction of water leakage.

To improve agricultural water needs the followihgngs are important: introduction of
the centralized water supply and sanitation faeditvith bio waste water; increase of
recycling and reuse of water; the optimal wastenagatment and its use for irrigation;
improvement of water withdrawals from surface searc
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Fish industry in Tajikistan is characterized byrhjgroductivity, but the potential of
water resources is underutilized. Important coadifor successful development of fisheries
is to maintain the required quality of water, ggiperature, as well as the corresponding
depths in streams and ponds.

In the structure of water sector, hydropower ergyimmg takes an important place in
Tajikistan. Its water bodies are the main regulatahe flow, and it allows to use water
resources not only for its own needs, but alsarfayation, water supply, fisheries
development.

Control of harmful effects of water isn’t usuallysaciated with consumption of water
resources. It includes protection from flooding aedbris flows, draining wetlands, protection
of banks of rivers, reservoirs and seas shoreseptig water erosion, etc.

It is necessary to complete the creation of pra@irctones of rivers, lakes and artificial
reservoirs on all the small, medium and large wiatelies. All this should be controlled by
the established regulations of land and waterhese,0on construction of polluting facilities,
landscaping, etc.
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The territory of Kazakhstan borrows nearby 272,Rioni hectares and located on
forest-steppe, steppe, arid steppe and deserted.zOn these natural zones form the cores -
steppe and deserted and transitive - forest-stepigeecosystematical steppe zone. Soil
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scientists of the country within the limits of sped ecosystems allocate the following soils:
chernozem soils, chestnut soils, brown and graybreoils, sierozemic soil. Thus, borders of
the main natural zones well enough coordinate twitrothermal factor [1].

The analysis of natural-economic conditions of Kddan specifies the necessity of
irrigated agriculture development. It provides @ of the guaranteed gather of
agricultural crops. For example, till 90th yearsha# last century irrigated agriculture in
agricultural production of Kazakhstan played trediag part and from components of 5 %
(2,3 min.hec) arable lands are received more tBa¥ ®f all production of agriculture in cost
expression.

But, because of economic crisis in republic it bagun to proceed intensively
degradation processes (salinization, solonetzizasitikalization of soil) and growth of water
resources deficiency on irrigational systems. Thee a reduction of the areas of the
irrigated grounds. Nowadays in irrigated soil anerdke nearby 1,4 min.hec. Though more
than 90 % of irrigated soil areas are located enstbuthern territory: Almaty, Zhambyl,
South-Kazakhstan, Kyzylorda [2]

The factors of influence on fertility and wateriofjirrigated grounds are:
In Southern Kazakhstan (Kyzylorda, South-Kazakhstiiambyl and Almaty regions):

» decrease of hydromeliorative systems’ technologieafel and accordingly low
coefficient of efficiency (CE) of irrigational syans (0,30-0,35);

* deterioration of collector-drainage line’s (CDLEkmical condition, failure of vertical
drainage chink (VDC) and decrease of drained iteda@rounds;

* increase of unproductive loss sizes of irrigatirgers from the channels and irrigated
grounds;

» level lifting of ground waters above critical depth

» growth of mineralization and deterioration of iatghg waters;

» absence of the strict water account at irrigation;

» deficiency of water resources during the vegetgtimeod, under watering agricultural
crops;

» growth of the areas of salted, solonetzic and mlkatrigated soils;

» decrease in stocks of organic substances (humuk)natritious elements (mobile
forms of nitrogen, phosphorus, potassium);

« set of the small country economy which has thgated earths by the area as much as
10 hectares;

In other regions of Kazakhstan:

« failure of water abstractive constructions and etbdrrigating networks out of

operation;

* deterioration and failure of sprinkling machine amts;

* heavy hydrological condition and propensity of ittngjated earths to salting;

» solonetzic sodium and alkalinization of soils;

» decrease of stocks humus and nutritious elemeritsogaen, phosphorus and
potassium);

* high cost of machine water lifting and impossililiof carrying out the cheap
superficial waterings on furrows and strips.
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For example, the inspections in Southern Kazakhssae shown that 81,5 % of inter-
economic and 79,2 % of inter-farm channels on tigesands are executed at earthen
channel, in side-hill fill — semi fillDams of channels overgrow with the weed acid \sget
and at creation of necessary horizons it is obsest®ng filtration of water. The channels are
strongly deformed, and the majority of hydrauligie®ering constructions demand repair or
replacement. Troughing and the reveted lines hadengone to destruction (it is broken
blending seams, there were cracks, concrete @atesamaged or displaced, etc.), therefore
their ECE come nearer to the channels which argimshe earthen channel [2].

Deterioration of technical condition of irrigatidreystems does not provide a tap of
filtrated waters for limits of files of irrigatiofTherefore the ground water bedding level is
risen on all irrigational systems (table 1).

The main cause of risen ground water bedding leneirigated soils of Kazakhstan is
insufficient their drainage conditions. It is conted with failure of all chinks vertical
drainage (CVD) on irrigational systems of Kazakhsaad deterioration of technical
condition of collector-drainage lines (CDL) (defation of channel and overgrow of
vegetation). In the result the drainage drain veasiced [3].

For strengthening of drainage condition of irrigh¢ggounds first of all it is necessary to
restore work of service operation CVD and to spardiging and cleaning works of the open
collectors.

Table 1 - Distribution of the irrigated groundsaepth of subsoil waters, thousand hec/%

WEC pools Total irrigated Groundwater depth, m
grounds, %
<1 1,0-3,0 3,0-5,0 >5
Syrdarya
Kyzylorda
. 300,0/100 20,4/6,8 275,0/91,F 4,6/1,5 -
region
South-
Kazakhstan 511,7/100 0,4/0,1 162,0/31,y 175,6/34|3  173,6/33,9
region
Shu-Talas
rzehgeilz)nnbyI 152,8/100 2,30/1,5 44,2/30, 68,6/44,9 37,7/24,6
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Balkash-Alakol

581,6/100 32,9/5,6 240,0/41,] 177,6/30,p 132,6/2

South

1546,1/100 56,0/3,6 721,2/46,0 426,4/27)6 342,4/32,
Kazakhstan

Generalization of available materials show thatptesent time one of the factors of
increased water-security of irrigated grounds ilization of ground waters with
mineralization up to 3 g/l. Thus, almost on 50 %rofjated grounds of Kazakhstan have
ground waters with mineralization up to 3 g/l. Téfere their utilization on subirrigation is
possible on these grounds during the vegetativiegh¢f].

Hence, the restoration former drainage conditiomrigfated grounds by construction of
new and the reconstruction of existed chinks ofie@rdrainage (CVD) and collector-
drainage line (CDL) will lead to decrease of growvatter bedding level, to increase the sizes
of water-fence from sources of irrigation and adawgly - to reduction of irrigating  norms

[5].

Therefore in such situation on irrigated groundsexe close ground water bedding,
participating in evapotranspiration of plants caw the sizes of irrigating norms on average
to 50 %, and it will demand the revision of paraenetand operating mode of CVD and CDL.

Growth of irrigating waters mineralization and @asineral ground water bedding has
led to increase of degraded irrigated soil areasv Bbout 50 % of irrigated grounds of
Kazakhstan are salted and 30 % of irrigated grodmsd$onetzic (table 2).

In the Central and Northern Kazakhstan, on feytsiil influences solonetzic soils [1].
Unlike Southern Kazakhstan, the irrigated grouramgelsolonetzic natric.

As a result of salted and solonetzic soils thers @ecrease in productivity of irrigated
grounds in 1,5-2 times. Therefore for increasergjated grounds efficiency it is necessary to
salt and solonetzic the degraded grounds [1, 2].

Table 2- The Area of distribution of irrigated grounds @ited soil degree, %

Also
Total
WEC pools wngatzd Unea Wea iddleM Strong
grounds
ited k salted salted salted
Balkash- 227, 177, 1
Alakol >816 4 4 42,0 48
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(Almaty 2
region) 100 39,1 30,6 4.4 6,0
Shu-Talas 101, 1
142,0 9 24,7 0.1 5,3
(Zzhambyl
region) 9,
100 71.8 a4 3.8
Syrdarya 340, 4
511,7 6 105 9.5 16,6
South-
Kazakhstan region 9,
100 66,6 2051 4 3.3
Kyzylorda 125, 7 70.0
region 2777 2,7 9,2 '
453 2 25,2
100 1,0 ' 8,5 '
AcCross 672, 432, 2
Southern Kazakhstan 15130 6 80,8 126,7
1 8,4
100,0 445 28,60 8,5 '

The most effective way of solonetzic soils is thvearshing. Now the most effective way
is washing of the grounds under small checks [1Tb¢ technology of washing the salted
soils on small checks provides the decrease iis sizevashing norms on 25-40 %, quantities
of washing the organic substances and nutritioeiments on 10-20 %, durations of washing
up to 30 % and it will provide the carrying outspfring-field works in optimum terms.

Washing of salted soils allows to salt the irrigkgeils up to threshold of toxicity and
accordingly to lead up productivity of agricultucabps up to design.

Increase of fertility solonetzic soils is reachgdleir chemical land improvement [1,
7]. In conditions of Kazakhstan the most accessbl& cheap ameliorant is phosphogipsum
(waste of phosphoric manufacture). Stocks of phogisum make more than 6 min.t., that at
the norm of entering is 5-7 t/hec., it allows tolagm about 1 million hectares of irrigated
grounds.

Phosphogipsum raises fertility soils, improvesitipiysical structure, increases stocks
of calcium in structure of absorbed bases. It earoiut a role of geochemical barrier
(coagulator of salts), provides formation of agmnmical structure at processing of soils,
accelerates the growth and development of plaaites the speed of absorb waters at
watering on 25 ... 35 %
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Results of chemical land improvement solonetzitssshow, that they solonetzic by

entering of phosphogipsum is raised with produgtief a cotton, corn and grain up to 35-50
%.

On the irrigated grounds except for salted andreloc soils there is having washed up
humus, nutritious elements of nitrogen, phosphandgkalium from root-inhabited layer
(table 3 [1]).

Table 3 - Quantity of nutritious elements washedifwvatering at various irrigated norms

o Nitrogen Phosph Potassi
Irrigatio Humus (NOs) or (ons) um (Kzo)
Soil n norm,
w'/ha

mg/l kg/ha mg/l kg/ha| mg/ll kg/hd kg/ha mg/l

Black 250 0,12 4.0 44.6 1,4 0,18 0,0% 25,p 0|8
earth soil

500 0,12 11,7 40,2 3,9 0,18 0,18 2483 214

1000 | 0,11 22,1 36,8 7,1 0,18 0,38 22{1 7,6

Chestnut 250 | 0,094 2,8 36,4 1,1 0,12 0,04 19.6 D,6
500 |0,092 8,7 36,0 3,5 0,12 0,12 18)0 U7
1000 (0,090 19,8 33,8 7,0 0,1p 0,2p 7.4 35

Sierozem 250 | 0,066 2,2 21,1 0.7 0,44 0,14 24,1 D,8
500 [0,065 7,1 20,9 2,2 0,44 0,44 22,8 2,3

1000 |0,063 12,5 20,5 4,0 0,44 0,90 20|3 4.1

Thus washed salts and accordingly decrease ingtoaiks occurs at any technologies of
irrigation and washing. For example, the basic patar of fertility - humus has decreased to
critical limits (less than 1 %) in the basic regasf irrigated agricultur@able 4). The main
reason of catastrophic loss of humus is formatfamegative balance of organic and mineral
substances, owing to their insufficient enteringels of plants for basic feed elements are
not satisfied, therefore the coefficient utilizatiof nutritious elements from ground increases
which is degraded. It proves in productivity ofdesy culture of cotton (about 40% from
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under crops area) which has made 22,9 c/hec. i6, 2103 c/hec. in 2007 and 18,2 c/hec.
2008.

Table 4 - The maintenance of humus in sierozem-megathd meadow-sierozem soils

Administrati | NeWork Horizon The maintenance of
ve area output humus, % from weight of soilg
2007 2008

Maktaaral 55 Arable 0,95 0,76
Under arable 0,79 0,57
Otyrar 97 Arable 0,94 0,78
Under arable 0,78 0,54
Turkestan 139 Arable 1,00 0,91
Under arable 0,90 0,51
Shardary 235 Arable 0,58 0,80
Under arable 0,48 0,52

Therefore for increase of nutritious element statksnecessary annually, during the
vegetative period, entering of settlement normargénic and mineral fertilizers that provides
normal growth and development of agricultural crops

One negative parties of irrigation is the detetioraof water-physical properties of
soils, i.e. condensation of soils. Such groundsatehtoosening of soils.

Thus, the low technological level of irrigationgsgems of Kazakhstan demands
increase of CDL of system in view of technologyrafyation and condition of channels. It is
established, that due to use of water-saving tdobres of superficial way of watering
(variable jet, discrete water delivery, wateringptigh furrows) is possible to raise CDL of
irrigated systems up to the certain limits particular, application of water-saving tectowt
of watering through furrows the variable chargehah-permeability soils raised CDL
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system of irrigation from 0,18-0,28 up to 0,20-Q,86. on 7-11 %, and on middle-and low
water-permeable - from 0,25-0,36 up to 0,33-0,45,dn 25-32 %.

The need for technical reorganization of irrigatiimg proves by operational parameters
and calculation§8]. For example, at application of water-savinghieologies of superficial
way of watering and partial reconstruction of iatigpg line (30-50 % of channels are reveted
or arranged watertight screens), the CDL of irfiggatine will raise on 0,15 or 25-30 %, and
systems of irrigation with 0,28-0,39 up to 0,369D¢at on 25,6-28,6 %. At full reconstruction
of irrigating line (more than 70% of channels axpased to facing or the device watertight
screens) and applications of overhead irrigatioa,GDL system irrigation increases up to
0,46-0,6 on middle-and low-nonwatertight soils.

Thus, at overhead irrigation application of pipelmaises CDL system of irrigation on
0,24-0,26 or on 55-79 % concerning control vanghére channels are laid in earthen
channel.

Efficiency of use of irrigating water at drip iragon depends not only on CDL of
watering techniques, but also conditions of iriilggdine. On irrigating systems of the
combined type (a combination of the open channedspgpelines) when the CDL of channels
changes within the limits of 0,75-0,85, and techejof drip irrigation 0,8-0,9, the CDL of
system irrigation changes within the limits of @,G-7. On systems of closed type when the
CDL of irrigating line increases up to 0,9-0,9% BDL of system irrigation raises up to 0,72-
0,86 and exceeds the maximal parameters of imgatystems of the open type on 0,09-0,12
or on 15-20 % [8].

On the basis of experimental data received on wariwigational systems of Southern
Kazakhstan water-saving technology of wateringcadural crops through furrows [9The
given technology is high-tech and provides the c&dus of loss of irrigating water on
evaporation up to 2 times, infiltration - 50 %, duAup to 2 times.

On solonetzic and alkaline soils one of size gromgtsons of irrigating norms are low
speed water imbibing in furrow and accordingly gnedumes of irrigating waters losses on
dump. Therefore water imbibing to the soil and degncreases of uniform distribution of
irrigating water on the area of irrigated groundsédeveloped watering technology for
vegetable cultures through furrow-cracks [10].

Now the irrigated grounds of Kazakhstan are chareed by low fertility soils. It leads
to decrease in efficiency of irrigating water. Téfere for increase of efficiency of irrigated
grounds developed technology for increase of cangmils fertility by entering
phosphogypsum [11.] Phosphogypsum raises fertfigoil, improves their physical
structure, increases stocks of calcium in root-oitea layer, etc.

Thus, in developed ecology-ameliorative situatiariragational systems of
Kazakhstan, increase of their water-security antlifg of soil is reached by engineering
system actions on water-salt economy and by foodesian root-inhabited layer of irrigated
grounds.
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Abstract

High dams are built as engineering technical apgrda solve the problem of water
storage and regulation in arid inland river systeimshis paper, based on the analysis of the
experiences in construction of underground reses\agihome and abroad, the characteristics
of geomorphic unit storage structures in arid idlamer basins, as well as geological
geomorphic structural conditions suitable for coundion of underground reservoirs were
analyzed; the difficult points and solving optidos construction and utilization of
underground reservoir were discussed, too. Inigi of the characteristics of the traditional
Karez Canal systems in Xinjiang, the concept ofeugtbund reservoir construction which is
composed of the Karez wells across a river has pegosed. The research progress and key
technical points in the feasibility model testloé tcase study in Tailan River Basin were
discussed in the third part, and it showed thautigerground reservoir with Karez wells
across a river had more useful prospects in akihéhriver basins. Finally, we proposed a
new pattern of unified regulation of surface anougid water which takes the underground
reservoir storage regulation as the main measundter resources development and
utilization in river basin, and the new pattern nb@ybeneficial trial for effective utilization
and rational allocation of water resources in aridnd river basins. The underground
reservoir and its integrated regulation with suefa@ter will have better application
prospects in central Asia region, and is worthydumning further research.

Key words: ground reservoir, inland river basin, landformtusiorage structure, the
Tailan River, integrated model.

1. Introduction

Dam-construction is usually used to solve the mwbbf regulation and storage of
water resources of inland rivers in arid areash@dgh a ground reservoir is another high
efficient method for solving this problem, it ig@h neglected by technicians and still not
developed well. The reservoir was situated in skaltones, calledquifer zonegonsisting of
rocks and spaces such as crannies and karst cavesreng loose deposit. Ground reservoir
included four parts: natural storage zone, a daentbose the storage zone, infiltration works
from surface water and water-intake works from gawater. There are four types of ground
reservoirs: artificial recharge and recovery frdmlw zone without dam, karst type, valley
type, and hopper type. They are also divided witwtypes on the basis of geological
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structure: with a dam and without a dam (Han-xuesDal, 2002). Compared with surface
reservoirs, they had obvious advantages in thecaspeconomy, technique and
environment: simple structure, small investmeatdam-break disaster, long use life, easy
regulation and management, insignificant issueslibfleposits in reservoirs, no occupation of
land, high-efficient reduction of evaporation, krground reservoirs performing the multi-
year regulation of rich storage and exploitationdquirement, no collapse-landslides
happening at the sides of reservoir banks andstarbiance of environment or fish migration.
Basing on the above reasons, developed countrneprefer aquifer storage and recovery to
surface dam for water storage.

Aquifer storage and recovery for water resourceage was not a new concept, and
the related research and technigues have beerncpdhatl over the world. At the end of the
19" century, the US started to practice artificialhage by the groundwater into the balance
regulation of water supply and requirement and psep the concept of water bank. Ground
reservoirs are referred to ASR (aquifer storagerandvery) in the foreign countries. Over
100 ASR systems are built in America; 26 ASR woithv30 (Xingiang Du, 2005) wells
only in Florida. The capacity of water storage lin\aal fan of the Kern River, a river in
Californig the USA, is at least 1.235 billion*nand now it stores 1.07 billion%with pump
capacity of about 0.3 billion fiper year. Holland has a 50-year history of aiifimjection
into sand dunes along the sea and its model oberplwater resources is to deliver water
from the Rhine River, and then to purify it usirguéder by injection, finally pumping
groundwater out while implementing curtain groutfoggroundwater reservoir. It was done
in cooperation with Japan in Amsterdam (Tianshi&2000). The scheme of ASR is
planned and constructed to solve the problem oémragulation in many countries, such as
Sweden, Holland, Germany, Australia, Japan, Irahedo.

Groundwater reservoirs were chosen to solve thielgmo of water-scare and water
regulation in China. Some provinces except formarést provinces implemented
groundwater reservoir projects in some places (asdh the west suburb of Beijing,

Longkou in Shandong Province, Lvshun in Dalian Q@fxiangyang in Liaoning Province,
etc.) as the early as in the 1990s. The Huangsier Eroundwater Reservoir, which is the
first well-functioning groundwater reservoir in @hi, consists of a river sluice, a ground dam
and lots of facilities of gathering infiltrationdflv for conjunctive surface and ground water
system regulation. It blocks intrusion of sea waited achieves high-efficient water use while
improving environment around it (Zhenfan Liu, t2003). A gravity flow groundwater
reservoir was built on floodplain of Laolong Gutie Xiaoling River, Changyang County,
Liaoning Province in 1997. Its available regulatiiarage capacity is 360 thousand the
width of river bed is 394m with the thickness ofhdg gravel coating of 6.8m. Due to the
constructed ground dam, water is stored among$uaee of sandy gravel at the upper
stream. During irrigation period the sluice is opeand water flows down into irrigation
zone. It solves the problem of silt deposit andhleégaporation of surface reservoirs (Guoyi
Dong, 2000). Most studies and practical applicatiohgroundwater reservoirs in China were
performed mainly in east China. The related reseafthe groundwater reservoir in arid
west inland area is still a challenge. However glmindwater reservoir has special meaning
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and large prospective in northwest China considechmaracteristics of rich geological
structure, frequent exchange between surface anohdrwater, and water-scare condition.

2. Characteristics of geologic storage structure iarid northwest China and
conditions for constructing a ground reservoir

2.1 Characteristics of geologic storage structureniarid northwest China

Landform of most of river basins in arid northw€stina can be divided into four parts
along a river: mountain zone, alluvial fan in frafita mountain, alluvial plain, belt of
transition between oasis and desert (Fig. 1).

1) Mountain zone (1): Rivers originate in mountaones. The flow comes from a
glacier, melt snow and rain. Most of it goes irite tnainstream, and part of it flows under the
ground through space among rocks. Slope of maarstie often between 1.5% and 3%.

2) Alluvial fan in front of a mountain (ll): thishdform unit can be divided into the
upper and middle part of alluvial fan in front obontains (Il 1 zone), and overflow belt at
the edge of fan (Il 2 zone).

Il 1 zone: After the river flows out of the mouthwalley the surface water partially
scatters and disappears. Its slope becomes slowidiidof surface water becomes larger,
water infiltrates into the ground quickly. And thére surface water transforms into phreatic
water at once. Rocks there belong mostly to the&nary sand gravel with aquifer layer of
coarse particles, good condition of water cycle, deeper depth of water table and higher
cost of pump water while the zone is far from iatign zone and main recharge of
groundwater in overflow belt at the edge of the fao the zone is suitable for layout of
project of surface water transportation to infiitsa. But in the real practice, the total quantity
of water shall be strictly controlled becauseritits zone of groundwater exploitation. Il 2
zone: The zone is located at the groundwater awerfione, which is on the alternate area of
confined water and phreatic water, with shallowtbey water table, good permeability of
aquifer zone, rich water quantity and good quatityick recharge to groundwater and in well
condition for exploitation.

3) Alluvial plain (Il zone): It is in the upper dmiddle part of alluvial plain, which is
the main oasis economic zone in most northwestaCfihe zone has low slope, shallow
depth of phreatic water table, fine particles afkidow water-abundance, and lower water
guality, and is easy to cause salinity. It willdea a large quantity of invalid and low-
efficient evaporation. The depth of the confinedevaable is in the middle and run flow
condition is fine. The relation between phreati¢cew@and confined water is close. Confined
water recharging to phreatic water will lead tseaihe water table.

4) Belt of transition between oasis and deseriz@xe): The zone has finer, more
homogeneous particles with weak permeability ardivisater quality. Phreatic water is
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mainly recharged from seepage from canal. Confimaigr is recharged from lateral flow of
groundwater, and then weakly and slowly recharggshteatic water.
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Fig.1. Sketch of Geologic Storage Structure ang&my of Geomorphic Unit of Arid Inland
Rivers in North-west China

2.2 Suitable zone for constructing ground reservoiand analysis of its types

(1) When river flows from the mouth of mountaine tQuaternary sand gravel with a
certain thickness covers riverbed with higher pibyaand strong permeability. The
groundwater reservoir of valley type (Fig.2) isnfimd by means of water delivery &
infiltration and water-intake, and by constructgrgund dam to block water.

(2) Uplifted structure between mountain zone ardpiain forms depression among
mountains, covered by the Quaternary sand gravblavtertain thickness, which is good
structure for groundwater storage. River is maihl channel of overflow groundwater. It
can play huge function to regulation storage widitenly some artificial measures are
implemented. This is called groundwater reservdiin Wepression between mountains (Fig.
2).
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Fig.2 Sketch of Groundwater Reservoirs with Typ&/alley and with Depression in Front of
Mountains

(3) Overflow belt at the edge of fan in front of ambain is affected by tectonic
movement of compression. Mountain zone gradualysrand plain area slowly drops, and
the depression in front of the mountain has beendd. It is covered with a large thick layer
of sand and gravel suitable for groundwater storBgeticles in the plain area become finer
with lower permeability, which naturally forms gmaidam to block water, and overflow belt
of phreatic zone is formed, which is named grourtdweeservoir with depression in front of
mountain (Fig.3).
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Fig.3 Sketch of Groundwater Reservoirs with Depogsi Front of Mountains and Between
Mountains

Suitable zones for constructing ground reserva@rmaainly located in a valley with
deep covering layer in mountain area, depressibmdsn mountains and in front of a
mountain, corresponding to constructing groundwagservoir of valley type, groundwater
reservoir with depression between mountains andnglwater reservoir with depression in
front of mountain, and valley groundwater reservoir

3. Materials and methods
3.1 Site study

The Tailan River is in the Akesu River basin in pjang and belongs to water system of
the Tarim River. It originates from glacier of theuth slope of the Tuomuer Peak in the Tian
Shan. The river with the length of 217km feeds movgmelt. The total catchment area above
Tailan Hydrometric Station in the mouth of the rie 1338k with annual average runoff
of 0.71 kni. According to landform unit along the river, thail@n River is divided into the
mountain zone, alluvial fan in front of the mountalluvial plain, belt of transition between
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oasis and desert, and desert (Fig.4). Its geolbgozaition in mountain zone is complex and
dam has not been constructed until now. It hasoggobktructure and hydrologic condition for
constructing ground reservoir of depression inftfi@rthe mountain because of its rich land
resources in slope plain in front of mountain, sgranfiltration capacity, deep depth of water
table and higher water quality of recharge.
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Fig.4. The Tailan River Hydrogeologic Profile ofdBndwater Reservoir with Depression in
Front of Mountains

3.2 Methods

(1) Construction of groundwater reservoir has maahyantages comparing to surface
reservoir, but it has weaknesses, such as smalhnamal big belly. That is, the storage space
is big, but it is difficult to enter it, to delivavater there and to use it. At the same time, the
main condition for constructing groundwater resé@riehaving natural storage space in a
special zone. Determining its storage capacitypimmicated; it is precise hydro-geological
exploration. The complicated key points are to eabacapacity of water injection and
delivery, considering difficulty of artificial re@nge to aquifer, infiltration velocity and
guantity, clogs, changes in groundwater qualitieraction between water and rock and etc.

(2) There are four key moments in constructionrotigdwater reservoir of the valley
type. Aquifer hydrogeology condition, constructiechnique of a ground dam, diversion of
infiltration system, and water-intake system shdaddconsidered.

1. Determining aquifer hydrogeology condition aseevoir. The specific property of
the rock in deep covering in riverbed of arid irdaiver is usually the Quaternary sand gravel
with capacity for good infiltration, loose structuporosity with the value of 50100mPd
and gravity water yield with the value of 0.115-ZB1It is necessary to study aquifer
hydrogeology condition well and selection the pcefgorage structure for constructing valley
groundwater reservoir. There are suitable studyrtiegies to accomplish it.

2. Dam construction techniques. Dam is construgteter ground, so some changes are
to be made in surface dam construction technol@ggund curtain grouting dam, continuous
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wall construction and high pressure jet groutinthwetructure of geomembrane lining are
applied. They been tested and accepted and theereaguestions in dam construction under
different geologic structures.

3. Infiltration diversion system. Groundwater rejgin deep covering of valley is
composed of lateral inflow of upstream riverbed aadical inflow of river in reservaoir.
However, the above recharge can not meet the fumofiregulation and storage of surface
water. So it is necessary to plan artificial divensof infiltration system in order to deliver
surface flow into the ground reservoir. Designed#gonable infiltration canal, pot and pitch
for efficient delivery of surface water into theognd reservoir must be proved and confirmed
scientifically considering technical and econonoadition.

4. Water-intake system. Groups of electromechanvedls, wells of big diameters, and
radial wells are used for water intake in the woAtpresent, the technique of digging wells
and pumping water tends to be perfect. But groessdmvoir is usually situated far from
irrigation zone and the cost of wells is higher.tévantake system is the key question in
using groundwater.

4. Results
4.1 Artificial aquifer recharge test

The silt content of the Tailan River is high arglannual average silt content of
suspended sediment is 4.37kg/, the largest sediment delivery ratio among thers\n
Xinjiang. As a result, the key point of Artificiaquifer recharge in Tailan River Basin is to
prevent it from clogging. The task is to constraictew sand deposition tank, a settling tank,
two holes of infiltration wells, 18 infiltration tks for rebuilt water delivery canal system to
enhance infiltration method, artificial rechargenmning infiltration canal with infiltration
wells, recharge construction combining infiltratimells and infiltration tanks (Fig. 5),
recharge construction based on a series of lad@i#ration tanks with shallow depth (Fig. 6)
and etc.
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4.2 Water intake test

It is very popular to use electromechanical welptonp water because its technique has
advantages: simple construction, short construgiériod. But its weaknesses include higher
operation cost, small water yield of a single vesltl scattered layout. Radial wells with larger
diameters have big discharge of a single well, foeperation cost, they are easy to manage
and etc. It is usual practice to increase dischafgesingle well with larger diameters in the
area of weak infiltration of aquifer.
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Fig.6 Sketch of Recharge construction baseds®rias of Ladder Infiltration Tanks with
Shallow Depth

Aquifer zone of ground reservoir in the Tailan Rigentains sand and gravel with
coarse particles and high level of infiltrationabieters of radial wells can be increased, but
higher technology of construction is required. A¢gent, to build a hole in layer of sand and
gravel injection method is usually used in Chinhijch is to inject pipes into the layer of sand
and gravel with hydraulic jack. However, it will biéficult to use this method in the coarse
layer of sand and gravel: the distance of injectsdimited to10m and discharge can not meet
the requirement.
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The technology of horizontal injection with hydrauback using vibratory drilling was
tried. The vibratory equipment is installed and ittnen drilling pipe is rotated by the
hydraulic motor into aquifer. As compared to cutrérilling, it can decrease resistance of
drilling pipe and the length of drilling is over @0 Using this method, four radial wells with
bigger diameters (diameter of 3.5m, the well deghtBOm, 3 layers of radial pipes, 8 pipes
with length of 15m for each layer) have been bé#ilgures 7 and 8 show that discharge of the
well is 0.408 n¥s with 16.7m of aquifer drawdown. It can be eas#gn that as the aquifer
drawdown increases, the water yield increases ds\Water yield of the well is 0.331 s
with 10.8m of aquifer drawdown. Considering disambe among wells, discharge of four
wells can reach 1.152%s.

Curve of Time and Accumulative Aquifer DrawdowrRafmp Tests of Radial Wells with
Large Diameters
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guantity of water flowing out of the ground reservo

Following the principle of Karez wells system, @gis built across a river connecting
with radial wells under the designed dynamic wedbte and Karez wells system across the
river is formed. A water delivery pipe is built apthe river to the downstream of the river.
The slope of land is 5%. and the water delivery pijth the length of 4m leads water to the
surface, and then a 3 meters long pressure pipgectsit to drip irrigation system. This
method doesn’t require power and decreases opeicisi of a groundwater reservoir.

5. Discussion
5.1 Difficulties in reservoir dam construction

It is very popular to construct surface reservmirthe mountain valley to regulate and
store water. However, it is difficult to constrat@ms there. Thickness of the dam of the
Laolongkou Reservoir in the Tailan River Basin tezc65m in thickness. Construction of
such dams is expensive and demands complex tedfieshm build it in short period.

5.2 Relationship between surface and ground wateniground reservoir

According to the landform unit property and wat@rage structure in arid land area,
the traditional view should be suitable for thel @ation. Building ground reservoirs in
suitable zone, combining them with scattered edectichanical wells in alluvial plain,
consists of conjunctive surface and ground watgulegion system, mainly depending on
ground reservoir (Fig.10).

. built plain
system of regulation and )
reservoirs two
control of surface water

: .| competitive )
canal head »| 0asis ecologic watee Users [desert ecological
y A system t
river System
7
Y groundwater reservoir in the down cattered exploitation zone 0

{part of alluvial fan (exploitation zong regulation and control of banned exploitation

of storage and regulation) groundwater in alluvial plain groundwater zone
1 alluvial faft > -0asis economig” /< desert ecolog
zone zone

Fig.10 Model of Exploitation and Use of Water Baxes in Basin Mainly Depends on
Regulation and Storage in Groundwater Reservoirs

The model of water resources exploitation mainlgedeling on regulation and storage
of groundwater is meant to solve the following peohs:
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(1) Being a basin as a unit, surface and grounémneat defined as a united part of
water resources. To meet water requirement of inégsand environment it is necessary to
work out conjunctive regulation of surface reservground reservoir with a dam in a valley,
ground reservoir without a dam in overflow beltla down ridge of alluvial fan and
electromechanical wells.

(2) It is necessary to provide rational and scfenthethod of delivery and recharge of
groundwater in order to decrease non- and low4efftcevaporation of phreatic water,
decrease salinity disaster of soil and improve mage efficiency. Ground reservoirs in
valleys, depressions between mountains and depnssisi front of mountains should be the
main units to regulate and store water in basintéable in alluvial plain can be controlled
in rational way by scattered electromechanical sviatiplementing drainage and irrigation.

(3) In accordance with change rules of water qualitoasin, water protection zones
should be divided. Repeated use of water resosto@add be controlled and managed in
order to meet water requirement of different watssrs.

(4) Taking into consideration water use in urbadustries, irrigation and environment,
plans of water resources allocation should be apéich Considering basic requirement of
environment, limited condition of runoff regulatishould be proposed and relationship
between a dam and environment shall be treatealsyit

(5) The feasibility of constructing a valley graureservoir should be actively
explored. Storage space for groundwater in allu@ialand alluvial plain should be arranged
rationally.

6. Conclusion

(1) Conjunctive surface and ground water as a wisadecreative model of utilization of
water resources in small and medium basins inaagd. A ground reservoir is a method of
regulation and storage of water resources on this lbibasin as a unit. It is hydro-geological
structure without high expensive dam and with niousreconomic advantages. Groundwater
reservoir prevents severe evaporation and lossesrfafice water, improving water use
efficiency. It can actively and efficiently contraiater table and decrease non- and low-
evaporation of phreatic water in soil and decreadi@ity problem. It provides a new view,
method and prospective for planning small- and teiddasins. It creates new future of high-
efficient and rational allocation of water resowrae arid inland rivers.

(2) Recharging by delivery infiltration and pumpibyg delivery water are the key
techniques of this new model whether it is suceggsfnot.

(3) A large quantity of plain reservoirs and daras heen built. We emphasized the
height of the large dams. But we neglected thergtoeservoirs. Researching the model of
high-efficient water use must be trend in futureewltontradiction between water supply and
requirement grows. We should make decision on ldsmsal situation and follow the concept
of harmonious relationship between human beingshatare. Researching of ground
reservoir should become an important task in toegss of regulation and storage of water
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resources, both surface and ground waters. As anree! of high-efficient water resources
use, it should be practiced in suitable areas.

(4) Most areas in Central Asia, especiallKyrgyzstan Tajikistan,Uzbekistan
KazakhstarandTurkmenistanbelong to the Tian Shan and are connected wélCthina;
they have similar condition of hydrogeology, climand water resources. In the process of
climate change and during development of econordysaniety in future, water problem will
become more complicated. Ground reservoir and theehof water resources exploitation
and utilization will have prospective to practice.
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Water issues and supply solutions in Israel

Dan Shechtman

Israel Academy of Sciences
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Most of the Israel is arid, and while the amountaoffall in the north is on the average
about 600mml/y it is about 200mm/y on the vergeéhefdesert and almost zero in the desert in
the south of the country.

Israel has a limited supply of water, not enougttlie ever increasing demand of the
agriculture, industry and domestic uses. Howether country has the innovative
technologies and variety of means to meet the grgweeds.

The total amount of water supply in the countrgiisut 2Kni per year, but About 80%
of the water potential is in the north of the caoyrand only 20% in the south. To meet water
demand all over the country an extensive waterikigton network was built to bring water
from the north to the desert in the south. Thigesbsome problems and enabled to develop
the south, but after drawing on nearly all of @adily available water resources and
promoting vigorous conservation programs, Israsllbag made it a national mission to
stretch existing sources by developing non-conweatiwater sources, while promoting
conservation. These efforts have focused on thewwlg: reclaimed wastewater effluents;
intercepted runoff and artificial recharge; artdity-induced rainfall - cloud seeding; and
desalination

The talk will focus on the ways in which proper mgament and innovative
technologies can increase water supply.

Water Issues in Pakistan

Igrar A. Khan
Vice Chancellor/Fellow Pakistan Academy of Sciences

University of Agriculture, Faisalabad-Pakistan

Pakistan’s agriculture is heavily dependent omgation water supplies as 68% of its
area receives annual rainfall of about 250 mm, 2#r&& has annual rainfall of 251 to 500
mm, therefore categorizing it as an arid to semli @ountry. Agriculture is still the main
sector of the country contributing 22% to GDP, ewgplg more than 45% of its labor force
and is a source of providing livelihood to morertt@% of its population (167 million)
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residing in the rural areas. But agricultural prottbn and food security of the country are
coupled with the water security. Water is the npwstious resource and its judicious use has
become imperative for survival of the people anohetnic development of the country. The
country had surplus water availability in the rang§®&000 ni per capita in the earlier period
of 50s but now it has become a water scarce cowithythe water availability approaching
to 1000 ni per capita, which is resulting in shortage of watesecurity of food, and raising
conflicts and environmental repercussions. Undsrdbenario, there is an urgent need to
address water issues both in terms of quantitygaadity on urgent basis to ensure food
security, and improve livelihood of the rural pempAlthough Pakistan has the largest
contiguous irrigation system of the world but ibjgerating at a very low level of irrigation
efficiency i.e. 40%.

According to an estimate, water demands for aguceilare fulfilled as below:

Surface water supplies 40 to 60%
Groundwater 40 to 50%
Rainfall 10 to 15%

This distribution is dependent on the climatic atnds, rainfall patterns, river flows
and canal diversions.

Surface Water Issues

Irrigation efficiency is low i.e. 40%, which meawken on the averagel00 MAF
(million acre foot) river water is diverted to césaabout 40 MAF is used by the crops and
60% is lost during conveyance through canals,idigtaries and water courses. Although this
is the loss yet it may contribute as recharge ¢catfuifer where groundwater is fresh but it
may be loss if groundwater is brackish. To improxgation efficiency, model farms need to
be developed to demonstrate the water saving témifies with participation of the farmers
and local industry so that these technologies wbaltechnically feasible, economically
viable and socially acceptable for sustainabilityh@se technologies. Followings are the
options to improve on farm water management baedati@site specific conditions of the
farm.

Options:

* Gated Furrow irrigation

» Raised bed furrow irrigation

« On farm water storages and efficient irrigationlaggion through perforated pipes
» Drip irrigation

e Sprinkler irrigation

» Conjunctive application of sprinkler and furrowigitions
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These methods may need modifications keeping v the affordability of the farmers,
technical know how, operational skill and abilitiytbe farmers / local industry and energy
prices. There is possibility of developing sprinidits to be operated using tractor driven
PTO power because tractates are available witfatingers and they know how to operate
them. Similarly significant amount of water is neddo fill the dead storage of farm water
courses before water starts irrigating the fieldgs amount of water filling the watercourses
becomes more expensive when these storages ateliflpumping groundwater because
watercourses, made for canal water supplies, @@ fos groundwater. That means sizes of
farm water courses are larger and not feasiblederof groundwater. Therefore, there is a
dire need to have farm water storage which carskd to store and convey water to the field
of application through pipes to save conveyangmlieation water losses as well as save land
under the farm water courses.

Groundwater

Groundwater is an important source of water fagation especially during the drought
period and it is meeting about 40 to 60% of theoakater requirements. Groundwater is also
a flexible water market, which supplies water omdad basis and provides flexibility to the
farmers and according to the needs of the crops.rélource is under threat because of its
continuous falling of water table at the rate obaibl ft per year as a result of increased water
demands. Cropping intensity has increased frono 2%0% while canal water supplies have
decreased due to decrease in river flows and a@iriznge impact. Groundwater is the only
option left with the farmers to irrigate their ceoput this resource is facing the following
problems.

Groundwater Issues

. Falling groundwater levels

. Deteriorating groundwater quality

. Increasing pumping cost

. Inducing secondary salinization

. Non availability of technical guidance to desigml amstall efficient well

. Training of the local technicians

. Auditing of existing tubewells to save energy amckéase pumping efficiency
. Identifying the formations to skim fresh groundwate

Options

Resistivity survey can be used to assess the paltehthe aquifer as well as identify
the formation having fresh groundwater quality tmimize the secondary salinization issues.
Technical training centers be established to pewdhnical guidance regarding installation
of efficient well and size of prime mover on sipesific basis. Pumping schedule needs to be
developed to skim fresh groundwater for minimizihg secondary salinization problems.
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Efficient well design can also improve pumping @&ncy and save energy and decrease the
pumping cost. Groundwater recharge program neebs ioitiated to control the falling water
tables.

Reuse of Wastewater

The rapid urbanization and industrial growth haseéased the sewage and industrial
wastewater effluents many folds. This untreatedteveater is being used for growing
vegetables, food crops and fodder because of tdoyenarkets in the city and also due to
water scarcity problems. The other reasons foreveeter irrigation are the high contents of
plant nutrients and consistent availability of teffuent resource round the year. It has been
reported that application of 400 mm of sewage wea@radd plant nutrients in the range of
100 — 200 kg Nitrogen, 6 — 20 kg Phosphorous atid-1250 kg Potassium.

Wastewater Issues

This untreated wastewater irrigation, howeveryeis/ dangerous due to its composition
of having all kinds of pathogens, viruses, traegmants and heavy metals, which are posing a
serious health concern for producers, handlerswuoers and community living adjacently to
such production areas where this untreated wastevgbeing used. This wastewater can
become a resource if treated properly prior toi$es for agricultural production.

Wastewater Options

Treatment of wastewater is must prior to its redefasthe nature to minimize its adverse
effects on the land, water and food crops. Treatmmeaty result in two major
accomplishments, which are environmental protectioth availability of safe water for
agricultural production to overcome the increasirader scarcity issues. As a pilot project, it
the proposed project may be implemented in onbeokections of Faisalabad, the third
largest city of Pakistan, which is generating dagim effluent of about 6.45%sec. This
wastewater is mixing of 2.94%sec from domestic sewage and 3.51set from industrial
sector. The city is known as “Pakistani Manchesib&tause of its textile industries. There are
about 512 large industrial units of which 328 adites, 92 are engineering works and the
remaining are related to food processing industries

The outcome of the project will result in availatyilof treated safe sewage water for
irrigation purposes and environmental protectioom@del of viable and sustainable wetland
for treatment of sewage effluent will be develop&bich can be replicable for other cities
and may also serve as fish ponds and recreatioea.a

Water is the most crucial factor for increasing@gtural production and to bring new
area under cultivation to meet the food and filmmadnds of the growing population and also
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to ensure food security for the region. Thereftrere is a need of integrated approach first to
devise methods for its efficient application anerttsecondly to increase crop productivity per
unit of water and land.

The CEWRE, UET, Lahore is working on water issuéhk wajor focus on water
resources related to reservoir building, canatridutaries and their related civil works.
Similarly IWMI, Lahore is working on water issuesdated to institutional factors and their
impacts on water productivity whereas the UnivgrsitAgriculture, Faisalabad (UAF) is the
land grant university with the mandate to devise promote the best agricultural
management practices for ensuring food securitgrawing land and water productivity and
improving livelihood of the farming communities.

Keeping in view the above mentioned water issuresy bptions and use for increasing
agricultural production, the UAF has the best humesource and capacity to manage this
precious resource and use it efficiently. The UAB the following infrastructure to launch
water related projects:

1. Department of Irrigation and Drainage, Faculty ofrigultural Engineering and
Technology. The Department has 3 PhD(&),04e will be completing his PhD this year in
Germany and'Bone is pursuing his PhD in the Netherlands. TheaBtenent is offering MS
and PhD degree programs in the area of irrigatidrainage and groundwater. The
Department has developed national and internatitmedges and a number of national and
international projects are being executed. The Bemt has the capacity to contribute in
developing on farm water management practices.

2. Department of Agronomy at UAF is conducting studiesvater stress effects on crop
productivity under different management practices.

3. Department of Plant Breeding and Genetics is wagrkon developing drought
resistance varieties.

4. Institute of soil and environmental sciences isduaning studies on the aspects of
water quality, saline water usage and its effentthe soil and crop production.

5. Department of Agricultural Economics is studyin@ tbocio-economic aspect of the
water management practices on the farming commumitye rural areas.

6. The water management research center at UAF isrimgaechnical training to the
professionals and engineers for promoting best gemant practices to conserve water and
use it efficiently.

Effectiveness of Drip Irrigation in Kyrgyzstan

K. M. Kulov, P. M. Jooshov

Research Institute of Irrigation of the Kyrgyz Rbjici
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Results of study of drip irrigation and its effeetness in sandy soils in countries of
Central Asia are presented. Technique and tecgpabdrip irrigation of apple gardens in
the Issuk-Kul region are described.

Drip irrigation doesn’t only save water and incieeasop capacity, but also preserves
environmental safety in regions and gives oppotyuioi solve the problem of the Aral.

Drip irrigation considers continuous water supghgdtly to the roots of plants through
a network of pipes of a small diameter with spegialer outlets (droppers), placed on the
surface or under ground.

At present drip irrigation is applied in all theurdries of the world on the territory of
more than 1 million ha; 380 thousand ha are ondféory of the USA.

Drip irrigation method saves up to 60% of irrigatiater; in sandy soils it saves up to
300% of water. It is also very effective on slapds Tajikistan, in vineyards situated on’40
slopes, drip irrigation allowed harvest of 220toens of grapes for each hectare, while
without drip irrigation there wasn’t any harvestadit Increase in pomegranate crop capacity
was 35 centners per hectare (compare to furrogaition), while irrigation rate became 2.5
times less.

Uzbek researches found, that water saving is 6(.‘5%((17‘? per hectare) and increase of
grapes crop capacity is 60% when using drip irrigainstead of furrow watering (with
irrigation rate of 2200 fper hectare).

According to K. M. Kulov, maximum harvest of aprisavas 170-180 centers per
hectare when drip irrigation method was appliethanIssyk-Kul region.

According to A. J. Atakanov drip irrigation increascrop capacity 2.7 times (203
centners per ha) in vineyards in Batken region]ewvater saving was 50% compare to
furrow watering.

In 1995-1999 P. M. Jooshov studied techniques eciahiblogies of drip irrigation in
sandy soils of the Issyk-Kul region for apple tresip irrigation has positive effect on
irrigation regime and crop capacity. On the experital plot average irrigation rate was
2150 ni/ha, while on the field with furrows the irrigatioate was 6000 #ha. Productivity
increased 1.5 times.

To ensure optimal water supply for apple treesaimdy soils of the Issyk-Kul region,
feasibility of drip irrigation with flow rate of &/hour was experimentally determined and
verified by statistical processing of data. Eaele needs 3 droppers, supplying water
simultaneously.

Drip irrigation doesn’t only save water and inceee@soductivity, it also preserves
ecological safety in regions. To solve the probterthe Aral, Kazakh scientists proposed the
use of drip irrigation in Turkmenistan, Uzbekistand Kazakhstan in order to decrease use of
irrigation water.
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Trends of Irrigation Development in the Chu Valleywithin the
Context of Shortage in Surface Water Resources

Litvak R. G., Nemaltseva E. I., Poddubnaya I. V.
Kyrgyz Scientific & Research Institute of IrrigatipBishkek, Kyrgyzstan,
+996 312 541175, Litl@elcat.kg

Keywords: Ground water flow, influence of irrigation devefopnt, climate change
protection, Kyrgyz Republic, Chu Valley

1. Introduction

Irrigation farming is the basic source of foodssufor population of Kyrgyzstan.
Mountainous rivers cover the demand for water resesi for irrigation, therefore any
persistent change of climate influencing their watischarge appears to be a threat to food
safety of the country.

Sources of the rivers alimentation in the areantdrest are melt-waters of snows and
glaciers, which suggests the dependence of runofthe occurring climate warming. Even
now, rivers of glacier-and-snow type of alimentatmrove the obvious runoff increase, along
with reduction of it on the rivers in low-hill zoseThis happens due to increase of intensity
of glacial retreat. Its average rate makes ab@ih&ters a year. On retention of this tendency
of warming, starting from a certain time (this tindg@fers depending on the river), the
decrease of the stream flow will become appreciabigable.

To mitigate the serious consequences of this phenom the following groups of
problems are to be solved.

I. Water loss reduction and implementation of exafficient processes of irrigation.
Now, water losses both in the irrigation networkl am the farmlands make about 70 percent
of the total water draw-off at the irrigation soeirc

II. Design and construction of additional resengiorages to accumulate river run-off
for subsequent irrigation.

lll. Use of waste and drainage waters for irrigatio

IV. Use of groundwater for irrigation.

V. Effective monitoring of resources of ground aswkface waters, as well as of
reclamative conditions of irrigated lands.

2. The impact of irrigation development on changes inthe groundwater
balance
Below the examples of irrigation development footabjects in the Chu valley in
Kyrgyzstan are considered. In these examples, dhnsegjuences of use of groundwater for
irrigation and increase of the irrigation systerffciency in the context of climatic change
are assessed. The impact of the mentioned factorshanges of groundwater budget is
assessed.

A. THE WESTERN PART OF THE CHU VALLEY

In the area of groundwater recharge (Fig. 1), fomelatal reconstruction of the
irrigation system was carried out, and consequeh#tyinflow of groundwater has decreased
significantly at the expense of irrigational losdéss necessary to assess changes in reduction
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of the groundwater flow to subjacent areas of the @alley. See a typical cross section in
Fig. 2.

3 LEGEND
A - 2624 Height mark ——— Rivers
— — — FRoads = Major canals
=+ Mational boundary Tertitary with high
+—— Railway i . position of ground
——— Coordinate scale water [evel
er i Center of — Region
<, population Mountain system
[ Aea of researches
who’ e
3
g
4245 = -
o
@
=
320 S @
0 20 40
: kilometres i
42307 i
Z 7400 730 75"00° 75'30
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This problem can be solved by means of ground watzteling. However, the more
convenient approach is to derive an approximatowmélla with parameters defined by means
of one-off simulation (Litvak, R.G. and Nemaltse¥al., 1990). Then, the derived formula
will be used to solve various problems concerneth wissessment of the impact of the
groundwater recharge area on subjacent hydro-gealogreas. The following general
dependence can be offered:

QD) = Qe+ (Qs - Q)™ P o

Where Q(t) — the groundwater outflow from groundsvatrecharge area into
downstream areas of groundwater discharge (asseakes), ni/day;
Qs Qe — initial and final stabilized groundwater outflsassessed by means of simple
balance estimations),¥day;
¢ — the base of the natural logarithm;
t — period of time, days;

B(H) = 2(1) a= L1
- g (2)

T — transmissivity (characterizes both the grourtdweecharge area and the area of
groundwater discharge),’fday:;

M - storage coefficient;

L — a representative distance from a mountain fvaonk to the border of a discharge
area, m;

y(t) — a dimensionless parameter characterizingshexific natural settings of the
considered hydro-geological areas, it is assesgettiebresults of simulation of the area of
interest, and it can be time dependent.

The following approach for estimation gft) of conditions in central and western parts
of the Chu valley is suggested. In the beginnihg, autflow from the area of groundwater
recharge within specific periods is estimated basethe simulation results: t1=1 year, t2=3
year, t3=5 years, t4=10 years, and t5=25 yearssiByming up the obtained results, the
following dependence far (t) can be offered:

y() = |yl if t<ty

y2 if t= tg
t-t
y1+(y2—y1)El— if t>t,0t<tg
s~ 3)
v1 is assessed by means of minimization of thevietlg function
Fr)= % (Q (t)-Q))" )

Where,

Q(t) is set by expression (1) at the time pointt/day;

Qi is outflow of groundwater from groundwater recleargrea into groundwater
discharge area at the time poinessessed by the filtration simulatior?/aay.
v2 is defined by the following dependence::

2 -
Y2 — L Ln QS Q E
®ts Qs Qg

(5)
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The filtration model of the western part of the Glalley, created by the authors, was
used for the above formulas and estimations. THewing filtration parameters have been
accepted for the formulas: T = 30068/day; L = 12000 m; p = 0.2. In accordance with ofie
possible scenario of development QS = 3.8&nQE = 0.93 fiis (Kaplinsky M.1., 1977).

In this casey; andy, equal to 2.175 and 1.320, respectively. Fig.3asphe required
curve of change of groundwater outflow from theugrdwater recharge area in response to
reduction of filtration losses.

Within 8 years or so, the outflow of groundwatetoisubjacent areas will reduce to a
value of 0.5 (@ - Qg). The expected reduction of outflow to a valug Q& will became
obvious within 30 or 40 years. The obtained ressh®w that reduction of feed of
groundwater in the area of recharge resulted from dlimatic change, will not trigger
immediate changes of hydrological budget in suljaegeas, which awards enough time for
making necessary aquicultural decisions. Multigéneations of the "response time" can be
made with the use of the suggested formulas (8).- As for the central and western parts of
the Chu valley, valueg andy,, defined by authors, can be used in calculations.

m3/s
O
% —~
w
/

N L N T Y L

Years

Fig. 3. Changes of groundwater inflow from the grdwater recharge area into the discharge
area at reduction of filtration losses from valugt@value Q.

B. THE EASTERN PART OF THE CHU VALLEY

One of the major problems of irrigation developmienthis area, in conditions of river
flow reduction resulted from the climatic changeta prevent filtration losses from the Chu
River at the reach of 48 km along the river entp ithe Chu valley. A rough estimation of
losses in view of this area (the so-called "cresasme") makes 20s. The problem can be
solved by means of construction of the second ts/pasal with a concreted streambed.

It is necessary to point out that filtration losse® discharged into the Chu River
downstream (below Tokmak town). Reduction of fiiva losses will result in reduction of
discharge into downstream areas. To find outig &xpedient to construct a bypass canal it is
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necessary to estimate the time interval within Wwhite reduction of losses will have major
impact on the groundwater discharge into the riedrb
See a diagrammatical section of the area of inteteng the riverbed in Fig. 4.
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Fig. 3. Cross section along the Chu River, eastqgfahe Chu valley

Alteration of discharge downstream Tokmak town h&racterized by the change of
stream underflow of ground waters near Tokmd}(t). In order to estimate the required
value, we suggest dependence obtained from demsbof S. F. Averyanov (Kostiakov A.
N., Favorin N. N., Averianov S. F., 1956). For ghao intermediate conversions are shown

[ee]

n+1 2 2
AQ(Y) := AQND% 1- i (-1 Bil’|:E [(2m - 1):| @X{M [_]a_[ﬂ:u
2 2 2 4 (6)

2
T @m-Y L

Where

, AQN - the amount of filtration losses change in ¢hevasse zone of the Chu River,
m°/day;

-
a= —
1]
t - a period of time from the moment of the filtcat losses change, days;
T - water conductivity, fiday;
vl - storage coefficient.

According to data of hydro-geological investigaomade in the considered area
(Ovdienko A. P. et al., 1993; Litvak R. G., 201f)e following values of hydro-geological
parameters are accepted: T = 10 06@ay, u = 0.18, and L = 48 000 m.

Typical value of filtration losses in the crevagsme: 20 r¥s (Ovdienko A. P. et al.,
1993; Tsytsenko K. V., Sumarokova V. V., 1990). Texents have been considered: losses
decreased by 10 ¥s, and losses decreased to zero (reduction by *2§).riThe results of
calculations in graph form see in Fig. 5.

The estimations show that reduction of filtratiowsdes will result in decrease of
discharge, however, it will occur many years la®ithin the period of 20 years, the outflow
into the groundwater discharge area will decreasy tor a value of 50 percent of the
filtration losses reduction volume.

3. Conclusions
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As it is stated above, the major potential hazardanditions in the Kyrgyz Republic
from the climatic change is reduction of the moimtavers runoff. This statement is correct
as agriculture (being a basis of economy of theektss based on irrigation farming.
Mountainous rivers are the main source of irrigatiBecause of shortage of surface water
resources, it is necessary to increase the irogaystems efficiency and to use ground waters
for irrigation.
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Fig. 4. Alteration of the stream underflow near @ik town in response of filtratign losses
reduction (Q1(t) — decrease of losses by TBnQ2(t) —decrease of losses by :

It is necessary to keep in mind, that surface andrgd waters of intermountain valleys
in Kyrgyzstan are closely interdependent. The iaseeof the efficiency of irrigation systems
reduces recharge of ground waters and, from thgppetive of their balance, is the same as
using ground waters for irrigation. The mentionadtérs reduce flow of ground waters into
downstream areas, where they discharge into suvfater sources. That is, replenishment of
shortage of surface water resources at the expafngeound waters leads to reduction of
surface and ground water resources in the undgrigiaas. The present paper shows that the
mentioned process occurs but with a big delay. fé®ods of delay may be more than 20
years, and this gives time for introduction of agliure technologies intended for use of
smaller quantities of water.

The dependences suggested in this paper can bdarsgithilar calculations as far as
other intermountain valleys of the Central Asia@vacerned.
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Abstract.

The decrease of runoff caused by climate chantieeiseason of interstate
contradictions on water question in the statef®iGentral Asia, in due course the opposition
will only amplify. The glaciers of highlands quigktiegrade at global climate change. This
will eventually result in reduction of glacial ruifioTherefore in the nearest future, the
Central Asian states will face a water, hydropowed environmental catastrophe. In view of
this, the ability to make reliable long-term climatnd glaciation change forecast is so
important.

Keywords. The Central Asia, glaciations, forecast of iceoreces

Introduction

Errors in forecasting of dynamics of climate chaage fraught with large economic
accidents. Miscalculations of experts of 50-60theflast century, concerned with fall in the
level of the Caspian Sea 30 years later turnedsotial and economic tragedy for the whole
region. Reliable forecast will allow taking timatyeasures on adaptation in the conditions of
changing climate and mitigation of consequencesioh changes.

The existing models of long-term glacial and cliemahange forecasting don’'t enable us
to make reliable forecasts even for the next 1@G0s/e

Modern warming represents a part of a natural cgtfuctuations of climate. In this
connection, a pattern of natural climatic and glachanges which had been taking place
throughout long period of time - at least Holocémere than 10 thousand years) should be
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put in a basis of long-term forecasting of climatel glaciation. By this time, such patterns
are not established due to imperfection of metludatating of morains, which are reliable
witnesses of the last glaciation. It is imposstblestablish a pattern in disintegration time of
Holocene glaciation without absolute dates of msiand to make reliable forecast for
future, too.

We have found a method of accurate radiocarladingl of moraines with the use of
autochthonous specific organic matter dispersedam; dynamics of stadial glaciation in
Holocene is determined and the age of three etsliages of glaciation in the Tien Shan is
estimated, which makes predictive estimate of teaésources possible.

1. Problems of ice resources forecast

Glaciers are the main source of renewable watehgdbpower resources in the arid
mountainous states of the Central Asia. The dlacieff plays a significant part in the
formation of the overall river runoff; in mountaim®glacial system of the Tien Shan, it
reaches 64% [1]. The contribution of the glacialaff to the total inflow of the Toktogul, the
largest in the Kyrgyz Republi&R) reservoir, is 29 % [1]. Hydroelectric power &ias,
located in mountainous regions produce approxim®®I% of all the electric power in the
Kyrgyz Republic [2].

2. Moraines dating with the use of autochthonous ganic matter
Moraines are traditionally considered to be chrogmally “dumb” formations. At this

point all the calculated absolute dates of moraawesunreliable due to the following reasons:

- they are either relative (in case of radio carbwethod of dating of moraines with the
use of allochthonous organic substance), as they $iow much younger or older than the
substance these morains are;

- or they had been received by physical methodgtte use for dating of moraines.
Such dates are the cause of serious contradictienssting in paleoglaciological
reconstruction. It is not possible to make the ssagy long-term forecast on the basis of such
dates. We have found a method for accurate radiooadating of moraines with the use of
autochthonous specific organic matter dispersedthiem [3]. This method has been
successfully applied in the ISTC project #Kr-33th2the Issyk-Kul basin [4]. At that the
morphologically expressed pattern of disintegratioh Holocene glaciation [5] was
established. It consists of not less than seveititsiages (Fig.1). It was demonstrated that
the Holocene glaciation disintegrates in stagefowehg fade-out scenario. Radiocarbon
dating of the first three (oldest) stadial morainégiolocene glaciation has been obtained.

The schematic model of long-term forecasting otiglachanges is constructed on the
basis of the received data (Fig. 2) [3].

Dating of other stadial moraines is a way to loagrt glacial and climate change
forecast. It is necessary to combine radiocartatimg of stadial moraines with isotope-
oxygen (basing on ratio of isotop@46/018) glaciers investigation for more detailed
paleoglaciological reconstruction of the Holocefexition. It will enable us to define

temperatures of the climatic past.
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Isotope-oxygen studying of glaciers became ratbpufar among glaciologists; they
count on the results of such researches to useithpaieoclimatic reconstruction and in
long-term forecast. For this purpose, in mountainSurasia a number of the Tien-Shan,
Caucasus, Altai, Tibet, Himalayas, Scandinavia/migrctica glaciers has been drilled by
this time. However, a weak point of the isotopegety studying of glaciers is definition of
absolute age of ice cores. It is performed withube of models of age and depth of glacial
thicknesses ratio, constructed on the basis ofclernistics of ice flow. Since various
theoretical assumptions are used at that, thelesttatl ages of cores are not completely
reliable.

Fig. 1 Morphologically apparent staged moraines (I-Vilixihe Tez-Ter moraine glacial
complex (basin of the Ala-Archa River, the North&ian-Shan)
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Fig. 2. Schematic model of long-term prognosisattinal glacial transformations:
Horizontal axis — time scale (thousands of years)/ll — glaciation stages associated with
morphologically articulated moraines of the Holoegtaciation; 8000, 5000, and 3400 —
established radiocarbon ages of stadial morathesstimated next stage of the Holocene

glaciation.
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The method of radiocarbon dating of moraines werofiill allow to date the isotope-
oxygen curve (that is to adhere it to a reliable sgale) received during drilling of mountain
glaciers. For this purpose, it is necessary tacsskries of samples on contacts of glacial ice
and a superficial (ablative) moraine covering ity(B). Samples of ice will be used for
isotope-oxygen analyses and samples of autochtlmoganic substance from moraines will
be used for radiocarbon dating (Fig. 4).

The mountainous glaciers do not only retreat; #reyalso being shielded with surface
moraines. In the foreseeable future both will leadonsiderable reduction of glacial drain.
During the first stages of glaciers’ shielding (wttbe thickness of moraine cover is
insignificant), their thawing is accelerated ane ¢lain module is increased. Further, increase
of the moraine cover thickness leads to retardatfaoce thawing up to its full termination.
Glaciers thus appear to be sort of preserved.mp®rtant to forecast glaciation as well as
glaciers’ shielding and the following reductiongbdécial runoft.

Fig. 3. The frontal ledge of Holocene moraine-géhcbmplex in one of valleys of the
Northern Tien-Shan: 1 — exposure of glacial ice;dblative moraine; 3, 4 — stadial moraine-
glacial generations.

How quickly will modern glaciers in future "go" uedmoraine? What will affect
glacial drain more — reduction of glaciers sizegheir shielding factor? We need to answer
these questions studying shielded glaciers, asasdkndencies and speed of shielding in
forecasting aspect.

The glacial runoff from shielded parts of glaciesrén contact with moraines
depositions and as it had been shown earlier [,1&&ds to increase of isotope shift in the
uranium of glacial waters, i.e. to increase noyailgeneral content of uranium in thawed
snow, but also to increase of 234U excess in tii@mplex researches of open and variously
shielded glaciers with use of isotopic methodsrageiired. It is necessary to study modern
representative moraine-glacial complexes as an&twdature forecast objects. It is important
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to allocate morphologically apparent stadial mageghacial generations in them and to define
a share of actual glacial runoff and runoff fromiwasly shielded moraine-glacial
generations.

There are reports on threateningly fast degradatigtaciers in the Central Asia. Thus,
in [8] it is stated that the thickness of Himalayaciers thaws with a speed of 10-15 m/year
and 2/3 of glaciers of China will have disappedrg@060, and by 2100 the glaciers will
have melted down completely. According to [9], thmntity of glaciers in the Tien-Shan
located on the territory of the Kyrgyz Republic dantens times reduced by 2100. Certainly,
in all these cases only open parts of glaciers wensidered, because nobody had studied the
shielded glaciers. In this connection, the foreoéglacial disaster in above-stated sources is
not well-founded. To obtain the objective pictutes necessary to study shielded glaciers,
including their historic-genetic aspect. We neetet@mlue the ice resources of the mountain
areas, listed in the catalog of glaciers [9]. Melblogy to evaluate volumes of the shielded
glaciers should be worked out. The shielded glaciere not listed in the catalog of glaciers
of the Kyrgyz Tien-Shan [9]. In this connection resources are considerably underestimated
while the component of long-term frozen groundtisahsidered at all. The key error [3, 5] is
considering the shielded Holocene glaciers to beames, which implies the absence of
buried ice inside them (or, at the best, the preseh some ice fragments).

We established that in mountains of the Tien-Sharetaren’t any separate Holocene
glaciers and moraines; there only are moraine-gl@cimplexes. On Fig. 3 a fresh uncovering
of glacial ice is shown in one of moraine-glaciahplexes of the Tien-Shan. Considerable
reserves of ice are contained in these complextéieiform of glaciers shielded by moraine
covers. Ice resources in moraine-glacial complexesome kind of preserved stocks of ice,
which give water at a slower rate than open glaaiex. Their runoff is rather steady during
all the seasons of a year. Fig. 4 shows the Hokoeoraine-glacial complex of a glacier and
the Karabatkak lake, which are under study of taledratory of glaciology of TSHMSC at
Institute of Water Problems and Hydropower of thaidbhal Academy of Sciences of the
Kyrgyz Republic. Not moraines, but glaciers of gatiens of different ages shielded with
moraines are situated in the foreground (all arahedake). They (and other, similar to them
in different cases) are not listed in the catalbglaciers of Tien-Shan. Only the morained
glacier sites named by authors [9] are in the ogtédee Fig. 4: number 1 within the ice
stream the glacier).
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Fig. 4.Moraine-glacial complex of the Karabatkaksk of the Chon-Aksuu river, the
Terskey Ala-Too range.

To make long-term forecast of glaciers shieldind eeduction of glacial runoff caused
by it, it is necessary to execute uranium-isotaggsearches on the moraine-glacial complexes
together with morpholitological studying and radidoon dating. We rely on features of
glacial litho geneses and formation of morainesmafuntain glaciers, established by us.
Organic matter in form of glacio-chionophilous naiorganisms inhabiting glaciers, as well as
any other organic substance, sorbs uranium andisi$opes. The uranium-isotopic
investigations will let us allocate generationsddferent ages in Holocene moraine-glacial
complexes and establish a share of each componeggrieral runoff of mountain rivers,
including the runoff from open and shielded paftglaciers.

3. Conclusion

To solve the stated tasks, we should stop endlesstoning of glaciers and glacial
runoff and switch to highly productive investigatgowith the use of isotopic methods. In
order to achieve it, it is necessary to combinerirdtional efforts.
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Monitoring of Ground Waters Flooding in Chu Area

Zaginaev V.V., Zvyagin D.I.
Institute of Water Problems and Hydro Power
National Academy of Sciences of the Kyrgyz Republic

Frunze st., 533, Bishkekagivit@mail.ru

Underflooding of ground territories is a dangerphgsical process related to natural or
anthropogenic increase of ground waters level boegthat are worsening engineering-
geological, land reclamation and geological-ecaabconditions of these territories
operation [1]. Ground waters level lifting leadstmgging of lots, flooding and destruction of
private houses bases and farm lands, it puts cattan lawn-and-garden lots and creates
danger of bogging and flooding of agricultural lar{ffigures 1, 2, 3). Before proceeding to
underflooding control problem-solving, it is necagsto reveal the main reasons that cause it,
i.e. to study ground waters mode and balance,rty cait detailed monitoring of hydro-
geological conditions of underflooding area.
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Territory underflooding can be related either tdenground waters afflux or to
watering of formerly waterless grounds strata enzbnes that adjoin water basins.

In order to avoid damaging, it is reasonable tosaeT not only the threatening level of
underground waters standing, but also its duraffon.example, it is considered in the USA,
that the horizon of underground waters on theatgd areas should be 1.8 m below the earth
surface. The soil condition is considered to bedgbsteady level of underground waters is
lower than 2.1 m below the surface and its lifiad..8 m is observed not more than 30 days
a year. An unsatisfactory condition is 1.2-1.8 robethe surface and bad condition is 1.2 m
below the surface with further increase [2].

In the Kyrgyz RepublicKR) there is a different classification of extrenteations with
the following parameters of flooding [3]:

1. Strong underflooding, causing damage and degiruof engineering constructions—
with level of underground waters (LUW) of 0-0.3 m;

2. Moderate underflooding — with LUW of 0.3-2 m;
3. Weak underflooding - with LUW of 3-5 m.

Employees of the Kyrgyz Complex Hydro-geologicapEdition (KCHGE) at the
Ministry of Natural Resourcd§R carry out constant monitoring of underground s
representative areas of the state basic networkvaiig. Despite the observation stations
guantity run-down, it is possible to reveal longitdaws of underground waters mode
formation and to make forecasts about its expeati@dmum level positions.

The 2010 Chu area observation showed that undeifiggprocess still covers
considerable territories. Underflooding spreadgmmund waters pinch-out zone of the Chu
cavity - from the East to the West on transitiondeo of mountain apron into foothill plain.
Underflooding areas were formed along the pinchzoue and have been causing
considerable damage to apartment blocks in settitsnkawn-and-garden lots become boggy,
many peasant areas under crops are damaged.

In cities and on industrial platforms in order t@a underflooding of underground
parts of constructions and service structures) lefvground waters should not rise above the
bottom of foundations and basements of these aaigins, that usually makes 3-3.5 m
below the earth surface.

According to the monitoring results, maximum leveisinderground waters on
territories of cities and settlements areas for820@010 are shown in Table 1.

As it is shown in Table 1, levels of undergroundersiwere higher in 2010 than in
2008 and 2009 in many areas (Bishkek, Tokmak, Splovka v., Sretenka v., Kaindy, etc.)
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And it is necessary to note, that critical deptfels (above 3) are observed not only
during one month, but during two or three montfadl the spring period, and sometimes
during June as well.

In some areas levels rise went on for half a yeam( April till July in Tokmak), and
level rise speed (0.6-0.7 meters a month) excettuekkvel rise speed in high-water 2003 two
times in size and duration.

During the whole 2010 critical depth levels (0.2-fin) were observed in underflooding
area of Sretenka village.

74 settlements are in the zone of partial or falerflooding in Chu area. That is 25%
(1659 km?) of the Chu cavity plain area.

Borders of underflooding areas haven’'t changed mimehthe intensity of flooding
increased. For example, during the spring perigati{A May) on some lawn-and-garden lots
in Sretenka village ground waters outcropped, bugthie lots.

Relied on raise of ground water levels till the @f@010 on Tokmak city and Chu
village areas, it is forecasted also for the wizflg1.

Proper processing of observation materials is rsacgg0 solve the questions that are
considered during study of regional underfloodinechenisms. We have constructed
chronological charts of underground waters regiimen its forming factors and qualitative
association between them were defined.

The basic groups of factors:

 hydrological: underground inflow and outflow;

* irrigation-economic: irrigation technology, watesupply, presence of artificial
drainage;

« climatic: air temperature, humidity, deposits awdporation.

Table 1. Zones of Chu area underflooding, accorthni§CHGE regime supervision

Absolute maximum
levels of underground
waters in 2008 — 2010,

meters

Cities and villages
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Bishkek city 0,8-2,2
Kant city 1,6
Kara-BgIta (north side) 0.6
city
Shopokov city 0,8
Tokmak city 0,2-1,6
Belovodskoe village 11
Sretenka village 0,14-1,2
Chatkel village 1,4
Stavropolovka village 1,1-25
Stepnoe village 11
Milyanfan village 1,3-2,0
Altyn village 1,7
Kenbulun village 1-1,7
Kamyshanovka village 1,8-2,5
Leninskoe village 0,15
Maevka village 0,8-1,4
Sokoluk village 15
Gavrilovka village 0,6-0,8
Kaindy city 0,9-1,3
Kosh-Debe village 0,3
Lebedinovka village 0,5-1,3
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Figure 1. Sretenka, Lenin street Figure 2. Sretenka, Central street

Figure 3. Petrovka, Kolhoznaya street

Estimating a role of atmospheric precipitations ihecessary to consider its average
annual sums for many years and its year seasanddign, and the form of precipitation. In
high precipitation years a short-term infiltrationnon vegetative period is possible in areas
with superficial bedding of underground waters (R Infiltration increases in the areas
with sandy ground and in relief lows. The long-tesams of precipitation render certain
rhythm [4]. Small (2-3 years), average (10-11 yearsl long (70-80) rhythms are marked
out. For the analysis of underground waters regimall and average rhythms are taken into
account.

Considering the above-listed factors, correlatdependences (for example, between
precipitations and level of underground waters)de@uced. At present big work is carried
out on this matter.
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The analysis of long-term monitoring of undergrowvaters shows that levels of
underground waters in 2011 will rise, as there cothe period of the maximum position of
the levels, expected in 2012 (a long-term brande\ad rise connected with solar activity).

Drainage intercepting a filtration stream, as \asllartificial regulation of ground water
level in most protected territory is used as th&idmeans for protection of territories from
underflooding by ground waters. Drainage can chamgenfavorable structure of water-salt
balance radically. Withdrawal of drainage watersagied out on impounded territories.
Horizontal, combined and vertical drainages areluse make horizontal drainage effective,
first of all it should be intensive enough — cartase to be of necessary depth and length,
depending on hydro-geological conditions of tergitdHowever, in many examined areas
there are apartment blocks built in place of drgégneanals. Many drain lines are not being
cleared of plants and drifts, irrigation water ispsed into it. A strict control of drainage
system is necessary.

Conclusion
Recommended actions for mitigation of underfloodiegative consequences:

* clearing and deepening of open collector-drainsjeork;

» washing out closed drainage system;

* reduction of the main feeder canals and irrigatldoh system water losses;

* construction of new open and closed drain lines;

 replacement of the usual area flood of the ireddands with overhead irrigation as a
more rational method,;

» water throughput systems organization below thicaal waterproof barriers -
highways, canals.

In order to avoid negative consequences causeddsrilooding, it is necessary to

forecast it. It is a priority. A big work is cardeout on this matter; employees of KCHGE
underflooding group annually give forecasts toNhiristry of Emergency Situations. In case
of danger, letters with recommendations go to tireesponding ministries and departments.
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The Linear Subsidence Rate

of the Tien Shan Mountain-Valley Glaciers

Erohin S.A., Ermenbaev B.Q
Institute of Water Problems and Hydro Power ofNlaional Academy of Sciences
of the Kyrgyz Republic

The subsidence rate of glaciers lately causes gremést in public and state structures
of Kyrgyzstan. Some control results of our obseovet on development dynamics of glaciers
in the Central Tien-Shan (the South Inylchek glgcigkshiirak massif (the Petrov glacier),
north slope of the Terskei-Alatoo range (the Katigdkaglacier), south slope of the Kungei-
Alatoo (the Choktal-1 glacier), north slope of #ygyzskii range (the Adygene glacier) are
shown in the article. On the basis of interpretattbair- and space-photos of various years,
we obtained the information on past edge positicth® glaciers and it has enabled us to
determine their subsidence rate

Fig. 1 doesn’'t show the diagram of the South Ingiclacier retreat, because its edge
position hasn’t changed much for the last 50 yeatse rest glaciers retreat at increasing rate.
It is clearly shown in the Petrov glacier where tbeat increased by 34,4 m per year (from
22.6 to 57 m. per year) (Fig. 2) from 1957 to 20Di@e retreat rate of the Petrov glacier might
have been affected by the lake washing its edggs3jF

The recession rate of the Choktal glacier alsoidenably increased during the period
from 1974 to 2006 (from 7,9 m to 19,5 m per yekiy(3A). A more complicated picture is
observed in the Adygene glacier where the subs&leate considerably increased first from
4.4 (1962-1971) to 26,3 (1971-1977) meters per,\@at then decreased to 14,1 (1977-2005)

Petrov glacier Petrov glacier

2500

aihd © denatians in
[Ta)
Glazir Seviabion i medel

Glaths

1950 1950 1570 1930 1000 2000 2010 1950 1560 1970 1980 1200 2000 010



meters per year (Fig. 3B). However, now it excabdsspeed of 1962 by 9.7 m. The

subsidence rate of the Karabatkak glacier hasasewtthe least of all, from 4,6 (1967-1980)

to 5.3 meters per year (1980-2005); the increagesi,7 meters.

Fig. 1.Diagrams of glacial recession for the last 50 years
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Fig. 2. The border of the Petrov ice stream refresarious years.
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Fig. 3. The borders of ice streams retreat in verigears:

A - Choktal; B — Adygene

Therefore, we can conclude that the Tien Shan@jiacetreat at various rates which are
lately increasing.

The reasons why some glaciers retreat faster tthemsoare related to a number of
factors which can be divided into 4 groups.

1. The first group of factors deals with the expesaf a mountain valley to the sunlight
and directions of regional moisture carrying aiffo The comparative analysis shows that
glaciers on the southern slopes of the Tien Shamtam ranges retreat faster than those on
the northern slopes. It depends not only on tharsadiation intensity but also on the fact
that airflows that carry the moisture encounterrtbeghern flanks of mountain ranges where
mMost moisture precipitates as rain and snow. Hegregjpitation in glacial zones of mountain
ranges largely compensates the losses of retregifigers on the northern flanks,
consequently slowing up their retreat.

2. The second group of factors is connected withsthe of glacier's accumulation area
and elevations above sea level. The larger theegla@ccumulation area is and the higher
the elevations a glacier is located at above tgvdime, the more ice is brought into the
glacier and the less the glacier retreat is. Latgeiers of the Himalayan type confirm this
assumption. The speed of their retreat is lessttiatrof usual valley glaciers. The edge
position of the Inylchek glacier, which is the lasg glacier in Tien-Shan, virtually has not
changed over the past 50 years (see Fig. 4)

3. The third group of factors is related to the pimmiogy of a mountain valley that
contains a glacier. It is well known that each nmaumvalley has a step-like bottom. These
“steps” (riegels) are formed as a result of teatanovements and glacial and nival processes.
The observations show that the rate of glacieeattin such riegel areas increases
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considerably. The explanation is that the glacgtdm is steeper in these areas and the
glacier flow increases accordingly resulting infadks (Fig. 5).

Fig. 4. The lower boundary of the Inylchek gladies been stable for the past 50 years

Fig. 5. An icefall in the lower part of the Karakaik glacier (the Chon-Kyzylsu river basin on
the north slope of the Terskei-Alatoo Range)
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The morphology of mountain valley also influendes €xposure of glaciers to sunlight:
the higher the valley slopes are, the more shatiew ¢ast onto the glacier surface and thus
the less glacier melting is. Finally, the vallegnmhology and rock lithology influence the
formation of moraine and glacial lakes on glaciges. On sunny days water in these lakes
heats up to 8-1 and triggers thermokarst processes, which incréseate of glacial
retreat. An illustration of how a moraine glaciké influences the rate of glacial retreat can
be Petrov’'s Lake (Fig. 6). As the lake was getbigger, the rate of the Petrov glacier retreat
was increasing. In recent years, it has increasé&d imeters per year, which is very unusual
for glaciers of this type (the Petrov glacier i2@f the largest complex valley glaciers of the
Tien Shan).

Fig. 6. The lake near the edge of the Petrov gladggers thermokarst processes that
increase the glacier retreat rate

4. The fourth group of factors describes the gbditglaciers to slow down the retreat
process through the armoring of the glacial surfaitle fragments of rocks that comprise the
glacial valleys. In this case, the intensity of gk@cier armoring process depends on the rock
lithology and extent of rock resistance to the nestive effects of glacial erosion and
periglacial weathering. For example, so-called rgleiciers or armored glaciers (Fig. 7) occur
commonly in valleys that consist of unstable dfiedirocks: sandstones, conglomerates,
shales, limestones. Armoured glaciers are rarelpdadn the areas where intrusive rocks are
widespread: granites, diorites, etc. This is exg@diby the fact that unstable rocks fill a
glacier with debris and thus armour it faster thare competent and stable rocks would do.
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Based on the similarity of glacial formation, dea@hent and retreat processes, the
Kyrgyz Tien-Shan is divided into 5 glacial regio@auth, West, North, Internal and Central
[2]. Each region contains several glaciation centhat are confined to the higher parts of
mountain ranges. Glacier retreat is currently olesin all glaciation regions and centres.
Glacier retreat is caused by certain factors, angesgroup of factors plays the main role
while the others play a minor part.

The role of each group of retreat factors depemndsath geological and climatic
conditions in glaciation regions and centers. Tthdysof these conditions will enable us to
assess the role of each group of factors contrigub the retreat of each specific glaciation
center and forecast the dynamics of such retreat.

Fig. 7. Armored glaciers in valleys on the northslope of the Kyrgyz Range: A — in the
upper reaches of Djelamysh Valley, B — large Kentak glacier in the Nooruz Basin
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Abstract

The population in the world increased significartlying the last 50 years. The quality
of life is generally increased along with higheeddor energy and water beside increase of
environmental issues to be solved. High qualitnkdng water is essential for day-to-day
living, for food production, for better standardliefng, for the somehow neglected nature
and for industry. The need for water is rapidlyr@asing and the resources of fresh water
cannot deal with all the requirements. Water isauaessible to all as a natural, self-
renewable low cost resource. The drought at varieg®ns on earth followed by
“desertification” and movement of population towatdis “essence of life”, calls for different
considerations in terms of economic and sociakésfe

Having used the natural renewable freshwater capanany countries are developing
several non-conventional sources. Some involvééurttilization of natural resources that
were hitherto considered of low quality unsuitaioleevelop. Others involve the creation of
new usable waters, of improving qualities so adddi water will be suited for a wider array
of specific uses (e.g., reclaimed sewage for itioggeand drinking).

The reverse Osmosis technique seems to take avendrket that used to belong to the
evaporation processes. Many researchers are tyidgvelop new techniques like Forward
Osmosis, Membrane distillation, Humidification-Dahidification, Solar based desalination
processes, and more. On the other hand, thenegsdito improve the quality of the
membranes in terms of flux, while maintaining geegction, overcoming the boron
problem, reducing energy consumption, preventindjrig of different types, in order to
reduce the overall production cost. Better heaistier surfaces are needed beside better
design to prevent salt precipitation in the evapongprocesses. Analyzing the efforts in the
different directions, bring the important questiare we doing the right things? Are we going
in the right tracks?
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Introduction

Desalination of salt (or saline) water has beewctmrad regularly for over 60 years,
however the industry itself is relatively young€ommercialization of industrial processes
started only in the 1970's. It is already recogmiae a legitimate source of water supply in
many countries all over the globe. Large quantitiesxcellent water quality at affordable
costs for drinking purposes are now being produtid.challenge, however, still exists of
producing desalinated water at affordable costsdée usage in industry and agriculture so as
to assure continuous growth and good health.

Membrane and evaporation techniques were develapédiave matured as industrial
processes, mainly for large communities. The cast sieduced over the past few years to the
level of 50-70 cents/fof desalinated seawater, depending on energy &idilaand the

trend is continuing depending on the cost of eneegpurces. Brackish water desalination
ranges between 20-35 centdffra good solution is available for the rejecteihe.

Membrane techniques have penetrated deeply interraatment processes wherever
possible; wastewater is also treated occasionatly membranes up to drinking water quality
and even up to the best industrial quality for mwHelectronic production systems

(Hai and Ryck, 2005). Solutions are still neededémote communities based on sustainable
resources to prevent desertification and the griwit of populations to the large cities.

Main Desalination Techniques

Evaporation and membrane techniques are the two demialination methods that
became commercial and survived a long evolutiorgss over the past 50 years. The Multi-
Stage Flash (MSF) technique, used mainly in thei®eiGulf, was developed by Siver at
Weir Co. Glasgow (Awerbuch, 1997a), used to benrtbet commonly used technique. Multi-
Effect Distillation (MED), with or without thermadr mechanical water compression, with
either vertical or horizontal smooth tubes, is mpeting evaporation technique while vapor
compression is very popular for remote locatioasprt areas and islands.

Reverse Osmosis (RO), the main membrane procedheidastest growing water
desalination technique. It is considered the masimpsing technique for brackish and
seawater desalination (Furukawa, 1997). Other mangsr processes such as Nano-Filtration
(NF) and Ultra-Filtration (UF) are used for qualitpyprovement of water containing lower
salts concentrations and for wastewater recovery.

Reverse Osmosis

The Reverse Osmosis membrane process is consideiedrsally to be the most
promising technology for brackish and seawater ldegeon (Furukawa, 1997). It is also
currently the cheapest technique for every typewafer source. In the RO desalination
process, a pressure greater than the osmotic peessapplied to saline water exposed to a
selective membrane; the selective membrane allosgh fwater to permeate through it while
holding back the dissolved salts.

A schematic diagram of a Reverse Osmosis flow stiesalination plant is shown in
Figure 1. Removal of suspended particles, bac&riborganic matter in the pretreatment unit
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is done either by sand filtration followed by meéiaation, or by using UF/MF membranes
in modern plants. Energy recovery devices suchreésspre exchangers, independent turbines
for secondary stages or turbo-pumps are used toceethe energy consumption of the
desalination process (Voutchkov & Semiat, 2008)stf@atment may include more
membranes for boron removal and salt content remiycand the addition of calcium and
magnesium salts to the final product.

Low pressure pump Post Treatment

Product tank

Concentrate

Pre-treatment

Product water

concentrate
disposal

Fig. 1. Schematic diagram of a Reverse Osmosididatan plant.

Fig.2 displays the Hadera Desalination Plant -afrtbe two largest RO plants in Israel.
Recent study on developments in RO systems magwwlfin Li & Wang, (2010) and Park
et al. (2010). Analyzing the cost components mayide directions for possible reduction in
RO desalination costs. Table 1 presents an estihcatet breakdown of desalinated water
produced in different projects. The capital experae usually the main constituent if energy
consumption is required. This is based on the aodtinvestment cost of the main equipment
items: feed tanks, pretreatment filtration unitsmps, turbines and piping, controls,
membranes and membrane housing, post-treatmemraddct tanks. Investment is required
in sophisticated automation and control equipmieat will in turn lower water costs by
maintaining stable high-throughputs and savingsniergy and labor costs. Table 1 also
shows that labor costs are not a significant ¢est since modern desalination plants may
operate largely unattended.




Fig. 2 Hadera RO plant in Israel, 127 milliortfyear. (IDE)http://www.ide-
tech.com/news/largest-swro-desalination-plant-worlligurated-hadera

Energy is second in significance as a cost comgo&g®rgy consumption is about 3.3-
4 KWh/n: About 2.2 KWh/ni is the energy consumption of the process itselfi about
1.5KWh/n? is the energy consumed to pump seawater from tandis through the
pretreatment stage, the energy needed to send dheemtrate back, and the energy
consumption for light, controls, etc. Energy casigy be reduced by using a high-efficiency
gas turbine power station. A dedicated power stativat constantly supplies its power
reduces energy costs since it is insensitive tokti@vn sine curve of power consumption
related to day-night energy consumption fluctuaia@s well as summer-winter electricity
demand. More information on different aspects ofatieation processes was reported by
Semiat (2000).

Thermal Desalination
Multi-Stage Flash

Multi-Stage Flash (MSF) distillation was

Table 1: Cost distribution of water ina  considered for more than 40 years to be the

desalination project simplest and most common desalination
technique (Awerbuch, 1997b). The process is
Item % based on the evaporation of seawater using low-
grade steam extracted from a power station.
Investment 33-34 Figure 3 shows a schematic diagram of an MSF
desalination plant. Feed seawater flows is
Energy 30-43 preheated by flowing through a set of heat
exchangers condensing steam emanating from
Labor 4-11 flash chambers.. The temperature of the feed
water is raised to a top temperature, usually

o . . . . .
120 C, before entering into the flash chambers. Thdiigateam is generated by burning
fuel using a low-level heat source, or more oftenextracting a low-pressure steam from a
back-pressure turbine of a power station. The presm the flash chambers is gradually
reduced, allowing the feed water to flash partialgng the chambers. Water flows from
chamber to chamber under reduced pressure corglifidre condensate drips into collectors
and is pumped out as the plant product. Exhaustie,bis pumped out of the last flash
chamber and disposed of at sea.

The technique consumes considerable thermal enefdghe order of 220 MJ/in(60
KWH per n?) if steam is generated by burning fuel for thenpld@he energy consumption is
reduced to below 10 KWH/MAwhen the desalination plant is connected to a pghent and
gets the steam from a back-pressure turbine (Segtl@B). The MSF process is not sensitive
to the concentration of seawater. However, sigaificproblems are associated with the
possible precipitation of calcium salts. The fiist calcium carbonate, followed by the
precipitation of calcium sulfate. Information redgug the costing of this process may be
found in Jassim and Ismail (2004).
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Fig. 3: Schematic diagram of a Multi-Stage Flaskadination plant (Sidem MSF Design,
http://www.sidem-desalination.com/e2010).

Multi-Effect Distillation

The multi-Effect Distillation (MED) technology oiligated from the multi effect
evaporation techniques used in the chemical ingudtr solution concentration,
crystallization and solvents recovery. The proseas introduced for seawater desalination in
the early 1960s.

An advantageous feature of the MED process oveMiBE process is that heat transfer
in the various effects is carried out at a constamiperature difference while the heat
recovery in the MSF process in the feed preheatikaipanger occurs at a varying temperature
difference. This acts to reduce the energy irrelgity losses in the MED process resulting in
lower thermal energy consumption. Also due to thigher heat transfer coefficients in the
MED process, the method can use low-temperatureggrsources, The MED process has
recently started to take a market share at theresepef the MSF technique.

MED and TVC
pﬂlM.’i‘ .\'(‘kfﬂmﬂ;"
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Fig. 4: Schematics of a horizontal tube Multi-Etf®istillation plant (IDE design).

Figure 4 presents the schematics of a horizontag tMulti-Effect MED unit (IDE
design). The steam enters the plant under vacuuresaporates the heated seawater in a
double-falling film type of heat exchanger. The@®dary vapor generated on the evaporating
side is used in the same way to generate a tedtegm at a lower pressure. This process is
repeated from stage to stage in the plant, towdreldowest temperature and vacuum in the
last chamber. The primary steam condensate, beimgna clean gas, is returned to the
generation chamber or the steam generator of thempstation. The latent heat is transferred
at each stage from the condensing steam throughdattransfer piping to the evaporated
falling film of seawater.. Condensate accumulatemfall stages as product water. The final
vapor generated at the coldest stage is condengagsihg cooling water from the sea,
followed by a vacuum pump or an ejector that putiesremaining water vapor containing
non-condensable gases after condensation.

The Performance Ratio, or Gained Overall Ratio (F@Rich is the tons of water
produced per ton of initial steam, is considerdalingely high. The ratio in MED can reach 16
in comparison to the MSF unit where it is loweguard 10. The MED efficiency of water
production in terms of GOR and energy used is esglgrhigher than in the case of MSF
distillation (Ophir and Weinberg, 1997). Information MED costing may be found in Ophir
and Lokiec (2004).

Other Techniques

Enormous efforts have been invested in many teclesigver the past 50 years,
especially during the operation of the US Officesaline Water. Despite significant
developmental efforts, numerous researched proeesdeot survive the tough evolution
path. Because of the wide familiarity of humanshwiiater, the field of desalination continues
to attract unqualified laymen to "invent" novel digsation processes most of which lack
either a sound scientific basis or disregard tisem$al requirement of viable economics.

Solar desalination stills are not included in ttasegory. A solar still, is an enclosure
having a transparent cover in which solar radiasonsed for evaporative heating of the
enclosed saline water. Desalinated water is oldaiaen the vapor condensing on the
enclosure cover.

A serious disadvantage of solar desalination iddheradiation density which averages
250 winf at 23 latitude. Furthermore, only a fraction of the Eitin energy amounting to
about 40% is absorbed by the water as heat enéngyend result is that solar energy
desalination requires vast areas, about 25tmroduce 1 rhof fresh water per day. Solar
cells can be used to generate the electrical powggrired for operating a VC or RO unit.
Other types of energy collectors, such as steardyging parabolic mirrors, hot oil collectors
or chemical storage techniques, may be used fotrigigy production. However, solar energy
is still expensive and therefore not normally uk®delectricity production. Without major
improvements, solar techniques can only survidevatproduction scales in rare conditions
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for desert communities where no access to eletiincreases the cost of water production or
transportation. However, a significant Increasthancost of crude oil can change this trend.

Environmental Aspects

Like any industrial process, desalination may dffee environment, the air, the nearby
land and the sea close to the plant. Energy iswwned, commonly based on fossil fuel of a
conventional power station. The emissions assatiatd energy consumption include all
types of related air pollutants, viz. NG5O, volatile compounds, particulates, andCO

The main effluent of a desalination plant is thaatrate left after fresh water
production. Its salt content and concentration ddpm the water source used — seawater or
brackish water, and the recovery ratio of the pgec&he rejected brine is close to twice the
feed concentration in seawater desalination. Tineeatrate may also contain chemicals used
in the pretreatment of the feed water, a low cotreéipn of antiscalants, surfactants and acid
added to the feed water for pH reduction. To thésyiee added occasionally washing
solutions or rejected backwash slurries from featkwpretreatment. In small-scale
operations, the problem is mild and no serious dgnicaused to marine life. In large-scale
water production, the problem is somewhat morergeilution and wide spreading of
effluents can resolve the problem entirely.

Concentrates produced on land from brackish wagsalthation are usually less
concentrated than seawater yet they contain sonee sélts, possibly organic chemicals that
do not exist in seawater. In most cases, the sol@bntains more calcium and magnesium,
silica, and sometimes other components, such esstiaf heavy metals and fertilizers,
depending on the composition at the source. Thiel@mis less severe when the solutions are
purged into the open sea.

Where no access to the sea is possible, the coated treated in evaporating ponds or
by infiltration to deep sites below the aquiferkisTmay increase groundwater salinity. Zero
Liquid Discharge (ZLD) treatment may recover mos@ev so that precipitated solids may be
stored properly on land.

Treatment of Sewage and Polluted Water

Reclamation of polluted waters is a “must” in teroignvironmental needs to prevent
pollution of soils, aquifers, rivers, lakes andsseghis is also a large source of water for
reuse. Polluted water comes from different souasedomestic wastewater, industrial waste
solutions, agricultural effluent as runoff watexcirculated greenhouse effluents and fish
pond wastewater.

Fig. 5 schematically illustrates the wastewateattreent process. Primary wastewater
effluents are strained or pre-settled. Seconddhyegit improves quality after biological
treatment. Both may be used for tertiary treatmétit membranes, Proper usage of the
biotreatment may remove most ammonia and phospfrateshe water. Anaerobic operation
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may remove nitrates. When membranes (MF or UFsalbenerged in the bioreactor, it is
called a Membrane Bioreactor (MBR). It is also ploiesto use the effluent of the bioreactor
with external MF or UF membranes and circulatecithiecentrate back to the bioreactor.

Straining

Secondary

treatment

)
)
MBR " T}
Micro/Ultra-Filtration

Concentrate sett
K oooo

Fig. 5: Schematic presentation of a wastewater treatment plant.

Compost

MF and UF membranes are capable of achieving cammenoval of bacteria (6 to 9
logs of removal) and waterborne protozoa, and adicang the virus content of surface water
by two to three orders of magnitude. Particulatg@geration occurring next to the
membrane followed by possible adsorption to theedaker causes cake and gel layer build-
up on the membrane followed by pore size reduchanhcan prevent the passage of most
viruses. Some parameters affect membrane foulegicke nature, particle size and size
distribution, membrane type and structure, surfat@actions and the clogging mechanism.
An important parameter is the method applied tdittration technique, namely, cross flow
or dead-end filtration. The latter demands lessgingienergy but may clog easier.

MBR-treated effluents could be fed directly inte tRO/NF system. The final effluent,
after RO/NF, will by far surpass current (and fejuenvironmental requirements, as well as
those for unrestricted use in agriculture and agu-infiltration, and eventually even
municipal use. A second membrane stage of RO amiifabranes can remove salinity, TOC
and some dissolved organic matter. Water may teettidginfected by UV chlorine and
chloramines and used for any purpose.

The critical issue for successful RO plant operaisopretreatment. Long-term
operating experience proves the advantage of Miptdffeatment of a wide variety of water
sources. . MF/UF pretreatment can simplify theitrawokl pretreatment technique of deep-bed
media filtration However, UF/MF pretreatment isremtly more expensive. Polishing with
activated carbon to remove trace organics may e as a means for reducing RO/NF
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membrane fouling and deterioration Different aspettwastewater treatment using
membranes can be found in many papers, for exarmdpleissi et al. (2001) and Johnson et al.
(2997).

Product quality

Insufficient removal of organic matter and ammadniaarly stages may lead to their
presence in the product. A low ammonia contenthef order of 1-2 ppm may react with
chlorine to form chloramines, a long-term disinéeciChlorination of organic matter may
produce harmful halogenated organic matter. Insiefiit removal of phosphates at the
secondary stage may reduce recovery of the RO ggabie to calcium phosphate
precipitation. Insufficient denitrification will kd to high nitrates concentrationtire
concentrate and create a disposal problem.

High-recovery RO can usually be used to solve thélpm in relatively inexpensive
ways depending on the saturation level of calcianbanate with the use of antiscalants.
Industrial wastewater represents a completely iiffesituation due to the diverse types of
solutes. Each stream should be considered separatehtment of wastewater for general
use is a problematic issue since many societiesedb accept the idea. Treated water may be
used in many cases for agriculture, with precauifdRO/NF membranes were not used.
Gagliardo et al. (1998) documented their effortSauthern California.

The most successful usage of recovered wasteveatee NEWater venture of
Singapore, which produces treated water clean éntmie used in the microelectronics
industry. Part of the high-quality treated watemiged with a natural source of water for
regular water consumption. Many countries purgeséary-treated water to the sea. This
causes an environmental problem, very similar tgipg RO concentrate directly to the sea.
—Other countries do not treat wastewater at all.

It is important to mention that in Europe and mattyer places around the world,
wastewater treatment plants are located closeettatiye cities along the large rivers.
Secondary-treated water flows into the river, impad again at a distance of about 200
meters, treated with active carbon, UF membrandsametime NF membranes, undergoes
ozone disinfection and is then distributed to tr@msystem. This is wastewater treatment
without the RO step, which is possible due to twve $alinity of water that originates from
snow. The process cannot deal with dissolved meesgihormones, drugs and other
contaminants that can only be removed with RO mrands. Information on wastewater
costing may be found in Adham and Kumar (2004).

New membrane-based desalination processes

Significant attention has been paid over the pasade to other types of membrane
processes notably Forward Osmosis (FO) (McCutcle¢ah, 2005; Cath et al., 2006), and
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Membrane Distillatior{Alklaibi and Lior, 2005;Song et al., 2007)-orward Osmosis, or

direct osmosis, is a process whereby water diffttsesigh a membrane from a salty or
polluted solution to a higher osmotic pressuretsmiu The high concentration solution,

called a draw solution, is based on “easy to sé@asalts such as ammonium carbonate,
which can be recovered by evaporation using a lawdg heat source. The technique may be
used for the backwash of RO/NF membranes and imiclaépharmaceutical and food
industries to concentrate solutions. The evaporgéses must be re-adsorbed for further use.

Some problematical aspects of FO are that tracewconants of the high osmotic
pressure material will find their way into the puotlwater and in the concentrated solution
on the other side of the membrane. Also FO isedrmut at high concentrations and hence
the energy consumption and investment needed ack higher in comparison to the RO
process (Semiat et al., 2010).

Membrane Distillation is another novel techniquedzhon porous hydrophobic
membranes that enable passage of water vapor\abhor condensation occurs on colder
surfaces adjacent to the membranes or outside ¢ngbnane module where vapors are
pumped out. Another way is to condense the vapdiratt contact with a cold water stream.
This technique is based on water evaporation affdrsdrom poor heat recovery. As stated
before, the energy demand for this process is @660 KWh/ni. This enormous amount of
energy may be reduced by adopting methods usetthén thermal processes utilizing similar
energy sources. Since the heat transfer is pooea@d)y demand is high, the only possible
advantage is a smaller stack of membranes insfeheé targe volume of thermal devices, yet
in terms of energy demand, the technique cannopeterwith RO and not with the current
MSF and MED processes.

Other directions

Another approach is the “humidification-dehumidifion” process. Again, this is a new
variation of an old idea to remove humidity from dihe need for pumping enormous
amounts of air in order to get *wf water, and the need for a high amount of enargyder
to increase humidity in the air, makes the proesgsgy intensive.
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Capacitive deionization is a technique for
removing salts from water. Passing saline water
between two charged electrode surfaces causes the
ions of the different salts to ‘stick’ to the
electrode, leaving a diluted salt solution in teater between the electrodes (Welgemoed and
Schutte, 2005). Once saturated, the charge mustvkesed and the ions released from the
electrodes redirected to the discharge brine str&€early, economic performance demands a
high surface area available per unit volume ofsegaration unit. Hoang et al. (2009)
reviewed the subject, identifying key carbon-basederials under investigation to improve
efficiency: carbon aerogels, activated carbon clath metal oxide nanoparticles and carbon
nanotubes. Treating a synthetic brackish watet@@mg/L TDS [163], CDI required only
0.59 kWh.n*to recover 70% of product water at a concentradioB00 mg/L (Kim et al.,

2009). Zou et al. (2008) used a high surface act#eaded carbon to reduce the salinity of
water effectively in the laboratory and also fouhat modification of the electrodes with
titania nanoparticles increased electro-sorptidiciefnicy.

Fig. 6: Schematic MDC.

Commercial systems are used in polishing ultra-pater or treating low-salinity
brackish or wastewaters (Farmer et al., 1996). tatians of the process include preference
for removal of monovalent ions over divalent iolirsjted sorption capacity of carbon-based
electrode materials, and electrodes organic fouihgn used in natural waters.

The development of fuel cells, especially Microlialkel Cells (MFCs), based on
wastewater treatment led to the possibility of gghs type of energy source for desalination.
Since MFCs need ion transport to maintain chardgnioa and generate electricity (Rozendal
et al., 2006a), salts can be removed during thetredigy generating process. For the purpose
of desalination, the modified MFC is called a mhbed desalination cell (MDC) (Cao et al.,
2009). MDCs contain an additional chamber instaietiveen the cation and anion exchange
membranes in which salts (e.g., NaCl) in feed wsiieh as seawater dissociate into cations
and anions (Fig. 6). When electricity is produdedaigh anode bacterial oxidation and
cathode reduction, anions migrate into the anodentier via an anion-exchange membrane
and cations are transported into the cathode chatifmigh a cation-exchange membrane.
As a result, salts are “relocated” into the wastewstream and salts concentration in the feed
water can be greatly reduced. MDCs have an infagepbtential as a low-cost, low-salinity
desalination process.

Better membranes

Analyzing the main components of RO desalinatiosts;cenergy costs and equipment
investment are the main contributors. Some enemy Ibe saved, of the order of 20-30%.
The equipment contains membranes, pressure vegaaips, tubing and flow devices, and
energy recovery units. There is no single item ihatgnificantly more expensive than the
others. Membranes, however, play the most importaatin future cost reductions. For
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example, the cost of RO membranes is about 8%eobv¥krall investment. Improved
membranes may increase permeability while maimgisimilar rejection properties. This
will allow lower operation followed by lower energpsts at the same recovery ratio.
Reduction in operating pressure will reduce cokte@expensive high-pressure equipment.
This will be followed by a reduction in the costmfmps and flow devices.

It is also important to improve resistivity to extne pH, resistance to oxidizers, organic
solvents and particulate fouling, as well as theceps and means against biofouling. Other
types of membranes in use such as MF, UF and NFaraaras must be improved in the same
way. Improved membranes may be used in other sepa@ocesses not necessarily related
to water (Akthakul et al., 2004; Vainrot et al. 030).

Final remarks

Desalination techniques are the main tool for &ligan of the mankind water scarcity
problem. Analyzing the water distribution on eastili show that even doubling mankind
water usage by using desalination techniques wilkignificantly affect the environment.
Energy consumption for RO desalination is low amgignificant in comparison to the energy
consumption for other purposes as electricity amadl ih most countries, usually far less than
the energy required to pump water long distancematment of wastewater using membranes
alleviates the water scarcity problem while solvemyironmental problems. However,
implementing water techniques in existing watetesys is an issue that requires intelligent
policies. When governments try to solve water proid, they usually build a large facility
next to a large city. Farmers and settlers liviamgaway from the main cities do not have
access to the water, and in severe cases musttlegivélomes to join the cities, seeking to
survive. Solutions for remote locations are urgerghjuired based on known technologies as
well as on future directions that will provide cpeasolutions. Water is needed in locations
where agriculture is still the basis for life arnehgle agriculture cannot afford the costs
described here. It is a global question of the stype of the usage of diminishing natural
energy resources and solutions for environmentdlpms. The future of humankind depends
on proper answers related to these three questamether with the questions of global peace
and human wealth on earth. At the moment, withotgrnational acts, only local solutions
may be given in some places for the water problems.

Development of low-cost water sources could alsa basis for increased industry
toward a thirsty world. It is not enough, howeuerproduce low-cost water. It is also
important to educate people towards proper usagetsr that will improve their way of life.
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Abstrac

The main objective of the work refers to protectad water resources of the
transboundary Mtkvari(Kura) River located in thauBpoCaucasus Region (Georgia,
Azerbaijan, Armenia) from mechanical pollution usimodern methods and technologies.

To protect water resources from mechanical paoliuin the South Caucasus Region
the Mtkvari River watershed will be studied, asedssnd forecasted from the environmental
point of view.

The results expected from the implementation obgwill have the following impacts
in the ecological, economical and social dimensespecially: Ecological - Qualitative
pollution indices of water resources in the MtkvRiver will be fully investigated for the
transboundary regions of the South Caucasus; EdeabsAdoption of new scientific
researches will have a great economical impachgpiito account that profitable complex
activities implemented in the watersheds of thersunentioned above will decrease potential
expenditures on drinking water purification; Soci&V/ork implementation will be of a great
social importance because of new ecological engimgactivities, which will be
implemented to provide safety of population livingecologically unstable sections within
the watershed of the Mtkvari River.

Key word: South Caucasus, Transboundary Region, Mtkvaraksi Rivers,

1. Introduction

The Mtkvari — Araksi (hereinafter the Mtkvari riyazan be considered as the main
catchment basin of the South Caucasus and, a trmdboundary questions are connected to
this river system and its tributaries. The basithefMtkvari river is one of the main water
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catchment in the South Caucasus and any kind méli@undary questions is connected to the
river system (see photo 1). Taking into accountiheve-mentioned, we should consider
differences in the interests regarding its resaiecel, also, the fact that both countries,
Armenia and Georgia, i.e. “Roofing Countries”, puod and supply water to “Water
Consumer” Azerbaijan. The above-mentioned can haviefluence on water
control[1,4,6,8,10].
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Photo 1. The Mtkvari River System in the South Gaus

Also, during the last decades, the countries ofe¢lgeon underwent some changes,
which had a great influence not only on the fididvater management, but also on the whole
society. Taking into account their past experienGeorgia, Armenia and Azerbaijan try to
use any possibility, to look for the ways of itvvdlpment, to protect the environment and to
avoid heavy pollution of the Mtkvari system, whiohpede social and ecological
development.

Thus, the most important measures for the regieriafind not only short-term, but
also long-term solutions of the existing problemd & preserve environmental conditions
for the future and contemporary generations. Infrom about the environment is the most
important to get the appropriate decisions.

Thus, the main task is to assess water statusyitibility and date and information
about water resources of the Mtkvari basin. Thisvag consists of the following two parts:
description of water resources in the Mtkvari bagimg the existing data and analysis of
informational gaps on the basis of the requiremehWater Frame Directive (WFD).

2. Methods
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The methods needed to study the Mtkvari-Araksirbaan be described as collecting
and finding of field-expeditionary, theoretic antllmgraphic data as well as selection of
specific indices.

To represent water status of the Mtkvari basiretaosindices was presented and used
for all its components. The indices were seleateslich a way that they allowed us to
identify the interaction between different elemesftshe catchment basin and the main
control issues regarding drainage. The articletities the following topics:

. Motivating forces (natural phenomena; developmexdteconomic activity);
. Overloads (water supply; sewage water and polljtion

. Status (conditions), water quantity; water quality;

. Impacts — completeness of eco-system;

. Reacting strategy and control including institutibarganizing.

3. Data About Quantity of Surface Waters

Water law of Georgia determines property survegtafe water, necessity to develop
territorial schemes and water resources of the evhatin as well as balance materials of
water supply.

Georgia

The monitoring of surface waters is carried outtha purposes of hydrologic
forecasting and status of water resources. Datataimter level are recorded twice a day by 9
stations; flow indices are measured at the intéisex occasionally (35-40 times per annum
at all stations).

Azerbaijan

The hydro-meteorological station of Azerbaijan pdes measurements, implements
recording and delivers appropriate informationttdesstructures and society. Hydrologic
data are collected from 88 hydro-meteorologicdicta.

Armenia

The surface water monitoringrogram is carried out by 100 hydrometric statidnis
based at and consists of measurements of watdradetidlows based on the appropriate
curves.

4. Assessment of Erosion-Debris Flow Processes

Thedebris flow catchment basarea on the South Caucasus range is equal to 8600
km2, including the area of catchment basin - 480@ kand talus train - 3800 km2. The
hypsometric indices of debris-type water conduitated within the boundaries of the
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Mtkvari - Araksi catchment basin are characterizgadonstant indices[1,4,6,8,10]. Their
guantitative indices are given in Table (see tdhlg

First of all, erosion-debris flow should be foreeaksto assess index of mechanical
pollution of water resources within the boundaagéthe Mtkvari catchment basin. It is
connected to geologic, temperature, hydrologiclaydtaulic degrees as well as degree of
plant cover degradation.

On the basis of field-reconnaissance surveys, staeermined that erosion-debris flow
processes became more active in some sectionsiwhcpart of the South Caucasus and
slower in others. For example, debris flows wereabserved on the Duruji River (the
Alazani catchment basin, Georgia) after 1999. Tim#iar conditions can be seen on the
Kishchai, ShinchaiKurmukhchai (Azerbaijan); erosion processes becaroee effective on
some rivers, i.e., Telavi-Khevi (the Alazani RiBasin), Mleti-Khevi (the Tetri Aragvi River
Basin, Georgia) etc[2,3,5].

Table 4.1. Hypsometric Description of the Mtkvamdathe Araksi Rivers

Catchments Height(m)
area of the river Tot
basin (km2 and < 1500 - 2400 - 3000 > | @
%) 1500 2400 3000
River 188 51
Mtkvari (km2) 6,2 22132 746.3 3314 77
(%)
10
36,5 42,7 14,4 6,4 0
River 416, 98
Araksi (km2) 7 3785 126,5 63,3 5
%
(%) 42,5 38,4 12,7 64 |, 10

Taking into account the above-mentioned, we reptasethods and sequence, which
will be used to assess mechanical pollution of wagsources in the Mtkvari River basin.

On the basis of a study of statistical data arld fievestigations, carried out by the
author and scientists of Georgia, Russia, Germdapan, China, the USA, Austria, France
and other countries [2,6,9] an empirical dependéiasebeen derived, enabling to determine
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the maximum discharge@o-l%) of highly concentrated (turbulent) debris flowsvafious
provision[4]:

— \\ [ 061
Qo = 24(34+400i)F (m3/c) (4.1)

wherel - is the average inclination of the riverbdd; is the catchment area of the river
basin s (m2).
The mean diameter of driffjs) transporting the maximum discharge of a turbulent

debris flow Qe is calculated by means of the following empiridapendence [5]:

— 1 273 064
d, = (02+ 655i27)Q2 m) 4.2)

Taking into consideration the field-expedition atvs¢ions (1984-2000) and treatment
of statistical series, a dependence has been ebtaletermining the hydromorphometric

values (width of the riverbed B, depth of the turbulent debris flowH , average speed of
flow - V) at transit sections of mountain rivers [3]:

b =300 * Q% (m)
H = 008~ Q% (m)
V = 0160 %7 Q% (m/c)

(4.3)

The field surveys implemented in the catchmentrisasf the Shavi and the Tetri Duruji
Rivers have produced a conclusive evidence that¢higical conditions of the mentioned
areas as disastrous, which requires immediate mepiéation of appropriate measures.

To assess the erosive processes for the gullibsaetive erosive — debris flow
processes in the catchment basin of the DurujirRihe erosion coefficient (E) has been
calculated on the basis of dependence obtainedessit of field works and interpretation of
aerial and satellite images [3,5]

E = [058 + 140(F,/F,)]Ot/T)°*
(4.4)
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where, F1 — erosive area (km2) in the catchmennhlmighe river, FO — area (km2) of
the whole catchment basin, t - time interval suegefyear), T — total observation period (in
our case T=30 years).

(4.4) — limit dependencies are as follows:

0.061< (F1/F0)<0.24 ; 0.1 (YT) <1.0; (4.5)

The values of erosion coefficient for the mountamslopes of the Duruji river basin
are calculated by the dependencies (4.4) takirgaotount the appropriate values of damage
rate given in Table 4.2

Table 4.2 Erosion coefficient and erosion classofintainous slopes

in the catchment basin of the Duruji River

Values of erosion coefficient Intensity of
: Erosion | Erosion
N | River class annually
1980 1990 | 2000 | 2010
(2010) (t/ hal year)
1 | Nakhechi 0.077 008 | 0195 | 0207 | second 25
Gully
2 | Samali Gully 0.05 0.061 0.072 0.171 second 2-5
3 | Salesavi Gully | 0.30 0.45 0.68 0.75 third 5-10
4 | Ytkhovari 0.84 092 | 098 1.00 fourth | 10-50
Gully
g | MshraliGora | . 0.94 1.00 1.05 fourth | 10-50
Gully
g | Savepkhvo o) 0.96 1.11 1.15 fourth | 10-50
Gora Gully
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7 | TsipelGora | ) oq 0.99 1.21 1.23 fifth 50-100
Water
The Upper

g | Duruj 1.00 1.45 1.95 2.01 sixth 100-500
(Shavi Kide)

The frequency of ravines and flumes observed inessections of so called “Black
Mountain” in the upper reaches of the Duruji Ri({2002) is equal to 15-20m. In accordance
with the classification of Prof. R. Morgan([7], thialue is appropriate to the 7th class of
erosion with the intensity of erosion more than G0ita) per year.

As about the association (Table 4.2) between thei@n class and the erosion
coefficient, it has been calculated in accordanitie the scale of Prof. R. Morgan [7]

The results of granulometric analysis concernirgggiimples of solid composition
obtained from the talus train of the Duruiji rivee @iven in Table 4.3[1]. The chemical
analyses of colloidal mass needed to use debris mgsoduction [4] are given in Table 4.4
(value of chemical elements is given in %).

As for the mass slid from the mountainous slopgkéncatchment basin of the Shavi
Duruji River, it is equal to 300 000 m3 accordinglte data of June-July, 2001. This value
can be considered as an average one for the camglif this channel.

Table 4.3 Mechanical composition of debris masaiobtl

on the Debris Flow Cone of the Duruji River

Dimensions of

Factions Weight Percentage
° | o) ko) | (%)
Stones >30 116.0 42.0
Breakstone 30-10 48.9 17.7
S a7
Fine-Grained: 68.0 24.6
(1-0.05) 8.4
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(0.05-0.005) 8.8

(0.005-0.001) 4.0

<0.001 3.4

Table 4.4 Chemical analysis of colloidal mass efEturuji River, %

. Al2 Fe2 ,
Si 02 03 03 TiO2 | CaOMgO | MnO | NaO | K20

49.5 27.0 12.02| 0.29 090 290 0.80 1.08 5.60

Thus, the field investigations implemented in sum(@6801-2010) in the catchment
basin of the Shavi and the Tetri Duruji Rivezgaaled that the condition of erosion
processes on the mountainous slopes are disasimdys some sections, it can be considered
as equal to the 7th class of erosion.

Conclusions

The Mtkvari River, whickstarts in Turkeyand flows into the Mingechauri Reservoir
and the Caspian Sea, is one of the main watermatchbasin of the South Caucasus and a lot
of a lot of transboundary questions are connectghlis river system and its tributaries.

Data and information needed to assess water siathe Mtkvari River basin is limited
and differs from country to country. Using DPSIRdeb we have determined defects and
limits of available data needed to assess wattrssia the region.

The lack of investments into the cleansing statioeeded for sewerage and water
supply schemes of the Mtkvari River basin has atieg impact on water quality and water
eco-systems.

Average annual concentration of surface water tyuptirameters is similar to some
European rivers. But, the concentration of nutsenhitrogen and phosphorus is very high. It
can be caused by insufficient cleaning of sewagemsand a small percent of population
connected to sewerage systems.

The South Caucasus states (Georgia, AzerbaijanAanednia) signed water
convention. It will provide collaboration and commmeasures needed to protect
transboundary water resources. According to thecpies of integrated water resources
control determined by the European Water Frameciue (WFD), all partner countries have
possibilities and obligations to provide water rgses control at best level.
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Aiming to determine mechanical pollution indicegded for transboundary water
resources of the Mtkvari River, methods are represkto assess intensity of erosion-debris
flow processes and to allow forecasting of inacti&pacity of dams in the future.
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Abstract

Groundwater’s global role as a vital source oftirdenking water is well documented,
and efforts are underway in many parts of the wtwrlchanage groundwater reserves
responsibly and sustainably. A large percentagkefvorld’s population lives in cities and
either depends on or is affected in some way byrgitwater. This ever increasing demand on
groundwater has led to overexploitation of the Beggiand degradation of groundwater
quality particularly in the last 50 years. Availatdvidences indicate that regional changes in
climate (i.e., increases in temperature and redudti precipitation totals and patterns) have
already affected groundwater resources and eceosystemany parts of the world. In future,
climate change is expected to intensify groundweaglated problems due to reduced recharge
rates and increased demand for domestic, agriallund industrial water supply. Thus, the
basic concern is the sustainable management ohdveater resources such that it is not
depleted while the increasing demand is effectigallysfied. Based on these fundamentals,
the purpose of this study is to present an ovenaegroundwater problem in different parts
of the world and to present an overview of the enirknowledge in the area of climate
change impacts on water resources. Case studiagtieMediterranean Region, the Caspian
Sea Region and the Aral Sea where safe water Eoare typically scarce and became
steadily scarcer are presented. In particular,ssctehigh quality drinking water will become
more of a problem than it currently is in these amchany other parts of the world.
Decreasing precipitation and reduced rechargemfrgiwater resources are now considered
to be one of the reasons for declining groundwaiatity. Finally, these drastic changes in
the hydrology of the groundwater system are alspaesible for many changes in ecosystems
where some are irreversible.

Keywords: groundwater, sustainability, climate change acwbgstem

This paper is a general summary of the outcombeoNATO Advanced Research
Workshop on “Climate Change and Its Effects on WR&sources” held in Gme-lzmir-
TURKEY on 1-4 September 2010.

1. Introduction

National and global security can be assessed ity mags but one underlying factor for
all humanity is access to reliable sources of wiatedrinking, sanitation, agriculture,
construction, daily living, energy, fishing, foregstmanufacturing, public health, recreation,
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and transportation. The world's population is eated to reach 7 billion in 2011. Projections
recently issued by the United Nations suggestwioald population by 2050 could reach 8.9
billion (UN, 2004). Therefore, in many parts of tlwerld, population growth and associated
increased demand for water already threaten ttiaisable management of available
resources (Baba et al., 2011). Furthermore, tlseirecreasing evidence that global climate
patterns are changing and creating major influenodsuman survival on earth (Santer et al.,
1996; Baba, 2011). Global warming, climate chang® sea level rise are expected to
intensify problems related to the sustainabilityawéilable resources in many water-stressed
regions of the world by reducing the annual sugblsenewable fresh water and promoting

the ingress of saline water into aquifers alongceeests where 50% of the global population
inhabit (Baba et al., 2011).

Climate change is an important factor effectingevag¢sources. Thus, the focus of
scientific research in the first half of the 21shtury is towards finding ways to mitigate the
negative consequences of climate change on wateurees (Arnell 2000, Alcamo et al.
2000, Kamara, Sally 2004, Iglesias et al. 2006e8at al. 2008). As a consequence, water
management is becoming a critical factor and igiptaa decisive role in the geopolitical,
economic and social grounds (Hrkal, 2011). Mostr#tists are confident that if current
emissions of greenhouse gases continue, the wdtldemwvarmer, sea levels will be higher
and precipitation distribution will be altered frdatreir current conditions. As a consequence,
regional climate patterns will likely to change anfluence every day life in many parts of
the world. According to Houghton et al. (1996),lipbtemperatures are expected to rise faster
over the next century than over any time duringlaéise 10,000 years (Baba, 2011). On the
other hand, Hrkal (2011), bring in a different pestive to the issue and link climate change
phenomena with geological events. According to ldata from geology show that the mean
temperature on the Earth were about 120C highéngltine Eocene period (i.e. roughly 50
million years ago) than its current level (Zachbale2001, Katz et al. 1999) and the content
of CO2 reached values fluctuating around 1000 pprind the same era (Figure 1).
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Figure 1. Changes in temperature on the Earth giine last 65 million years (Hrkal, 2011)

According to Hrkal (2011), in the period betweea Eocene and Oligocene the climate
began to gradually cool down so that the Antanetis covered with ice for 10 million years.
This period was then followed by a warming up imémhen the Antarctic glacier melted
completely away. Another wave or spell of cooliraywh arrived as late as in middle of the
Miocene, which is characterized by fierce, shamatelimate oscillations, by alternating the
so- called glacial and interglacial ages (Hrkall 20 On the contrary, recent studies on
climate change and climate modeling indicate thvéh at least a 90% probability, global
warming is due to human activities and more speadiff to gaseous emissions since the
beginning of the industrial revolution in 1750 (IBC2001; Ganoulis and Skoulikaris, 2011).

Recent reports from the Intergovernmental Panéllanate Change (2007) confirm
that climate change is occurring at a larger ancermapid rate of change than was thought
before. Eleven of the last twelve years (1995-2086k among the twelve warmest years in
the instrumental record of global surface tempeeagsince 1850). The 100-year linear trend
(1906-2005) of 0.74 [0.56 to 0.92]°C is larger tlhla@ corresponding trend of 0.6 [0.4 to
0.8]°C (1901-2000) (Jia et al., 2010; Baba, 20Climate models are able to predict
temperature increase after 1950 only if the manged gas emissions are taken into account
(Figure 2). Climate change primarily and addititjahan-made modifications in land use
result in modifications of different componentstioé hydrological cycle, such as
evapotranspiration and precipitation. This is alsetine case in arid or semi-arid climates like
the Mediterranean, where data time series recasdiage shown a decreasing trend in
precipitation over the last few decades (Ganoulds $koulikaris, 2011).

Constituting about 30% of all freash water, grouatkw is a significant component of
the freshwater cycle and its significance is becgmore prominent as the more accessible
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surface water resources are increasingly more gggldn many cases, groundwater is a
sufficient, secure and cost-effective water suphiywever, it is increasingly becoming
stressed due to overexploitation, contaminationiarsme areas of the world due to climate
change. It was emphasized in a technical papendgecond working group of the
Intergovernmental Panel of Climate Change (Bated. €2008) that the information about the
water-related impacts of climate change is insigfit especially with respect to water
guality, aquatic ecosystems and groundwater. Tomreimpacts of climate change on
groundwater quantity and quality need to be congmdad and determined (Elci, 2011).

Constituting about 30% of all freash water, grouatkw is a significant component of
the freshwater cycle and its significance is becgmore prominent as the more accessible
surface water resources are increasingly more ggdldn many cases, groundwater is a
sufficient, secure and cost-effective water suphiywever, it is increasingly becoming
stressed due to overexploitation, contaminationiarsme areas of the world due to climate
change. It was emphasized in a technical papendgecond working group of the
Intergovernmental Panel of Climate Change (Bated. €2008) that the information about the
water-related impacts of climate change is insigfit; especially with respect to water
guality, aquatic ecosystems and groundwater. Thmreimpacts of climate change on
groundwater quantity and quality need to be congmdbad and determined (Elci, 2011).
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Figure 2. Comparison between observed and simulategerature change (a) without and
(b) with taking into account human gaseous emiss{btadley Centre, 2005) (Ganoulis and
Skoulikaris, 2011).

The purpose of this study is to present a briefraany of the findings of a NATO
Advanced Research Workshop that took place in Cézsmig-Turkey during 1-4 September
2010 to discuss the fundamental effects of clinsh@nge on surface and subsurface water
resources. The study is complied to emphasize Hie points of some of the research
presented in this meeting. It also aims to preaardverview of groundwater problem in
different parts of the world (including case stedi®m the Mediterranean, Caspian and Aral
Sea regions and other parts of the world) anddegmt an overview of the current knowledge
in the area of climate change impacts on watemuress.

2. Effect of climate change on groundwater

The most important pressure that climate changeewd@rt on groundwater resources
will be the changing rate of recharge which is elpselated to the changes in precipitation.
Therefore, following similar trends with precipitait, groundwater recharge rates will either
decrease or increase for different geographicabnsg For instance, IPCC reported that a
more than 70% decrease in groundwater rechargamguted in north-eastern Brazil,
southwest Africa and along the southern rim ofNfesliterranean Sea, whereas more than
30% increase in groundwater recharge is comput&airel, the Near East, northern China,
Siberia and the western USA (Kundzewicz et al.,720B8owever, the most dramatic impacts
of changing recharge rates on groundwater resoigdeseseen at the locations where
precipitation and accordingly recharge is expetbedecrease. Decreasing recharge rates will
definitely affect the quantity of the available gnalwater resources, while the quality of the
groundwater resources, especially in coastal ragiaill be threatened by the saltwater
intrusion and salinisation due to the increasegetranspiration (Mimura et al.,2007).
Consequently, decreasing recharge rates will alkargce the impacts of processes which
have already been observed, such as saltwatesimrgYazicigil et al., 2011).

Climate warming observed over the past severald#ece consistently associated with
changes in a number of components of the hydraddgigcle and hydrological systems such
as: changing precipitation patterns, intensity extlemes; widespread melting of snow and
ice; increasing atmospheric water vapour; increasiraporation; and changes in soil
moisture and runoff. There is significant naturatiability in all components of the
hydrological cycle, often masking long-term trentisere is still substantial uncertainty in
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trends of hydrological variables because of laggganal differences, and because of
limitations in the spatial and temporal coveragenohitoring networks (Huntington, 2006).
At present, documenting interannual variations @eds in precipitation over the oceans
remains a challenge (IPCC, 2008; Baba, 2011).

The changes in temperatures and in precipitatewedd and distribution will directly
affect the water demand, quality and watershedutiah will be intensified by runoff in
catchments and from urban areas. Rivers will hawet flows particularly in summer, and
the sea temperature, salinity and concentratid®@2, nitrates and phosphates will also be
affected. The most visible impact will be the flep@vhich will be higher and more frequent.
In addition, increased evapotranspiration will desad to higher irrigation water withdrawals
and declining levels in groundwater aquifers. Tharges in the frequency of extreme events
might be the first and most important change regest in the Mediterranean and Aral
Region. Many scientists have been working abouetfext of climate change on water
resources. Most studies have been carried out didlealiterranean Region. For instance,
Howard (2011) reported on the impact of climatengjeaon Mediterranean Region. He
mentioned that the combined population of countthas rim the Mediterranean Sea is
projected to increase by over 100 million betwe@d®and 2025 with the vast majority of
this growth occurring in the 12 drier SEMED couesr{Benoit and Comeau, 2005). Due to
population growth alone, it is estimated that b22010 of the 12 SEMED countries will be
consuming over 50% of their renewable water ressjrwith 8 of them exceeding 100%.
Most of the demand increase will come from irrigatand domestic supply needs. Yilmaz
and Yazicigil, (2011) reviewed the situations @& turrent knowledge in the area of climate
change impacts on Turkish water resources with asiplton past and predicted future trends
in atmospheric variables (precipitation, tempemtand hydrologic variables (streamflow
and groundwater levels). Prominent long-term ob=gchanges that are consistent over
Turkey include increase in annual minimum tempeest@and summer temperatures and
decrease in winter precipitation. Streamflow armaugdwater levels are found to respond to
the changes in atmospheric variables, indicatirigrg@l water scarcity problems in many
regions. This situation is exacerbated due to @i growth and over-exploitation of water
resources. General Directorate of State Hydraulicka/(DSI) is the main investing
institution responsible for the utilization of alater resources of Turkey. DSI have been
monitoring water levels in different part of Turkdyata from DSI demonstrate that
groundwater levels of western Anatolia are on didi@g pattern from 1970 to 2009 (Figure
3) (Murathan, 2009). The factor responsible forlidetg water table is the significant
increase in groundwater pumping coupled with desdaecharge rates. Gunduz andsgin
(2011) also investigated the influence of decliningcipitation totals and anthropogenic
stress in The Torbali-Bayindir aquifer in westeunrkey (Figure 4). They mentioned that long
term analysis of the data demonstrated a genechhohg pattern in groundwater levels at an
average rate of about 0.75 m/year, which is pasiociated with decreasing precipitation
patterns and partly with overexploitation of theiidey. The results further indicated a very
fast response of the groundwater levels to pretipit events (Gunduz agimsek, 2011).
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Figure 3. Distribution of groundwater level in Kikchlenderes plain, Western Turkey,
(Murathan, 2009)

Elci (2011) presented the results of a modelingystan the impact of climate change
on Izmir-Tahtali (western Turkey) groundwater systewhere Tahtali dam reservoir was
built on the Tahtali stream to meet about8®% of Izmir’s total drinking \&ter demand. He
used a numerical groundwater flow model by congidethe IPCC’s “Special Report on
Emission Scenarios” (SRES) scenarios. Based oe tlessilts he concluded that the largest
component in water budget is and will be net grouatér recharge, which is predicted to
decrease for the 2050 scenario causing a reduatip®062 m3/d in the water inflow to the
system. Furthermore, he also found out that sgtiecharge rates are predicted to decrease
by 5.2%. Groundwater seepage to the Tahtali reseand Izmir bay is predicted to decrease
by 2.4%. Another significant outcome from the wdiedget analysis is the change in the
water interaction between the streams and theeq#idr the current climate, streams are
gaining 6207.20 m3/d of water. The overall netdimn of water flow is expected to reverse
for the 2050 scenario, as the net loss of waten fitee streams is predicted to be 477.81 m3/d
(Elci, 2011).
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Same problem can be observed in the Caspian SeanRedl in Aral Sea basin. For
example, the major potential hazard of climate geamn Kyrgyz Republic is expected to be
the reduction of the mountain rivers runoff. Thistement is correct as agriculture (being a
basis of economy of the state) is based on irogdtrming. Mountainous rivers are the main
source of irrigation. Because of shortage of serfaater resources, the problem arises as to
increase of the irrigation systems efficiency asd af ground waters for irrigation (Litvak,
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Figure 4. Change in groundwater levels in a moimigpwell in Torbali-Bayindir plain,
Western Turkey

It is also reported that mismanagement of watenune®s increase the influence of the
impacts associated with climate change, particuEmdund Aral Sea basin. It is determined
that the size and water balance of Aral Sea isdomahtally determined by river inflow and
evaporation from its surface. Once the world’s fodargest lake, the Aral Sea has
dramatically shrunk since 1960s (Figure 5). In X9@Be area and the volume of the Aral Sea
were 68,320 km2 and 1066 km3, respectively. The Bea Basin receives the bulk of its
water from the two major rivers of the region, fau Darya and Syr Darya with a combined
average annual flow of 115.6 km3. The average dmiuga flow in to the Aral Sea during
1927-1960 periods was stable. The large-scale opwaint of water resources, mostly for
irrigation, has changed the hydrological cyclehiea tegion and caused serious environmental
problems in the Aral Sea Basin including but niited to the shrinkage of the sea
(Kokishev, 2011).

3. Groundwater and ecosystem
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An economic gain of use has led to a global explosif groundwater development in
the last several decades. Groundwater processedkawn severely threatened, mostly by
human actions such as changing soil uses and viegetaodifying surface and groundwater
flow systems, and introducing pollutants in thd aaid water systems (Arellano, 2005).
Consequently, groundwater reserves have been ddm&tensively. Continuing use of
groundwater, which is initially supplied from thge, causes increasing derivation of
additional water from surface water bodies suclstaisams, lakes and wetlands (Bayari
2005). Groundwater dependent ecosystems can onfyairatheir current composition and
functioning by the groundwater input. Ecosystenessagnificantly influenced by changes in
groundwater depth, pressure, flow rate and qualityious pollutants such as pesticides,
herbicides, fertilizers and other chemicals affgoundwater quality. Other pollutants having
highly toxic features for environment such as inidakeffluents, irrigation return-waters, and
leachate from waste disposal areas may also ajfeandwater quality (Yiice, 2005). The
quality of groundwater, the main source of drinkimgter in the most countries, is
increasingly threatened by anthropogenic activiigsh as industrial processes, intensive
agriculture, irrigation, tourism, transportation.

Once vulnerability of water resources to climatarae is assessed, the reactions of
habitats and consequently the ecosystems to thesges are estimated. This requires the
essential knowledge of ecohydrological variabitifyecosystems. The next step is then to
establish a true interdisciplinary study highligigtithe ecohydrological approach, to
adequately address the questions related to tloe-gipae links between climate-soil-water-
landscape and vegetation (Ekmekgi and Tezcan, 26805example, the hyporheic zone
refers to the saturated pore space in sedimeneabeand lateral to a stream/river channel,
that is strongly influenced by the interactionsh@sn surface and subsurface waters as a
biologically important ecotone. The hyporheic zoae be defined in many ways; however, it
essentially describes the extent to which nutrieaft-surface waters penetrate the shallow
subsurface in the immediate vicinity of a flowingfaice water body, to provide essential life
support for a distinct and often dynamic communitynvertebrates (the hyporheos) and
micro-organisms (Howard, 2005). Agricultural adivis the major factor effect quantity and
guality in most country. Also, illegal drilling fawater and the excessive use of pesticides
have been effected water resources. Mismanagerasraffected the quality of fresh water,
the pollution of resources by pesticides and tresidues, the intrusion of seawater into
coastal aquifers, and the gradual desertificatidaral by diverting rivers toward cultivating
crops or poorly placed ornamental plants that requiige quantities of water.

4. Sustainability of water resources

Scientific studies show that water challenge, whidhbe faced particularly by Asian
countries in next decades, has to be set in thela@went strategies in order to ensure a
healthy environment and a well being for the Iqugbulations. The effective management of
a water resource requires us to strike a balanwecka the water requirements of humans and
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the natural ecology of catchments. To achievedhjsctive more data needs to be obtained
for a better assessment of the situation. Hencéotlmaving tasks are deemed important:

Installation of multi purpose monitoring equipméot measurements of climate
conditions such as precipitation and temperature.

Installation of multi purpose monitoring equipméot measurements of groundwater
and surface water levels and quality indicators.

Identification, characterization and monitoringgobundwater-surface water
interactions.

Monitoring the impacts of groundwater abstractiand contaminants on groundwater
fed rivers, lakes and wetlands.

Monitoring and advancing binational cooperatiotransboundary groundwater
management.

Monitoring efficient use of surface and ground wédte irrigation.
Use of water-saving irrigation technologies.

Reduction in water demands and promoting conseevatse of water in agricultural
and industrial sectors.

Design of comprehensive water policies and integratanning
Use of improved technologies for water treatmet il@use.

Training and dissemination of information.
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Consequently; water sustainability is crucial pesblifor all living beings. Therefore it
required levels of decision-making, good governafag, and administration, economic and
other policy instruments, roles of users, politigaand groundwater experts, data collection and
monitoring, preferable management regimes. In addiefforts should focus on water
conservation, which includes reducing losses, ecihgrsaving and promoting management of
this resource as an economic commaodity (apart th@portion that must be considered as a
human right) and less as a political asset orratianal privilege. Increased water prices for all
users, particularly for the consumers in agriceltand industrial sectors, would help regulate the
demand for water. Consequently, pricing could effectively for achieving sustainability in
water management.

Consequently; water sustainability is crucial pesblifor all living beings. Therefore it
required levels of decision-making, good governatae, and administration, economic and
other policy instruments, roles of users, politigaand groundwater experts, data collection and
monitoring, preferable management regimes. In addiefforts should focus on water
conservation, which includes reducing losses, ecihgrsaving and promoting management of
this resource as an economic commaodity (apart th@portion that must be considered as a
human right) and less as a political asset orraianal privilege. Increased water prices for all
users, particularly for the consumers in agriceltand industrial sectors, would help regulate the
demand for water. Consequently, pricing could ledwesfectively for achieving sustainability in
water management.

Conclusion

Population growth and a changing climate seriotlslgaten water resources of the world,
with particular emphasis on Mediterranean Regial Region, Africa, and South of Asia.
Important resource management decisions will baired but any such effort will prove
inconsequential unless reliable predictions cambde of the influence that changing conditions
will have on the hydrologic cycle and available eraeserves (Howard, 2011). By 2050, it is
expected that world population could reach abduitl®n and many countries will face water
shortage conditions. An inevitable consequencéisfghenomenon would be an increase in
over-exploitation and increased use of unsustagnahlker supplies (i.e., deep groundwater).
Furthermore, decreased recharge due to changmatelipatterns and associated declines in
groundwater levels, deterioration in water quaditye to increased demand, sea water intrusion
along coastal aquifers and salinization could bisother listed as other consequences of this
problem. Finally, sustainable management, of watsources should be seen as the key for
sustainability of life in this planet.
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IMPACTS OF CLIMATE CHANGE ON FRESHWATER
RESOURCES AND THEIR ECOLOGY
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Based on the monitoring data and climate projestgmentists highly agree that
freshwater resources are vulnerable and have tieafl to be strongly impacted by climate
change in the long-run. However, there is no cosseabout the degree of impact of human
activities on climate change. By modeling studiegergovernmental Panel for Climate Change
(IPCC) estimates the expected changes in the diorag global scale for different emission
scenarios. Then these results are used as anfanpagional climate models. If we assume that
climate change scenarios will be realized in tharej we can foresee that there will be effects
of climate change on watershed ecology and on tterwesources. For example variations in
precipitation and temperature will increase thksrisf flooding and drought in many areas, will
directly affect the water demand and water qualiiyjanges in water quantity and quality will in
turn affect food availability, stability, accessdautilization. Water quality of surface runoff from
urban and rural areas will change. Function andatjms of existing water infrastructure
(including water treatment, hydropower, drainage iangation systems) will be effected.
Increase in water demand may result in insufficeagacity of reservoirs and transfer of water
from other watersheds might be necessary.

Within the scope of this paper, the impacts of alienchange on freshwater resources; their
availability, quality, quantity, uses and managenieevaluated. Impacts on ecology are
mentioned. Several management alternatives to eetthécpotential adverse effects of climate
change are identified; merits and tradeoffs invdlaee discussed.
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Introduction

Intergovernmental Panel on Climate Change (IPCQ72eefers in the Fourth Assessment
Report, AR4, to the warming of the global climagstem and states that “most of the observed
increase in globally averaged temperatures sireenid-20th century is very likely [this
likelihood statement can be interpreted as prothglil excess of 90%; comment added] due to
the observed increase in anthropogenic greenh@sseancentrations” (Szwed et al., 2010). It is
also expressed that on the global average, sudaggeratures have increased by about 0.74°C
between years 1906 and 2005 during which the wayinas not been steady and not kept the
same both temporally and spatially (IPCC, 2007)dkding to the recordings taken since 1901
only a few areas have been cooled, among whiclobtiee most notable one is the northern
North Atlantic near southern Greenland. Howeverinduthis period warming has been
experienced more over the continental interior&s& and northern North America. As referred
by IPCC (2007), the most evident warming signal dasurred in parts of the middle and lower
latitudes whereas the duration of the frost-fre@sea has increased in most mid- and high-
latitude regions of both hemispheres. Besides, mosintain glaciers and ice caps have been
shrinking since 1850.

Observations so far indicate that over most laedsrcold days and nights have got
warmer and fewer, while hot days and nights havengomer and more frequent. Area affected
by drought has been increased. This trend is eggéotcontinue in the future.

Currently, the effects of climate change have beghly sensed in sectors like agriculture,
and water related applications. As stated by Sated (2010), agriculture in the northern
Europe has been temperature-restricted, whilearsttuth it has been water-restricted. Both
conditions lead to decrease in the crop yieldsragdire the selection of new irrigation
techniques, new crop patterns etc. for the sudidityeof agricultural production. Water-related
studies frequently mention that water budgets nempine increasingly stressed. In some cases
evapotranspiration exceeds precipitation in sumteading to depletion of the water storage.
This deficit is projected to increase further il thture that will necessitate additional water
supplies.

Moreover, researches and model-based studies iadlta weather-related extremes are
expected to get more frequent and/or more severe@ping with these events will become
more difficult. Countries facing such conditiong attempting to take mitigation measures and
develop national and/or regional adaptation strateg

This paper points out the effects of climate chamgespecially freshwater resources and
mentions the common adaptation strategies.

134



Effect of Climate Change on Freshwater Resources

Climate change may have short and long term effattsater resources. Short term
effects take place because of the extreme eveataté related to climate change. For example,
during a flood shock loading of sediments, organatter and nutrients can be transported into
lentic freshwater ecosystems such as lakes and/oése Those ecosystems respond to such
forcing by instantaneous changes in water quakgcovery of the system depends on the
intensity of the effect, internal structure of gystem and in case of engineered systems on the
operating schedule and may take from a couple ekwep to a couple of years. Climatologists
estimate that frequency of extreme events may aserelue to climate change. Long term effects
on water resources occur due to climatic trendseaitehded periods of droughts. Effect of
climate change on freshwater resources is illustrat Figure 1 and discussed below.

To be able to figure out the effect of climate aien the water balance of a watershed,
the relation between the components of the hisibvi@ter balance and climatic variables may
be needed as reference. This task is straightfdnif&istorical data on both; the climatic
variables and the water balance components existeler, if one is missing the other could be
reconstructed using simulation techniques. Kavvas. €2009) used a regional hydroclimate
model (RegHCM-TE) for Tigris-Euphrates transbouydaatershed located in the Middle-East
for reconstructing the historical precipitationa#t perform water balance computations for
infiltration, soil water storage, actual evapotiairetion and direct runoff.

Changes in Water input to Freshwater Systems fromhieir Watersheds

Climate change can result in average temperatwtéadal precipitation increase. However
the temporal and spatial heterogeneity of metegroéh parameters may increase as well
resulting in increase of number of dry days in senfor dry season) and increase in flood
frequencies in winter (or wet season). Another egnence of average temperature increase may
be increase of average temperature in the warnoseasl decrease of it in the cold season.
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Figure 1. Effect of Climate Change in Freshwatesdreces

Changes in precipitation and temperature do ngt cmhnge the total amount of runoff to
freshwater systems from their catchments but &dlsaegmporal distribution of water inputs.
Generally, intensification of the global hydrolagiicycle is expected as a result of temperature
increase. However, if the land surface hydrologyaminated by the winter snow accumulation
and spring melt, temperature increase will defipiteuse a change in the outflow hydrographs
of the watersheds where time of peak flow will bdted towards winter. This phenomenon is
discussed by Barnett et al. (2005) in great deffaitbes et al. (2011) analyzed the water cycle in
a small snow dominated Canadian catchment (BeaneskCAlberta) using hydrological
simulation model (ACRU agro-hydrological modelingt®m) and concluded that regions with
snowmelt-dependent water supply may experiencas@anges to the hydrological regime
due to temperature increase. The consequencesepenged by Forbes et al. (2011) as less
available soil water with potential negative imgagh agriculture, and also increased stresses for
the natural vegetation, lower streamflows in latenser and fall with potentially adverse
impacts on the aquatic ecosystem and anyone windlraivs water from the river.
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Furthermore, as temperature rise the winter pritiph may shift from snow to rain and
the timing of peak streamflows in many contineatadl mountainous regions will change. The
spring snowmelt peak flow may shift to earlier dajshe year or even get eliminated entirely
and winter flows increase (Kundzewicz et al., 2008)

Changes in frequencies and intensities of extreraate such as floods and droughts are
projected as well. According to IPCC (2007), thepartion of total rainfall from heavy
precipitation events will increase and tropical &igh latitude areas will experience increases in
both the frequency and intensity of heavy precijgitaevents.

Doll and Florke (2005) stated that many of the entrwater-stressed areas will suffer from
decreasing amount of water since both the rivavgland the groundwater recharges are
expected to decline. In addition, Kundzewicz e(2008) reported that drought frequency is
projected to increase in many regions, in particuathose areas where reduction of
precipitation is projected.

Shortage of Reservoir Capacity Due to Increase in ter Demand

Temperature increase may increase evaporationdtoface waters and
evapotranspiration and thus water loss from plantssoil will result in increased irrigation
water demand. However, Barnett et al. (2005) sthegsthere is little agreement on the direction
and the magnitude of historical and/or predictegpetranspiration trends. Temperature increase
alone is expected to enhance evaporation and ealgnéivapotranspiration. On the other hand,
temperature increase also affects other variablels &s wind speed, humidity, cloudiness which
have their amplifying/dampening effects on the @vapon and evapotranspiration as well.
Therefore, the magnitude and the direction of ¢it@l response of evapotranspiration to
temperature increase should be considered aslgpatid temporally variable. This should be
considered when deciding on the operational scleeafuleservoir systems and especially on
those that have the purpose of irrigation wateragt® and supply.

Temperature increase may also stimulate water copison. More water consumption
may result in future shortage of reservoir capaitiit is sufficient today. In this case two
options are available: Promoting decreased watswaption (change in way of life in urban
areas, change in crop patterns/irrigation methslufting to water saving processes in the
industry, application of ECOSAN in rural areas, ete transfer of water from another
watershed. Water transfer from other watershedsldhe planned carefully and managers
should not only consider the quantity but also take account the ecological effects on both
watersheds.

According to Mirza et al. (2003) the benefits opegted annual runoff in several regions
such as South-Eastern Asia will be tempered bythegenpacts of increased variability and
seasonal runoff shifts on water supplies. Flooklwal increase especially in low-lying river
deltas. Furthermore, additional precipitation dgrine wet season in those regions may not
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solve the water stress problem occurring in drgeeaf the extra water cannot be stored
because of the shortage of reservoir capacity.|&ilyi Barnett et al. (2005) states that changes
in precipitation patterns will not offset the prebis as associated with warming.

Changes in Water Quality of Runoff

Another response of ecosystems to climate chantpe ishange in the quality of surface
runoff from agricultural land, forests and urbaaas.

Changing meteorological conditions may necessiiaéamges in crop patterns and thus
manure/fertilizer/pesticide applications and irtiga schedules may change. Some areas may
loose the ability of any agriculture whereas ofn@zen wastelands may become appropriate for
agriculture. Hence water quality of surface rurfafin agricultural areas is subject to change.

Forests, depending on their ecological characiesisimit nutrients and organic matter that
are transported into aquatic ecosystems soonatert Forest ecology is complex and more
inertial compared with aquatic ecology. Therefare much harder to estimate the short term
effects of climate change on surface runoff qudtityn the forests. Annual and seasonal average
temperature increase generally eases the photesyatiate and plant yield changing vegetation
and forests. Forests can succeed in higher elexatitowever extreme increase in temperature
may result in higher plant respiration rates arift #fe photosynthesis-respiration balance
towards respiration. Droughts have an adversetaffeforests favoring succession of steppes
and shrubs. Soil organisms will be affected by atenchange as well thus the biogeochemical
cycles will be shifted to different equilibria. Giige in both natural vegetation and soil biology
will cause different water quality and quantityrfrdorest runoff.

Increase in storm event intensities and frequernikksesult in more wastewater
containing stormwater release to receiving wateidsooh case of combined sewer systems.

In case of droughts, accumulation of contaminantiand can be expected as there will
not be storm event for extended periods. Hencrensevent following an extended dry period
will have an increased shock loading effect on wagsources.

Changes in Water Quality and Ecology in Lakes and Bservoirs

Climate change may affect the ecological processkntic ecosystems which in turn will
affect the water quality. Increase in average awater temperature affects the primary
producers (mainly phytoplankton) in lake and resgrsystems in following ways:

» Change in primary production rates

Temperature changes will affect both; the photdsssis and the respiration rates.
Initially, increases in temperature will promotglmer photosynthesis and respiration rates.
However, for each group of primary producers, the®@n optimum temperature range. If the
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water temperature exceeds the upper limit for aptmtonditions, temperature stress will
decrease photosynthesis rates and increase respirates. This mechanism will accelerate the
nutrient recycle and making nutrients availabledomary producers adapted to higher
temperatures causing a shift in dominant phytogtamigroup. More increase of temperature
may completely suppress some phytoplankton grong&acause sudden breakdown of their
blooms eventually leading to decreased water gualit

» Change in species distribution in primary prodsce

As stated previously; because of the water temperancrease phytoplankton groups that
can adapt to higher temperatures for example cyateba will be favored. Cyanobacteria that
are generally better adapted to higher temperatoegsdominate the algal community. Genera
such afAnabaenandAphonizomenoproduce algal toxins, taste and odor problems.eSom
species of cyanobacteria are capable of nitrogatidin and hence increase nitrogen loads
through watershed outlets.

» Change in vegetation/bloom period

More days or longer photoperiods during a day nayupdue to the climate change.
Those conditions may extend the vegetation persodell as earlier blooms may be possible. A
large portion of the nutrient inputs to lotic ece®ms generally occur in late winter and early
spring related to rain events and snowmelt. Inpkisod although the nutrient concentrations
increase in water, lower water temperatures lirnjttpplankton growth. However, if the water
temperatures increase because of the climate chiatigis period, two factors needed for
phytoplankton growth, more suitable temperaturetaght nutrient concentrations, will
synergistically favor phytoplankton growth. If tieesonditions are followed by better light
availability, phytoplankton blooms will be strongerd more frequent and adversely affect the
water quality.

Adaptation to Climate Change

It is stated by Rosenzweig et al. (2007) that solimeate change impacts on hydrological
processes have already been observed and furtheges are projected. Thus, mitigation
measures are needed to be taken as well as adagtatlimate change is necessary. Below
common adaptation measures are referred.

Efficient and effective use of water

When water demand increases and water availab#ityeases one of the most widely
used solution towards decreasing water consumjfgiasing the available water effectively and
efficiently. Water demand management considers umeado improve efficiency of water use.

Among sectors, agriculture is the leading sectdeims of water consumption. Climate
change is expected to directly and indirectly iaseedemand for agricultural irrigation.
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Adaptation measures to climate change in the atpiral sector include changes of
agrotechnical practices (e.g., use of crop rotatoivancing sowing dates) and introduction of
new cultivars (heat-wave- and drought-tolerant syogoil moisture should also be conserved
(e.g. through mulching). Besides, timing and freguyeof irrigation need to be optimized
considering the crop requirements. This is impdrtanreducing irrigation return flows which in
turn deteriorates the quality of the receiving wate

Industrial water consumption may also be reducedeweloping less water using
technologies as well as in-plant control measuCé=an technologies are preferred due to their
optimized water consumption.

Domestic uses may be decreased by encouragingpgahlse water-saving home
appliances, through water pricing, legal sanctemmd raising public awareness. In the big cities
in developing countries, water loss through leakagehe water distribution lines constitutes a
significant amount. Thus, it must be aimed to deseewater losses below 10% by renewing the
old pipelines.

Alternative water resources

In cases of severe water scarcity, reducing watesumption may not be a remedy and
thus searching for alternative water resourcesrheawrucial.

Desalination of seawater or brackish water is @ereid as an important option of
producing freshwater. Recent technologies and amhsaim the sector allow producing
freshwater at affordable costs when higher amoargtsntended. However, water withdrawals
for desalination purposes may alter the well-béfrggrelated ecosystem. Thus, it is necessary to
take into account the environmental impacts thahtoccur due to the planned water
withdrawals. Also brine that is produced in desatiion process should be properly disposed.

Another alternative source is reuse of treatedeveaster. It is known that treated
wastewater may be used for irrigating green laadkgpand gardens in big cities. It can also be
used for irrigating agricultural land if the natedrstandards are satisfied in terms of irrigation
water quality. Industries can also utilize treatestewater in their processes providing that the
quality of the goods manufactured remain uncharigeeno et al., 2007).

Aquifers can be thought as storages where watsitfwsugh evaporation is relatively low.
Thus, recharge of groundwater aquifers with treatastewater is applied in different countries
such as Israel and Spain (Esteban and Miguel, 288i8pt, 2008). However, it should be
underlined that advanced treatment is necessamptect the aquifers from pollution.

Another option is ecological sanitation (ECOSANgiices. By such applications
generated wastewater is separated into three stretithe source (yellow water, grey water and
black water) that may be recycled after applyimgpder treatment techniques. For example
treated grey water may be used for irrigation amddcharge of aquifers. However, in most of
the cases existing and usually old fashioned itrixagire is not compatible with ECOSAN.
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Reuse and/or disposal of each wastewater streantdsbe carefully planned. For example,
yellow water could be used instead of fertilizet ibuot desalinated salinity in human urine can
harm the crops and the soil (Beler-Baykal et &1119.

Inter-basin water transfer

Szwed et al. (2010) states that water transfer fiararea of relative abundance to an area
of scarcity may smooth the spatial water variabilit is applied in many arid and semi-arid
regions. Three points are important in water trangteasibility regarding engineering works,
hydrological and ecological conditions of the basiPre-screening in terms of engineering
works focus on costs of the work and on the ledtivater transmission lines. Besides, head
loss/energy consumption of the pumps, natural atificl barriers along the pipeline and its
vicinity are also important factors to be considere

Inter-basin water transfer depends on the avaitploif excess water from where the water
is withdrawn. Especially the climatic conditionshaith basins gain importance. If both basins
face drought conditions in the same years, waagster among them must not be considered as
a feasible option. Both basins must be surveyeat poirealization of water transfer regarding
their hydrological characteristics. During theseveys, long-term hydrological data must be
analyzed. Basin ecology is equally important. Tlaerintake structures must not give harm to
the ecosystem. Socio-cultural conditions and ecaécalmharacteristics should also be taken into
consideration and sustainability should be kemhind during water withdrawals. There are
contradicting opinions on inter-basin water transféhey argue that inter-basin water transfer
may no longer be viable in a future with climatexbe, as climate change stresses almost every
source of freshwater. Also taking more water fréwe matural system has biological, ethical, and
increasingly legal limitations (Karakaya and Gone2@05; Hall et al. 2008). Consequently,
inter-basin water transfer must be considered et solution to water scarcity.

Maintaining the sustainability of watershed ecosy&ims

Natural aquatic ecosystems are among the impostatgr resources supporting life. It is
very important to maintain the ecological flowstloése systems. Ecological flows are usually
determined by some practical statistical approgcmsessimptions and methods supported by
scientific research conducted at site. During tistsdies it must be considered that aquatic
ecosystems are in interaction with terrestrial gstsns. Thus, any change in aquatic or
terrestrial ecosystem will have an effect on theentFor example, the decrease in surface water
levels will affect the groundwater levels and degmnt ecosystems. Evapotranspitation increase
due to climate change has also effect on the deemiagroundwater levels. As this condition
may lead to change in the vegetation cover whidirin lead to habitat change regulation of
groundwater use becomes more important. As renefiggbundwater lasts long, their planning
must be done prior to facing water scarcity.
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Continuous Monitoring and Training Activities

(Rosenzweig et al., 2007) states that there isd teimprove the monitoring networks
and research capability on changes in physicalpgical and socio-economic systems. This is
particularly important in regions with sparse ddtais will contribute to an improved functional
understanding of the responses of natural and eaggd systems.

In the developed countries data on water resoaneeavailable in a systematic manner.
And these data are usually open to public freehafge. Sharing of data accelerates their
analysis and also enables some small scale engigesarvices. Such advantages may lead to
rapid completion of various tasks. Furthermoreséhgeveloped countries involve public to the
monitoring programs. In such a way, monitoring s@se decreased and public awareness is
increased.

Training activities for raising awareness on cliemelbange and its effect on water
resources for all stakeholders (decision-makecs| ladministrators, public, institutions, non-
governmental organizations, etc.) and disseminatativities should be conducted. Participation
of the public is to be encouraged.

Revision of infrastructure

Changes in water quality in water resources witlassitate revision of existing water-
related infrastructure. New components of the stftecture should be designed according to
possible extremes that would occur. Resiliendh@finfrastructure should also be enhanced.

Water treatment systems must be designed and edezetording to drinking water
standards under raw water inflow with varying waggality. On the other hand, different
wastewater treatment options that seem not feasitiiey, may be available in a world with
higher annual average temperature. One examgie iggflow anaerobic sludge blanket (UASB)
process that is used to treat municipal wastevimt@armer countries such as India currently.
Such technologies that are more cost-efficientatbel applied in higher latitudes once further
meteorological conditions change due to climatengba

Concluding Remarks

Changes in the hydrological regime due to climatenge require adaptations to maintain
a secure and sustainable water supply. From a logiegperspective and based on global
experience, the most effective management apptisaecbasin-unit approach. Thus, initiation of
basin-wide strategic planning is crucial considgtime diminishing water supplies. Social and
economic development plans have to consider caymg@pacity of the freshwater systems as the
first priority, and form a balance between watendad and supply.
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In transboundary watercourses adaptation to cliclaamge should be carried out jointly
among all riparian countries of the basin and ceatEn on a basin-wide level should be
increased.

Modeling is a useful tool for estimating future ddions. In many of the climate change
simulations precipitation and temperature are cmred as the main state variables. However,
changes in other meteorological variables suchiad gpeed, humidity, cloudiness are also of
great importance if more accurate hydrological yses are of concern. Also response of land
cover changes associated with the climate chanmédsbe considered in simulations, as both
land cover changes and climate change effect eteh. o

Meteorological, hydrological and ecological datawgd be produced systematically. This
is a problem in most of the countries in the woelshecially in developing countries. One
solution to this problem is to establish hydrometelogical institutes that would produce and
analyze all the data related to climate and watelecas an organized center.

Capacity building, awareness raising and trainictiygies on adaptation to climate change
should continue increasingly.

The climate change increases the capital invessard operational costs and therefore
indirectly impacts the business management. Thescdsts for handling climate change should
also be considered.

Water law and policies for effective use of wateowd be developed or revised. Water
conservation and more efficient allocation of watethe local, regional, and national scales may
help countries to be more prepared for the newleringés of climate change.
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Abstract

The aspects of water allocation between the casti Central Asia are considered in
terms of river runoff ecology. To decide ecologipedblems in the region the creation of
Interstate Water Quality Control Commission of Bloundary Rivers is offered. Efficiency of
construction of reservoirs in foothill districtscaassential influence on formation of
microclimate and change of meteorological pararsesédistrict is shown. Influence of
reservoir and temperatures of water on change roulstand efficiency of the agricultural
grounds are observed. The Vakhsh river is chatiaeteby the big degree of sediment and
therefore a prominent aspect in planning conswaabf hydroelectric power stations is the
forecast of dynamics of change of useful volumeater basins due to receipt of the weighed
deposits.

Key words: precipitation; humidity; irrigation; microclimate

Introduction

Water relations between the Central Asia statéseaSoviet Union were regulated by
“Complex Use and Protection of Water Resources 18ek&in the Amudarya and the Syrdarya
River Basins. The main purpose of the “Schemes”teakfine real volumes contained within
the Amudarya and Syrdarya basins and volume avaifabuse. It also provided their fair
allocation among the states of the Central Asiaid®egneeting all the water users’ interests. A
number of important aspects was not consideredrahaded in “Schemes” for the situation
greatly changed after 1980 (the year of the lash&#&nes” specification and completion of
hydraulic range composition). Mainly it concerns #tologic and sanitary conditions in rivers
and channels. According to “Complex Use and Prmteaif Water Resources Schemes” the
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maximum use of the water was planned in irrigati¢tenads and this situation resulted in
exhaustion of water resources; the following protdeappeared:

- deterioration of ecological situation sometimesdieg to ecological disasters in
downstream of rivers of the Aral Sea Basin;

- pollution of river waters with pesticides, herbieg] other harmful elements and increase of
water mineralization.
For example, Amudarya river waters after the TuygumuReservoir are characterized by

sodium and nitrites (NO2) exceeding margin coneiutn (MC) 1.2 and 2.3 times accordingly;
in Nukus region MC exceeding of heavy metals issoled (Chembarisov, 2001).

Nowadays one of the most polluted rivers of Cerfisah is the Zarafshon River. The
quality of its water is changed under the influeateollector of drainage water wfigating

basin zone and wastewater of Samargand, Kattakulgaroi and Bukhara cities.

Mineralization of water from origin to estuary ieases from 0.27-0.30 g/l to 1.5-1.6 g/l. Among
heavy metals Cr and Zn exceed MC the most. Moreavéhe Zarafshon river high content of
antimony was found and its phenol pollution comga3€.5 MC (Chembarisov, 2001).

In spite of convincing indexes of pollution influgng human health (use of bad-quality
water caused 80% of all the world diseases, 2hilieople are sick due to water factors),
ecological tragedy of the Aral still proceeds. Bvgear 12-14 km3 of unclean used water
overfilled with pesticides and toxic chemicals @vfl to the Syrdarya River.

Kizil-Orda Regional Administration of Environmentd®ection in the Syrdarya informed
that nitrogen exceeds MC 2.5 times; sulfates exb4€®.0-7.7 times; biological use of oxygen
— 5-3.1 times; oil products — 7 times; copper -tid@s; iron — 2 times.

Mineralization of water coming from the Shardaries@rvoir increased to 1.4g/l and in
Kazalinsk region up to 2g/l which exceeds the taiee (Nurgisaev, 2002).

Heavy metals (Pb, Zn, Cr, Ni, Cd and Hg) with coricaion exceeding MC tens and
hundreds times were detected in the Syrdarya Rindrits tributaries.

In water of the Naryn-Syrdarya river basin onlytba territory of Kyrgyzstan 14
suspended and working mining industry objects awated, and volume of solid waste materials
exceeds 550 million m3. Downwards of the SyrdarixgeRthere are the Sumsar and Alabuka
rivers running down from mountain frames of thethemn part of the Fergana valley.
Concentration of lead there is from 3 to 100 M@czs more than 10 MC and copper is more
than 30 MC. Three radioactive tailings dams in Munsh region with the total radioactive waste
materials of about 2 million tons and summary digtiof 1015Bk are situated in the valley of
the rivers. Natural disasters can destroy waterves dam, causing the flood of radioactive
waste materials and infecting water on a big tyi{Aitmatov and et al., 2001).

However, the main purpose is not in ascertainilegetkisting facts of ecological disasters,
but in adopting cardinal decisions for improvemeinthe ecological situation.
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The analysis of the publications of the last fieass, as well as the resolutions of regional
and international meetings and conferences denatestrat the problem of quality of water
arteries in the region becomes a subject of desgarehes and analyses. The problem of
studying the water quality change and developmentexzhanisms of its control is urgent and
concerns not only the countries of Central Asiaduthe states of the regions. Here it is
possible to recommend development of bilateralraotiilateral legal mechanisms for strict
adhering to 13 and 16 principles of Rio Declaratmncerning the duty and compensation for
ecological damage and the approach that the congannpays for contamination.

To stabilize the ecological situation in the mega number of measures are offered, for
example, by Jalalov (2001). According to one oftihieis necessary to make as a principle the
limited water intake with some changes allowingwaer users down the river flow to intake
the greater water volume in percentage terms. @bptaon of this limited water intake system,
according to Jalalov (2001) will allow regulatingisr intake from the rivers not only in view of
irrigated lands, but also in view of water quabiyd degree of its mineralization.

The penetrating comprehension of water importandbke region and social responsibility
for steady water supply called, for example, imragzlreaction of five Governments in Central
Asia. In February of 1992 Interstate Coordinatioatg®f Commission (ICWC) was founded. The
foundation of ICWC in difficult and unpredictablegi-Soviet time enabled the countries of the
region to undergo the period of water “anarchyheatpainlessly, to ensure equilibrium and
consent in the region and has shown eagernesktbéalountries to ensure mutual present and
future understanding and respect for fruitful caagien.

It gives the ground to hope that the problem oftaorination and ascending of a degree of
water arteries mineralization can be solved withgame success by creating (similar to ICWC)
Interstate Coordination Water Quality CommissiddWIQC) (Table 1).

Structural subdivision “The interstate experts'tesithe leading technicians in evaluating
the quality and composition of waters from all five states of Central Asia.

The main function of this body is to compare thpegis’ information on water
composition and to solve disputable questions logyiray out the independent expert appraisals
of water quality of Transboundary Rivers. ICWQC i®¢ary appoints the stuff and sets terms of
power of the interstate experts. In Information €erstablished in the each country of Central
Asia the water quality control statistics in indigdt agricultural, municipal sectors and hydro-
posts are gathered, generalized and systematihed, The data concerning water arteries quality
from the each country come to Analytical Centel@NQC. It should be noted that after
reaching the complete transparence of relative oasitipn and quality of all the water arteries in
Central Asia the next stage will be the developnoémbechanisms to encourage and take
measures to the states polluting water environnTérgse problems together with other
guestions should be studied in ICWQC Secretariatdosideration at Meeting of Central Asia
Heads of Governments.
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Tablel. Structure of the Interstate Coordinationté&v@uality Commission (ICWQC)

ICWQC Secretariat
Analwvtical Central Analvtical
Center Interstate Experts Laboratory

Information Center in
Central Asia States

Industrial
Sector

Agricultural
Sector

Water
Qualitv Control
Experts

Municipal
Sector

Hvdro-posts
at the borders

Ecological, Irigation and Energetic Critera of theReservoir Construction

At present to define the efficiency criteria of tHgdropower station (HPS) with reservoirs
method based on analysis of the key parameter$8f ¢bnstruction such as capacity and out-
put of HPS depending on area of the territory osmipy HPS is widely applied. As an index
of ecology-economic efficiency of Hydropower statiwe used relation of capacity and out-put
electricity to the one hectare of the territorydiar construction of HPS (Table 2).

Table 2 Ecology-economical efficiency of HPS widlservoirs construction

: On power output
On capacity references to the ; P o th P ¢
Ecology-economical Index area for building HPS references 1o e area for

efficiency of HPS building HPS
(MWt / ha) (TWt/ ha)
Annual for HPS with area of 0. 193 0.406

less than 100 thousand ha
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Using the data represented in the Table 2 we choug efficiency estimation of the
existing Nurek HPS and construction of the RogyrShRth reservoirs planed in the nearest
future (Table 3).

For comparison in the Table 4 ecology-economicxmafehe considered HPS are
generalized with analogous indexes of other HPS.

Table 3 Estimation of the Nurek and Rogun HPS waservoirs

Index of efficiency

Name P W(102) S A M P/S WIS o wia

(TWt/ha
)

Bratsk 4400 22.6 547.0 357.3 70.0 0.008 D.040.012 0.063

MWt TWth Th.ha Th. ha Th.pers. (MWt/ha) (MWt/ha) (TWt/ha)

Charvak 600 20.0 4.6 2.7 9.18 0.13 36.4 0.225 0.750
Togtogul 1200 41.0 31.9 - 29.3 0.038 0.128 - -
Nurek 2700 112 21.5 0.2 150 0.126 0.522 503. 56.000

Rogun 3600 133 17.0 6.800 16.0 0.212 0.78Q@.529 1.956

P- capacity of HPS, W- power output, S- area foBHR-area of wood vegetation, M-
migration of population

Table 4 Comparison of the Nurek and Rogun HPS ggedconomic indexes with the optimal
criteria of HPS construction

Ecology-economical P/S W/S
Index efficiency of HPS (MWt/ha) (TWtha)
G 0.123 0.406
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Bratsk HPS 0.008 0.041

Charvak HPS 0.130 0.436
Toktogul HPS 0.038 0.128
Nurek HPS 0.126 0.522
Rogun HPS 0.212 0.782

G- annual for HPS with area of less than 100 thodisea, P-capacity of HPS, S- area for
HPS

In the Central Asia Region with its inherent climatonditions choice of place and the
geographical location for reservoirs construct®ome of actual problems. It is possible to
estimate the degree of influence of reservoirsnd Zones on surrounding environment with use
of coefficient Ksur.env (Shirokov, 1998) :

Ksur.env = Z S| /Soi ‘100%) (1)

Where Ksur.env. - Coefficient of reservoir inffwes on environment; Si -area of the
territory under influences of the reservoir, kmaj S area of the basin, km2.

Calculations of the Ksur.env (Murtazaev, 2005) destated that factor of influence of
the Kayrakum reservoir on the surrounding environinie 0.11%; for the Nurek reservoir it is
0.144% and for the Muminabad reservoirs it is 0980% (Table 5).

Table 5. Coefficient of influences on surroundimyieonment

Reservoirs  Kayrakum Nurek Muminabad Golovnaya

K 0,11% 0,144% 0,002% 0,0011%

It is easy to notice that influence of small premt@inous reservoirs on the microclimate is
higher than in plains. The identical picture iseved for large reservoirs. Influence of the
Nurek reservoir is 1.31 times higher than influeotéhe Kayrakum reservoir.
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Apparently, the degree of influence of reservoirsadjoining land decreases as their sizes
and volumes reduce and at the same time influehitee@djoining land on the reservoir
increases. This feature should be considered whestrzicting new reservoirs in Tajikistan and
also when creating zones of rest with a greateofsgicreation services.

To estimate the role of the reservoirs as locata&te formations factor following ratio can
be used:

AP/csp.dif.,
whereAP — influence indicator,

osp.dif. — middle square deviation differences efdeposition one of indicator by two
station located on the distance 10-20 km.

At AP/ osp.dif.>1 influence of the reservoir on formation of met#ogical condition is
essential.

Before filling up the Nurek reservoir with watentperature of the Vakhsh River water in
the Nurek HPS dams (kishlak Tutkaul) didn’t diffesm its values 17 km below the dam
(hydrological post Sariguzar). After filling up tiNurek reservoir (1972 year) drop of water
temperatures was observed in spring (February-Mag)rise of temperature in summer -
autumn - winter time (July-January) in comparisathwatural conditions. It can be partially
explained by the fact that water is taken away fthentop of the reservoir at its unachieved
filling up to High surface level (HSL) which occed only in 1980. The greatest difference of
average monthly temperature (4Q) of water before and after construction of theereoir on
the hydrological post Sariguzar is observed in Maver-December. Moving away from a dam
this difference decreases to Q. The influence of small reservoirs on changesofgerature
of water on length of the river is traced on alsmgnificant distance (Table 6).

Table 6. Average monthly temperatures of the VakRisier water before and after the Nurek
reservoir construction

River- Periods Month
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Hydropost I i m v v v Vvl VI L X X Xl

Vakhsh 1946-

Tutkaul 1967 2€ 43 7.6 11.a2.¢ 143 150 149 1: 112z 6.7 34

Vakhsh 1967- i
Sariguzar 1971 20 40 8.1 11.583.214.4 15.0 14'93.5 11.2 7€ 4.8

1972-
Vakhsh 54 39 55 10.013.014.9 15.9 16.0 14.C 11 9.0
Sariguzar  19gg 5.3

Difference -34 01 26 15 0.2 -0.5 -0.9 _1'f8 -2.8 4. 4.2

The analysis of changes of the water temperatulerninfluence of reservoirs shows that
they are most significant at large reservoirs:mgision in daily and decade temperature of water
reaches 8-120C. The greatest difference of averaehly temperatures of water before and
after construction of reservoirs is in Novemberuiag and for the Vakhsh River it is 4.2-3.40C
(Murtazaev, 2005).

The influence of warm waters dumped from largemases lasts 8 months a year, while
effect of cool water lasts four months (FebruaryyManfluence of high temperature is traced on
distance 1.74 times greater (209 km), than infleesiche cooled waters (120 km). Hence
change of annual distribution of average monthlyes of water temperature below large
reservoirs is not connected with change of annuama of air temperature, but is influenced by
the reservoirs of the cascade. Although accordirdpta of “Nurek” station monthly average
temperature after construction Nurek HPS goes d&ugn 1).
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Fig. 1. Average monthly temperature before anerafte Nurek reservoir construction

To establish influence of the climate change orsids changes of agroclimatic resources
we carried out the analysis of climatic parameitetbree districts with developed agricultural
branches (Dangara, Fayzabad and Yavan) adjointhe tdurek reservoir. For that purpose data
from Hydro-meteorological stations (HMS) locatedhiese areas has been used. Data on
dynamics of temperature and relative humidity ofaaid atmospheric precipitations for 1968-
1988 years was considered as well. The evaporatidrhumidity coefficients were determined
(Table 7).

Table 7. Summary of meteorological indexes in edistrict

Years
Hydro-post Index
1968-1972  1995-2000
T (0C) 15.3 16.4
H (%) 57.0 56.9
Dangara
F (mm) 570.5 598.5
I (mm) 1196.7 1438.0
T (0C) 13.2 154
H (%) 61.6 55.2
Fayzabad
F (mm) 709.0 675.4
I (mm) 1013.0 1258.8
T (0C) 17.2 16.9
H (%) 47.2 50.4
Yavan
F (mm) 677.4 677.3
I (mm) 1630.8 1567.5

T-temperature, H- humidity, F- precipitation, |-agoration
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The data presented in the Table 7 demonstrateditingzig 20 years (1968-2000) the
average annual temperature raised 1.0-1.50C, dedi b 3-6% decrease of relative humidity
and to 10-26% increase of evaporation in annuahodt12-30% in period from May to
September. However, in Yavan district dynamicsharges of the listed parameters has the
opposite tendency: the temperature of air and ewasipa decreases 0.5 and 7.2 % accordingly,
and relative humidity and factor of humidifyingsai7.2 % and 10 % accordingly.

Reduction of evaporation in vegetative period ivafadistrict reaches 12.2 %. In view of
climatic changes it is necessary to bring corredpmncorrective amendments in planning of
water use in agriculture. During development agation regime parameters of meteorological
condition for all period of supervision are usualbnsidered. But it leads to errors. Old
specifications do not consider growing needs faewdue to ignoring the process of global
climate warming. On the contrary, in the Yavaneslihe recommended regimes of the
irrigation consider over-expenditure of water rases. For example, last specifications on
regimes of the irrigation of Yavan valley use arraxerage means of humidity coefficient
(0.35) and rate it to the category of droughty sr&ut data presented in Table 6 shows, that
during the last 20 years evaporation in the vatiay decreased almost by 300 mm (17 %) and
the amount of precipitation has risen to 70 mm9d1and the humidity coefficient is 0.45.
Hence present irrigation norms for cultivation lné tmiddle-fibrous cotton in Yavan valley
(1200m3/ha) and in Lucerne (3000 m3/ha) are ovenagtd. Calculations show, that losses of
water only in these two valleys are more 60 min.m3.

Table 8 Average annual granulometric compositibtihe Vakhsh River sediment flow

D (mm)

Years less
0,05-  0,01-  0,005-
105 0502 0201 01005 55 g5 (o1 0.001

Komsomolabad
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1972-

1976 1,43 7,05 8,56 15,29 36,97 18,03 17,57 3,76
1977-

1,53 7,11 8,67 14,89 37,21 17,87 17,39 3,81
1987
Sariguzar
1972- 0,63 1,77 3,92 8,7 47,3 22,12 18,31 2,95
1976
13;; 0,72 1,94 3,87 91 48,2 21,54 19,08 2,86

D-diameter of particles in sediment flow

The analysis of the results of researches of ttration characteristics at irrigation by the
clean water and water with the weighed sedimerawslihat before the Nurek reservoirs
construction in each cubic meter of the Vakhsh Rivater contained up to 10 kg of sediments
and annually more than 100 tons of sediments ritin minerals inflow to the agricultural fields.
According to the Hydrometeorological Agency of Republic of Tajikistan mid-annual charges
of the weighed sediments of the Vakhsh River atih@ro-post located 17 km below the Nurek
HPS since 1972 (the beginning of filling of the Bkireservoir) decreased from 1000 g/s to 82
g/s in 1980. Nurek reservoir almost completely &gss the weighed sediments of the Vakhsh
River (Table 8).

Conclusion

The necessity to establish the interstate commmssiocontrol of water quality of the
Transboundary Rivers is proved. Comparative calicuia of efficiency of a number of
hydroelectric power stations are carried out. Mutctional influence of these constructions on
agroclimatic and ecological conditions of envirommis specified.
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THE DYNAMICS OF FLUCTUATION AMONG MAXIMUM
WATER RUNOFFS OF SOME RIVERS IN ARMENIA

Trahel Vardanianl, Parandzem Davtyan2

1Yerevan State University, Armenia, 2“Quantum” @ge, Armenia

The 20th century was marked by global changesdrstitial, political and economic
spheres. The state of the environment, includingmaodies, changed as well.

The nature of these environmental changes is comm@dth the increase of greenhouse
gas concentration in the atmosphere and with thethrof temperature of the sub-surface layer
of the atmosphere. According to the data of IP®E pterennial average annual air temperature
on the Earth in the last century increased by (6840, and still keeps on growing; according to
separate forecasts, temperature may rise by 5-§afelbend of XXI century (IPCC ..., 1995;
1997; Climate Change... 2001, WCRP-107 ..., 1999; WQB®-.., 1999).

The global aspects of overland moisture changeextainly reflected in the change of
water resources even on small areas. Armeniansa#l mmountainous country distinguished by
aridity and river scarcity. The present-day climateange may decrease restorable water
resources and enhance aridity there, as well &npally increase the frequency and intensity of
disasters such as floods, droughts, and mud-fl@xs&en these possible conditions, the task to
study and evaluate the changes in water resoufeags becomes urgent.

This work is aimed to study and evaluate the dyoaraf changes of 30-day maximum
runoff with the case-study of some rivers in Arnge(fig.1).
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According to calculations, the -day maximum runoff considerably exceeds the cale
mean monthly runoff. With this respect, in confalymwith the calculations of the maximt
runoff, it is recommended to use the value c-day maximum (average for 3lays) water
discharge rather than maximum mean monthly (calgnvaddue for the main characteristic

The calculations show that-day maximum runoff is always bigger and the-day
minimum runoff is smaller than the monthly calendaroff (Vardanian, 006)

The main hydraneteorological characteristics of the-day maximum runoff of sonr
rivers in Armenia are presented in Table

The area of the studied river basins (Table 1)egdfiom 40 (Gegharot) to 839 kr
(Akhurian). The mean altitude of washeds varies from 1810 (Tashir) to 3100 m (Geghe
The layer of precipitation on this territory is aib@73 (Meghri) to 845 mm (Tsghuk). The me
annual air temperature alters within the limit-2,60C (Aragats) and 14,20C (Meghri). Me
perennial weer discharge changes within the limits of 0,96dot) and 7,24 m3/s
(Akhurian).

Table 1. HydroMeteorological Characteristics of We-Abundant Runoff of Some Rivers
Armenia
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Bl

Akhurian - Kaps 2710 465 19,1
Tashir — Saratovka 450 1810 2,65 |662 6,1 | 6,6
Aghstev - Dilijan 303 2000 3,45 620 82 83
Marmarik -Hankavan | 94 2430 1,65 |776 38 | 7.8
Gegharot — Aragats 40 3100 0,96 802 -2,6 3,0
Argiji — Getashen 366 2470 556 |495 57 | 21,6
Arpa — Jermuk 180 2790 5,33 741 47 18,5
Daliget - Tsghuk 137 2780 1,50 |[845 3,0 |51
Voghji — Kajaran 120 2840 3,64 830 54 115
0 Meghriget - Meghri 274 2200 3,12 | 273 14,2| 8,7

Now, let us see, what changes the perennial 30vaEn maximum runoff of some rivers
in Armenia has undergone (Table 2, Fig. 2) durasy 50 years (1950-2001) and why.
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Fig. 2 Rivers which have a Tendency of IncreasgOsflay Maximum Water Discharge

The change of the perennial 30-day mean maximumiffrisino the same for all the
studied rivers (Fig. 2, Table 2).

In the range of perennial observations the tendeheynoff increase was observed for the
rivers Aghstev, Marmarik, Meghriget and Tashir, &imeltendency of decrease-fro the rivers
Argiji, Arpa, Daliget, Voghji and Gegharot (Fig. Pable 2).

The biggest value of increase in the 30-day maximumoff was identified in the Tashir
river (Saratovka) — 20,2% (Table 2), while the daslvalue was observed in the Meghriget
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river (Lichk) — 0,5%. If the latter one is takeniagariable, one can note that only in case of
three rivers runoff increase was observed — ab®20P6 (Table 2).

Table 2. The Change of 30-day Maximum Runoff of 8dRivers in Armenia

10

Tashir — Saratovka

Aghstev - Dilijan

Marmarik -
Hankavan

Gegharot — Aragat

Argiji — Getashen

Arpa — Jermuk
Daliget - Tsghuk
Voghji — Kajaran
Meghriget - Lichk

Total Runoff

Q =0,059 - 108,68

Q =0,05B- 106,81

Q=0,061 -111,85

5 Q=-0,00% 5,64
Q =-0,07T + 174,52
Q =-0,082+ 181,11
Q =-0,029 + 55,32
Q = -0,020+ 69,68
Q = 0,007 - 0,94

Q =-0,284 + 653,71

R=0,24

R=0,23

R=0,24

R =0,02
R=0,11
R=0,18
R=0,15
R=0,14
R =0,04

R=0,17

6.64

8,34

7,85

3,02
21,57

18,48
5,12

11,46
2,45

84,93

-0,02
-1,26

-1,65
-0,63

-0,51
0,01

-4,11

precipitation, while the other factors are derivas and they only stimulated the runoff increase.

We believe, according to the testimony of the stuldg increase of the 30-day maximum
runoff in the selected basins is caused only byatic factors, namely, by the increase of
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Fig. 3 Rivers which have a Tendency of Decreasaday Maximum Water Discharge

The biggest value of decrease in the 30-day maximunoff was identified in the Daliget
river (Tsghuk) — 12,3%, while the smallest valugjck can be taken as invariable was observed
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in the Gegharot river (Aragats) — 0,6% (Table G2)case of the other rivers, the mean value of
decrease has changed within the limits of 5-9%. EiJable 2).

As is apparent in the afore-mentioned indicatdrs,dhange in the 30-day maximum
runoff for some separate river basins does notereholistic vision of the runoff change. With
this respect, the study was carried out for thenghan the total runoff for the same period of
time (Fig. 4, Table 2).

Fig 4 and Table 2 show that the 30-day maximum tatzoff pex of rivers has a tendency
of decrease. According to calculations, with resp@the mean perennial 30-day maximum
runoff, it has decreased by 4,8%. However, it istivaoting that this value of maximum runoff
decrease (4,8%) has almost no significance foetlo®omy, as it is considered to be a limitative
runoff.

150
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Fig. 4 The Changes of Total 30-day Maximum Runé®ome Rivers

in Armenia (1950-2001)

If we compare the change of the 30-day maximum ffumi¢h the minimum one (30-day
summer-autumn and winter) for the same periodno¢ tithen we shall notice that in low water
period there is a reverse tendency, that is, aneoease (Vardanian, 2006). In other words, a
tendency of equalization of seasonal runoffs aénswvas observed.

In case the change of the 30-day maximum runafbrapared with the mean annual total
river runoff for the same period of time, it candsen that the change of total runoff is also
accompanied with its tendency to decrease, thaughght decrease, by 1% (Vardanian, 2006).
This circumstance also denotes that the perenr@ahmnnual runoff of rivers in the Republic of
Armenia strongly depends on the 30-day maximumffuiibe latter one is significant and it is
not a coincidence that 60-70% of perennial meamalmnoff falls on the high-water season in
rivers.
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Thus, the research of the change of perennial $G¥ssn maximum runoff on the
selected parts of rivers showed that for some dntiser basins (4 areas) it has increased, while
for the other parts (5 areas) it has decreasedtofAkemaximum runoff also has a tendency to
decrease, which composes about 4,8%.
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PRESENT-DAY SOLUTIONS TO THE ISSUE OF POLLUTION
OF HYDRO-ECOSYSTEMS CAUSED BY TRANSPORT MEANS

Christina Hakopian®, Diana Hakobyarf

YYerevan State University, Armenfdnternational Scientific-Research Centre on Water,
Climate and Recreational Resources, Armenia

Abstract

For centuries, hydro-ecosystems have operategsgfifing qualities against water
pollution. However, caused by rapid industrialiaatin 20th century, the anthropogenic
overload undermined the balance of hydro-ecosystentke planet and put new challenges and
tasks for their rational use.

This paper discusses the environmental effectsechiog transport-cause pollution and
suggests two main solutions. They are: the impr@rgrof monitoring systems aimed at
protection of hydro-ecosystems and developmertehiulti-modal transport systems. In
particular, the attention is drawn to regional nmadidal transport systems aimed at
establishment of a joint transportation infrastmuetand in-country economic development.
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Introduction

Before the 20th century the anthropogenic load aterwesources was relatively
insignificant, it did not affect the natural balanand small changes, like pollution, could be
“recovered” by means of self-rehabilitation and-geirification. At present, the ecological
balance is destroyed to the extent that it is resrggo reconsider environmental policies and
restore the balance of hydro-ecosystems.

The anthropogenic impact endangers the quantitygaatity of water resources, causing
changes in water balance, hydrological, hydro-ckah@nd hydro-biological regimes of the
water bodies.

There are a number of factors which affect the tjtadive and qualitative changes of
water resources in any header. Among them are:

» water use for household and industrial needs;

e waste water;

* urbanisation;

* reservoir construction;

« irrigation and enrichment of arid lands with water;
» drainage, agro-melioration works and others.

1. Sources of pollution

Water resources can be contaminated in directlyiragicectly. The direct sources are
provided by factories, refineries, etc., while theirect sources contaminate water bodies from
soil and atmosphere, being in their turn pollute@daesult of human activity.

There are different sources of water basins comatoin. They are classified into several
groups: mineral (sand, rock particles, clay pagticketc.), organic (plant remains, pollutants of
animal and human origin etc.), bacterial, biolofigadustrial.

Pollution of water bodies is caused by industagticultural and household wastes, as
well as transport related emissions. Oil produgtadremical, wood-processing and other wastes
are the most dangerous industrial pollutants wha¥e a negative impact on life in water basins.
These pollutants appear as a result of not onlgless attitude towards environment. In
developing countries sewage systems are usualkgdeped, with worn-out pipelines that cause
additional leakage of the pollutants. In case afdetold and other recyclable wastes, the lack of
recycling systems makes water bodies serve a dgnmbace.

The effects of pollution can vary; they may becaraesiderable not only to the water
bodies and unbalance the system, when the waté<will be unable to sustain biodiversity.
The alarming signal for us should be that endangdhe environment is hazardous for human
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health. Contaminated water (and air) causes araserin various respiratory diseases, allergies,
oncological and other diseases. In countries watimedical insurance system and high poverty
level, health issues can become acute especialiyufoerable groups of population.

1.1 Transport system as a pollution source

One of the man-caused factors which have a negativact on environment, is the
transport system, or, rather, its unbalanced uaed@minant transportation system pollutes the
air, contaminates water resources, and affectsJairsity.

Road transport has been the dominating source of &fissions since 1970s, and
contributes with 40% to the total emissions in 2Q0J5This non-point pollution source
contaminates water resources with fertilizers, ipelgs, engine oil, rubber and metal deposits,
and other pollutants into water bodies. Water dquadisignificantly deteriorated by marine oil
spills, too.

Transport emissions have an adverse effect on hin@alth, too. According to EPA (US
Environmental protection Agency) In the 1996 Naailohoxics Inventory, vehicles like cars,
trucks, and so on, release about 3 billion pourfidsicer-causing, hazardous air pollutants each
year [2].

Within a period of years, Europe developed a ‘[@stuting’ system of transport means
and made its management more effective. Cleanemame energy efficient vehicles, as well as
elimination of obsolete vehicles from use are prteddo cut emissions. This, however, does not
necessarily apply to some states in Asia, Latin Avae Middle East and Africa, where less
policy regulations are in place and Nitrogen oxidesssions are increasing [3].

2. Purification of water resources

The man cannot change (increase) the absolute drabwater resources, however, he
can balance the amount by applying rational useadér and improving the quality of available
water resources.

Water purification, which implies breakdown and ceml of certain substances from it, is
like a complex production, where waste water isrétve material and purified water is the final
output.

As is well known, the application of methods of @rgpurification depends of the nature
and degree of pollution of waste water. These nustloan vary from mechanic, physical-
chemical to biological, which are currently repired with new methods of phyto-technology
(mainly used in rural areas). In industry, it isiaky a combination of methods applied for better
results.
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To conserve water resources from pollution and esti@n under conditions of
intensification of water use, a complex of actasti which will ensure the appropriate condition
of water bodies in accordance with the presenslatipn on water, are to be applied. The
implementation of this complex, it requires solatmf a number of scientific, technical, and
financial problems:

to define norm setting of water quality;
to reduce the quantity of waste water;

to study the processes of self-purification in g\@ngle water basin and set a strict control
over the process of purification of waste/sewagtersao be thrown off into water basins.

The issues of hydro-ecosystems require a new agipttoatheir use and protection of water
resources. To settle these issues, a number ounesaand activities (including monitoring) are
suggested:

to stop the overflow of waste water into the wénasins;
to introduce zero /minimum/-emission technologiesdustry;

introduce new technologies allowing to make somtemaetaining industries into less
water-retaining ones;

to reduce losses and water amount, consumed gesfiagricultural output, and others.

The implementation of these activities, that wauidtect water resources and prevent the
hydro-ecosystems from degradation, requires coraitie investments and state intervention for
the solution of this issue.

3. Additional measures and new systems
3.1 Pollution monitoring system

Untreated or insufficiently treated sewage is tl@mtause of the pollution of water
bodies. In some CIS states, the technologies applithe plants are not efficient and do not
meet modern requirements. Moreover, the treatneshinblogies used were based on practically
free energy (both natural gas and electricity). &fiquresent conditions, their use is extremely
expensive and the use of existing water treatnaailittes cannot be justified [4].

However, alongside the problem of obsolete treatragstems and sewage pipelines, there
is another crucial process, that controls the guafiwater bodies, that is the pollution
monitoring system /for drinking, waste, environmantaters/ that must involve regular
monitoring observations and systemic approaches.

Today, enhanced technology offers sophisticategoetgnt to monitor different types of
pollution; however, not every country can affordgdh means. Yet, since water resources are
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interconnected, they do not recognize politicah@ministrative borders, the issues of water
pollution and conservation of water resources tpliagtion of various techniques must be
carried out jointly, on regional and global levedsich example is South Caucasus region where
the states in the region have launched a river toong programme [5], aimed at solving the
issues of in-country and transboundary river comation, by increasing technical capabilities
for monitoring, data management and communicatnsng the states.

3.2 Regional multimodal transport

There are certain solutions aimed to balance tahsige and minimize their
environmentally unfriendly “status”. It is the i@ition and use of multi-modal transport system.
Multi-modalism is a priority for European transppdlicy. This policy must be pursued in
developing states and countries with transit ecoesmas well.

Multi-modal transport system is a system undermbmtr ownership of one operator, with
use of many transport means. The multi-modal sy$t@sra number of advantages, such as:

» faster transit of goods and time saving;
» less bureaucracy connected with documentations;
» dealing with one operator;
* reductions of costs, etc.
After collapse of the Soviet Union the economieSoilith Caucasus states were seriously

damaged and are still in process of revitalizatibrefers to transport system as well. Thus,
formerly developed transport system in Armenial,(raad, air) is presently overloaded with
predominantly motor transport means. A number@bshave been already made for
introducing more balanced transport system thatadvbe more environmentally friendly and
economy beneficial.

To proceed with these aims, the next step is tméee, that is to develop a multi-modal
transport system. This step can be better achiitbdoined forces of the other South Caucasus
states. On the regional level, the establishmeatrefyional multi-modal transport infrastructure
will enhance the economic development in the regiuth also provide joint solutions to the
efforts for environmental protection, in particuthat of hydro-ecosystems, mentioned before.
The regional multi-modal system will create oppoities for the more effective use of services
in road, rail air and water transport. To estabdishulti-modal transport system on the regional
level, it will be necessary to consider a numbeaaivities, aimed at improvement of legislative,
technical and information systems.

4. Conclusions

Today, hydro-ecosystems and their quality are figebendent on the anthropogenic
factor. At the same time, man actively uses wadsources and any disbalance in them finds its
reflection on people. There is one solution-to kéephydro-ecosystems protected. As transport
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is one of the main pollutants of water bodies,e¢haust be new approaches and solutions on
how to make transport infrastructure environmentadbre friendly.

The paper suggests a number of activities and igabs, singling out two solutions: to
enhance the water monitoring systems and for segiens to make them on the regional level.
And the second suggestion is to develop regiondtismodal transport systems for small and
developing (with transition economies) states giovironmental protection of their common
watersheds and also economic development in tiegsens.
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The economic development of any country greatlyedep on its power engineering that is
presented by three major power generating capsgcite thermal power plants (TPP), nuclear
power plants (A-plant) and hydropower plants (HEF®Y Russia, the latter is the most suitable
power source.

Russia ranks the second, and is inferior onlyim&in water-power potential, while by
its efficiency it is behind the majority of the gdtes that develop power engineering.
Moreover, Russia occupies a huge territory dististged by different economic development.
For instance, in the European part of Russia @b of water-power potential as against 4 %
in the Far East have been developed. The distoibuti global energy capacity is also uneven:
40% falls on the European part, 40% - on SibeB&-3the Far East. Hence, in the Central
European part of Russia the potentialities forlénge-scale engineering have been practically
exhausted but in Siberia, the Far East, in theheontCaucasus and in the west of the European
part of Russia hydropower engineering has goodpgicis and can satisfy the forecasting
demand in energy.

In view of engineering features, HEPSs have sormargdges as compared to other
sources of energy (e.g. TPPs and A-plants) bedaegedon’t consume fuel or other non-
recoverable resources.

The HEPS efficiency is independent of fuel avaligband price. The growing HEPS
power output leads to conservation of mineablewess including gas which steadily goes up
in price on the world market.

High maneuverabilitys characteristic of HEPS: it takes around 10 ri@sto achieve
100% operating power and even less time is requaeits load-off. HEPS unit capacity varies
from 100 up to 640 MW (e.g. Sayn-Shushenskaya HHERflike other alternative power
generating sources: to achieve a design conditiom®P, several hours are required; for A-
plants it is prohibitive because the applicatiofleétuating loads is at variance with safety
conditions. To achieve the design conditions attgesne power plants having low capabilities,
tens of minutes are required. Owing to high maneahiity, HEPS are irreplaceable in
providing steady operation of power lines and tbegr supply system as a whole. Thus, HEPS
allow the TPPs and A-plants to operate steadilyitr gradually changing load, thus
eliminating the electricity deficiency during rusburs.
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High maneuverability of HEPS hydraulic units isatléor using them as backup ones.
Currently, 95% power reserves of Russia fall on BEP

In contrast to other types of energy sources, IH&ERS have multipurpose assignment.
The HEPS reservoirs provide flood control, navigiatiwater supply, irrigation, etc.

The lack of oxygen combustion and carbon dioxidease by HEPS gives a good
ecological effect which importance was specifiethi@ “Kioto Protocol”. However, to evaluate
its economic effect is hardly possible due to thproper legislation.

Any energy system is optimal if all types of powenerating sources are available in the
region. In Siberia and the Far East, by objectaasons, the specific weight of waterpower
engineering in energy output is higher than theaye one in Russia.

It should be noted that any large-scale hydraulgireeering constructions (especially high-

pressure HEPS on Siberian rivers) make an impatte@environment. When large and deep
reservoirs are constructed in Siberia, the forechstater state on the regulated river flows (i.e.
in the reservoir and tail-water) is of great impoxte. For instance, in winter, with change in
hydroicethermal regime in tail-races of high-pressdEPSs, unfrozen patches of water are
formed.

Temperature fluctuations and gaseous exchange invér water make a negative effect
on the river’s flora and fauna, and hence on itismeification ability. All these effects should
be assessed in advance, at the stage of studyslagexal consequences of the hydroengineering
project implementation.

Many typical water-economic problems related tdhhpgessure HEPS construction in
Siberia were observed under the construction oEtlenki HEPS on r.Nizhnaya Tunguska with
rated capacity of 12 min.Kw, output- 46 b k W heTHEPS construction in the scarcely
populated part of Russia allows to use water-paesource of a river at maximum and to
transmit the generated power to the European p&tissia and to the Far East.

The natural-economic peculiarities of the floodesbamply partial territory withdrawal of
the river valley settled by the root populationSiberia, in the course of reservoirs construction,
specific problems caused by poor preparation ofelervoir floor to its filling, and the lack of
forest data and clearing may occur.

The construction of the unique reservoir of 1200l&ng on the main riverbed of
r.Nizhnaya Tunguska with the design capacity of W®03 under extremely severe climatic
conditions generates specific problems which smtutequires thorough scientific study
associated with forecasting the ice-thermal regimtée reservoir and tail-race as well as water
guality change in r.Nizhnaya Tunguska due to asidied areas covered with woody-shrubby
vegetation.
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To predict the ice-thermal processes, dissolvedjeryand admixture transport, water
guality change in a deep slightly running watedyp6e.g. the Evenki reservoir), the methods of
mathematical simulation (including the ones devetbimn IWEP SB RAS) were used [3,4].

The investigations done are the initial stage ofke@n forecasting the changes in
Nizhnaya Tunguska water quality under the Everg&reoir construction

The construction of plain HEPSs is another mafthe construction of the Novosibirsk
HEPS and reservoir that brought to improvementooigr and water supply of Novosibirsk city,
including navigation on the Ob’ is a striking exdeygHowever, typically all plain reservoirs are
subject to marginal erosion, shore impoundmentdatdrioration of water self-purification. To
prevent the negative processes, a set of specadures are undertaken.

Shortage of water also generates big problemsiraxést the reservoir’s inflow, the
climate change effects on the river runoff formatie the Upper Ob basin should be studied.
When analyzing the natural-climatic factors, modarowledge on the peculiarities of a
hydrological cycle should be used. One of the k@plems to be solved at the international
level is working out the scientific fundamentals &oshort-term forecasting of a river water
regime to study probable extension of lead timetarichprove the reliability of hydrological
prediction.

The specificity of hydraulic engineering constraatin the mountain regions accounts for
both natural-climatic conditions and social-ecotadjimportance of such territories. In this
connection, it is of great interest the real anepial experience of Republic of Altai gained in
hydraulic engineering construction (wind and selaergy, large- and small scale power
engineering) subjected to permanent shortage ofrigigy that hampers social-economic
recreational development of this region.

At present the Republic of Altai lacks the gen@@itapacities except for the oldest
beyond the Urals Chemal HEPS and the newly cortstlusmall HEPS on Kairu and Tyunya
rivers (near Balykcha and Dzhazator villages, retpely) which satisfy the needs only of the
nearest settlements. The main volume of energy sdrom Altai Krai suffering from power
shortages.

The projects on hydropower development in the RipobAltai are being considered
since the last century and incorporated the coctétruof coordinated small HEPS on Biya and
Katun rivers and the realization of a rather clmgieg project on the construction of the Katun
HEPS with compensating Chemal HEPS. In the cadehisaproject is implemented, of great
importance is the forecast of environmental andssebange under the effect of hydraulic
structures including the evaluation of damage ahbsdandflood, change of water quality in
reservoirs and transformation of floodlands in tade as well as the influence of hydraulic
engineering construction on natural-resource, pcdéd and socio-economic potential of the
region. Once an Environmental Impact Assessmentaaducted, the original project was
improved and such topics as microclimate variatiithin the resort settlement of Chemal and
the accumulation of toxic materials in reservoirevevithdrawn. However, this project was not
realized and currently the ordinary one on the transon of the Altaiskaya HEPS providing the
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use of natural runoff power is under consideratibis expected that the dam height will be 50
m, the plant output — 140 MW, and mean annual pg@saduction will make up 0.85 b kwh.
Since the river flow won't be regulated, only 50%gpower demand of Republic of Altai will be
satisfied during winter period, and in summer, @Reess of energy can be sold to the
neighboring regions and countries, in particulapngolia and China. The construction of more
than 50 small HEPS on Altai rivers holds much pseniAccording to preliminary estimate of
Krasnoyarskgidroproekt it is advantageous to usénttdroelectric potential of small rivers and
their tributaries, namely, Peschanaya river (8 RBPS), the Anuy (7 small HEPS), and the
Charysh (11 small HEPS) [11].

In the context of transboundary aspect, the expeeién the construction and operation of
the tandem reservoir system on Irtysh river whicanged significantly the hydrological regime
of the river and its tributaries is of great in&rél he study of water-related and ecological risks
carried out currently by IWEP SB RAS on transboumdarritories in the Irtysh basin reveals a
number of claims of Russia to Kazakhstan on watdrdrawal from the Irtysh (unreasonable
volume and uncoordinated dates). Similar claimdaiceby Russia and Kazakhstan on the one
hand to China on the other.

Irtysh river is a very important source of freshievdor East and Central Kazakhstan. The
Irtysh-Karaganda canal provides large cities anttaljural regions with drinking water. The
flow from the upper part of the Irtysh-Kara-IrtyfBlack Irtysh) basin runs across China where
about 9.0 kniYyear of river flow is formed. Until the presernngé China took up to 1.0-1.5
km®/year; it is expected to increase the water withvaiahrough the Black Irtysh-Karamai canal
up to 4.0-5.0 kiflyear to provide the area of petroleum depositfandther purposes. Then the
Bukhtarma and Shul’bino reservoirs which experiemager shortage during low water can
remain without water. Difficult situation is observin the Lower Irtysh (Russian part) where the
flow reduction has caused serious problems in rédiig and water quality in the river which is
the only drinking water source for a million-strocigy of Omsk.

Nowadays the international community deals witlumber of projects on the
improvement of the situation in the Irtysh basiazkkhstan discusses two projects providing
water replenishment in the Irtysh on the one hamtidilution of industrial runoff on the other.

The first project proposes the diversion of Tikhayar water to the Irtysh basin. In
Kazakhstan, it is expected to make a pressure aldtannel 4.5 km in length and 3 m in
diameter to the Bukhtarma river basin, and to consthe Belokatun’skaya HEPS of 1.25 B m
capacity at the point of water level differencecéuding to the preliminary estimates the HEPS
construction cost will make up about 77 b teng8.8bb), the designed capacity will be as large
as 800 MW and the annual power production — 2.Wh.kin this case the power generation at
the existing Upper Irtysh coordinated hydroelecsgistem increases by 660 b kWh that makes
possible to restore the water balance through@uvtiole river.

The second project concerns the diversion of AkyKand Kara-Kaby rivers which rise in
Katon-Karagay region, run to China and after jagnemter the Black Irtysh. The project is
evaluated at around $1 billion. The tunnel willdselong as 20 km. It is expected to divert the
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river from the border and to direct it to the Bdutksh just in the Kazakhstan part. It is the
authors’ opinion that “in this case the problenwater shortage will be settled”.

At present the experts are active in the developwiemoth projects [9]. However, it is
assumed that the diversion of rivers will take plagthin the Katunsky biosphere reserve
(Russia) and Katon-Karagaisky natural park (Kazelt)svhere any kind of construction even if
it is environmentally sound one is forbidden.

The Russian part is involved in the consideratiba number of projects as well. The first
one is connected with the construction of a dathecsouth of Omsk city and a reservoir which
will accumulate water during winter and high wateriods and then replenish the Irtysh evenly
to satisfy natural and economic demands. In Juf8,2Dhe Russian government approved the
technical and economic assessment (TEA) of theteari®on of the low-pressure hydroelectric
complexes in Omsk and Tyumen oblasts to setti@tbielem of water shortage in the Irtysh. It
was planned to construct a small hydropower statiha road bridge by 2012, however, up to
date no final decision has been made. Alternatjuelg proposed to do away with the dam and
reservoir construction and to establish the aidfisills which allow the raising of water level at
the sacrifice of flow rate reduction [12].

In this case a reinforced concrete structure mbéished on the river bottom; it supports
the river runoff but doesn’t block the flow. Hetke runoff velocity increases and the water
level rises. However, one cannot anticipate higtemievel on a sill, therefore the establishment
of a cascade of artificial sills is preferable. Tuastruction of sills is performed step-by-step
that is rather effective even at initial investngeefgesides, the sills do not present extra obstacle
in case of the runoff increase due to the increasdthdrawal or discharge in neighboring
countries.

Here, the international cooperation of scientisis experts from Kazakhstan, China and
Russia is very promising.

Large-scale hydropower engineering is closely cotatewith other important water-
economic problems, in particular, the influencéanfie reservoirs on hydrological and climate
conditions in the adjacent territories, abrasioneskrvoir coastal zones, the construction of
reservoirs in permafrost regions and the ones kgh tectonic activity. The involvement of the
available potential of international cooperationhivi AASA and IAP with due consideration for
theoretical and practical experience in the foreofisnvironmental influence of large-scale
hydropower engineering in Brazil, China, CanadaAlUSurope and Russia is of great
importance.
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The Southeastern Anatolian Project (GAP)

Namik K. Aras

Turkish Academy of Sciences

Abstract

The South-eastern Anatolia Project (GAP) seekadrease the income levels and living
standards of people living in the region by molmligand utilizing resources existing in this
region and to contribute to nationwide goals ofrexoic development and social stability. The
GAP Region has a share of about 10 % in both tfaé¢ population and geographical area of
Turkey. Yet, 20 % of total irrigable land in Turk&yin this region and the region represents 28
% of Turkey’s total hydraulic potential mainly withe rivers Euphrates (Firat) and Tigris
(Dicle). The package included 22 dams, 19 hydraadwer plants and irrigation covering an
area of 1.7 million hectares. With GAP Master Rat989, the project transformed into
integrated regional development effort also coygsnch diverse fields as rural and urban
infrastructure, housing, transportation, commuimacatagricultural and industrial development,
tourism, education and health. Projects for Humamdlbpment include multipurpose
community centers for Women, Social Developmenjeetes for Youth, Public Health Project,
and Rural Development Project etc.

Key Words: Dams, Hydro-electric power plant, project for ramdevelopment

Current situation and development of the GAP Projet
The South-eastern Anatolia Project (GAP) seeklidt the income levels and living

standards of people living in the region by mohilizand utilizing resources existing in this
region and to contribute nationwide goals of ecoicaevelopment and social stability.
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The GAP Region has a share of about 10 % in bethatal population and geographical
area of Turkey (Fig 1). Yet, 20 % of total irrigab&nd in Turkey is in this region and the region
represents 28 % of Turkey's total hydraulic potgmtiainly with the rivers Euphrates (Firat) and
Tigris (Dicle).

Electricity Studies Administration (EIEI), founded in 1935, in 1936 started
establishing flow inspection stations over Firat, Keban and Kemaliye region. Similar
stations were set up in 1945 over Dicle and Diyarbakir. The data and newly established
(1954) State Hydraulic Works (DSI) planning were the important step to built set of
dams on the Firat and the Dicle Rivers.

‘ TURKEY AND SOUTHEASTERN '
ANATOLIA PROJECT [GAP) "iL

Fig. 1. Turkey and Southeastern Anatolia Project, GAP

Turkey GAP GAP/Turkey
Total Area (km) 780.000 75.000 %9.7
Population (million) 70 6.8 %09.7

The cascade of dams on the Firat River is showfigr2. The construction of main body
foundation of Keban dam started in 1966; it wasiptd service in 1974. It is one of the most
important establishments with 1330 MW power planbductivity of 6 TWh/year, and 14 billion
m® of active storage (Fig3). Later Karakaya and Atatdams were built for the electricity
production and irrigation purposes (Fig 4 and 5até&Wtaken from the reservoirs of both dams is
used for gravity irrigation.
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Fig. 2.Cascade of dams on the Firat River
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Fig. 3.Keban Dam on the Firat River

In 1968 DSI started building dams on the Dicle Ristso, planning 20 dams of various
dimensions and irrigation of 190 000 ha land; byangeof 16 power plants having total 770 MW
installed capacity, 3,9 TWh/year electric energyprioduced (Fig 6).

Nowadays, The Southeastern Anatolian Project (oPY38 not only water and soil sources
development project, it is described as an intégratevelopment project affecting the economic
and social life of the region. Tables 1 and 2 slppejects and units at the Firat and Dicle river
basins. Table 3 shows all the dams and hydro-&deptwer plants in operation and under
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construction. At the moment 21% of Turkey hydrogieenergy potential and 20% of irrigation
potential were supplied from GAP.

RESERVOIR AREA : 26 800 ha
TYPE : Gravity Arch Dam
CREST LENGTH : 462 m
CREST ELEVATION : 698 m
7 & o #| HEIGHT (from thalweg) ~ : 158 m

HEIGHT (from river bed) :173 m

ANNUAL GENERATION : 7,5 billion kWh

Fig. 4. Karakaya Dam and HEPP

GAP guides the development of other sectors suchurdsn-rural infrastructure,
agricultural substructure, transportation, indységucation, health, housing and tourism. This
project covers all or some parts of Gaziantep, Achgn,Sanhurfa, Diyarbakir, Mardin, Siirt,
Batman,Sirnak and Kilis cities. According to the results2ii10 census, about 10% of Turkey
population lives in these cities.

TYPE : Rockfill with clay core
CREST LENGTH :1664 m

CREST WIDTH :15m

CREST ELEVATION : 549,00 m

RESERVOIR AREA : 817 km2

HEIGHT (from river bed) : 169 m
VOLUME of EMBANKMENT: 84,5 million m3

ANNUAL GENERATION : 8,9 billion kWh
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Fig. 5. Atatirk Dam and HEPP

DAMS ON TIGRIS RIVER

KRALKIZI
BATMAN

716 m

Fig. 6. Dams on the Dicle River

Table 1. Projects and units at Firat Basin

EUPHRATES BASIN

Project and Unites Installed Energy Irrigation
Capacty Generation Area (ha)
(MW) (GWh)
1 | Karakaya Dam and HEPP 1 800 7 354 -
2 | Lower Firat Project 2450 9024 718 844
3 | Border Firat Project 852 3168 -
4 | Surug - Yaylak project - - 113 136
5 | Adiyaman Kahta Project 195 509 78 134
6 | Adiyaman-Goksu-Araban 7 43 71598
Project

7 | Gaziantep Project - - 144 064
Individual Projects 14,4 42 65 615

Table 2. Projects and units at Dicle Basin
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TIGRIS BASIN

Project and Unites Installed Energy Irrigation

Capacty Generation Area (ha)
(Mmw) (GWh)
1 | Kralkizi — Dicle Project 204 444 130 159
2 | Batman Project 198 483 37 351
3 | Batman - Silvan 240 964 245 372
Project

4 | Garzan Project 90 315 60 000
5 | IIhsu Project 1 200 3 833 -
6 | Cizre Project 240 1 208 121 000
Individual Projects - - 35773

Discharges of the Dicle and Firat rivers changeessively from year to year and from
season to season and that caused big floods andtdsan all the basins (Turkey, Syria and
Iraq) before the construction of dams in Turkey, taw they all are under control.

Water economy in GAP

Using limited water resources for different purpgoset of irrigation and continuously
increasing water demand for other purposes corhpetdnservation of water for the irrigation
purpose. Requirement of long tunnels, conveyanoalsand high altitude pumps to transmit
water to irrigation area makes water economy otmigain irrigation. Since water will be
important in the following years, the necessityise available water rationally has been
observed. Due to the soil and topographic conditigprinkler irrigation was applied in Yaylak
Project and Bozova Pumping Irrigation Project mted with water taken from Atatirk
Reservoir by the means of Yaslica Tunnel (Fig #)ti#e network system equipped with high
pressure pipes is operated according to the desyatem, it was determined to design main
canal with downstream controlled according to dpsration system (Fig 8). Water level and
discharge control or canal regulation are providedainted gates controlled electronically just
near the gates.
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Table 3. Dams and hydroelectric power plants attand Dicle Basins

DAMS

DAMS IN OPERATION

ANNUAL IRRIGATION
NAME ENERGY (GWh) | LAND (ha)
1 | KARAKAYA DAM AND HEPP | 7 354 -
2 | ATATURK DAM AND HEPP | 8 900 882 000
3 | KRALKIZI DAM AND HEPP | 146
4 | DICLE DAM AND HEPP 298 130 159
5 | BATMAN DAM AND HEPP 483 37 350
6 | KARKAMIS DAM AND HEPP | 652 -
7 | CAMGAZI DAM - 8 000
8 | HANCAGIZ DAM - 6 945
9 | CINAR-GOKSU DAM - 4234
10 | DERIK-DUMLUCA DAM - 1860
11 | HACIHIDIR DAM - 2 080
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12 | DEVEGEQDIi DAM - 10 600
13 | BIRECIK DAM AND HEPP 2516 107 901
14 | CAG CAG HEPP 42 -
15 | KAYACIK DAM 13 680
16 | SANLIURFA HEPP 124 -
17 | SEVE DAM - 1 400
TOTAL 20515 1 204 809
- 1 | ILISUDAM AND HEPP 3833 -
5
= 2 | ERKENEK HEPP 43 -
Y
(7))
E g TOTAL 3876 .
O

..,,,’—— “ X 1LT : f ==

< SANLIURFA

Fig. 7. Tunnels between Atatirk Dam &ahliurfa
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TYPE : Circular Section

TUNNEL LENGTH 26,4 km (2
units)

Tunnel Excav. Diameter : About 9,50 m

EXCAVAT. VOLUME :3.00 hm3

CONCRETE VOLUME :1,285 hm3

TOTAL DISCHARGE : 328 m3/s

Fig 8. Water Canals for agricultural purposes

Southeastern Anatolian Project: Sustainable Regiond@evelopment Model

Southeastern Anatolian Project (GAP) is a humateced regional development project
targeting the full fledged socio-economic developtred Southeastern Anatolia. As a project
adopting the principle of sustainable developm&AtP covers investments in such areas as
rural and urban infrastructure, transportationustdy, education, health, housing, tourism and
other sectors in addition to dams, hydraulic poplants and irrigation schemes on the rivers
Euphrates and Tigris. The Project has the mainarigé of substantially improving the life
guality of the people and closing the developmamt gxisting between this particular region and
the other regions of the country. Thus, GAP is be&ng a focus of attention for the world not
only for its technical characteristics and physioalgnitudes but also for its humanitarian and
innovative approaches. The project started to dvengfits to people of the region by generating
employment, raising income levels and expandingséeice capacity of urban and rural
centers. It was observed that farming servicesand bpened to irrigation have been developed
by farmers, parallel to increased economic levéaohers. For this reason, by the means of
Irrigation Unions founded on land opened to irrigat it is possible to give information and
guide farmers about development of farming serviééer introducing irrigation, cotton, corn
and wheat agriculture were started intensively arr&h Plain (Fig. 9). The tests done in firstly
Research Institutes of Agriculture and Village Af$aMinistry, Cukurova and Harran
Universities, showed that fruit trees (especialigand, plum, apricot, pomegranate) can be
grown if irrigation is applied to region. DSI comties its research on land consolidation,
development of farming service, pond fishing arghoic agriculture on dam basins with
Agriculture and Village Affairs Ministry and relaterganizations in a good relationship.
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Fig. 9. Cotton field

In summary we can consider Southeastern Anatolieje€t to be a project for Human
Development providing multipurpose community cesitepcial development projects for youth,
public health project, rural development projdogside irrigation and electric power
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Hydropower in Bangladesh: Prospects of Regional Clalboration

Introduction

Hydropower is an important component of renewahkrgy. Before we discuss aspects of
use of hydropower, it would be prudent to presectraprehensive Energy Conversion Matrix

M. Shamsher Ali

Bangladesh Academy of Sciences

Agargaon, Dhaka 1207, Bangladesh

as given below in Fig 1.

Energy Conversion Matrix

TO FRON —PELECTROMAG|CHEMICAL NUCLEAR THERMAL KINETIC |ELECTRICARAVITATI
NETIC L ONAL
MECHANICA
L
ELECTRO Chemilumin{ Gamma reactiofhermal radiatio| Accelerating|Electromagi Unknown
scence charge |tic radiation
MAGNETIC - (Coﬁosource (hot iron)
(fireflies) (cyclotron) (TV
transmitter
(A-bomb) Phosphor* |Electrolumir
scence
CHEMICAL | Photosynthes Radiation Boiling Dissociation b| Electrolysiq Unknowr
catalysis radiolysis
(plants) (water/steam) (production
(hydrazine plan aluminum)
Photochemistry Dissociation
lonization Battery
(photographic charging
film) (cloud chambey)
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NUCLEAR | Gamma-neutron Unknown Unknown Unknown Unknowh Unknowr
reactions
Be'+y - B+
THERMAL | Solar absorbi |{Combustiol| Fission(fuel Friction Resistanc- | Unknowr
element) Fusign heating
(hot sidewalk) (fire) (brake shoes|
(electric
stove)
KINETIC Radiometer Muscle Radioactivity] Thermal Motors Falling
expansion objects
Solar Cell* (alpha particles) Electrostrict|
turbines) Interng n
A-bomb combustion
(sonar
(engines) transmitter
ELECTRICAL Photoelectricity] Fuel cell* | Nuclear battery hermoelectricit T Unknown
* Thermionics*
(light meter) Batteries* Thermomagnet MHD*
Radio m*
Ferroelectricity | Conventional
antenna Solar generator
cell*
GRAVITATIO  Unknown Unknown Unknown Unknown Rising objectdJnknown
NAL
(rockets)
Fig. 1

This Energy Conversion Matrix reflects the intectfifinary nature of Energy
transformation and focuses both renewable and enewable energy matrix elements.

Hydropower is one such element realized in thestmation of kinetic energy of water into

electric energy (Magnetohydrodynamics).

Hydropower in its different forms including thavolved in agriculture has been as old as
civilization itself. Its share in the productione@lectrical energy world wide has been mounting.

The use of hydropower as a percentage of totalvable energy used globally is shown in

fig. 2. It was more than 63 percent in 2005. Thimber has further increased.

World Renewable Energy 2005
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Fig. 2

Incidentally, it must be mentioned that the estedaenewable hydro energy potential is
460 billion kwh per year but at the present timgslghan 10 percent of this potential is used. It is
interesting to note that while | talk of hydropovieBangladesh, Kyrgyzstan accounts for 22
percent of the region’s total hydro potential innmaging water resources and energy production.
The global hydro power is 675,000 MW, approxima@®o of the world’s electricity. It is
worthwhile noting that the percentage of hydropoimeelation to total power production in
Bangladesh is a mere 5%. However, since the poweluption is far below the existing and
hidden demands, the percentage of hydropower vaf further with the fulfilment of energy
needs form other sources.

2. Hydroelectric Power Plant in Bangladesh
The Hydroelectric Power Plant in Bangladesh stadedtioning in 1962.

The construction of the Kaptai dam and Karnafuliltipurpose project started in 1957
with export credit / assistance administered by UB® the then Pakistan. The Kaptai dam was
supposed to provide 'benefits' in terms of hydrogoWood control, irrigation and drainage and
navigation. It was commissioned in 1962. The Daitially had two hydropower units with a
total capacity of 80 MW. Currently, the dam ha®funits with a total capacity of 230 MW and
it produces approximately 5% of the electricityBiangladesh. The table below shows the basic
features of the dam.

Table 1. Basic features of the Kaptai dam

Featur Sizeltype
Bodv of the Dar Eartt
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Lenatt 670.6 n
Heiaht 457 n
Crest widtl 7.6

Maximum water leve

33.5[110 feet abo' _mean sea level (MSL

Minimum water leve

20.1 m (66 feet MSI

Capacity 33 m MS 6477x106 m
Reservoir at 33m MSL 777 km:
Spillway lenatt 227
Maximum spillway discharc 16 000 cumet
Installed capacity (five unit 230 MW

Plan for extension

The Bangladesh Power Development Board (PDB) laently announced a plan to install
two new hydropower units, 50 MW each, in the dahese units are to be installed with
financial assistance from Japan Bank of Investr@amporation (JBIC), in the form of a 30-year
soft loan. According to the PDB officials, thesewngnits will be operated using the excess
water that is released through the spillway. Are/tban do it using the current rule curve. It has
to be maintained that the current rule curve waisrievised in 1981 before installing the third
unit and the rule curve needs updating.

However, a social impact assessment (SIA) has beeducted which favours the
implementation of the project in consultation witle local people.

2 (a) Some Social Problems Created Earlier by thedptai Dam

According to a study by Kibrial, an area of 65%sy(Faisal and Pervin2) was flooded by
the dam; 22,000 ha of cultivable land which was 461%ll such land in the CHT was inundated.
Because of the reservoir 18,000 houses were sulhargd 100,000 indigenous people were
displaced ; 70% of these people were Chakma. Thgd®aati town and the palace of the
Chakma Raja (king) were also submerged. The mgjofithe displaced people which
constituted 25% of the local population were rehialtéd on the upper reaches of the rivers
Kasalong and Chengi during the early phases gbtbiect. In reality, the displaced people,
“environmental refugees” as they called moved &lthw-lying areas of Langdu, Barkal and
Bhagaichori which also went under water in 1962lite filling up of the reservoir. This caused
a second displacement of the people.

40,000 of the displaced people went to the IndiaeS of Mizoram, Tripura, Assam and
Arunachal Pradesh and 20,000 went to Burma. Thesetwas an exodus of people which the
Chakma people called Bara Parang (great ExodusprAhachal Pradesh Students’ Union
(AAPSU) made systematic attempts to drive out ispldced people of Kaptai settled in
Arunachal Pradesh. This they did despite the In8iapreme Court directives against the drive
(Chimni3, 2000).

2 (b) Environmental problem
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The reservoir submerged a vast area of vegetatithnrigh bio-diversity. The reservoir
was home to a number of flora and fauna includiagyrmarine species. Platanista gangetica or
the dolphin is an endangered species according@\I These dolphins which have been
reported from Kaptai reservoir are no longer obseénfhus because of the dam, an
environmental price had to be paid. Further, siliéing gathered in the reservoir and a
systematic study is yet to be undertaken of the tdbiodiversity and the degradation of the
reservoir.

Small hydro

The Engineers of Power Development Board of Bareghdnade some studies with the
help of Chinese experts for finding out possil@ktfor mini or micro hydro power utilization in
Bangladesh. It was found out that small hydro mtsj&vill be economically viable if combined
with an integrated project of flood control, irrtgan, tourism etc.

12 sites which have some prospects for installikgvZo 65 Kw micro hydro power plants
have been identified in the hill districts of Chgbng. These sites are :

Nunchari (3KW) in Khagrachari, Chang-oo-Para (30KWhagaon (25KW), Bangchari
(20KW), Kamal Chari (20KW), Monjai Para (7.5KW), Miaipara (LOKW) in Banderban,
Thang Khrue Chara Mukh (30KW), Manikchari (2KW),tMgachara (10KW) in Rangamati
and Bamerchara (3KW) and Mohamaya Char (65KW) iitt&jong.

There has been a growing appreciation amongst émehars of the public that the
conversion efficiency from natural resources tetieity is 85% to 90% for hydropower
compared to 20 to 30% for fossil fuels, nuclear gedthermal sources. There is a global
demand for hydropower because of its minimal emvitental impact except for land
submergence under reservoir. Micro hydropower wanigsfound to be cost effective with the
possibility of providing an attractive means ofaluelectrification, power supply to irrigation,
drainage pumps and cottage industries.

Sanqu river

Studies have shown that by constructing a dam emivker Sangu at Tarasa Chara location
and building a reservoir with a surface area 0532,acres a capacity of 1900,000 acre-ft, power
generation of about 82 MW at this site could becanpessibility.

Matamuhuri river:

A compacted earth-filling dam is considered to dmsfble at Champatoli over the
Matamuhuri River with an installed capacity of 100Xw.

Teesta Barrage project:

The Teesta Barrage project built in 1990 with ragnb structure holds promise of
generating 125 million kWh of electrical power. Taare at least 19 potential sites of
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hydropower generation in the Teesta Barrage mainigihead difference of even one metre
because of enormous discharge available hereast fer six months in a year around the
monsoon season, power can be generated in these sit

Ganges/Padma Barrage:

Bangladesh has a plan to construct Ganges/PadmagBdp store a part of monsoon flow
for use in dry season. This proposed barrage has@ potential for generating hydro power.

3. Regional Collaboration

So far we have discussed the hydropower situatiddangladesh. With the addition of the
units in the Kaptai hydro plants, there will becape of generating another 100 MW. The micro
hydro plants which can be installed will act asrses of power in the hilly districts of
Bangladesh. Altogether, the hydro potential in Badgsh has a limited potential and attempts
are being made to use it as far as possible.

There is, however, a far greater hydro potentigheneighboring countries of Bhutan and
Nepal. The hydro electric installed capacity, a8@d6, has been 468 MW (5% of the total
potential) without the one al Tala. The statusyafrbpower development of Bhutan, according
to 2006 data can be summarized as follows:

Status of Hydropower Development in Bhutan

Hydro Plant MW/GWh Remarks

Chukha 336/1860 1986-88

Kurichhu 60/400 2001

Basochhu | 24/106 2001

Basochhu Il 40/186 2004

Tala 1020/4866 Sept. 2006-Dec.2006
Mini/Micro 8.068/24 1967-2005

Total: 1488.068/7442| ~5% of total

The total hydro plant potential of Bhutan is 30,00%/ of which 23,760 MW is
economically feasible. The point about hydropovirait heeds to be mentioned while discussing
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Bhutanese Hydropower is that hydropower plantsheaaf two types (a) Run of river plants (b)
storage plants. Hydropower plants in Bhutan arentpaiun of the river schemes. All major
rivers in Bhutan flow through deep valleys. Thugjtopower projects in Bhutan have had
minimum environmental impact; there have been mimmand/or no displacement of people
during in the Project Area. Thus there is no reagly the hydropower of Bhutan should not be
thoroughly exploited especially when it is enviraamtally benign.

Next we talk of hydropower in Nepal. Talking of mgdower in Nepal, | feel tempted to
recount a story. As President of Bangladesh-Nepah#&ship Association, | was leading a
delegation to Nepal in 1975. We made a courtedyoahe Nepalese Prime Minister and during
our discussion, the energy issue came up. Alraadpe early seventies, the Oil Crisis had
begun. The Prime Minister while talking of Nepalésgography said “Nepal is such a country
that if you are riding on a horse on a mountain,veae of your feet will be brushing against the
mountain and the other will be hanging in the aifiis gave us a clear idea about the steepness
of the mountains and the valleys. The interestggt about Nepalese hydropower is that it
contributes to 90 (ninety) percent of total eneggyperation. Whether it is a large hydro plant
(>300 MW), medium plant (10-300 MW), small plantY@MW), micro plant (upto 1 MW), the
Nepalese Govt emphasis has been to use hydropowkrse the energy gap between urban and
tribal areas.

Interestingly, talking of micro Hydropower ProjeatsNepal, a recent study by Zaman,
Chhetri and Tang“dwas shown that 95% of the hourly excess electeicaigy generated in a
micro hydro plant can be converted tptHrough electrolysis with 75% conversion efficignc
Thus, the micro hydro plant may be considered asrtbst promising technology for small scale
Hydrogen production. It is even more interestingate that the first (and the lightest) element
Hydrogen and the last (and the heaviest) natuexilsting element Uranium in the Periodic table
are both sources of energy.

It is worthwhile noting that the hydro-potentialsBhutan and Nepal amount to almost
70,000 Magawat. Very little of this has been tap@esPb). In view of the proximity of Nepal
and Bhutan to Bangladesh, if would be quite in ptddor these countries to have collaborative
pacts of hydropower generation and utilization Iavgg multi country funding and international
finances if necessary. The vast potential of enoaally feasible hydropower, if utilized and
shared between neighboring countries, will contaldo an accelerated economic development
of all the countries.

India itself has a hydro potential of 84000 MW. Budlia’s demand is also quite high in
view of its huge population. India is recently wiagtto set up Tipaimukh Dam for power
production of 1500 MW at a site not far from thethern district of Sylhet in Bangladesh. This
project has come under protest from within Indid atso from Bangladesh in view of the risk of
dam failure and its impact on the Haor ecosystarspite of the excellent friendly relationship
of Bangladesh and India, the water sharing isstedsn these countries has become a bone of
contention. The sooner the water issue is respthedoetter it is for both the countries.
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4. Conclusion

Hydropower is a site-specific issue and calls ogle’s participation both before and
during implementation of the hydro project with degard for environmental issues including
earthquake consideration. The environmental impacid depend on whether the hydro plant is
a run-of-river plant or whether it is a storagenpla he storage plant causes displacement of
people which has to be handled with care and caubespite the fact that hydropower is a
clean and cheap method of power production, thpestmr hydropower generation is quite
limited in Bangladesh because of topography. Téméndous untapped hydro potential in
Bhutan and Nepal can be utilized and shared withgBalesh. The Fellows of the Academies of
Sciences in the region because of their high distin in science and technology and their social
image are expected to wield their intellectual poinegrevailing upon the governments of the
SAARC (South Asian Association for Regional Co-@tien) countries to call for greater
cooperation in the area of hydropower utilization.

One more interesting thing would be to form an eisdimn of hydro-engineers under the
auspices of AASA. Kyrgyzstan which has also a gngdto prospect can take a lead in
activating such a team of hydro-engineers and gikin Central Asia who can offer training
and advice to the technical people in the countidle region. This could act as a great
platform for fostering further cooperation and urstignding in the overall economic
development of Central Asia.
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Abstract
The Greater Asian Basin that includes Central Asisacute water and energy scarcity

which are intimately linked in myriad ways. The wagople use water takes energy; the way
modern society produces energy consumes watdrelbnited States, about 4 percent of power
generation is used for water supply and treatmerdther parts of the world, the fraction of
electricity produced that is utilized for some foofrwater delivery/extraction/purification is
even higher. For example, in Northern Gujarat gidnas much as 58 percent of the electricity
produced by UGVCL (the local utility that servegpegpximately 9 million people) is used to
pump groundwater for agriculture. While India, (aowith parts of China) are prime examples
of regions that using electricity to simply pummilied groundwater, there are parts of the world
where groundwater is already so depleted that govents find themselves forced to resort to
far more energy intensive methods of obtaininghfreater. For example, governments from
California to Israel to Saudi Arabia are turningriassive desalination projects as a holy grail to
solve persistent water problems. But as a 2007rtéyahe California Public Utilities
Commission pointed out, “Producing fresh water freea water by desalination is a highly
energy intensive process and should be utilized whien no other economical water supplies
are available. According to the commission, Casalsland, off the coast of Southern California,
produces 25 percent of its fresh water from deatiin—but that same desalination accounts for
nearly 70 percent of the island’s energy @enerally desalination is so energy intensive ithat
does not pay off to use desalinated water for atjtice. The challenge of the energy-water
nexus in a time of climate change and increasiagéyce resources is to design solutions that
always take water, energy and the relationship @etvthe two into account, and avoids single-
focused, isolated and potentially counterprodudtiterventions. In order to establish resources
base, a consistent and persistent competitionwater and energy resources is anticipated in
future between farming families and urban dwellerssironmental conservationists and
industrialists, minorities living off natural resees and entrepreneurs for commercial gains.
More than four billion people worldwide live in liegs facing water and energy scarcity
particular in the Indian Subcontinent where tBis particularly acute crisis. A huge percentage
of people lack access to clean drinking water.iaim@&ubcontinent demand for water is growing
at an alarming rate which is expected to overtaki@&s by 2050 when it reaches a staggering 3
billion. A rapidly growing economy and a large iagttural sector stretch supply of water even
thinner. Meanwhile, region’s supply of water isichp dwindling due primarily to
mismanagement of water resources. Climate chargicted to exacerbate the problem by
causing erratic and unpredictable weather, whielidcdrastically diminish the supply of water
coming from rainfall and glaciers. Region will fageslew of subsequent problems, such as food
shortages, intrastate, and international conflid&xtremely poor management, unclear laws,
government and institutionalized corruption, amdustrial and human waste have caused this
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water supply crunch and rendered what water idahlai practically useless due to the huge
guantity of pollution. Nepal is one of the pooneations in the world and is economically linked
to

India because of its geographic situation. HoweMapal's water wealth is enormous. Several
studies revealed that 89 sites within Nepal aremally capable of producing 30 gigawatts of
hydroelectric power to energy starved region. Tk feasibility studies on the Karnali project
failed to take into account: the impact of thisdqaret on financial feasibility and its sociological
impact on Nepal. Another issue of contention fopalewvas that during their negotiations, India
denied or gave lip service to issues surroundingation and flood controlThe idea of a ‘water
war’ between India and Pakistan is being delibégadeummed up. In this regard, Pakistan is
likely to pursue the three strategies at natiomath{n Pakistan), bilateral (with India) and
international levels. Strategy 1. Blame India fakBtan’s Water problems Strategy 2: Object to
each and every Indian Project Strategy 3: Inteonatize the Water Issue and Replace ‘Kashmir
Issue’ with ‘Water Wars.” This paper will address and discuss the issuesisutting GAB’s
water and energy scarcity: demand and supply, neamegt, pollution, impact of climate
change, and solutions the governments may condilaloping policies to alleviate the water
and energy scarcity in the GAB.

Water issues play a crucial role in Central-SoutiaA both in the quantity of water
available and its quality. Access to clean drinkimgter is a major, though largely unmet,
objective. While much of the region is experiencimgter shortages, poor water management
lies at the heart of many problems. Climate changm the form of glacier melt, drought, rising
temperatures, and changes to the monsoon cycle lHnereasingly exacerbate water scarcity.
Although the region’s water challenges do not nsaely or inevitably lead to armed conflict,
they increasingly threaten to undermine human #gcuCooperation will be critical for the
region to meet its water challenges in the yeadsdmtades ahead.

Inefficient water use plagues Central Asian agticel and water use in the region is
several times higher than in countries like Sp@iurkey or Egypt. Hydropower projects conflict
with irrigation needs which, in the absence of oegi agreements, could lead to transborder
disputes.

Millions of Afghans are food insecure and thesspdéeate conditions have triggered
local-level conflicts over land and water. In Pafin, a combination of rising temperatures and
population growth could reduce water availability a critically low level by 2020. Water
pollution is a leading cause of death in both Rakisand Afghanistan. Solutions must address
efficient water use and international funding isgemtly needed to improve agricultural
production. Existing institutions can contribute geeking solutions and promoting regional
cooperation, especially if they engage with ciotiety.

Water issues play a crucial role in Central-SoutsiaA both in the quantity of water
available and its quality. For the purposes of kisf, the region is defined as encompassing the
Amu Darya and Indus water basins and their tribegsar—Afghanistan and Pakistan in relation
to their neighbours India, Tajikistan, Turkmenistand Uzbekistan. (See maps on pages 3 and
5.) Competing water use plans pose critical chgsnunder conditions of environmental
degradation, demographic pressure and rising derfandiater. Both within and among the
riparian states, there is fierce competition betwedgated agriculture and energy generation
(hydropower).

Access to clean drinking water is a major, thowgigely unmet, objective. While much of
the region is arid or semi-arid, poor water andensited management lie at the heart of many
problems. Much of the region is already experiegghysical water shortages or approaching
such a state. (See table below.)1 Climate changm the form of glacier melt, drought and
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shifting precipitation patterns, rising temperagjrand changes to the monsoon cycle — will
increasingly exacerbate water scarcity.

The region’s water challenges do not necessarilynevitably lead to armed conflict.
Unalleviated, however, they increasingly threateruhdermine human security and to bring
different communities and regions into dispute wadch other. While there are some positive
regional experiences in managing transboundaryurese — the Indus Water Treaty between
India and Pakistan most prominent among them —e@te approaches have been sparse and
institutional structures remain fragmented and weédt cooperation will be critical for the
region to meet its water challenges in the yeadsdmtades ahead.

Water Resources and Usage in Central and South Asia

Proportion of
Precipitation Total Renewable Dependency| Renewable Water
Water Resources per X
(mm/year) Capita (m3/year) a Ratio b (%) | Resources
P y Withdrawn C (%)

Long-term | 1999 2006

Avg
Afghanistan 350 5,135 2,492 15 36
India 1,100 2,205 1,647 34 34
Pakistan 500 1,994 1,400 76 75
Tajikistan 700 2,896 2,407 17 75
Turkmenistan | 150 6,363 5,045 97 100
Uzbekistan 200 2,344 1,868 77 116

a The sum of internal and external renewable wataurces. It corresponds to the
maximum theoretical yearly amount of water actuairgilable for a country at a given
moment.

b Water resources originating from outside theameti territory relative to total water
resources.

¢ Water used for all purposes.

Some 178 million people in the densely-populatedutnbasin inhabit an area of 1.1
million km2 (145 people per km2). Recent studies estimate per cayatar availability at
around 1.000 m3 per year. Population size and geinsthe 535,000 km2 Amu Darya basin are
much lower (21 million people; 33 people per km&)d water availability runs to more than
2,000 m3. Both basins have suffered heavy lossriginal forests and the majority of the
watershed areas.

Afghanistan Water Issue

Millions of Afghans are either seasonally or choatly food insecure. Beyond hunger,
these desperate conditions have also triggered-loaa conflicts. In an Oxfam survey in six
provinces across Afghanistan, nearly half the redpats regarded land and water issues as
major causes of disputes.

Water contamination in Afghanistan has risen toléwel of a severe public health threat
that sick- ens or kills people, owing to poor hdudd and industrial waste management
practices, and the lack of modern sanitation andlage systems. A 2003 United Nations
Environment Programme (UNEP) assessment conclutkgd“teliable access to a safe water
supply is virtually non-existent in Afghanistan’eban areas.” Access to safe water is estimated
at no more than 12 to 23% of the urban populati@n3ilarly, only one-third Afghans in urban
areas have access to improved sanitation, andom@tenth in rural areas. The nations sharing
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the Amu Darya are locked into seemingly irrecorddasets of interests. Tajikistan and
Afghanistan look to the Amu Darya for hydropowemadl as irrigation.

Even though Afghanistan’s proposals are far lesdittons than Tajikistan's, they
nonetheless have aroused opposition from Turkmamiahd Uzbekistan. Afghanistan has not
been included in any of the post-Soviet water mansmnt structures and institutions in Central
Asia. There are no bilateral water agreements,oatygl Tajikistan has (since 2006) engaged in
serious dialogue with Afghanistan.

Indus Watershed

The melting of the Hindu Kush-Karakorum-Himalayaaagers will have serious
consequences for hundreds of millions of people Warming trend in these mountain ranges
has been much greater than the global average. Aesswt of rising temperatures, more
precipitation falls as rain instead of snow, legdio shrinking glaciers. Two thirds of the
Himalayan glaciers are reported to be recedingci€ia in Tajikistan have shrunk by a third in
the second half of the 20th century. The Kolahwilidn-controlled Kashmir’s biggest glacier, is
melting faster than other Himalayan glaciers, frafn km2 to 8.4 km2 over the past three
decades. Kolahoi is the principal source of watettie Thelum River, which is the main source
of water for agriculture in Pakistan’s Punjab prog. The Siachen glacier — site of an Indian-
Pakistani military standoff for 25 years has shrtmkalf its size. Glacier melt at first results in
increased water flow in the summer months. Thermat#gonal Centre for Integrated Mountain
Development (ICIMOD) — a regional knowledge devetmmt and learning centre — warns: “It
is not unlikely that this will appear as a positivamforting sign, deterring and delaying
required emergency initiatives.” However, recedargl eventually disappearing high-altitude
reservoirs of snow and ice will over time reducevdstream runoff, and increase its variability.9
As the water flow declines, it compromises hydropogeneration. In the agricultural sector, the
result is falling production of foodstuffs and comlities like cotton, which in turn may lead to
growing poverty and social disparities, escalatunmgl-urban migration, and rising food prices in
cities. There is also potential for conflict betwag- and downstream states.

Climate change is also expected to cause significhanges to monsoon patterns and
increase unpredictability. While much of South, tEand South-East Asia may see increased
intensity of these storms and greater rainfall bytary’s end, for most parts of Pakistan and
southeastern Afghanistan a reduction in precipitadf up to 20% is projected. Low-lying
coastal areas such as the Indus delta will likely an increase in the number and intensity of
cyclones due to warmer seas. The resulting desteustorm surges and greater saltwater
intrusion could drive migration from major coastaban centers such as Karachi. Flooding is
expected to increase across the Himalayas, asawatlorthern Pakistan and India.

India’s — Energy Problems and issues:

India, along with many other developing countried nost Western countries, has been in
the grip of the worst ever energy crisis since 1@F®n oil-producing countries increased oll
prices manifold. This price increase upset the egoes of most of the advanced and developing
countries as oil constitutes one of the basic idigregs of industrial base. Even though India’s
fuel needs are smaller than those of the advancextiges, the country’s import bill for getting
this limited quantity is now eating away a largeick of its scarce foreign exchange resources.
No wonder, the country is devoting greater attentmthe development of alternate sources of
energy.

If 1973 was the year when the Arabs had the Westerid tumble over a barrel of olil, it
was1974 which witnessed in the whole world a slomdoin production, growth and
unprecedented pay and price rises. Interest ra@shed new dizzy heights which prompted
some skeptics to talk about a possible collapséeivorld’s banking and monetary systems. It
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was the year when gold came close to S 200 an oilihneeoil crisis which broke out in the late
1973, took a more moderate shape in 1974, thannitadly feared, but it shattered the hopes of
a quick economic recovery in most, countries. Tharfold increase in oil prices had a
depressing effect on the pays and price increaséisei developed world although their direct
impact on the cost of living index \\it> generalityited to a few percentage points. As a result,
the specter of hyperinflation still menacingly lo®mn the economic horizon of the world. The
15-year perspective plan for the development of, @band power drawn up by the Fuel Policy
Committee lays emphasis on the use of coal andestig@ total ban on the use of fuel oil by the,
industry and elimination of naphtha as feedstockféatilizers. In the switch-over to coal, the
report cautions over-enthusiastic approach as saintlkee conversion schemes required heavy
investment and the availability of oil might impen the years, to come. In effect, it lowers
down the targets of the projects being pursuechbySteel and Mines Ministry like conversion
of coal to oil and coal gasification on a largelsc@he report estimates crude reserves both off-
shore and onshore in the country of about 128 aniltonnes. It estimates that there is more oil
reserve in Assam area (72 million tonnes) thaméGuijarat area (56 million tonnes). On power
generation, the report suggested stepping up abhyeneration capacity from 13 million kwh at
the end of the filth plan to 28 million kwh in 198@uclear power capacity from 1 million kwh to
8.6 million kwh and the thermal generation from5lillion kwh to 50 million kwh. It lays
down” more emphasis on hydro generation and nucksaurces, particularly the development
of thorium-plutonium line.

Based on the fechno-economic studies conductedlyjdaly ONGC and-the Soviet oil
experts, the Commission has drawn up an ambitioogr@mmer of exploration and production
during the next five years and taken a perspesiaw of what should be done over the five-year
period thereafter. The main thrust of the Commissio on-land exploration appears to lie in
intensifying exploration in such promising areasTagpura and Assam as well as in drilling,
deep exploratory wells in Northern India, includivdest Bengal and Ganges Valley. The
Commission is acquiring the capability to drill geexploratory wells by obtaining suitable
drilling rigs from Rumania and the U.S. The exptorg work-in Cauvery basin is also being
strengthened by extending drilling places like Mapahi and by reinterpretation of all available
geological and geophysical data. The best hopeartsaself-sufficiency appear to lie off-shore.
The results of the wells drilled on Bombay High deginning to confirm these hopes.
Surrounding the Bombay High is a number of perighestructures whose prospects are
enhanced by the discovery of oil in Bombay High.

The indigenous production of crude this year igvested at 8.25 million tonnes as against
7.49 million tonnes of production in the previousay. India spends Rs. 1,124.87 crore for
import of 1.4 million tonnes of crude and 2.9 noitlitonnes of petroleum products.

Power Shortage and the New Priorities : The shertafyelectrical energy which has
developed in some parts of the country during #st two years, has been retarding the rate of
growth of the economy. Industrial production hasparticular, been affected. Experience would
suggest that the sustained growth of the economyldvequire the availability of electrical
power should always be somewhat ahead of demangdlerPis upstream of most production
activities and unless this lead is maintained,gbenomy would continue to be handicapped in
its growth.

During the Fourth Plan period, it had been prograarthat over 9 million kw of new
generating capacity would be added. This target akzed only to the extent of 4.20 million
kw. Naturally, an imbalance between demand andlgugelectricity developed. This position
became more difficult because of the inadequatesomm rains in several of the important
catchments feeding hydroelectric projects in 1932and 1974-75. An analysis shows that,
despite the failure of rains, the power demandatalve been met if the Fourth Plan target of
adding new capacity had been realized. The Statishvare most affected by power shortage
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today are Punjab, Haryana and Uttar Pradesh iNdn#hern region. Orissa in the eastern region,
Karnataka, Tarnil Nadu and Andhra Pradesh in thett®on region, and Maharashtra in the
Western region. The difficulties in Orissa and Maishtra are the direct consequence of the
poor monsoons in 1974. In the Northern region, abeditions of power shortage have been
persisting for the past two years. In 1974-75,ttalBa Project, which supplies electricity to
Punjab and Haryana, has had the smallest inflowts imstory, and the generation of power was
only about 60 per cent of the previous year. In 8wuthern region, the main cause of the
shortage in Karnataka is the fact that new capdoityeet the rapidly increasing loads has not
been commissioned. In Tamil Nadu, besides inadecquegiacity, the performance of ‘the Ennore
Thermal Station is also not satisfactory. In additithe difficulties in the mining of lignite at
Neyveli have resulted in the underutilization gbaeity in that state.

Pakistan — Strategy to Improve or Blame India
The 21st century was expected to be the centuegahomic and social development

following the tumultuous 20th century which was dioated by the two world wars in its first

half and the Cold War in the second. In the lastde of the 20th century that followed the end
of the Cold War, there was speculation as to thegss of change towards an age of peace and
cooperation in the coming century that would alsokrthe beginning of the new millennium.
The signs could not be regarded as promising asRakistan relations deteriorated following
the intensification of the movement for self-deteration among the Kashmiri people. The
extremist Hindu Party, BJP, rose to power in Iratid decided to go overtly nuclear by testing
nuclear weapons in May 1998. Indian leaders theptad an arrogant attitude towards Pakistan,
with top BJP leaders demanding that Pakistan shaddte Azad Kashmir. Pakistan was
compelled to conduct nuclear tests two weeks tataratch India’s ability and gain strategic

parity.

This development gave impetus to a dialogue tovegbe disputes between the two
countries peacefully reflected in Prime MinistealBehari Vajpayee's bus journey to Lahore in
early 1999. Though the Lahore Declaration annouageiht commitment to resolve their
differences peacefully, the Kargil conflict in Kashi virtually cancelled out the gains. It took
two years to resume the dialogue at the Agra summndialy 2001. The events of 9/11 caused an
interruption as India tried coercive diplomacy B02-2002 but the peace process started anew
from January 2004, with all items of the compodisdogue being taken up. An additional water
issue arose over the Baglihar Dam, which was refeto the World Bank in accordance with the
Indus Water Treat. The decision on the Baglihar Desue announced by the expert named by
the World Bank serves to underline the growing intgmace of energy and water issues between
India and Pakistan. As the river Chenab had bdetiead to Pakistan under the Indus Water
Treaty of 1960, India is entitled to use its watemyy to generate hydro-electricity. However, the
design and construction of the projected dam atiBamgwere such that the storage of the water
in the winter months could result in denial of wdte irrigation to Pakistan. Traditional
concepts of security had been concerned with thiteahe independence of countries from
major powers, or ambitious neighbors. The mainteear adequate armed forces, equipped
with the latest weapons, was considered a neceSsitge the end of the Second World War the
national interests to be defended through diplonaanythe international system has come to
include trade and economic interests for whichdoee of the seas and other facilities have been
developed over the years.
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As the world's population has increased and thergi@wing demands on natural
resources, particularly water and sources of enehgylimits of economic growth have been
recognized along with the need to develop and sutiia essential ingredients for a rising
standard of living all over the world. The induatnievolution gave its beneficiaries not only the
capacity to increase their production but alsonieans to increase their military power so that
they proceeded to acquire colonies as markethié&r goods and as sources for raw materials
during the 18th and 19th centuries.

The colonizing powers, located mostly in Europenagged to reach agreement on their
share in Asia, Africa and Latin America, Howevetelcomers like Germany manifested their
dissatisfaction by waging wars. The two world wiarthe first half of the 20th century
compelled the establishment of the UN system totkaedscourge of war", and to foster
economic and social development in all parts ofwbdd. Though the Cold War limited any
significant political gains by the rival super pawén the second half of the 20th century, most
of the colonies won their independence and the ghaies dealing with economic and social
issues recorded significant gains. However, des$iténg lost their empires the developed
countries kept increasing their wealth and shatéefvorld's resources through their control of
capital and technology, while most developing caastfell further behind.

As the disparity between the developed and devedppountries grew, the larger problems
of resource constraint began to make their prestficewing to a combination of natural and
man-made factors. Scarcity of water and energybleaah forecast in the planet as a whole since
the mid-20th century. The concept of sustainableli@ment gradually began to preoccupy
planners and economists as the attention of leasheradministrations alike turned to
mobilizing natural resources to improve the lifeleéir people. As the limits to the water
supplies available for meeting competing demande wealized it began to be forecast that
"future wars might well be fought over water resms". Asia, the continent containing over 60
per cent of the world's population, with 20 pertcsach in China and the South Asian
subcontinent, has potentially the most seriouslprohin this regard. It may be recalled that
following independence in 1947, the issue of slptire waters of the Indo-Gangetic water
system arose and was resolved only through the gfficés of the World Bank that promoted
lengthy negotiations culminating in the Indus Watéreaty of 1960.

This treaty was not viewed favorably by exponefitsi@rnational law as it violated the
principle of safeguarding the rights of lower rilaus. India was able to press its case by taking
the water resources of the Indus river systemvalsade, and as there were canals from two
eastern rivers, Ravi and Sutlej irrigating subséhiatreas in Pakistani Punjab, Pakistan had to
construct major dams on the Indus (Tarbela) anthdh@Viangla) to transfer water to the Ravi
and Sutlej.

While the Indus Waters Treaty has worked reasonabli/India has been interfering with
the waters of the three western rivers, on the thlaathe people of occupied Kashmir have
needs also. The fact that Kashmir is a disputedder has not inhibited it from coming up with
water and energy projects that have given riseet items in the agenda of bilateral differences,
such as Wullar Barrage, Baglihar dam, and mosnicthe Kishenganga project. In the
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emerging scenario, India has the ability to presfakistan on water issues, but its long-term
energy requirements require transit facilities tigio Pakistan for oil and gas pipelines from Iran
and Central Asia.

As the concept of security now covers assured adodsoth water and energy resources,
this demands a virtual transformation of Indo-Pakigelations from one of confrontation to that
of cooperation. Indeed, the increasingly powernfidstrial elite in India is in favor of the
integrated management of the water and energy mes®of South Asia, and the adoption of a
conciliatory and cooperative attitude, rather tharassertive one towards its neighbors. Both
countries are stepping up their efforts to develaper resources, both for generating hydro-
electric energy and for human consumption andatrag. Pakistan's total hydro energy potential
is 30,000MW of which only about 6,000MW have beeraloped. There is need for
harmonious management of available resources @raaid energy, and for Pakistan, it is
imperative that the interest of Afghanistan is keptiew as its main river, the Kabul, is a
tributary of the Indus. India would have to keeiew the interests of Nepal, Bhutan and
Bangladesh.

Agriculture offers a livelihood for over 40% of Rstan’s labour force and accounts for a
guarter of GDP. Agriculture is also the dominanttevauser with 69% of the total, while
industries use 23% and households the remainingV8&ter from the Indus and its tributaries
irrigate 80% of the country’81.5million hectares of farmland. The upper reachethefindus
are almost exclusively fed by glacier melt from tHenalayan and Karakorum ranges (on the
borders with China and India), as well as the HiKash (on the border with Afghanistan). The
remainder — a little more than 10% - comes fromr{sumn) rainfall.

Extensive irrigation in Pakistan and India placeduls water resources under heavy stress,
with about 90% of the basin’s available water flamilized. Overpumping and inefficient
irrigation techniques have led to sharply declingrgundwater levels, loss of wetlands and
salinization of agricultural lands. Because of saaryet inefficient, agricultural and urban water
use in Pun- jab, farming in the southern Sindh im@®& is becoming precarious — stoking ethnic
tensions. The flow of the Indus is no longer powkgnough year-round to prevent saltwater
from the Arabian Sea from seeping inland. More thalf a million hectares of arable land have
been lost to seawater intrusion and salinizationthe future, sea-level rise will place coastal
areas at increasing risk of inundation. Water awdlity will decline dramatically in coming
years as a result of climate change. A combinaifasing temperatures and population growth
could reduce Pakistan’s per capita water availgbtth a critically low level ofjust 800 m3
annually by 2020. Highly unequal land distributemd water policies that benefit large wealthy
farmers are behind growing rural poverty and migrato urban areas. According to a 2008
report, levels of hunger in Pakistan are “alarmihd@.he government’s decision to offer long-
term farmland leases to foreign investors for ekpooduction threatens to intensif’ land and
water problems. An estimatetD-55 million Pakistanis do not have access to safe drgnk
water, yet the government spends 47 times as muacthe military budget as on water and
sanitation. According to Unesco’s World Water Deyghent Report, only 2% of Pakistan’s
cities have wastewater treatment facilities; arsg han 30% of wastewater receives treatment in
these cities. Water pollution is the leading canfsdeath in Pakistan and causes 60% of infant
mortality.

Sugarcane-based industries, tanneries, and thieetexdustry are the principal industrial
water polluters, causing high levels of coliformugiites, iron, sulphur, and sulphates in drinking
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water. Untreated sewage from cities adds to théacanation. And in Punjab province, many
people depend on contaminated irrigation wated@mnestic use.

Population growth and increasing urbanization amtustrialization continue to drive up
water demand for drinking, irrigation, and hydrogovpurposes. There are many internal water
conflicts between vidual communities or provinc8sit transborder issues have also posed
vexing problems.

In the current phase, the US is backing India vettsing nuclear power, while Pakistan
would have to rely on China. There is a role f@& g¢ineat powers, including Japan and Russia, in
transferring technology. Together with other chadles of the environment, including global
warming, degradation caused by poverty, and désatton, the management of water and
energy resources in overcrowded parts of the planst assume a high priority if our economic
and social goals are to be achievaalith Asian nations long beset by problems that seima
global attention — poverty, poor health, and unresare increasingly places where solutions
are being developed and where technology enahtesation, according to panelists examining
the region’s future.

Climate change presents many challenges to therreRBising sea levels coupled with
more intense and more frequent storms will affectsgly populated, low-lying regions like
those in Bangladesh. He suggested that surgingsaave heavy rains will become more
frequent, while melting glaciers will threaten dkiimg water for many in the region who rely on
glacier-fed rivers.

trigger tensions between the two countries in theeace of an accord, especially given
their unresolved, decades-long border dispute. sRakidoes, however, have an important
agreement with India. The Indus Water Treaty, Sigime1960, divides the waters of the Indus
and its eastern tributaries. India has exclusiweafs¢he Ravi, Beas and Sutlej rivers, while the
waters of the Indus itself, as well as those ofX#lelum and Chenab, were allocated to Pakistan.
India is permitted some non-consumptive “run of ther” uses, including the generation of
hydroelectric power, but the treaty barred the trootion of storage facilities (dams or
reservoirs).

A 2008 joint UNEPI Asian Institute of Technology report notes that thdus Waters
Treaty does not address “transboundary pollutiothefwater resources, which is a significant
contributor to the vulnerability of the basin’s $havater resources. A number of contentious
projects undertaken upstream, by India, in Kashmiin response to growing water needs,
faling groundwater tables and power shortageshave served as reminders that water
disputes between the two neighbours are neverdar the surface. They include the following:

Baglihar Hydroelectric Dam: Pakistan has objectethis dam on the Chenab River since
India began construction in 1999. A 2005 World Badjudication requires that the dam can
only be filled between June 21 and Aug 31, with iftak’'s prior consent, and specifies
minimum river flows. But in 2008, India continued fill the dam well into September,
considerably reducing the Chenab’s flow and causirgp damage. A World Bank tribunal
subsequently asked India to lower the height ofidna.

» Kishanganga Hydroelectric Dam: The proposed 1@2erdhigh reservoir threatens to
displace some 25,000 people. A channel connectddetaeservoir would divert the Neelum
river from Muzaffarabad, in Pakistani-controlleddRanir, to Wullar Lake and the Jhelum river
near Bandipur instead.

» Tulbul Navigation Project: India is consideringviving this project on Wullar Lake,
which it first initiated in the 1980s but scrapp@tlowing objections from Pakistan. Pakistan
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fears that India could use Tulbul to disrupt iipler canal system (Upper Jhelum Canal, Upper
Chenab Canal. and Lower Barn Doab Caial).

Rising demand and reduced availability of water enakncreasingly important for India
and Pakistan to improve their water managementeasdre that diplomacy, rather than threat of
force, governs their water relations.

Climate change will dramatically raise the watenli#nges in Central and South Asia
through rising temperatures and drought, more bbgieainfall and glacier melt, sea- level rise,
as well as changes to the monsoon cycle. By thellmiaof the century, increasing temperatures
and growing water stress may lead to a 30% reduatiarop yields in the region.

Bangladesh Issues:
Where is the space in Bangladesh to which you aawvefhOne is not talking about the

entire coast becoming submerged. But major imgdaats weather events, coastal flooding —
these become increasingly severe as sea level Baagladesh national plan to fight climate
change recognizes that the country’s developmaenit frdlow the Western pattern. Innovation
will be important in improving the lives of bothdian and Bangladesh’s poorest citizens. One
approach, aimed at the 400 million who don’t haseeas to electricity, uses a solar lantern
program to provide lighting in rural areas. Arsecontamination is a major problem in both
Nepal and Bangladesh. Prof. Shamsher Ali has amdgt presentation on issue of Hydro
Power in Bangladesh.
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Water and Hydropower Resourcesof the Sarydjaz-Kumaryk River
and Prospects of Their Use

D.M. Mamatkanov, Deng Mingtszyan
Institute of Water Problems and Hydropower, Natigkaademy of Sciences
of the Kyrgyz Republic

Department of Water Economy XUAR PRC

Kyrgyzstan and China are friendly neighboring statength of their common border is
about 1100 km. Basins of four trans-boundary riegessituated on the territory of these states;
they are the Sarydjaz-Kumaryk, the Aksay-Toshdaa Uzengikuush-Yuyshangusi and the
Koksu-Kyzylsuu rivers (names of the rivers are giwe Kyrgyz and Chinese versions), and they
belong to the basin of the Tarim River (in Chir@yer 70% of their runoff is formed on the
territory of Kyrgyzstan; all of it goes to China.

The most promising of these rivers (in hydropowevelopment) is the Sarydjaz-Kumaryk
River. Rational development, use and protectioisofvater resources play the most significant
part in the socio-economic development of Kyrgyastad Xinjiang Uygur Autonomous
Region (XUAR) of China. Currently the Sarydjaz riw is virtually not in demand on the
territory of Kyrgyzstan; in China it is mainly uséar irrigation.

The Sarydjaz-Kumaryk River has great elevation geanimportant precondition for
its cascade development, and substantial hydroppetential. According to the forecast of
experts in electricity market development, socioremmic development of Kyrgyzstan and
XUAR in China will soon be based on increasing ggeonsumption. Therefore, joint
development of water and hydropower resourceseoStrydjaz-Kumaryk River is a project of
harmonious and mutually beneficial cooperation leefwpeoples of the two countries,
stimulating economic development and friendly nbewtly relations.

In 1959 D. M. Mamatkanov, I.P. Druzhinina, B.G. Ktenko and V.G. Shpak took part in
scientific expedition of the Institute of EnergydeWater Resources of the Academy of Sciences
of the Kyrgyz Soviet Socialist Republic, meaningtody the Sarydjaz River and determine its
water and hydropower resources. The feasibilityasfstruction of hydropower plants on the
Sarydjaz River was evaluated and dam locations determined. It was found that the use of
hydropower resources of the Sarydjaz River wasrible in terms of construction of high dams,
as it would not require significant expenditures.

In 2006, scientists and experts of the InstitutéVafter Problems and Hydropower of the
National Academy of Sciences of the Kyrgyz Repuylibgether with specialists of the
Department of Water Economy of XUAR PRC, began tokwout scientific and technical
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grounds for joint development of water and hydropovesources of the Sarydjaz River.

The Kyrgyz workgroup was headed by D.M. Mamatkanbe,director of the Institute,
academician of the National Academy of Sciencab@Kyrgyz Republic. O.D. Erdmann, L.V.
Bazhanova, V. N. Shilo and V.A. Kuzmichenok, leadiasearch specialists, work under
supervision of D.M. Mamatkanov. The Chinese workigrdheaded by professor Deng
Mingtszyan, the deputy head of the Department ofédMaconomy of XUAR, is represented by
professor Wang Zhitze, the head of Hydro-meteoioidgnd Water resources Department;
professor Huang Chi, the deputy director of thgdteexploration and Research Academy of
water economy and electricity; professor Anwar Kadye deputy head of the Project and
Planning Department of Water Economy and Elecyii@nd others. Together the workgroups
developed coordination mechanisms for joint coap@naand proposed a project of
comprehensive use of water resources of the rivenatually

advantageous terms. In Kyrgyzstan, realizatiomisf project will stimulate the development of
mineral resources in the basin of the Sarydjaz Rine recreational resources in the Issyk-Kul
lake basin and additional electric power supplytfer Issyk-Kul region.

In order to speed up the development of water-peesources of the Sarydjaz-Kumaryk
River, the Department of Water Economy of XUAR PR repeatedly sent its specialists in
water management and hydroelectric power to Kyrgyeor scientific technical exchange of
experience with scientists and specialists of IWINAS KR. In September of 2006, both sides
signed the Minutes of the negotiations on Kyrgyar€ke joint research works on
development of water and hydropower resourcesaoktboundary rivers. In April of 2007, they
signed the Minutes of the negotiations between ¥&@nd Chinese scientists and experts
on joint investigation of the Sarydjaz River and thsyk-Kul lake basins. In May of 2008, the
sides signed the Memorandum on issues, concermint investigation of the Sarydjaz
River, design of the planned hydropower plantsaieetbp hydropower potential of the river, as
well as technical personnel exchange. In Augu&088, both parties organized a joint survey of
the Sarydjaz-Kumaryk River, and in September ofR2@® Bishkek, they signed the Minutes on
the joint Kyrgyz-Chinese Sarydjaz river survey né¢weparation. China Guodian Corporation
provided financial support in organization of woeksd report preparation. Report on the
integrated use of the trans-boundary Sarydjaz- KyknRiver water resources is a result of joint
work of the Kyrgyz and Chinese scientists and etgperthe field of hydropower [2].

In order to specify the water resources of the §agyRiver basin, scientists and
specialists of IWPHP NAS KR analyzed all the ava#adata on meteorological
observations, conducted earlier in the basin [1,Z/&is work enabled us to estimate the current
state of the water mode of the Sarydjaz-KumarykeRand its main tributaries and to select the
locations of HPP sites, as well as to perform axiprate calculations of hydroelectric capacity
(Table 1).

Table 1. Hydrographic characteristics of hydrogiepower plants (HPP) on the Sarydjaz
River
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Elevation mark | Elevation Distance Slope between
. difference between HPPs, HPPs,

Ne of | Location of HPP, m between HPP
HPP sites, m km %o

The Semenov 3360

glacier
1 Taldysuu 2580 780 90 0.008
2 Enylchek 2350 230 29 0.007
3 Akshyirak 2200 150 18 0,008
4 Kokshaal 1780 420 52 0.008

Several options of the HPPs’ locations were comemi€T he first version implied
construction of four hydroelectric power plants;dted on the stem stream of the Sarydjaz River

(Fig. 1) [2].

HPP-1 with supposed capacity of 43 MW constructed inupper part of the Sarydjaz
River, at the confluence of the right tributaryhe Malaya Taldysu (Minor Taldysu)
River. When constructing a dam with the heighteateeding 100 m, a channel reservoir with
area of 11.8 kfmand capacity of up to 210 million*will be formed. The river backwater will

be extended for 18 km.

HPP-2 with supposed capacity of 98 MW built below theft@ence of the right tributary
Uchkel into the Sarydjaz River. Dam height is 100flonding area will be 18 kfand reservoir
capacity will be about 840 million mBackwater will be 20-22 km (to the mouth of the
Enylchek River)

HPP-3 will be below the confluence of the right tribytakkshyirak. Here, to
create additional pressure, it is possible to heenaitural crook (loop) of the Sarydjaz
River. Dam height will not exceed 100 m. The flowiarea will be about 8.0 Knreservoir
capacity - within 480 million rh Backwater will extend for 18 km, hydroelectriowsr plant’s
capacity will be about 116 MW.

205



KapTta- cxema pacnonoxenuna MNC B baccenHe p.Capobi-[xas

o Capel - Jaxas

2 S

o Ry it
ECTLE) ranaeCYiEFanamcyickan[ 2
p.

‘qug
o]

2 W
NN il N
o . s{ﬂ‘d@ —
Qi
p.yons aHblaneKtK 2
Ax-LUIAp aicc RAA LSS
0 pak > Kokwaanbckan CIC
[Tl Ov‘ %
Q- /‘
. \/‘
" KHP e
n — =
a " =g

Fig. 1. Schematic map of location of the four power plamtshe Sarydjaz River

HPP-4 can be constructed is in the ravine of the Kokksfiaa ridge, below the influx of
the left tributary Kuyukap, on the border with ChirThere is no need to create a large separate
reservoir, as the HPP will work at the expenséheffltow, regulated above. Capacity of HPP-4
will be more than 123 MW. Dam height will be 100 ttme flooding area - about 8.4 km
reservoir's capacity - within 600 millioninBackwater of the river will be 30 km (Table 2u®
to the small slopes of the Sarydjaz River chardeeh height is considered to be not more than
100 m.

It should be noted that during the process ohfiffuip of the channel reservoirs, a territory
with total area of 46.2 kfrwill be flooded. The territory will include a highay, bridges, power
transmission poles, sheep barns, pasture landaraad suitable for irrigation. The village of
Inylchek and mineral deposits will not be flooded.
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Table 2 . Key indicators of the planned HPPs orSheydjaz River (Option 1)

Elevation | Reservoir Dam Average | Average | Capacit

_ point, m capacity, height, | annual | annual y, MW
Ne Location million m® runoff | runoff
HPP m , volume,

m°/s km?
1 Taldysuu 2580 210 100 44.2 1.39 43
2 Enylchek 2350 840 100 100 3.15 98
3 Akshyirak | 2230 480 100 119 3.75 116
4 Kokshaal 1780 600 100 126 3.97 123
Total 380

Another option was considered. After heightenimgdam up to 270 m and discharge of
water through the tunnel and subsequent increabeedfead at the Akshyirak HPP, the dam of
“Kokshaal” HPP can be heightened to 200 m.

This options considers construction of the AksHyirdlPP on the Sarydjaz river below the
influx of the right tributary Akshyirak. The dansélf should be built 1 km below the
confluence of the Akshyirak and the Sarydjaz Riweth) the water rise height of 225 m. This
dam would create additional backwater of 148 nmhatAkshyirak loop, which, in its turn, would
bring the gross head of the Akshyirak HPP to 27@hthe same time, capacity of the
hydropower plant will be 315 MW. Length of the tehnconnecting the loop, will be
1.9 km. The area of dam storage will be 33.% kime capacity - 2.87 kinAnnual runoff
volume in the alignment of the hydroelectric plan8.76 kni, and the filling-up of the reservoir
will take 2-2.5 years. The Inylchek village mayflmoded at the maximum reservoir filling in
this case.

Location of the "Kokshaal* HPP was planned to bewehe influx of the left tributary
Kuyukap, on the border with China. There will bereed to create a large own reservoir,
because the HPP will work at the runoff, regulabdve. Capacity of HPP can reach about 246
MW. Dam height will be 200 m with the flooded a@faabout 10.9 ki) the volume of channel
reservoir within 750 million rfy and backwater of about 30 km. The second versiosiders
the estimated total capacity of the two hydroeleqgiower stations on the lower section to be
561 MW (Table 3).
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Table 3. Key indicators of potential hydroelecpimwver plants in the Sarydjaz river basin

(Option 11)
Elevation | Reservoir | Dam Average | Average | Capacit
_ point, m capacity, height, annual annual y, MW
Ne | Location million m® runoff runoff
m ) volume,
m'/s 3
HPP km
1 Akshyirak 2230 2 860 270 119 3.76 315
2 Kokshaal 1780 750 200 126 3.97 246
Total 561

After the joint Kyrgyz-Chinese expedition to ther@Haz river basin in 2008, Chinese
experts suggested three options for location ofdHétPthe Sarydjaz-Kumaryk River, both on
the Kyrgyz territory and on the territory of XUARRE with gross installed capacity of 2,190
MW. Average long-term power generation of the foydroelectric power plants will amount to
7.7 billion kilowatt-hours [3].

The first option: "High Dam of Dashisya" with five reservoirs anthacade of eight
hydroelectric power plants: Taldysuy + Inylchek kshyirak + Kokshaal + Dashisya (with dam
height of 251 m) + Syaoshisya + Tagak + Tumusywk; ¢f them are multi-purpose hydro-
systems.

The second option:!"Medium-high dam of Akshyyrak” with four reservsiand a cascade
of seven hydroelectric power plants: Saralatastkshgirak (with dam height of 131 m)
+ Sarydjaz-Kumaryk + Dashisya (height of the dal®8 m) + Syaoshisya + Tagak +
Tumusyuk; three of them are multi-purpose hydrdesys. This option implies construction of
the “Sarydjaz-Kumaryk” HPP both in Kyrgyzstan andChinka, with its dam and reservoir on
the territory of Kyrgyzstan, and the “Kumaryk" hgeétectric power plant on the territory of
XUAR PRC.

The third option: "High Dam of Akshyirak” with four reservoirs amdcascade of seven
hydroelectric power plants: Saralatash + Akshy{mith dam height of 168 m) + Sarydjaz-
Kumaryk + Dashisya (dam height of 198 m) + Syasyshi+t Tagak + Tumusyuk; three of them
are multi-purpose hydro-systems. This option, the second option, implies construction of a
dam and a reservoir on the territory of Kyrgyzstahile the hydroelectric power plant
“Kumaryk" will be located on the territory of XUARRC (Fig.2).
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However, it should be noted that damage causedtanpal flooding of the Inylchek
village during construction of “Akshyirak” hydroedigic power plant was not taken into
account.

Fig. 2.Schematic map of the location of HPPs on the SaryRjver. The third option

After comparison of the estimated energy indicatibnsas determined that the determined
capacity of hydropower plants in the first, secand third options is 1,170, 1,830 and 2,190
MW, total firm capacity is 218.9, 348.2 and 547.9Whotal average long-term value of annual
output of electricity is 4.05, 6.45 and 7.71 bitlikilowatt-hours, respectively. This comparison
shows that the third option has the highest ponaicators. Let’s look into it closer, as it is the
most acceptable, beneficial and economically féasiption.

Construction of the “Saralatash” hydroelectric powant and the main regulating
reservoir for the following cascade plants is pkohd1.5 km below the confluence of the
Sarydzhaz River and its right tributary Kuylyu tie Saralatash tract. The reservoir capacity
will reach 311 million M at the full water supply level of 2,680 m. The maisk of this
seasonal storage reservoir will be power generation

The riverbed at the “Akshyirak” HPP dam site isroar. Bottom contour of the reservoir
is almost flat and represents the intermountaimb&snditions of the reservoir basin are
good. The reservoir capacity at the full water sypsvel (2,507 m) will be 1.0 billion falt is a
seasonal storage reservoir with the main tasksauge electricity, to regulate the flood wave
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(especially in case of the Merzbacher Lake outhuasid an additional task to produce
electricity for the cascade in the lower part @ tlver on the territory of Xinjiang.

At the "Dashisya" waterworks facility, the annuahoff volume is 4.92 krh The riverbed
at the dam construction site is narrow; rocks aih Isales are steep. This hydropower system
will be situated on Chinese territory, 33 km awayni the state border. It will serve as
controlling facility for integrated flow use (irr&gion, anti-flood measures, environmental
protection, and electricity generation). The resgrgapacity at the full water supply level
(elevation point - 1,655 m) will be 549 million°m

Results of calculations show that for “Akshyyraumaryk" and "Dashisya" HPPs,
specific investment per 1 kW is up to 1,267 U.Slads/kW, specific investment per 1 kWh. is
0.38 US dollars/kilowatt-hour. Economic performante¢he "Saratalash” HPP is somewhat
worse. Therefore, “Akshyirak", "Kumaryk” and "Dasha” HPPs will be selected for the
upcoming period as priority and economically febsiinstalled capacity of this cascade of
hydropower stations amounts to 2,070 MW, annualtedity output is 7,348 billion kwh. The
volume of investments for the coming period will@mt to about 3 billion U.S. dollars. A
preliminary economic assessment has shown thabtisn is effective, and its implementation
is feasible. Implementation of this project wilijsificantly influence the basin of the Sarydjaz-
Kumaryk River and promote to the positive developtha# the entire region.

Conclusions

The comprehensive analysis and comparison of tiee hptions of the cascade
development show that the third option is the neffgictive one. It is characterized by higher
power indicators, minimal investment in the projart a higher indicator of economic
efficiency. Therefore, it is selected to be the kirng version of the cascade development of
hydropower resources of the Sarydjaz-Kumaryk River.
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Renewable energy resources as a basis for sociatla@conomic
development of rural regions

A. J. Obozov

I. Razzakov Kyrgyz State Technical University, Bigk, Kyrgyzstan

The current development of countries and their essftil scientific, technical and
socioeconomic progress is not possible withouttttere use of energy resources.

The active use of traditional hydrocarbon fuel (g&sl, oil) has shown that these
resources can be exhausted within the next 30-&(y# this regard, our search is for
essentially new, alternative energy resources ratfae those actually used.

Big hopes have been pinned on nuclear power dewedop however, major accidents at
the Chernobyl and Fukushima nuclear plants havenshhat catastrophic consequences this
direction may have. Therefore, over the past ydascientists have been paying great attention
to potential use of non-polluting, renewable enesgyrces.

The researches show that renewable energy solREE) have huge potential. It is
enough to mention that the energy coming from threts the Earth within a year is 31924 J,
which is 10,000 times more than the world’s anmexhand for energy and much more than
existing world's resources of hydrocarbon and rardieel.

The use of renewable energy sources in the Cefwiah region has its own specific
characteristics and appears to have sufficientpieleand first of all, in terms of resolving
socioeconomic problems of agricultural communitiefse Central Asian countries are agrarian
republics and the majority of their population @&0%) lives in the countryside. Communities
that live in these regions are most vulnerable feoppwer supply standpoint. As a rule, the
poorest communities in the Central Asian countaiesrural communities. The most effective
and accessible way to resolve these power supphigms is to use renewable energy sources at
a large scale. Factors that contribute to thisuekelnot only the remoteness of the majority of
agricultural communities from the centralized powepply networks but also the huge potential
of renewable energy sources, which are availabs&iakght, the wind, flowing water and
biomass.

This paper discusses the efficient use of renewaidegy sources and provides an
assessment of technical solutions to power supplylems of agricultural communities. The
research results are used to develop methods elmadiegies that incorporate renewable energy
sources. The paper outlines the results of praamalication of various solar systems for heat
supply, wind energy devices, micro-hydroelectrigvpostations and biogas plants to ensure
electric power and heat supplies for remote rusaimunities.
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The analysis of this experience and all resultaiabt enabled us to define and prioritize
various energy sources depending on their potesmidlpractical applicability.

The paper also considers legislative issues andlolewent of a legal framework for the
use of RES including issues related to trainingrajineering and highly skilled scientific
personnel in the field. The objective barriers tr@vent the accelerated use of renewable energy
resources are identified, the ways to overcomeethasriers for integration with the Central
Asian countries are offered including joint solasao problems of the large-scale use of
renewable energy resources to resolve social ambeuc problems of rural community
development.
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Modeling Relationships between Water, Land and Engyy
Resources on the Earth and in Central Asia (Studiesf
Catastrophes and Engineering Aspects of Geonomy)

Usupaev Sh.E.
Central Asian Institute for Applied Geosciences (B®), Bishkek, Kyrgyzstan

E-mail: sh.usupaev @ caiag.kg

Abstract

Engineering geonomy (EG) concept and methodologidintifying paleo-catastrophic
formations on the Earth. Basic periodic internal arternal types of movements shaping the
world of slow and fast disasters on the Earth. Diwvea multidisciplinary research geonomy
models based on quantitative and qualitative caerrof thematic maps of the Earth and its
sub-parts. Geological models are projected ondtaional axis of the Earth, which reveals the
regularities of the lateral (latitude and longitudad vertical (altitude and depth) distribution of
different geonomy objects: 1) land, 2) water, 3)gamy, 4) cryogeny, 5) glaciation, 6)
distribution of energy systems, 7) desertificati®nlocations of electric power (hydro and
nuclear) facilities, and other associated companehthe environment (1-10).

Currently water on the Earth gives life to floraldauna including mankind, and plays a
crucial role in the geosphere. Water in its difféaf®rms occurs in hydro-, cryo-, bio-, seismo-,
litho- and other spheres of our planet. Water cougrto 70% of the Earth’s surface. The water
cycle in nature is truly universal. The water camaton issue is always quite serious. Annual
water consumption per capita is estimated at 20600 or comparison: in Egypt it is 1200, in
Sudan — 1100, in China, Syria and Israel — up tbmbterd. From 1960 to 1990 the area of
irrigated land in Central Asia increased by 65%, pbopulation grew from 14 million people to
50 million, and the need for water increased frdhid120 ki per year.

A significant portion of water resources occursha form of natural ice covering an area
of 72.4 million knf on the upper part of the Earth's crust, whichdserthan a half of the total
land surface. The volume is over 30 millionknvhich is about 70% of total volume of fresh
water. It would take 700 years for all the rivarghe world to accumulate such volume of water.
Water problems are not only lack or excess of wiatduding water pollution issues but also
various kinds of hazardous natural processes aadgohena caused by water in the form of
tsunamis, landslides, floods, outbursts of mounitgies, snow avalanches, and glacier collapses
and movements.

Based on the above, "catastrophic" aspects aremissbin the EG models below in this
paper. Identified ENG laws reflect the responsstefctural and material composition of the
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Earth to the major types of simultaneously occagri&aG motions that take place each year and
contribute to the formation of disasters on thettEar

1. Usual Earth’s orbital motion around the Sun;
2. Unusual internal orbital motion of the solid tpafrthe Earth’s liquid core;

3. Cyclic incremental impact of tidal waves on gfesphere which also raise and lower
the Earth’s surface due to the attraction of a) bimoon, c) "parade” of planets.

In this case, hydrosphere, cryosphere, lithosphedets constituent parts — tectonic blocks
on which power facilities (hydroelectric, nucleawer plants) are built — undergo systematical
strain stress, which causes geodynamics of tectnoiements, earthquakes and tsunamis.

In close association with the studies of catastespEG aspects are used to develop a
scientific interdisciplinary concept that includes:

1. Monthly rhythmical changes in the volume dynasro€the geological model of
celestial bodies moving in orbit around the surexdgrnal (Earth) and b) internal (solid core
moving inside the liquid core of the planet (Fiy. Bor example, Figure 1 shows the EG model
of the Earth's geological history research trueivatric shape of the Earth on the cards, the
geoid and solid models, allowed the surviving efdo portions and raising the Earth's surface,
the installation of six lines of impact of education our planet. Geo-ages of the ancient
collision occurred of paleo-Earth with such cetddtiodies. Clashes catastrophic, resulting in an
abrupt increase in the generalized planet. Cugrethté central part of the planet's liquid core
inside the orbit of its own annual 45-degree angliie sun commits a turnover a year, six solid
cores previously united with the earth of ancidahpt. These solid six cores floating in its orbit
inside the Earth's liquid core, periodically peptatl of the above posted geosphere, giving the
masses and moments of tectonic and gravitatiome¢$aon the areas of co-homology contacts. A
group of six became acquainted solid nucleus tee#ue effect of co-homology in their places
of contact with the surrounding geosphere. It ihmareas of contact pressure, solid core raised
up area of the lower mantle and upstream geosjngzes. At the same time on the near-surface
part of the crust due to the effect of co-homol@ggiccretion of tectonic blocks with
compression fractures and clamped. This activatesepses of displacement and lifts
groundwater levels. Surface water due to reducedgeility geofiltration environment
conducive to increased resources and the growitieaélements associated with surface water.
Simultaneously with the diametrically opposite sidéhe Earth the effect of co-homology,
shows the processes of lowering the surface dbtlier mantle in the liquid core, and the higher
lying near-surface zone of the crust undergo tersdiesses and unloading of stored elastic
energy. At the same time tectonic blocks includethe corresponding lithospheric plates
moving apart repel each other, faults expandspinptes penetration of groundwater into the
depths of the bowels, and ground water loweringeitsl, while increasing resources and
reserves in this environment, surface water, redpits volume and resources, replenishing
ground waters mitigate disaster risks from exposuirface water.
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During the winter period (perihelion in December}he northern hemisphere (when
summer begins in the southern hemisphere), thedlsgpmelerates to 30.3 km/sec and the Earth
most closely approaches the sun at a distance7ofmlifon km, which increases the mass and
compresses the volume of the planet. In this ecaatsr and land and energy resources in the
northern hemisphere experience a tremendous stkésm the Earth is far away from the Sun
(aphelion in June, at a distance of 152 million kth¢ mass of the planet decreases and the
speed drops to 29 km/sec while the volume of thagtl expands.

2. As divided into the geoid and specific boundagéalternating 12 lithospheric plates,
the following geo-wave processes and phenomenaliesme developed: a) divergent (within
mid-oceanic ridges), b) convergent (within mounstiuctures), c) monovergent (southern and
northern, western and eastern directions) (Figl'2¢. boundaries of lithospheric plates are
active, especially in areas of multiple intersexsiovhile mid-oceanic ridges are constantly
forming new area young basaltic crust.

Fig. 1. FRy.

3. The EG model provides a paleo-space concepieatdtastrophic formation of the Earth
as a result of six largest collisions with suchibegda timeframe which allows you to adjust the
currently used essentially obsolete evolutionarycheonological scale (Fig. 3).
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4. On converted into geons models of planetaryldevetional, regional and local scale
thematic maps for comparative research and syzgnesiiform assessments, and establish
regularities of changes in the environment showddHowing IGS data: a) latitudinal
distribution of large and deep earthquakes (FigbYatitudinal distribution of hydroelectric
power systems and nuclear power plants, b) distobwf the world population, c) latitudinal
distribution of major earthquake-prone cities ia thorld, d) atmospheric precipitation, q)
latitudinal distribution of water evaporation (F&). The peak distribution of hydropower
facilities is at 37-38 degrees north latitude, mnatural environment is most favorable there for
the development of hydropower facilities, and tkalpdistribution of nuclear power plants is at
48-50 degrees north latitude, i.e. natural envirenis most favorable there for the
development of nuclear power facilities. The regti&s in the distribution of the most important
hydrosphere components, namely precipitation aag@nation, show that safe and favorable
conditions for enhancing the potential of resolwrmater, energy and land issues occur at 23-40
degrees north latitude. Geonomy models show minirauaporation against increasing
precipitation at 23-26 degrees N latitude. The mimn peak of evaporation geonom in the north
hemisphere is closely and quasi-symmetrically d¢atee with the intersections of water and
land geonoms of the Earth.

Apart from drinking water supply and agriculturales, one of the fundamental
components of integrated water use is hydropowaseB on the forecasts, the hydropower
sector will account for about 8% of global watensomption. Water problems on the Earth are
connected with each other through the uneven bligtan of hydrological resources and uneven
quality of water, particularly water used for driimx purposes. According to the forecasts, if the

world population increases to 10 billion, it is egped that in the near future drinking water use
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will be 10 times less than the use of water fagation. Water use in different parts of the world
is as follows: Asia — 56%, North America — 19.4%rd&pe — 18.2% Africa — 3.1%, South
America — 2.1%, Australia and South Pacific — 1.24his case, total water consumption is
2,520 kni per year. According to statistics, in China thenber of people without access to
improved water sources reached 379 million in 2@h@, over 200 million in 2009. The cost of
water supply for 160 million people in the rurahwmunity in China totaled about US$ 6 billion
ore US$37.5 per person.

Fig. 4. Fig. 5.

5. On the planetary EG models, the latitudinalritistion of a) glaciers, b) permafrost, c)
sea ice (purple in winter, blue in summer) (Figsl®ws the patterns of maximum peaks of the
investigated component to the Earth’s cryosphehe.régional EG models (for the Eurasian
continent) show the latitudinal distribution ofra)mber of earthquakes, b) earthquake-prone
areas, ¢) mountains, and d) plains (Figure 7).

The interglacial time is divided into four epochgo cold epochs with minimum
temperatures 2900 - 2300 and 330 -125 years agdwamwarm epochs with maximum
temperatures around 5000 - 3000 and 1000 - 80@ wemr. The most recent cold paleo-climatic
period was in 1435 - 1860 AD (lasted 425 years), the most recent warmest period was in 985
- 1185 years BC (lasted 200 years).

According to Budyko M. I. (1977), gradual climatamning had been observed since 1880
and the maximum temperatures were reported aro®8d, ivhen the temperature in the
northern hemisphere increased by 0.6 degrees €esinompared to the end of thd' t@ntury.

Currently the Central Asian region comprises 21Intoes and provides home to 3 billion
people in the area of about 20 million krRor example, if the level of abstraction befo#6a
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did not exceed 50% of the total surface waterwayhe Aral Sea region, from 1980 to 2000,
total annual runoff reached 90%, and a reservé®®f dlid not provide the criteria and resources
for sustainable development. The efficiency of watee for irrigation is very low in the region
and does not exceed 40-50%.

The Aral Sea Crisis. As a result of an increaghénirrigated area in the Aral Sea basin,
which formerly covered an area of 2 million hecsafentil 1950), and intensive development of
up to 8 million hectares of land by 1989, the inflof rivers of the Syr Darya River Basin into
the Aral Sea stopped in the 1970-s and the inflbth@ Amu Darya River into the sea decreased
to 5 knT per year. The second largest water reservoirdrOi$ and the fourth largest water
reservoir in the world had a regional importance &rtal volume of 1,062 kirbefore this
disaster. In 1989, the volume decreased 3 tim854dnT as a result of artificial drainage. Each
year up to 100 million tons of toxic salt and dpatticles from the dry Aral Sea bottom, which is
over 36,000 krf) are carried by wind into adjacent Central Asiagions to a distance of first
tens of kilometers. These salt and dust partiaéseson glaciers and contribute to their melting
and accelerated degradation.

In the Aral Sea Basin, over 40% of the populatim2007 had no access to safe drinking
water. In 15-20 years, if the current populatioovgh rate continues, the percentage of people
without access to safe drinking water may incregst 70%.

Currently the annual withdrawals of surface andugtbwaters as a percentage of existing
water resources and in relation to the Aral SearBa® as follows: Uzbekistan-100%,
Turkmenistan-85%, Kyrgyzstan-40%, Kazakhstan-23&ikistan-20%. Currently about 85% of
water resources in Central Asia are concentratdajikistan and Kyrgyzstan.

6. Transformation of thematic maps to show EGudtital and altitudinal distribution of
glaciers in Kyrgyzstan (Fig.8 — lateral, 10 — veat) and Tajikistan (Fig.9 — lateral, 11 —
vertical). Geonomy models: a) mountain structuibgsntermountain valleys, and c) glaciers
(ice).

In Kyrgyzstan and Tajikistan, there are huge wegsources with hydropower potential
estimated at over 554 billion kilowatt-hours.

Fresh water runoff in the Syr Darya and Amu Daiyarrbasins is 150 kirper year.
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Fig.6 Fig.7

Up to 90% of runoff is used in agriculture for gaition purposes and 10% are used by
population and in industry. In the Kyrgyz Repubtite number of human settlements that do not
have access to drinking water of standardized tyualaround 1000.

Kyrgyzstan is a country that consists of the Tibarsand Alay mountain systems, where
94.2% of the territory lies above 1000 m and 40l@¥above 3000 m ASL. The climate is
continental with sharp contrasts associated wigh hititude zones. In Kyrgyzstan, there are
8,208 glaciers covering a total area of 8,106.KBiaciers feed six river basins and are
distributed in accordance with their area in tHofeing descending order: 1) Sary-Jaz river
basin — 33% of total glaciers in Kyrgyzstan, 2) Wariver basin —17%, 3) mountains around
Fergana Valley — 12%, 4) Kyzylsuu West river basPo, 5) Issyk-Kul lake basin — 8%, 6)
northern slope of the Kyrgyz Range — 5.8%.

Seven major glaciers have an area of 65 to 6323k a length of 11 to 60.5 km. Glacier
degradation and climate change risk assessmentl sioales that glaciers in Kyrgyzstan have 3
maximums of glaciation genoms from north to so@ince the risk of glacier degradation of
glaciers increases towards the south, it is liieat glaciers will melt and degrade in this
direction. The EG model shows that glaciation maxim are confined to maximums of orogeny
geonoms. For Kyrgyzstan, the northernmost glagiatiaximum is located at about 42 degrees
north latitude. The next maximum is located at ddrdes. This one is the smallest of the three
maximums. The third glaciation maximum is locate@%30’ north latitude. On the southern
part of the EG model, it coincides with the oroggepnom maximum.

International expeditions carried out together it GFZ of Potsdam (Germany) over the
last 3 years show that glaciers of the Kyrgyz T8san including the largest ones, such as
Inylchek, which is up to 60.5 km long, that coveptal area of 847.4 kinare susceptible to
degradation. Based on follow-up theodolite survélys,volume of glaciers in the ablation area
has decreased 1.5-2.0 mm over 3 years, and tte liereat has been from 25 m (Aksu Glacier)
to 100 meters (Davidov Glacier - Ak-Shyirak Massif)

Tajikistan is a country that comprises the TiensGhdai and Pamir mountain systems
with elevations ranging from 300 meters in the Beut plain area to 7,495 meters at the
Communism Peak in the eastern Pamir-Alai part efcibuntry. According to Zabirov R. D.
(1955), there are up to 1085 glaciers whose leisgtirer 1.5 km and total area is 8,041%kf6
glaciers had a length of over 16 km and the largeet— Fedchenko’s glacier — was 70 km long
and covered an area of 907 kmbout 91% of glaciers occur in the Amu Darya ribesin.
According to the EG model, the distribution of géas throughout Tajikistan shows four
preliminary maximums of glaciation geonoms. Thagegt and broadest maximum of glaciation
geonom is located in the northern part of the aguait 3830’ to 39 north latitude and, like in
Kyrgyzstan, correlates with the maximum orogenyrmgen. The EG model (Figure 4) shows the
altitude distribution of the following geonoms:lapd, 2) glaciation extent in Tajikistan where
the altitude distribution of glaciers is from 3dweer 6 km as compared to Kyrgyzstan. EG
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models (Figures 8-11) show that global or regi@tiatate warming will reduce glaciers in area
and volume in accordance with the established geemordinates of the geonomy maximums.
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For a uniform approach to assessment of geohaaadiforecasting and mapping of
dangerous changes in the environment, there idfi@dii2-point EG scale for classification of
emergency situations of natural, technological jremvnental and socio-biological origin (Fig.
12).

Conclusions

In practice and theory, when studying the relatigps between water, land and energy
sectors, it is necessary to use the developed emgng geonomy interdisciplinary concepts and
methodologies.

Geonomy models of different scales constructedipusty by recording the features and
patterns of development of geo-system componeluw ainification on the basis of a 12-point
EG scale to assess and forecast dangerous envintairobanges.
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Mathematical-cartographic Modeling of Water and Hydropower

Resources inKyrgyzstan

Kuzmichenok V.A.

Institute of Water Problems and Hydropower, Natigkeademy of Sciences of the KR

An enhanced digital elevation model and a digitatlel of moisture characteristics in

Kyrgyzstan, formed in increment of 500 meters, sa&s a basis for modeling. Digital elevation
model, except for the altitude of nodes of a regoiash, also contains information about the
angle of slope, exposure, mean surface curvatuterenindex of macro-slope

orientation. Digital model of dampening containe thllowing characteristics for each node:
average annual air temperature, annual amountraisgtheric precipitation,
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vaporization, evaporation, drain module and mogstur addition we used digital models of
snow cover characteristics, types of intra-annoatipitation distribution, climate changes in the
second half of the twentieth century, as well a&a files on the glaciers of Kyrgyzstan, formed
on the basis of the Directory of glaciers of theSRS

The above mentioned data can simulate conditiomadér and hydropower resources in
Kyrgyzstan, or its chosen part, given the timehef driginal data. We've carried out the
reconstruction of resources in the past, as wathadeling of their possible evolution in the
future, taking into account certain climatic coralis. For example, the state of glaciation in
Kyrgyzstan under different climatic conditions isalated on the basis of statistic dependence
of the firm line altitude on average summer airpenature and annual amount of precipitation
on the territory of the Republic. Some of the usedhematical models were also developed for
the territory of Kyrgyzstan. Almost in all the cagesults of the modeling are presented in
numerical, graphic and cartographic form.
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Trans-Boundary Issuesof Hydropower Industry in Kyrgyzstan

V. I. Lipkin
Institute of Water Problems and Hydropower, Natigkaademy of Sciences

of the Kyrgyz Republic

Abstract

Available power of a country is characterized by #mount and capacity of electricity
generated per person. In other technically advaaoddeconomically developed countries,
electricity production per person is only two-thtemes more than in Kyrgyzstan, where
industrial organizations do not work and agricudtig in decline.

The Central Asian region is clearly divided inte tountries, which are rich in water
resources (Tajikistan and Kyrgyzstan) and the a@s)tdependent upon Tajikistan and
Kyrgyzstan in terms of water supply (Uzbekistantkhoenistan and Kazakhstan).

The average annual water discharge from all trergiflowing on the territory of the
Kyrgyz Republic, is about 1 500 m3/s. The main hydropgved¢ential of the Kyrgyz
Republicis therunoff of rivers, which originaten the Kyrgyz Republic. The Kyrgyz Republic
faces a serious task to tackle poveatyd water resources are an importamirce of national
economiadevelopment.

With all our hydropoweabundance, we should consider not grossedmriomic
hydropowerpotential, which is 4 to 6 times le$ggross one.

Export of electricity igheonly source of fundinfuel procurement for thermal power
plants.Unregulated power consumption in 2005-2008 affettedradual depletion of water
supplies frontonservation zone of the Toktogekervoir to the dead storage level.

The power system of the Kyrgyz Republic, beingased from the power systems
of neighboring states is currently not energeticatigused Maximumload in the north is 1,90C
million kW, while in the south it is 1000 milliokW. Generatiorpower plants arcated in the
south by 90%.

The Government of the Kyrgyz Republias been choosirigvestors for construction of
small, medium and largdPPs for several years.

Joint development of water and hydropower resoun€E#ise Sarydjaz-Kumaryk River is a
project, proposed by IWPHP NAS KR, a project ofrhanious and mutually beneficial
cooperation between China and Kyrgyzstan. Chineg®nhal Energy Corporation “Guodian” is
ready to invest in cascade construction projectSamydjaz and Chu rivers.
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Introduction

Electric energy is an index of technical and ecoeatevelopment of the country and
human wellbeing.

Reliable and dynamically developing electric powelustry enables a country to live
comfortably in the present and to confidently ptarfuture, developing energy-intensive
production, which significantly increases the cotitpeness of the economy and is conducive
to long-term investments.

Available power of a country is characterized by #mount and capacity of electricity
generated per person.

Electricity production [1, 2] in some countriestbé world, amount of electricity
generated per person annually and power capadityggsson are shown in Table 1.

Table 1 - Electricity Production Worldwide

# Country Electricity Population | Amount of Elecric power
_ _ electric power per capacity per

Production | size, thous. | yerson, kWhiyear| person, Wiperson

Million people

kWh/year
1 USA 4110 000 310 233 13 248 1512
2 China 3451000 1330141 2594 296
3 Russia 1 040 000 139 390 7 461 852
4 Japan 957 000 126 804 7 546 861
5 India 723 800 1173108 617 70
6 Canada 620 700 33760 18 380 2098
7 Germany 593 400 82 283 7212 823
10 Brazil 438 800Q 201 103 2182 249
16 Australia 239 900 21516 11 150 1273
25 Norway 142 70( 4676 30518 3484
32 Pakistan 90 800 184 405 492 56
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36 Kazakhstan 78 400 15461 5071 579
51 Uzbekistan 44 80D 27 866 1608 184
75 Tajikistan 16 10( 7 487 2150 245
76 Kyrgyzstan 14 500 5363 2.703 308
77 Turkmenistan 15 50p 4941 3137 358
108 Armenia 5584 2967 1882 214
136 Laos 1 656 6 368 260 30
157 Mali 515 13 796 37 4
167 Afghanistan 285% 29121 10 1
189 Chad 10d 10 543 10 1
211 Gaza Strip 0.06p 1604 0.04 -

In terms of electricity production, Kyrgyzstan rark8" out of 211 countries. Electricity
produced per person in Kyrgyzstan is 11 timestess in Norway - the country, which occupies
the first place in the world in this indicator. dther technically advanced and economically
developed countries - Russia, Japan, France, Ggrraeat Britain - electricity production per
person is only two-three times more than in Kyrggmswhere industrial organizations do not
work and agriculture is in decline.

Electric power industry in Central Asia

Central Asia has extremely uneven distributionradrgy resources on its
territory. Countries located in the lower part k¢ tAmu Darya and Syr Darya rivers -
Kazakhstan, Uzbekistan and Turkmenistan — areimicii and gas, and the Kyrgyz Republic
and Tajikistan almost do not have it. The main gnpeesources of the countries of Central Asia
[3] are shown in Table 2.
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Country Fossil fuel reserves, Hydropower capacity
Million tons fuel equivalent
oil Gas | Coal Total Per-| Billion Million Per-
cent | kWh tons
cent
fuel eq.
Kazakhstan 1,100 | 1500] 2430Q 26900 | 77.4 27 2.3 5.2
Kyrgyz
Republic
55 5 580 591 1.7 163 14.0 311
Tajikistan 1.7 5 500 507 15 317 27.3 60.5

Table 2 - Basic energy resources in Central Asia

Water resources in the states of Central Asia istalwuited unevenly. Central Asian region
is clearly divided into the countries, which arehrin water resources (Tajikistan and
Kyrgyzstan) and the countries, dependent upon iBggik and Kyrgyzstan in terms of water flow
(Uzbekistan, Turkmenistan and Kazakhstan). Kyrgyzsontrols the Syr Darya river basin, and
Tajikistan controls the Amu Darya basin.

More than 25,000 streams and rivers flow on theteey of Kyrgyzstan, 73 rivers have the
length of more than 50 km. Most of the rivers d@remto 50 km in length, and streams are of up
to 10 km in length. The total length of all theeis is more than 500 thousand
kilometers. Density of river network in averageis km per km[4].

The Syr Darya River is the first in length and seeond in water content in Central Asia.

The length of the Syr Darya River is 3,019 kmpisin area is 219 thousand *krfihe
main part (75.2%) of the Syr Darya runoff is fornmdthe territory of the Kyrgyz Republic,
15.2% - in Uzbekistan, 6.9% - in Kazakhstan an@®-7n Tajikistan.

The main tributaries of the Syr Darya River arerikiers of Naryn, Karadarya and
Chatkal, which are formed in the Kyrgyz RepublibeTmain river in Kyrgyzstan is the Naryn
River, which collects water from the territory &,600 knf. The Naryn River takes its rise from
the Kumtor River, originating at the altitude o730 meters from the lake which is formed
by melt water from the Petrov glacier. The KumtiveRr, taking several tributaries, flows into
the river of Bolshoi Naryn (Great Naryn), and afterconfluence with the Malyi Naryn (Minor
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Naryn) river, it forms the main river of Naryn. Theerage annual water flow of the Naryn River
at the place, where it leaves the territory of Kygstan, amounts to 430°fs.

The average monthly water consumption of the N&iuer (Uch-Terek village), of the
Chu River (Kochkorka village) and of the SarydjazeR with its tributaries Kuylyu and
Akshiyrak are shown in Fig. 1.
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Figurel. The average monthly water consumptiadaryn, Chu, Sarydjaz rivers

Minor rivers and tributaries with discharge of oplD ni/s are often fully taken to the
irrigation channels. The average annual water aopsion of all the rivers, flowing in the
Kyrgyz Republic, is around 1,500°fs.

The total average annual river runoff in Kyrgyzsimabout 50 krilyear.

The main hydropower potential of the Kyrgyz Repailidi the runoff of the rivers,
which take their rise from the Kyrgyz Republic.

Irrigation and power operation modes of power @aue significantly different. Irrigation
mode involves discharge of large amount of watesuimmer, when Uzbekistan and Kazakhstan
need it for irrigation of their fields. Power opgosmm mode means that power plants discharge
large amount of water in winter, when the demamaefectricity increases. Water reserves in
the region are limited. Water is scarce for yeamboperation in both modes. During the Soviet
period, when energy complexes of the Central Aggublics and Kazakhstan were a part of a
huge integral system, power plants operated irtiggtion mode, dropping the water in spring
and summer, receiving in return gas, coal anddiiétom other republics in winter. After the
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collapse of the Soviet Union, the situation changed all the calculations for energy
consumption were oriented to market prices. Uzhekiand Kazakhstan refused to pay for
water used for irrigation, considering it as a camnmheritage of the region. Maintenance
costs of power plants and reservoirs are coverdtdKyrgyz Republic and Tajikistan, which
led to significant deterioration of their technicaindition.

For the fault of its own fuel resources, as wekkageriencing difficulties with
their acquisition, the Kyrgyz Republic is plannitegsolve its energy problems by constructing a
cascade of Kambarata power plants, which begangitine Soviet period.

In January 2008, the Kyrgyz Republic resumed canstin of the Kambarata-2, using its
own resources. The Kyrgyz Republic cannot build Kamta-1 at its own expense, and the
project completion may possibly be implementedatdaxpense of Russian loans.

According to Uzbekistan, construction projects ydfopower stations in upper courses of
major waterways should take into account the isteref all the states in the region and undergo
a mandatory examination to assess their techn@bgitd environmental safety, as well
as guarantee of the preservation of water baldsmeekistan considers Kambarata-1 project to
be the most undesirable project for Uzbekistan.

Situation in water use is actually a reflectioragirofound socio-ecological crisis, existing
for a few decades. It exists due to the discrepaetyeen natural climatic resources of the
region and the rapid increase in its populatiorwels as the unreasonable economic system. In
1960-2000, total amount of water intake in Censih has doubled. 90% of this water is used
for agriculture.

The Kyrgyz Republic faces an acute task to tacklepy, and water resources are
our source of national economic development.

Hydropower resources of the Kyrgyz Republic wereedeined by the Academy of
Sciences of the Kyrgyz SSR in 1960; in 1967, thad&my of Sciences of the USSR specified
hydropower resources of the Kyrgyz Republic. In39885, KirNIOE developed a thematic
map "Hydropower industry of the Kyrgyz SSR”. Thetitute of Water Problems
and Hydropower of the National Academy of Scierafabe Kyrgyz Republic (IWPHP NAS
KR) specified the main indicators of hydropowerogses of rivers in the Kyrgyz
Republic. Results of the studies [4, 5] are shawhable 3.

Table 3 - Hydropower Resources of the Kyrgyz Reipubl
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Hydropower potential
Gross Technical Economic
Known | Capa- Power, Capa- Power, Capa- Power,
rivers, city, N city, - city, N
Organization Billion Billion Billion
number . - -
million | kwWh/ million | kWh/ million kwh/
kw kW kw
year year year
Academy 180 14.9 130.3 - - - -
Kyrgyz SSR,
1960
Academy USSR,| 236 16.3 142.5 8.3 72.9 55 48
1967
KirNIOE, 252 18.6 162.5 11.3 99.2 6.3 55.2
10Q9¢

With all our hydropower abundance, we should caersiobt the gross, but the economic
hydropower potential, which is 4-6 times less ttr@ngross one. Out of 45.5 billion kWh/year of
the Economic hydropower capacity - about 20 bilkdwh/year is currently used, developing up
to 14 billion Wh/year of active hydropower at HRi?she Kyrgyz Republic. Assume
that existing and future hydropower plants in Kyzgfan may develop up to 30 billion kWh of
active hydropower annually.

Water and energy modes of the Naryn cascade of HPPs

Average long-term runoff of the Naryn River in theriod from 1910 to 1974 was 11.4
billion m®. From 1975, when the Toktogul HPP was launche#@pid®, the average long-term
runoff of the Naryn River amounted to 12.6 billior.

Average annual water output from the Toktogul resebetween 1975 and 1992 was 10.7
billion m®, 7.7 billion n? out of which were produced during the period @fvging irrigation
needs. Since 1995, water in the Toktogul reseh@gian to be used in the power mode - at an
average annual production of about 14 billioh water production for non-growing period
accounted for 61%.

Water releases from the Toktogul Reservoir, regaslbf electricity production, caused
idle discharge of water in all cross-sections efligdropower stations cascade.
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Water release mode is continuously monitored aiigl miormation is submitted to
dispatcher services of JSC “National Electric Neksmf Kyrgyzstan", "Energy" corporation,
JSC "Power Plants". Unauthorized electricity supfjumes are not possible either. All data on
cross-flow of electricity is fixed by metering teah all the energy systems of the neighboring
republics and is submitted to the customs autlestiti

Electricity production in the Lower Naryn HPPs cade is annually planned, taking into
account energy consumption in the Republic, aviitialof water reserves, capacities of
Bishkek and Osh Heating Power Plants, electricifyoet volume. Export of electricity is the
sole source of funding fuel procurement for heafioger plants.

Unregulated power consumption in 2005-2008 affethecyradual depletion of water
supplies from conservation zone of the Toktoguéresir to the dead storage level.

In 2010, for the second time over the operations/ethe Toktogul waterworks,
there was need for idle discharge. To avoid idéeltirges during the growing season of 2010, it
was necessary to ensure power export of abouti@bkKWh. Hydropower production at HPPs
and Heating Power Plants in Kyrgyzstan and expoetextricity from Kyrgyzstan for the
period from 2000 to 2010 [6] are shown in Fig. 2.
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Fig. 2. Electricity production at hydropower plaatsd heating power plants

in Kyrgyzstan and export
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Limitations on discharge capacity of trunk transsiga lines, organization of open
tendering and bureaucratic delays in electricifyogkprices approval at the Ministry of Energy
led to idle discharges on the cascade of hydropglests in August - September 2010.

In the energy system of Kyrgyzstan, there are proklwith electricity supply for
consumers. There is steady growth in power consompgspecially in the north of the
Republic. The power system is geographically dididgo the north one and the south one. They
are connected by one high-voltage line of 500 k\@xihum load in the north is 1,900 million
kW, and in the south — 1,000 million kW. Generatmmwer plants are located in the south by
90%.

Average daily consumption of electricity in the Rbfc is about 18 million kilowatt-hours
in summer, and in winter it increases to 67 millidlowatt-hours/day [7]. Such an increase in
electricity consumption is due to the use of eleityrfor cooking and heating.

Electric network with voltage of 500 and 220 k\lre north is loaded up to the highest
notch in hours of maximum loads in winter.

The power system of the Kyrgyz Republic, beingased from the power systems
of neighboring states currently does not have gneegurity.

The Sarydjaz - Kumaryk River is a Kyrgyz-Chinesassrborder river. Part of this river
(from its source to Kyrgyz-Chinese border) is aalBarydjaz, and on the territory of China to
the mouth of the Aksu River it is called Kumaryk.

In the Kyrgyz Republic, the river has a length ®0Z&m, catchment area is 11,224%m
which amounts to 73.6% of the total catchment afehis river.

The length of the Kumaryk River in China is equall05 km, the catchment area is
4,027 knf, which is 26.4% of the total catchment area. Togthment area of the Sarydjaz-
Kumaryk River is 15,251 kfnthe length of the river is 315 km.

The Sarydjaz-Kumaryk River, having significant watapacity, has large differences in
elevation and substantial hydropower potential ciwlureates good preconditions for cascade
hydropower resources development. Joint developafamater and hydropower resources of
the Sarydjaz-Kumaryk River is a project of harmaisiand mutually beneficial cooperation
between the two countries, stimulating economiceetigyment and good-neighborly
relations [8].

Since 2006, scientists of IWPHP NAS Kyrgyzstan ZlAR PRC began to
develop scientific and technical justification fomt development of water energy resources of
the Sarydjaz River. As a result, coordination madras of joint cooperation have been found,
and a project of integrated use of the river wegsources has been proposed, which will
stimulate the development of mineral resourcekenbiasin of the Sarydjaz River
and recreational resources in the Issyk-Kul lalsrba
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Joint development of hydropower potential in futwi# strengthen bilateral cooperation,
develop economy of Kyrgyzstan and China, strengtfeard neighborliness and
cooperation between present and future generadiothe two countries.

"Report on integrated use of water resources ofrdressboundary Sarydjaz-Kumaryk
River", composed in 2010, is a result of genertibreof Kyrgyz and Chinese scientists joint
work.

IWPHP NAS KR proposed the Government of the KyrBgpublic to consider the
report on the integrated use of water resourcéiseo$arydjaz-Kumaryk River, aiming at
decision-making at the government level for furtievelopment in this direction. Chinese
investors, represented by the China National En€ayoration “Guodian”, are ready to
invest in this project today, as well as in thestarction project of two hydroelectric power
stations on the Chu River. Economic and social fisrfer our Republic from these projects are
obvious.
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