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PREFACE

1n response to the request from the Government of the Republic of Uzbekistan, the
Governiment of Japan decided to conduct the Study on the Water Supply System in'six
cities of Aral Sea Region and entrusted the study to the Japan International Cooperation
Agency (J[CA).

JICA sent to Uzbcekistan a study tcam headed by Mr. Hidetoshi HAGA, Tokyo

'Engmeermg Consultants Co., Ltd. in association with Kyowa Engineering Consultants

Co., Ltd., 7 times between September 1994 to October 1996.
The team held discussions with the officials concerned of the Government of

- Uzbekistan, and conducted field survcys at the study arca.  After the team returned to

Japan, further studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the
enhancenient of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concemcd of the

Government of the Republic of Uzbekistan for their close cooperation extended to the S

team.

Deoénibér, i19:96

Kimio F'uj'ita
President
Japan intemat:ona] Cooperation Agency
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LETTER OF TRANSMITTAL

Dear Sis,

We are pleased o submit you the final report entitled “THE STUDY ON WATER SUPPLY
'SYSTEM IN SI1X CITIES OF THE ARAL SEA REGION IN UZBEKISTAN".

This report has been prepared by the Study Team in accordance with the conltracts signed on
Augusi 1994, May 1995 and May 1996 between the Japan International Cooperation Agency
(JICA) and the Joint Venture of Tokyo Engineering Consultants and Kyowa Engincering
Consultants.

- The report consists of the Main Repori, Summary Report, ‘Suppor{ing Report and Data Book.

The Main Report contains the results of survey, analysis and explains about Basic Plan and
© Feasibility Study. The Summary Report summarizes the results of all' studies. 'The
Supporiing Report includes data, details of investigations and analysis. The Data Book
~ contains the results of water qualily analysis by the JICA Study Team and Uzbeki counterpart.

t All member of the Study Team wish 10 express grateful acknowledgment to the personnel of
your Agency, Advisory Commitiee, Ministry of Poreign Affairs, Ministry of Health and
Welfare and Embassy of Japan in Uzbekistan, and also to the officials of the Government of
* Uzbekistan for all assistance extended to the Study Team. The Study Team sincerely hopes
~ that the results of the study will contribute to the improvement of health and sam!ary conditions

- of people in the Aral Sea Region in Uzbekistan.

Yours faithfully,

L ra

Hsdeloshl HAGA
Team Leader
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EXECUTIVE SUMMARY
1. Tatroduction

The Aral Sea region of the Republic of Uzbekistan (ROU), the Study area, is located in the
autonomous Republic of Karakalpakslan and Khorezni Province, and in the downstream pait of
the Amu Darya river. ‘The problems faced by the water supply system in this region are
degradation of drinking water guality due to deteric_)ralion;of quality of the water sources and

inability to raise funds to cover miainténance and operationi costs because of the low water

tariffs. Particularly, the degradation of water quality in the water sources has resulted in
adverse effects on the health of the inhabitants, In view of this background, the Study focused
on improveiments to the quality of drinking water.

2. Exisii'ng' Water Supply System
Karakalpakstan and Khorezm have the Tuyamuyun-Nukus (T-N) and the Tuyanuyun-Urgench

(TfU) inter-regional water supply systems respectively. Regional water supply corporations,
Vodokanal (urban water supply) and Agro- -Vodokanal (rural water supply), are currently

_ supplymg water dircctly to the residents of these areas by purchasing treated water from the

inter- rcglonal water supply systems and adding treated water produced by themselves. The
inter-regional water supply systems cuccently produce about 60% of the total water supply.

3. Measures to Improve the Water Quality

Water supply sources for the Sludy area are mainly surface water denvcd from the Amu Dajya"
river and underground water. - The degradation of water sources is a!tnbuled to the inflow of =

‘irrigation waste water con'tammg high concentration of sa]muy from the large agricultural land.

The main problem in water quality is that the evaporated restduc (mineralization) and the total
hardness do nol'satisfy the drinking water quality standards. T{S solve these prbblenis, the
Study Team prcpared and analyzed alternative plans for improving ‘the water quality. As a
result, it is proposed that water should be stored in’ the Kaparas reservoir duting the pcnod
when the quality of Amu Darya river water is good and that waler ‘should be treated at
Tuyamuyun waler treatment plant. o



4. Basic Water Supply Plan

Based on these measures for improving the water cjudlity, a basic water supply plan with 2010
as the target year was formulated. The Kaparas reservoir will become the main water supply
source. The treatment plants in the existing T-N and T-U inter-regional water supply systems
will be extended. A part of the regional water treatment plants wilt also be uscd. The existing
TN Lransmlssnon system and the T-U transmission system will be extended and used as trunk
transmission pipeline systems. Aged dlslnbutmn pipclines will be renewed for ieducing leakage

and new pipelines will be taid for increasing the population’ served, Water meters witl be

instatled for all res;dent users for achieving effective utilization of water _
5. Revlsihg the Pr’ojecl

The results of the project assessment showed implcmcn.ting'the entire project would be very

difficult due o enornmous construction cost. Thcrcfor the scale of the project was cut down by

taking two measures: utilization of the existing transmission plpelmc of lhe Urgench Transgas

and culling down the expansion plan of the waler treatment planls The total construction cost

for the rescheduled project was estimated as 603 million US. dollars, out of which the
construction cost for the first priority project with the target year of 2002 was cstimated as 278
million US dollars. A feasibility study was cairied out for the rescheduled project. Details of
. the project and the proposed water supply system are shown in the atiached figures.

6. - Total Served P0pu_lation, Demand and Supply

" The percentage of populalton servccl in the urban area will increase from 76% (Karakalpakslan)
. and 87% (Khorezm) in 1995 to 100% by the year 2010 for both regions. The served
:pOpulatibn in the utban area will increase from 502,000 persons and 292,000 persons (o
851,000 persons and 397,000 persons respectively in 2010 in the two arcas, The niaximum
daily demand for both areas including urban and rural populations in 20[0 is estimated as
413,000 m*/day (Karakalpakstan) and 415,000 m’lday (Khorezm). The total maximum daily
supply capacily is 828,000 m*/day and the additional capacity of 325,000 m*day (T-N' water
treatment plant: 145,000 m*/day; T-U water treatment plant: 180,000 m'/day).

@:



7. Maintenance and Operatien of Water Stipi)ly System

The items listed below necd tobe conmdcrcd for the succcssful lmplemenmlon of this project.
1) Establishment of integrated management system for the Tuyamuyun Hydro-unit
including the Kaparas_ IESeIVOir
2) Effective management between the Vodokanal and the ‘Tuyamuyun water supply
systems '
3) : Adequate response in ¢ase of an emergcncy in the inter-regional water supply system
4) Control of water lcakage.

8. Project Assessment
The Economic Ihtema! Rate of Return (EIRR) for the first priofity project was 8.4%, If

benefits that cannot be quantitatively assessed are taken into account, the feaSIblhty for this
project will bc hsgh Resulls of financial malysns showed that the ROU government should

- give subsidies for coverlng the construction cost so that an adequate water tariff level is

maintained and the project is implemented successfully. The water tariff for household
consumers needs to be increased to a reasonable level (2% of the average household mcomc)

9. Environmental Impact Assessment

Three aclivities were identified as the main environmental impacts, and the results of an

assessment and relief measures to mitigate them are summarized below,

(1) Operation of the Kaparas res¢evoir (No cutrophicauon lmpact on the hydrosphcn, -

are negligible. Silting can be neglected. Problem of water rights was so]ved )

(2) Operation of water (reatment plants (Adequate d1sposal of sludge is |1ecqssa1y)

(3) Increase in the amount of sewage with the increase in served ‘population:
{Development of sewage system is necessary. ) ' '

iii
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1.2

PART 1 BASIC PLAN

CITAPTER 1 INTRODUCTION

Background of the Study

The Aral Sea region of the Republic of Uzbekistan (hereafter called "ROU"), which is

the Study Arca, is located in the autonomous republic of Karakalpakslan
(Karakalpakstan, ROK or KKP) and Khorezin Province (Khorezm or Kz), and in the

‘downstream part of the Amu Darya river that flows into the Aral Sea.

The problems faced by the water supply system are degradation of quality of water at
the sources due to poliuted drainage from irrigated and agricultural land at the upsiream
end and the very low water tariffs because of which operation and maintenance of the
supply system is inadequate. Particularly, the degradation in water quality has been
reported 1o have caused serious damage to the health of the inhabitants in the Study
Area,

In view of this background, the government of the ROU requested the Japanese
government to carry oul a study on the water supply project for the Six Cities
mentioned below, and to recommend the necessary improving measures, On receipt
of this request, the Japan International Coopcration Agency (.l ICA) d:spalchcd a Sundy ‘
Team to start the Study. :

Objectives of the Study

The Study was carried out in two stages: 1) Study for formulating the Basic Plan,
and 2) Feasibility Study.

1) Formulation of the basic plan for improving the i_nslilutionﬁmahagcmenf of the
waler suppiy service and the quality of water supplied to the Six Cities in the Aral
Sea region ' '

2) Implenmnlan(}n ofa Feamblhty Study for priority projects selected under the Basic

- Plan. Another objective is the transfer of technology to the counterparts through
implementation of the Study.



1.3

Study Area -

1) Karakalpakstan: Nukus, Chimbai, Kungrad, Muynak

2) Khorezn; Urgench, Khiva o |

3) Others: Tuyamuyun Hydro-unit, Tuyamuyun-Nukus (T-N) water treatment plant,
Tuyamuyun-Usgench (T-U) water treatment plant, intake points for water supply

to the Six Cities in the Study Arca.

1-2
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CHAPTER 2 GENERAL CONDI[‘IONS AND BACKGROUND OI‘

2‘1

2.2

2.3

THE STUDY

General Conditions of the Study Area

The ROU is located inland in Central Asia, with a inountain range stretching across the
eastern part of the country, continued by the Pamir highland the glaciers ‘of which
melt and give rise to ihe Syr Darya and the Amu Darya rivers flowing to the north west
across the Kyzylkum desert, steppes and into the Ardl Sea. '

The Study Area of Karakalpakstan and Khorezm is situated to' the extreme west of the
ROU, along the coastal ateas of the Aral Sea and at the downstream end of the Amu

- Darya river.

The Study Area has a continental climate. Summier is hot and dry; winter is very cold
and the area has higher rainfall than in winter. The average temperature at Nukus is

about 11 °C, and the average annual rainfall is about 170 mm.

Water Supply Diffusion Rate

The areg, 'bopulation and served jmpulaﬁon by centratized water ‘su'pﬁly system of the
ROU and the Sludy Area are given below.

'I‘able 2.1 Area, population, water supply dil‘fusion ratc in the ROU
' and the Study Area

Name of region Area Population Pop. Density | = Water Sﬁpply Coverage Rate
- | (thousand km®| _ (thousand) (persons/km?) Urban Rural
ROU 442.4 21,718 48.5 ___'_ N 84.6 60.0
Karakalpakstan 165.3 1,344 8.1 : - 837 32,1
Khoezm | 6.4 1,132 1769 | 810 57.2

Source: Ministry of Public Utilities
Population (in 1993), Water supply coverage rate (m 1995)

Aral Sea Crisls

The former USSR converted the desert r_égion at the midstream area of the Amw Darya

river to a cotton cultivation land by large scale irrigation using the waters of the Amu-

Daryariver. The result was that the inflow volume to the Aral Sea decreased steeply

so that in 1989, the surface waler atea in the Aral Sea decreased to 60% of the original

I-4



2.4

2.5

2.:5.1

- area, and the sall concentration rose to about 30,000 ppm.  Furthermore, with the
‘excessive use of agricultural chemicals such as defoliants and salt damage to the

farmiand, the surface water and the ground water at the downstream and midstream
part of the Am Darya river became polluted, and the health of the inhabitants drinking
this polluted water at the downstream part was seriously affected.

Health Conditions in the Study Area

‘The direct causes of damage to health of the inhabitants in the Study Area have not
been clear. Inadequate good-quality drinking water and lack of hygiene are considered -
to have had a major effect on the health of the inhabitants. The morbidity rate due to

- disease in the Study ‘Area is high compared to the national average, and shows an

increasing trend. The health conditions are given below.

® Kidney and fiver diSOrﬂers; arthritis; chronic bronchitis, typhoid and hepalitis has
incteased siiddenly in the last 10 to 15 years.
@ High maternal and infant mortality

- ® Increasc rate of congenital disorder |

® Morbidity rate is high for waterborne diseases, especially diarrhea discases.
® Cases of acute respiratory diseases are many.

® Anenia
Related Water Supply Projects
ROU Water Subply Projects

(l) ROU water supply Master Plan (Karakalpakstéli; Khorézrh)

Since the quatity of water in the mid and downstream reaches of the Amu Darya river
has deteriorated, the ROU government formulated the Tuyamuyun ‘Water Supply
Master Plan, with the aim of ensuring new waler sources, Th.i's plan envisages storage
of _waler equivalent toa yearly demand in the Kaparas reservoir during summer when

 the quality of water in the Amu Darya river is good, treating this water al the

Tuyamuyun water trcatment pIaL_nt,_ and supplying this water to Karakalpakstan and
Khorezm. This plan currently delay because of the difficulties in procuring fund.

{2) Kungrad, Takhiatash and Khodzeiti water supply plan

Urgench Transgas Company (gas production company) has been producing water for
supply of drinking water to inhabitants of towns along gas pipelines and to public
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water works corporation (Vodokanal) located ot the left bank of the Amiu Darya river,
This plan cavisages supply of drinking water to inhabitants of towns along gas
-+ pipelings, particularly when supplying cooling water t compressors and pumps.

(3) Right Baitk Collector Drain (RBCD) project
Contaminated water flows from many agricultural canals into the Amu Darya river and
degrades the quality of water in the river. - This pkojecl envisages collecting the drains

before they flow into the fiver, thereby improving the quality of river water. The =

collector drain extends for 665 km, and the work is divided into three stages. The first
stage of work is in progress, and one section has been compléted.

2.5.2  Water Projects with the Assistance of International Organizations and
Aid-giving Couniries '

(1) The World Bank has been investigating plans extending over variéus fields for
envitonmental problems faced by the Aral Sea. Water supply plans in the JICA
Study Area are also included in the plans. '

(2) USAID has implemented a short-term drihking water improving project‘

(3) The German Red Cross has conslructed a reverse osmosis plan( of bapacity 100
m’/hour at Takhtakupyr in Karakalpakstan in 1993,

: »



3.1

3.2

CHAPTER 3 EXISTING WATER SUPPLY SYSTEM

Oufline of Water Supply Systeins in the Study Area

Public water works corporations in the Study Area include the urban water supply
COrporalion‘s' (Vodokanal) for ‘cities, and rural water supply corporations (Agro-
Vodokanal) in the tural areas. Both Vodokanals purchase treated water from water

' treatent plans owned by thcmselves and in addition, purchasc treated water from the

Tuya_muyun inter-regional water supply system, and supply the treatéd water to the
inhabitants. Furtlléfmore, the Vodokanal on the right bank of the Amw Darya river in
Karakalpakstan, purchases water from the Urgench Transgas Company and supplies it
fo the cities on the right bank. The water supply systems in the Study Area are given

below.
Fig.‘ 3.1 Water Supply Systems in the Study Arvea
o Kafakalpakstan Amudarya

u gegion

ztransgas_ Urlrm Rl.'tral :

, 1 \ : - Vodokanal
Tuyamuyun . ‘ : _
Nuzus \’;SS. Vodo-kanal Agro—Vo-clokanal Agro-Vodokanal

. L _ |
Toyamiyin B SE—

Urgench WSS. Vodokanal Agro-Vodokanal
" Urban - Rural *
' Khorezm o

Existing Water Treatment Plants in the Study Area

The Study Area has the following water treatment facilities: ﬂocuﬂauon—scdlmcm‘mon

water (reatment plants, plain sedimentation water trealment plants, wells (amﬁcnl
n,plemshment ground water), elecirodialysis and reverse osmosis. systcms shallow

* wells and push-button pumps.
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3.3

3.3.1

3.3.2

’I‘uyamuyun Inter-reglonal Water Supply Syslém
Oultline
Water supply and sewerage plants were formulated for cities and rural areas in both

Karakalpakstan and Khorezm fegions in 1986 with the target year taken as 2000, In
these projects, the Tuyamuytn-Nukus (T-N) inter-regional water supply system and

the Tuyamuyun-Urgench (T-U) inter-regional water supply system were planned for

Karakalpakstan and Khorezm respectively with capacities mentioned betow.

Total planned capacity of T-U water treatment plant: 577,000 m*/day |
Total planned capacity of T-N water treatment plant: 540,000 m’/day

This project is scheduled to be implemented in thtee stages by the year 2000, but as of
today, only the first stage has been completed; the project has been delayed
considerably.

Kaparas Reservoir
'The Kaparas reservoir has a planned effective storage capacity of 550 million m’*, and

together with _thé Sultansanjar reservoir, Koshburak reservoir, and the Rus!évoye
reservoir {the Amu Darya river bed reservoir), it forms the Tuyamuyun Hydro-unit.

~ The plan formulated is for the Tuyamuyun water supply system to store water from the
- Amwm Darya river in the Kaparas reservoir during July and September when the waler

. quality and quantity ate good, and use this stored water as the source of water supply

3.3.3

for the whole year. Prescntly, the Kaparas intake station and the raw water main (o the
“Tuyamuyun water treatment plants arc under construction.(Fig. 3.2)

Tuyamuyun-Nukus (T-N) Water Supply System

(1) Water transmission area: Karakalpakstan

(2) Management: the Unit Repair and Maintenance of the T-N regional water pipelines
under the RPA for Operation and Development of Regional Water Pipeline of the
Ministry of Public Utilities (MPU) '

(3) Outline of facilities:
1) Tuyamuyun-Nukus water treatrent plant

I-8
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3.3.4

3.3.5

‘Daily maximum supply capacity: 170,000 m’/day
1. Fisst stage pumping slatlon

Coagulam feeding

- First ¢coagulo sedimentation (radial clarificr)
Second coagulant feeding
Second coagulo sedimentation (herizontal flow)
Rapid sand filter ' '
Chlorination .
Clear water reservoir

R R

. Transmission’ pump
2) T-N witer transmission plpehne system (Fig. 3 3)

Tuyamuyun-Urgench (T-U) Water Supply System

(1) Water lrané‘_miss_ion area: Khorezm and Amu Darya region in Karakalpakstan

(2) Maﬁagen‘renl: the Unit Repair and Maintenance of the T-U regional water pipelines

under the RPA for Operation ard Development of Regional Water Pipeline of the
- MPU

{3) Outline of facililies:
1§ T-U water treatment plant
Maximum daily supply capacity: 200,000 m*/day
The waler treatment process is the same as that of T-N waler trealmem plant
except for the rapxd sand filtration and pump ¢apacity.
* 2) T-U water transmission pipeline syslem (Fig. 3.3)

Progrcss of Tuyamuyun Water Supply System

The Kaparas reservoir and a part of transmission pipelines included in the first stage of
the project, and half the planned capacity of the T-U and T-N water treatiment plants.
were compleled al the end of 1994, and are currenliy in operation. ' Many citics and
qural areas are receiving water as a result of compIeuon of this work. However, mosl
of the facilities on the Teft bank of the Amu Darya river in the downstream areas are
under construction, and water is still not being supi)licd.

The intake pumping station at Kaparas reservoir and the raw water main from there to

the T-U water treatment plant are under construction. The work of laying raw water
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3.4

main from the intake pumping plant to the T-N water treatment plant has not yet

started.

Outline of Water Supply Systems in the Six Cities of the Study Area

Name of Cily

Water supply facilities and supply status

Nukus

Although the planned supply capacity of existing water tcealment p!ant is
100,000 m’day, the actual figure is 60,500 m’iday. Treatment methods
include natural sedimentation 'by feeding coagulant, rapid filtration and
disinfection:. The existing water lreatment plant currenily serves as a
standby to the T-N water supply system. '

Chimbai’

Water supply has been through wells, but presently; supply of treated
water from the T-N system has become possible, and Chimbai depends on
this system for ils entire supply of water. Only 6-9 wells operate for three
hours a week because of inaintenance of the facilities.

‘Kungrad

The water treatment plant of the public waterworks corperation produces
7200 m® Bay'of treated water. The waler source is Rafchan canal, and
water is treated by natural sedimentation, filtration and disinfection by
chlorination. In addition, it receives watér from Uztransgas amounting to
16,000 m*/day in summer and 9,000 m*day in winter,

Muynak

After natural sedimentation and disinfection by using b!eachmg powder,
the watef is supplied to the city. Water sources include the Cartabay canal
which draws water from the Amu Darya river. ‘

Ur’génch :

The water: supply capacity of the existing water treatment plant is 50 000
m’klay Trcatment method- includes coagulahon sedamemahon, rapld
sand ﬁllrauon and disinfection by chlerination. Tt recenes about 51 400
m’ﬁay from lhe T-U water supply system In addmon 10,000 m’May of
ground waler can be used. The treated water recewed from the Urgench
trealment ptant and the T-U waler supply system is supplied not only o
“Usgench cily but also to Khiva, Kataul, and Koshkupyr aréas,

Khiva

Water conisumed in the c:ty itself amounting to 21,200 m’iday is recewed
from Urgench.

- ®
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4.1

4.2

4.3

4.3.1

 CHAPTER 4 WATER DEMAND AND SUPPLY PREDICTIONS

B_aSic_ Concept

‘The Tuyamuyun Water Supply Master Plan has been formutated with the target year as
2010 f()r"l_(arékalpakstan and Khorezm by the ROU in 1986. According to this plai,

construction of facilities are currently in. progress, and about:60% of the water

~ consumption of both arcas is already being supplied by the Tuyamuyun water supply
“system. In the future, the water supply systems of the two areas are likely to be

integrated with the Tuyamuyun water supply system.

- Water demand arc estimated by T-N water supply system and T-U water supply

system, and by Agro-Vodokanal and Vodokanal separately. However, the JICA study

~ for water demand arc focused on the urban water supply because of the Study does not
~ cover rural area. Water demand in the rural area was referced to the study by the

World Bank.
Population in Cities Covered by Water Supply

The total population and the population covered by water supply in cities in the Study
Acea ate shown in the table below. '

Water Consumption for Urban Area

Water Supply Records of Vodokanal |

The type of \Vatet consumer is categorized into three groﬁpé as bellows:
“Group (1) : The residents '

Group (2) : Public institution, etc.
Group (3) : Industrial, Construction Enterprises, ete.

Records of water supplied to consumer groups by Vodokanal for 1995 are givfzn in the
table below.
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Table 4.1 - Total populatlon and service population ln the clties of

Karakalpaks(an (1994)

City, Town, Tolal Service Population of - | Bxcept for " Total
Regional Population Vodokanal Vodokanal

Cenler thousand thousand % thousand thousand %
Nukus 229.5 176.2 768 257 178.7 71.9
Betuni. 446 318 71.4 ‘ 31,8 7.4
Kungrad 332 24.8 74.6 ' 6;0 ~ 308 92.7
Khodjeili 70.5 363 . -_SI.'S 4.5 508 120
‘Takhiatash 493 452 . 918 ‘23 47.5 - 964
Turtkul 44.3 3.7 753 1337 153
Chimbai - 318 25.1 ¢ 78.8 - 251 78.8
Mangit 21.2 180 - 66.1 180 66.1
Kazankctken . 36 33 - 910 - 33 21.0
Karauzyak 129 94 747 94 74.7
Kegeili 12.8 9.4 732 9.4 73.2
Kanlykol 9.0 74 - 827 14 ¢ 827
Muynak 13.6 12.6 923 - 126 92.3
Akmangit 7.5 5.6 74.8 5.6 -74.8
Tokhtakupyr 16.8 107 | 638 10.7 63.8
Shumanai 125 88 | 706 88 70.6
Bustan 10.9 1.7 ' 156 1.7 1586
Al(ynkul 221 203 89.2 20.3 89.2
Khalkabad 109 - 63 59.7 6.5 59.7
total 663.7 - 4868 73.3 253 512.1 Ti.2

Source: Vodokanal of Karakalpakstan

Table 4.2 Total population and service 'popﬁlatibﬁ in the cities of
: Khorezm (1994)

Cily, Town, Regional Total Population Semce Populallon
- Center ~_thousand ' thousand %
Urgench 137.1 135.0 98.5
Khiva 454 44,0 96.9
- Druzhba’ 14.9 14.1 946
¢ Bagat 7.8 4.9 62.8
: Gurlen . 194 134 69.1
Koshkupyr - C 147 112 76.2
Urgench{Karaul) 4.5 12.8 88.3
Khazarasp - 145 11.8 814
Khanka 28.7 214 74.6
" Shavat 13.5 12.5 92,6
Yangiaryk 9.5 - KN | 326
“Yangibazar 52 24 " 46.2
Buslaﬂ X 5-3 ' l.s H : 28.3
Tolal 330.5 288.1° §7.2

Source: Vodokanal of Khorezm
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4.3.2

Table 4.3 Water'consumpﬁon records for urban water supply by
Vodokanals Karakalpakstan and Khorezm

Year |Total | Served ' | Actual | Sold Water | 1st group | 2nd group | 3rd group |Effective
Pop. | Population | Delivered | Quantily ness

ths, {ths, | % [mid | ted | mld | dod | mid | Yod { mid | ted | mid | tod %

kel 660 Isi2.1| 78 |180.0) 273 l1s7.1] 238 { 72.3| 141]60.5] 92]242] 37 | 870

kz | 331 1303.0} 92 [199.2| 602 [183.3] 554 1 73.8| 254]|47.4] 143 1427|129 | 92.0

Source: Vodokanal of Nukus and Vodokanal of Urgench

~ mld: million titers pér day: led:  liters consumed per person pet day
* Efficiency = Purchased quantity + actuatly supplied quantity

In both areas, a large number of consumers do not have water meters. The waler
consinied by thése consumers are calculated based on’ the Norm per capila
consumption (N.orm consumplion). Therefore, the quantity of watér purchascd does
not reflect the aciual quantity of water consumed.

Water Consumption of Group (1)

The quantity of water consumeéd by the Group (1) was estimated by the method based
on the Normn consumption. because of no meters installed. ‘The JICA Study Team
estimated the actual per capita consumption (Meter consuniption) by installing water
meters. The Norm consumplion, Meter consumption and the consumption in Japan

are shown in the table below. '

Table 4.4 Comparison of average p.er capita consumption

' : Norm * Meter | - Japan
Consumer Type ' ' KKP. [Khorezm| @ KKP in 1995:
Living Use {unit ; Yca./day) ' : . ‘ : o
Non-sewerage service ‘
A Street Hydrant(Stand Pipe) 41 50° ‘
B Yard Hydrant & Tap ' 77 100 49
C Room Tap 100 140 85
D Room Taps, Toilet 150 : 135
E Internal Water pipe, Sink, Bath, Water Heater 177 230 90 . | 125
F_E + Toilet 227 ‘ : - 130
Sewerage Service ' C
G Sink 117
H Sink, Toilet ' 147
I Sink, Bath/shower, Water heater 203 ' S C o
J Internal Water pipe, Sink, Bath, Water Heater 233 '] 250 91 . 165:
K Interra] Water pipe, Sink, Bath, Centralized WH__ | 270(351) 350 169
Non-Living Use -
Vehicle Washing (Vcar/day) i9 17 - 33
Domestic Animals (Vhead/day) 25- 110 12 - 25-60
Garden irrigation {Vm’/day) - 30 107 39

Note: (351) 1 consimer using sewerage.
Per capita consumption in Japan is estimated from water consuinption by facility.
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* The total water consumption by the Group (1) was estiinated based on the Norm
~ consumiption and the Meter consumption and inventory data such as population, The
sunimary of results for 1995 are shown in the table below.

Table 4.5 Eslimated total water consumptlon for Gmnp (1)
by iise {1995)

Estimated from Norm consumplmn- : F)stimale'd from Metér consumption

Total | Percapifa consumption | Total | Per capita consumption
consi.imp.. a _ . consump. _ _ '
mid " Vcatday o | i Vca day %
Karakalpakstan .

' Living 17.8 ol - 44 | onal o es | 359
Garden 52.0 139 520 | - 406 | 108 64.1
_ Others 1.4 4 _ 1.6 ' - - -
~ Total 912 | 244 100.0 6331 1685 | 1000
Khorezm . : I .
Living 502 176 447 25.5 89 | 406
Gakn 58.8 206 523 372 130 594
Othérs 3.3 Yy 30 | - - -
 Total 112.3 394 100.0 62.7 219 100.0

mld: million Vday
4.3.3 Water Consumption of Group (2) and Group (3) -

Walter tariff is collected from these consumers based on the consumed qu’antity
-according to water mieters, or based on the consumption quantily negotiated between
Vodokanals and consumer. The percentagc consumption by the Meter reading and
negotiation in 1995 was about 40% and 60% respectively. The water tariff for these
group by the negotiation is generaliy greater than the tariff for actual quantity of water
consumed, therefore, in recent years, consumers have been installing water meters at
their own expense. -

: 4.3.4 Leakage . 60
The leakage rate for the Study Area was estimated as 30% by the JICA Study Team,

based on the actual measured results of water distributed from the water treatnient plant
at Nukus. ' o



- 4.3.5

4'3’6

4.4

4.4.1

4.4.2

Tdtal'Averag'e ‘Water Cons’umptioﬁ by Consumer Group

Based on the results of the study fucntioried above, the estimated results of average

daily water consuraption by consumer group and the average daily leakage quantity are

given in the table below.

Table 4.6 Esllmate(l water consumption by consumel group {1995)

_(units;_thousand m*/day)

Actual dis&ibuted ‘

Ist group | 2nd and 3nd group Leakage
. - waler L .
Karakalpakstan 1860 633 621 54.0
Khorezm 199.2 62.7 76.7 59.8

Note: The estimated value from metef consumgplion quantity wasused for the quantity of water consumed

by Group (1).

Thne Variation Coefficient for Water Consumed

From water distribution records of Vodokanals, the annual variation coefficient fo_r

monthly average waler consumpﬁc'm for Karakalpakstan and Khorezm was in the
tange of 0.84 to 1.15. |

The hourly variation coefficient was in the range of 0.66 to 1.44.

The Target Year

" Future Water Demand Prediction

Target year for the Basic Water Supply Plan was Set as 2010.

Population Estimates

The values projected by the ROU were used for the popuiatlon and water supply

coverage rate in this Study.




Table 4.7 Tofal population, coverage rate and service population
~ projected by the Uzbek Side ‘
995 . 000 - 1 2005 3010
T. pop | C.R|S. pop] T. pop |C.R| S. pop | T. pop | C:R| S. pop | T. pop| C.R] S. pop
ths, | % | ths. §{ ths. | % | ths. | ths. | % | ths. | ths. | % | ths,
K

arakalpakstan
Urban | 660.0] 76 | 501.6 | 734.7] 90| 661.2| 787.0{ 95 | 747.7| 850.6/100 | 850.6
[Rural | 722.0] 41 129601 809.3] 54| 437.0] 893.7] 71 | 6345] 985.8] 85 8319 &
Total | 1,382.0] $8 | 797.6 {1,544.0] 71 |1,098.2]1,680.7] 82 | 1,382.2]1,809.4] 93 1,688.5
' .. ‘Khorezn C ' : :

|utban| 336.0| 87 | 2923 | 361.5] 96 | 347.0] 378.2| 98| 370.6}] 397.4|100| 397.4
Rural | '899.8 51 |458.9 |1,041.8) 64 | 666.8]1,182.5| 77 | - 910.5]1,342.0] 90 |1,207.8
Totat | 1;235.8] 61 | 751.2 | 1,403.3] 72 | 1,013.8]1,560.7| 82 | 1,281.1] 1,739.4] 92 |1,605.2
T. pop: Total poputation, C.R: Coverage rate, S pop: Seivice population

Souice: State Cominiltee on Forecasting and Statistics '

4.4.3 Per capita consumption for_ the urban area -

“The future planned per capita consumption for Group (1) are estimated by living,
garden watering and other usé. The values projected by the ROU ar¢ ii_sed for the
future planned per capita consumption for Group (2) and Group (3) in this Study. The
target for reducing leakage rate is sct at 15% in 2010 as below. %
_ £\

Table 4.8 Plan for reducing leakage falio

Units - | 1995 2000 | 2005 2010
Lﬂakageraté % 30 25 20 15

?4.‘4.4 Summary of Per Capita Consumption

The ‘summarygof per capita consumption is given in the Table below.



4.4.5

Table 4.9 Planned per capita consumption
' ' {unit; Vea/day) |

- |Consumer group " Reglon 1995 . 2000 2005 2019
15t group " Living : KKP .60 . 85 110 135
| | Khozm £9 108 127 | 147
Garden | KKP 72 59 | 46 3
watering Khorezm 87 71 56 0
Others | KKP 1.1 1.1 |71 I R %
Khorezm - 14 14 1.4 i.4
Total " KKP 133.1 1453 | 157.1 1690
_ . . _ Khorezm 1774 | 1804 1834 | 1884
20d group b Kkp 97 | 108 119 130
- - .| Khorezm 137 - | 140 - 144 147
" 3rd group KKP 8 | 74 . 83 86
: Khorezn | 122 | 164 197 226
Sub-total KKP 268.1 | 3271 359.1 185.1
Khorezm 436.4 4844 | 5244 561.4
" Leakage KKP 115 144 13 82
Khorezm 187 161 131 99
Tolal L. Kxp . 3831 | 4710 | 4721 4671
~ Khorezm 623.4 6454 | 655.4 660.4

Note: Per capita consumption for garden walering is annual average, and is different from the seasonal
average per capita consumption for the gardening season.
excluding consumption for Usgench Transgas and Sodany plant.

The per capita consumption is high compared to that of developed countries. This
consumption should be reduced by a combination of efforts to reduce consumption by

‘wastage by individual consumers, correct use of water, instailation of water meters

and appropriate water tariff system.
Per Capita Consumption in the Rural Areas

The study of water supply system in rural areas is nof included in the study by the
JICA Study Team. The per consumption proposed by the ROU and the World B-ahk
for rural areas is as given in the table below. The values in the table give total water
consumption including the water consumed by Groups (1), (2), and (3) and the
leakage quaniily.

Table 4.10 Per capita consumption in rural érea_s
{unit: Vea/day

1995 2000 2010 2010
Karakalpakstan 180 38 © 125 168
Khorezm . 183 114 150 150

Source: Uzbekistan Water Supply, Sanitalion and Health, Interim Report, Binnie
and Partoers, etc., 1996



4.4.6 Time Varlation in Water Demand

4.4.7

.15,

Future Water Dem'and for Each Tuyamuoyun System

“Considering the present values, the daily maximuin variation cocfficient is faken as

: :preéehtly, thic water supply systems for the tivo areas are divided into the T-N and the |

T-U water supply systems. * The future water demand for each Tuyamuyun water

supply system is given below. The waler demand for the Anmu Darya reglon in
Karakalpaksian is included m the Tuyamuyun- Urgcnch waler supply system in

Khorezm.
Table 4.11 Suimary:of Future Water Demand
for the Tuyamuyun System
. ' .(uhil: thousand m*/day)
1995 - 2000 2005 . 2010
- Ave, I Max. Ave. I Méx. Ave, I Max. Ave, Max,
Tuyamuyu'n-Nukué {T-N) N : ' : . '
urban : 184.2 211.9]  269.9 310.4 310K 357.4]  355.4 408.
rural 49.2 56.6 4.1 39, 68.8 79.2] - t22.1 140.4
total 2334 268.5]1 30448 349.6  379.6 436.6 477.; 549.2
Tuyamuyun-Urgench (T-U) _
 urban tor2|  2198] 2421 2184 2627 022 2834 3264
rural gs2| 1014|804l 921 1469 1690 2009 2314
- total 21940 . 3212 3222 3108 409d  amal g4 $57.2)

CAve.: daily average watet demand Max.: daily maximum water demand

excluding the demand for Uztransgas and Sodany plant town, for which water is supplied from Uzlransgas
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CHAPTER 5 WATER SOURCES AND WATER QUALITY

5.1

5.2

5.2.1

Water Sources In the Study Area

The water sources in the Study Area are the surface water of the main stream of the
Amu Darya river, rescrvoirs, surface water of irrigation canals and ground water.

In this St'ud'y,: the 'possibilities of using the three water sources mentioned below, as

 drinking water sources for the Study Area were studied.

® - Surface water (1hain strearn of the Amu Darya river)
® Ground water

®  Kaparas reservoir

" Water Quality and Water Quantily Chacacteristics of the Amm Darya River

Flow Characteristics of the Amu Darya River

BH Amu Darya river water usage
About 70% of the usable water of lhe An Darya river is used for irrigation. This
water is fed by irrigation canals, and after use, the drain water returns’ to the river
through drain channels called collectors. ' |

2) Dlscharge characteristics of the main stream of the Amu Darya river

The flow decreases at the downstream end. Flow increases from Apnl untll the
sumumer ends, when the snow melts, reaching a maxinum in July Aﬁer lhe
collapse of the Soviet Umon, the Amu Darya river has become an internationat
river ﬂowmg through different countrics, therefore flow momlormg and control
only by the ROU has become difficult.

3) Inflow and outflow of the Amu Darya river

T‘hc number of outflow canals from the Amu Darya river is 14 and that of mﬂow

& co)]ectors to the Amu Darya river is 62, The flow amount ratio of total inflow to lota] |

outflow is about 6 %. A major part of the water that does not return to the river is
irrigation waler. that steeps underground and evaporates, and flows into natural
depressions.
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5.2.2 W’ater'Qﬂality'ln An‘_ui: Darya River .

553

Most of the flow of the Amu Darya river is used for irrigation puipose. The water led -

through irrigation canals has two main uses: for growing agricultural products and for
washing off the salts precipitated in the fatmlands. - Accordingly, the collectors, which

| include highly-concentrated salls '(mineralii_,ation) and agricultura) chemicals, flow back

to thc: river through collectors. ‘The collectors are’ the main cause of degradation of
quality of watet in the Amu Darya river. - Thete ate many collectors and the mid-stream

and downstream areas of the Amu Darya siver, parncularly at the Bukhara and Kashka
' Da:y'i areas.

Tn the month of July, when the flow rale is maximum, the quality of water Is good In
the month of March, when the flow rate is minimum, the quality of water degrades.
Salt components such as mineralization and total hardness are ‘the main indicators in

the Study Area that is studied with most interest. - The average concentration of

mineralization in March to July for the years 1974 to 1994 is 1,277 mg/ 'and 675 mgh
respeclwc]y and the total hardness for the same months is 10.8 mcqﬂ and 6.1 meqll
rcs;)ectnely

Study on Potential Surface Drinking Water Source
The poss:blhty of 1 usmg the Amu Darya surface water as a drmkmg water source was

investigated by studymg the guantity and quality of the water al two points
(Tuyamuyun and Sumanbay) representative of the Study Area.

" Walter quantity (mineratization) /quality models were created betweén Termez at the

upstream end of the Amu Darya river and Sumanbay, near Nukus in the Study Area,
and the concentration of mineralization was estimated every month.

The mineralization concentration of Aniu Darya river was confirmed to comply with

' the water quiality standards during three months (from June to August) at Tuyamuyun
- (Kaparas reservoir) and during two months (from Ju]y to August) at Sumanbay To
. make use of smfacc water as drinking water under such water qualxly conditions,

water should be stored during the months when good quality water is available. The

quantity of water that can be stored at the Kaparas reservoir and lhe Sumanbay point

was studied,



5.4

5.4.1

(1) rl‘uyamu).(un (Kaparas rcscrvoxr) _
~‘The maximum storage quantity of 550 mnlllon m’ in the Kaparas reservoir is about
6.7% of the 10-year probabilistic flow of the Amu Darya river, which is also

extreniely small compared to the outflow froni the downstream canals. Therefor, the
flow rate of the Amu'l}alya' river can mect the maximum storage capacity as well as

-yearly water quanlity required for drinking water of the Study Area.

(2) Sumanbay
The required water quantity as drinking water can be utilized at Sumanbay. However,

Even if the flow rate of the Amu Darya river decreases in drought year, the appropriate
quantity of water can be stoied at the Sumanbay point, by efficiently control of the

walcr distribution of upstceam canals,
Study on the Kaparas Reservoir
Outline of the Kaparas Reservoir

The Kaparas reservoir belongs to the Tuyamuyun Hydro-unit used mainly for storing
water for irrigation. This Hydro-unit consists of the Ruslovoye reservoir, the
Sultansanjar reservoir, and the Koshburak reservoir in addition to the Kaparas
reservoir, The Kaparas reservoir has been decided to be used as an intake source for.
the Tuyamuyun water supply system.

Prescnlly, the Kaparas reseivoir is being used mainly for irrigation together with the :
other three reservoirs, accordmg to the schedule gwen below, Itis also bcing used for

* hydraulic power based on this schedule,

@®  Store water in the Hydro-unit during the pcriod from September to Méy.

@ Discharge water from the reservoirs during the period from June to August.

In the future, when the Kaparas reservoir is used as a drinking water source, the
reservoir should be managed as given below. :

@ Store t_hé required quantity 'of water during the period from June to August when the -

qualily of water is good; for the remaining period, use the reservoir as a drinking
‘walter source. '
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' 5.4.2 Water Rights

S.o4l3.

- 5.4.4

 The government decision of the ROU has been made to use the Kaparas reservoir as a

drinking water source for the inhabitants in the Aral Sca Region. The use of hydro-
facilitics used by Uzbekistan within the Turkmenistan territory, including the Kaparas
reservoirs; has been agreed upon with the Republic of Turkmenistan.

Evaluation of Qllaiity of Water in the Kapai‘aé Reservolr

‘Based on the reservoir opefating schedule re(juired for storing drinking \vafer, the
quality of water in the Kaparas reservoir was evaluated. The tesulis showed that the

standard for concentration of mineralization was satisfied, but the standard for total
hardness was not salisfied. There were no’ problems’ in - other water quality
characteristics. To improve further the quaiily of water in the Kaparas Teservoir so that
the standard for total hardness is satisfied, the measures stated below are hecessary.

1) A water quality monitoring system and information control system should be
established so that water ¢an be stored when its quality is the best.

2) When storing water in the Kaparas reservoir, the flow of drain from the collector to
the upstream part of the Amu Darya river should be stopped.

Studies on Volume Water to be Stored in the Kaparas Reservoir -

An éffeciiv¢ volume of 260 million m* (equivalent to a water level of 123 m) can be

o sldre;l using the current operating method in a normal flow year for the Amu Darya

5.4.5

- river, based on the present operating schedule of the Tuyamuyun Hj!dro-unit used for-

irrigation water. This volume of water satisfies the annual water demand for the
Karakalpakstan and Khorezm for the year 2010, mentioned in the Feasibility Study
Report.

Proposal for Detailed Studles on the Kaparas Reservoir -

Based on the study above, the Kaparas reservoir is judged to be suitable in principle,
as a reservoir for drinking water and as a water supply source having good quality
water and adequate volume. Detailed studics, however, on the following points need
to be carried out. ' |




5.5

5.6

1) Can the water level in a drought flow year and low flow year be raised to a level
- equivalent to the required volume of watcr to be stored?
2) The quality of waler stored in the Kaparés reservoir needs to be studied in further
detail. For this_ reasoit, a trial operation of one year should be included in the
proposed operating schedule of the Kaparas reservoir.

‘Ground Water Sources

More than 60 sources of lens water werte found in'the period from 1960 to 1995 along
the irrigation canals in the Smdy Area, but the quality of this water degraded with the

~ drop in level of water, reduction in flow and increase of collector drain in the Amu
~ Daryariver. Attificial replenishment techniques were developed for ground water to

counter this problem.

Comparatively low mineralization concentrations (1.5 to 5.0 g/) and low total
hardness {3 to 6 meg/) of ground water exists in layers at depths of 350 to 450 m.
This ground water is being desalted using desalting equipment (EKOS: capacity S0
mP/day) and supplicd as drinking water. '

The niineralization concentration of ground water is constant throughout the year, and
it does not satisfy the water qualily standards. However, the mineralization -
concentration in seasons other than summer is lower than that of surface water
sources.

In th¢ Study Area, 40 locallons in ROK and 25 locations in Khorezni have becn :

discovered with lens ground water. In recent studles, ground water with capacntlcs of
4,600 m*/day in the northern zone and 21,400 m’!day in the soulhem zone of ROK,
and 39,800 m*/day in Khorezm can used.

In the area of the Six Cities of the Study Area, the ground water sources of Urgench
an Chimbai can be usable quantitatively and qualitatively as drinking water sonrce.

Water Quality Standards

Two kinds of ‘water quality standards are presently applicable for the quality of

drinking water and surface water used for drinking purpose.

The water quality standards used for evaluating quality of water by the JICA Study
Team and for this study are the water quality standards of the ROU. For water quality
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5.7

5.7.1

5.7.2

indicators for which no qualily standards exist in the ROU, the quality standards of
WHO or Japan wcre'used for evaluation. ‘The’ main’ watér quahty indicators in the
ROU water qualﬂy standards are givén below togcther with those used by the WHO
and Japan.

Table 5.1 Major Water Quality Standards

Indicator unit | - Drinking | Row Water WHO Japan -
: Water “ fro drinking Guideline Standard
- : ; source _ : : -
Quantity of B. Coli. CFU 3t ml 7 ‘| 0100ml * |notto be detected
(Colifom bactéria) ' : S R : Sl
Total hardness ' meg/l 7.0 1 g ' 3.75
Mineralization : mg/l 1000 | 1000 1000 500
Fe - mell ] - 03 03 . 0.3
Mn o lmgn| 01, 08 005
Tuthidity _mg/l 15 20 SNTU - | . 2 ]
Residual Cl, (Free) mg/l| 03-05 : ; 3 approx, 1

Evaluation of Water Quality Analysis by the JICA Study Team
Outline of Waler Quality Analysis

The JICA Study Team togethér with the Central Special Institulion ~ Agency for
Analytical Conteol (GosSIAK) sampled surface water, ground water, tréated water and

~ supplied water once a month in the Study Area and carried out water quality analysis.
' The period of analysis was from March 1995 to February 1996, Supplementary

analysis on mineralization, total hardness, heavy metals and agricultural chcmlcals was

~ carried out untii Augusi 1996.

Evalvation of Results' of Water Quality Analysis

The analyzed resulls were evaIuatcd based on the water guality standards mentioned

~above.

+ (1) Evaluation of quality of surface water of the Amu Darya rives-
" The quality of surface water of the Aniu Darya river did not comply with the water

‘quality standards® with regard to (urbidity, Fe, Mn, total hardness, ninécalization,

sulfates, chlorides, COD, and KMnQ,.’ Other quality indicators satisfied the'water

quality standards, or they posed no problems as the frequency and/or locations that
docs not comply with the Standard is considerable low. “The concentration of

agrxcullural chemicals was (oo small to'cause any adverse effect on lhe drinking water.
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2) bvaluatlon of quality of treated and supplied water

From the quality indicators analymd sixteen indicators did not comply with lhc quahl)
standards, but except for the quality indicators mentioned below, the others are not
expected to pose major problems.

' Turbidity, Fe, Mn; total hardriess, mineralization, COD and KMnrO,

Measures to ensure that the quality indicators mentioned above satisfy the waler quality
' standards are described below. e and Mn together with turbidity can be removed by

approptiate coagulation-sedimentation. COD and KMnO,, which show high values at
Muynak and Kungrad indicate organic pollution. These organic substances can be
removed by the aclivated t:a'rbtm_ treatment or by appropriate coagulo-sedimentation to

" a cerfain extent. . The first priority is to treat the waier appropriately by coagulation-
sedimentation. To reduce concentration of total hardress and mineralization, softcning -
- and desalting treatment are necessary, or using waler by storing the good qualily water
' of the Amu Darya siver during summer when total hardness and mineralization are low
is necessary. ' '

(3) Evaluation of agricultural chemnicals
Six ‘quality indicators related to agricultural chemicals were detected, but only one
sample taken in June at Kyzy-Ui, in the downstream end of the Amu Darya river

exceeded the WHO g'uidelincs (’YJBIIC 2 gfl) Consequently, major problems are not

anticipated. However, since such indicators were detected in the water, ana]ysm ancl _
monitoring of agricultural chemicals should be continucd. o



CHAPIER 6 INSTITUTIONAL AND ORGANILATIONAL

6.1

6'2

ASPLCTS

Globﬁl Trend in Waler Suppiy'Poli'cles, Institution and Systems

Past experiences of global development efforts have shown that long-term success of
the Water Supply and Sanifation- Sector (WS&SS), which has been one of the most
important sectors for development was dependent on good planning, supportwe
policies, strong conmmmty participation, and adequate - financing with emphasis

stressed upon areas of community parlicipation, policy d_ia.togue,‘ financing and

management, lraining, institutional and human resources develapment. While a
donor's role is to assist, the responsibility for development ultimately lies with the
recipient nation.’ Partnership among donors, governmeénts and NGOS help empower
individuals and communities, and increase accountability of goveramental and non-
govemmental institutions to the people they serve. The global trend in dcvctopmcnt
and technical assistance is therefore to lay emphaSts on institution strengthening and
capability building of the authoritics and agencies responsible for the Sector.

Basic Principles/Criteria for Service Delivery In the Water Supply Sector

To provide a satisfactory service efficiently and with the lowest pbséible_ and necessary

" financial, administrative and technical input at atiractive prices, the water supply

authorities, must essentially be supported with well set 'gdvermnent poticies and
systems, ‘legislation, strategic planning, funds and clearly defined inistitutional

- responsibilities. They need authorily with reasonable flexibility to function effectively

without being confronted with rigid civil and administrative rules and conditions.

- Appropriate inputs by all institutions résponsible for sector govemnance, service

delivery and service support at both national and local levels must be guaranteed

* besides maximum coordination and interaction among them.
-Some basic principles/criteria required for belter service delivery in the sector are;

1) Accountability

*a) of the government for;
- pational policy and strategic planning on waler management and water supply,
- legistation and regulation development,
- planning and control of national water resources, and fundmg on their
development, protection and conservation as well,
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6.3 .

6.3.1

- planning and development of institutions and systems,

- planning , devclopment and funding of natiorial infrastnictures,
- necessary sector support - |
b} of the reglonaljlocal governments for;

- implementing the govermnment policies and plans

- planning and development of institutions and systems,

- planning, development and funding of local infrastructares,

- necessary sector support.

2) !:I_meml Viability of all service delivery systeins should be targeted by operating
‘them on self- ﬁnancmg/coamncrc*a] basis with gradual reduction in subsidies
granted.’

3) Sound Management of cach individual institution in a cost conscious manner niust
be estabhshcd

4) Measurable Performance: Inpuls and performance of functions by the institutions

within the mandated authority and fesponsibilities must be measurable and
accountable.

Goals and Objectives of the Water Supply Sector in the ROU

Overall Goals Set Out for Government Operaiions-

To achieve the policy goal towards shifting to the market cconomy, the government of

the ROU has established a series of specific objectives focusing on;

* formulation of systems for lcgislallve and organizational aspects to ; faCihlalc
administeative decentralization and mcreascd level of public partzcnpfxllon :
* promoting decentralization of  exccutive-administrative - functions : of the
government, '

* reorganization and decentralization of minisiries, central departments and public
institutions in order to achieve efﬁciency and rationalization of functions,

*. promoling privatization and increased participation of private: sector in lhcj
- appropriate sectors.

- Accordingly, legislation has been enacted to establish in the provinces, districts and
 cities of the ROU posls of Khokims who will serve as heads of local representative
- and exccutive-administrative authorities. The ministries, state committees and central
* departments were - reorganized and decentralized with delegation of authority fo

prevent/minimize duplication and overlappmg of funcuons of different departments.
Decentralized functional depariments were subordinated to the respective Khokimiat.
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Scrvice -or production depariments’ were: reorganized for them to -opetate - as
commetcially oricnted self supported énterpriscs. '

6.3.2 Overall Goals Set Out in the Water Managemen’i Sector

Legistation has been formulated and being zmplcmented on walcr mmagemenl and
water usage with the followmg objectives; -

*. rcgﬁ!atibn of water relations, _
* rational use of water resotirces for the needs of pOpillation'and national economy,
* protcct:on of waler resources against pollution, contammatmn and deterioration,
* prevenuon and elimination of harmful impact on the walers,
* jmprovement of condilions of water bodics/objects,
% protection of rights and respons:blllues of enterprises, agencncs and ofﬁces of
- farms and individuals as regards to waler relations.

6.3.3 Overall Goals Set Out in the Public Water Supply Sector

Various resolutions have been passed and decrecs, directives and guidelines have
been issued identifying the following among the overall goals; . Lo %

* Reorganization of the activities of the MPU of the ROU aimed at imprdvcment in
management of public utilitics in the country, and staged convetsion of public
:uuhly services on self supportcd basis, |
* Estabhshmg standards and legal basis for staged conversion’ of public utilities
payient system towards a self-repayment system, but in line with the measures
aimed at social protéciion of the population in the forn of purposive subsidies for
paitial cover of public utitity service expenses,
* Stage by stage reduction of state subsidies on the financing of public utilities
expenses,
* Giving mandate to the Council of Ministers of the ROK, Khokimiats of the
Provinces and Tashkent City to approve the consumption limits and tariff of public .
utilities within their respective territories, ' @
* Gradual and COmpIeie shifting from the existing system whereby the population
pay for water and sewerage services according to estimated water “consumption
rations, to a systcm of payment for actual consumphon based on water meter
readings.
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6.4

* Taking measures to increase responsibility of the heads of public utitity enterprises
in order to ensurc timely selttement of. payments by consumers for services
provided.

As evident from these gba]s, introduction of market economy policies has positively
contributed the ROU to fall in line with the global trends in water sector development
and service delivery. The changes and progress made towards achicving the goals in
the water supply scclor are encouraging in spite of the severe economic crisis the
country faced soon after its independence, sudden shift in policies and logistical

- difficulties in the overall system in adjusting to the required changes ete. Such factors

that influence the intended progress in the iniplementation of sector policics can not
therefore be ignored in making futore improvements through institutional and
managerial strengthening, policy considerations etc.

Water Management and Water Subply Administration

Policies and norms on the management of interstate rivers are decided by the Interstate
Coordinating Commiitce consisting of the relevant states. Amu Darya River
maintenance, river flow management and distribution of water to cbncemcd countries
are exccuted by the Interstate Water Basin Department of Amu Darya River. In the

ROU, legislation provides for protection, rational use and manage'rhcm of surface |
water and groundwater resources which are used for both urban ‘and rural water |

supply. Overall responsibility for water managerment in the ROU lies with the Ministry
of Melioration and Water Management while the State committee for Geological and
Mineral Resources is responsible for the managcment of groundwatcr fesources.

_Protcctlon of the environment mcludmg the water sourues 1s the rcsponsmmly of ihc
SCNP,

The MPU and the MOA of the ROU are responsible respectively for urban public
water supply and rural water supply. The responsibility of producing and supplying
public water to the cities and urban centers lies mainly wilh “Vodokanal” enterprises
managed under a Deputy Khokim in the 12 provinces (and Tashkent City) through the
TCMA, or under the Deputy Minister, MPU of the ROK, and stpervised by the MPU
of the ROU. In the Study Area, local waterworks have their OWn waler sources
(groundwater or canals) and treatment facilities, but now depend largely on the bulk

~ producers namely; the Dcpamncnt for Operation” and Maintenance of Tuyamuyun-

Urgench Inter-regional Waler Pipeline . (DOMIWP-T/N) and the Departmient for
Operation and Maintenance of Tuyamuyun- -Nukus Inter- rcglonal Water Pipeline
(DOMIWP-T/N), who treat and delnvc_r Amu Darya water. Such DOMIWPs which
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supply bulk water to' urban and rural population of two or imore provinces are not :

included under the TCMAS, but report to the MPU of the ROU through the R_epubliéan

~ Production Amalgamation for Development and Operation of Regional Water Pipelines

(RPADORWP) that was set up to stipervise these departments with a view to solve all
problems arising from opération and development of regional water pipelines.
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CHAPTER 7 FINANCIAL AND MANAGERIAL ASPECTS

7.1

General Trend -

Water Supply Works was natioﬁ&ilYprio’rilimd among the public utility service by the
Decree of the prcsndent of the ROU in 1990 “On the Improvement of Drinking Water

~ and Natural Gas Supply for Rural Populauon of the ROU” Recently, infrastructure

7.2

7.2.1

facilities and enterprises including water supply and sewerage was enlisted on the
possible privatizing catcgones by the Decree of Supreme Council of the ROU in
Atigust, 1995,

. Theré ace three(3) organizations involved in public water supply in the study area as

follows,

" 1) Vodokanals; Supply 1o urban district mcludmg regional centers, being managod by

TCMA(Territorial Communal Scrwces Maintenance Amalgamations) of the
Khokimiats of the provmces and by MPU of the councrl of Ministers of the ROK.

2) Inter-Regional Water Pipelines;
Supply to urban and rural districts of two or more provinces as DOMIWPs such as
Tuyamuyun-Nukus and Tuyamuyun-Urgench water mains, being managed dlrcclly
by the MPU of the ROU. '

3) UzagroVodokanal ; Supply to Rural districts, being memaged by the MOA of the
ROU and the joint-stock investinent “Obi-Hayat”, and in the ROK by the councnl of
Ministers.

Present Situatlon
Financial Support by the Goverriment of Uzbekistan (GOU) =

With the Decree NO.371 of July, 1993, the financial support of MPU of the GOU has
been decreasing and transfersing to local administrative bodies regarding some part of
the capital construction and maintenance & operation:of Vodokanals,. | -
The new administration policy of the GOU, has intended to realize “Staged
Conversion of Public Utility Services on Self sufficient Basis” by the Resolution
NO.54 by the slaged reduction of the subsidies.

Thls resolution NO.54 can be said as a basic guideline for the improvement of the
Pubtic Utility Scrvices.
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7.2.2

7.2.3

7.2.4

17.2.8

Management System

‘Vodokanals are aiming “Self-sufficient” management under the administration of the -

Khokimiats of the provinces and the council of Ministers of the ROK who were
assigned wide powers by law from MPU of the ROU.

Inter-regional Water Mains through RPA(Republican Production Ama]gamauon) under
MPU of the ROU, it’s management are far from self-repayment system with _subsrdacs

at preseat,

Accmm:tin'g' Systém |

'Basically “cash basis” instead of “accrual basis”. - As ﬁnancié] statement, principally,
reports of “Income and Bxpendiiufe”_ annual and quarterly. B/S and L (Inventory list)
still not habitual due to less diffusion of “double entry accounting system”.

Financial Progress - Refer to Table 7.1 ~ 7.4 (Part I in Main Report)

Vodokanals, basically with favorable balance urder less expenditurés than forecasted

‘due to shortage of supplies. This is not normat situations

Inter-regional Water Mains(DOMIWPs), with insufficient financial data’ and major
expenditures supported by MPU, its financial improvement implies the paradox by'th'e
reduction of the Goyemmént subsidy and the increase of water reveniie by raising
tariff to be decided by the same Government.

Water Tariff System  (For Populations)

" So far by norm consumption per capita. Tariff to be decided more flexibly with the

" Resolution NO.54.

(1) Basic Concepl _
“By water gauges, if not available, by the effective water consumption ration.”
(2) Curient Water Tarif £ System '

Refer to Table 7.5 ~ 7.7 (Part I in Main Repoit)

Water Rate from DOMIWPs is key point for the tariffs of three § groups of CORSUMETS,

(3) Billing & Collection System

‘Different system is adopted in case of consumers with and wnhout water mieters.
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) 7.206

7.3

7.3.1

1.3.2

7.4

7.4.1

7.4.2

Manageﬁlent Analysis

Vodokanals: Due to shortage of l‘\mds,. capital investment progréuns are delaying and
by insufficient water services facing with difficulty of cbnvcrting to complete self-
supporting basis.

DOMIWPs:(Tuyamuyun Enterprises)

On the constant deficit valances from tfic ‘beginning due to water producing cost

- approx. ﬁ\fle times the water revenue.

Govemnment’s financial support being inevitable as ever under the present situation.
Consumer’s Survey on Water Supply Services and Water Use

Methed & Object of Survey :

1" Survey, Jun. 1995 (95 Household)

2 Survey, Jun. 1996 (28 Houschold)

Summary of the Results

1)General Trend  Refer to Table 7.11 (Part I in Main Report)
Observations {rom the I** survey and 2°¢ survey

2)Characteristics by Area and Cities
3)Other Findings Refer to Table 7.12 (Part I in Main Report)

~water expense on Household Economy
-Data from testing water meters

Observation & Evaluation of the Water Supply Works
Securing of the Sufficient Budgetary Fund

Need to be financially supported for the capital construction of Vodokanals because of

" insufficient waler revenues,

“The Way to the Autdnomous Enterprises

1) For Vodokahals,'neec'l,- in pr'inéip?al, to have the water tariffs be raised properly and

** the support of the local budget if necessary.



7!4.3

'7|4v4

7.4.5

7.5

7.5.1
~ Collect the connectlon service charge

7.5.2

2) Special financial sourocs of the GOU is to be conmdered for the fexible
management. :
3 DOMlWPs more hardness to realize autonomous management than Vodokanals

Policy for Water Tariff
1) Special features of the ROU;
© a) Special tow tariffs to Group-1 as a kind of social prolection,

b) Higher tariffs to Group -2 and 3 to cover the corxespondmg deficit of the budget.
Effective: Water Volume (va) 'anid Effective Water Ratlo (EWR)
Production volume or Supply volume of Vodokanals has been calculated on estimation
basis due to inadequate measuring system, the reason of the differetice of BWR
between KKP and K7 should be clarified.

Difficulty of the Procurement of Neceéssary Materials & Equipment

After the independence, Vodokanals and DOMIWPs have been facing - constant
problems of obtaining the supplies. Most urgent malters ate the repairs (replacement)
of the obsolete distribution networks.

Siép fpr Improvement of Management & Finance

Need to raise AFW(accounted-for w.vater)'volumeE by Water Meters and to

" Necessary to receive some financial support for metering system and (o collect some

connection charges even by installments froin the consumers.

Need to Establish Unified Accounting System and Management Through
Figures

1) Unified Accounting’ System by common formats as “Accrued Basis” on the
expenditures and revenues.

2) Double entry accounting system for fi nancial reporl

3) “Management through figures” on financial and accountmg systcm and jts opemng
to the pubtic has close relation with the ideology of self- -support system.
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7.5.4

7.6

7.6.1

7.6.2

7.6.3

Need to Ralse th¢ Share of l"xpcndilure on Water in the Household
Economy

1) Too smal share of water in the study area as an Average 0.31% in Jun., 1995, and
0.48% inJun., 1996, .

2) World trend in the developing countries : Ave. 2~4%

Water Tariff of DOMIWPs

1) Selling price of DOMIWPs cannot be raised simply with the reduction of
government subsidies.

2) Max, affordabilily of the consumers should always be analyzed on such occaston.

Conditions to Self-sufficient Enterpriscs

Need to Formulate Solid Budget Plan

Stable water revenues depend on the melering systém and staged increase of AFW
volume within the medium-term. |

Need to Grasp the Exact Receivable Amount and its Recov‘ery

1) Annual percentage of the receivable amount is reportedly approx 30%, wh1ch is S

higher than normal. _—
2) With the diffusion of the meter and increasing revenuc share of group-l by (hc o
raised tariff, collection ratio in total can be improved. '

Need to Arrange Financial Souses for Vodokanals

1) Financial supports of the local government (Khokimiats) are scareely possible due -
to tower income, and low p'roduclivily from the handicapped lochl co:ndilions around
‘Aral Sea Atea. ' : )

2) Instead, the GOU(MPU) should reserve, the funding source. for Vodokanah wnth‘
vesting necessary powers and conditions,
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7.6.4 The Future Options for Private Sector Involvement and Privatlzation

For the improvement of the economic effectiveness, parts of service and management

for the operation and maintenance such as (1) inspection, repairing and replacement of

water meters, (2) nioney collection, (3) Inspection, repairing arid operation of the

facilities can be entrusied 1o the subcontracted private enterprises or as an extended

operalioilal contract in a form of leasing andfor concession like mah'y intc'rn'alidnal @
exantples except the responsibility for investment. Another way to introduce market

principles is though privatization, transferring assels :ou't of the public sector which is

increasing rapidly in developing coitntries, |

&
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CHAPTER 8 WATER SUPPLY IMPROVEMENT PLAN

8.1

8.2

C’o’ndlﬂo'ns of Plan
A long-term plan for the water supply system with the objective of improving the
quality of drinking water in the Study Areais formulated. The conditions and methods

for planning the plan are given below.

(1) The target year is takent as 2010.

(2) For selecting the optimum water supply system, the optimum system in the

Tuyamuyun intcr—regioﬁal_ water supply system is studied first,

(3) Next, the improvement plan for Vodokanal fcgional water supply is formulated.

{4) For reducing the total hardness and mineralization of the water supply sources, the
two methods below are studied.

1) Store the volume of water that is equwa]ent to the annual water demand when
the quality of water in the Amu Darya river is good, and purily the water by
conventional treatment miethods.

2) Use the existing waler supply sources, and use the desalling process in
addition o the conventional treatment methods. Use reverse osmosis (RO) for
desalting the water. |

(5) Usable facitities are sclected from the existiig water trcamlent plants of Vodokmal

s after ;udgmg the quality of sources, treatment methods and status: of fac;l;ty and

- these facitities are used efl fectively. ' :

(6) When studying the optimum system from the Tuyamuyun water supply systemy,
‘the “arrangement of existing water supply facnhues, ete. are cons;dercd, and
‘Karakalpakstan and Khorezm are divided into four blocks' (Khorczm KKPnght
KKPLeft, Muynak), and alternative plans are prepared.

Alternative Plans for Water Supply System (Alternatives)

(l). Description of Altematives

Alternatives . Description

Alternative 1 - | All four blocks use the Kaparas reservoir as the source of water,

Alternative 2 | Same as Alternative 1, excepl that only the Muynak block uses the reservoir asthe
waler source, with water being treated by RO,

Alternative 3-1 | Khoream and KKPRight Blocks use the l_(apams reservoir as the source of water.
- KKPLefl and Muynak blocks use the existing water sovrce in KKPLeRt after RO
wreatment, The treated watet is comcyed from KKPLefl to Muynak.

Aliemative 3-2 | Khorezm and KKPRight Blocks use the Kaparas 1eservoir as the source of water.

KKPLéft and Muynak blocks use the new reservoir near Sumanbay as the sowrce of
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water,”

Alterﬁa:ivé 4-1 | Khorezm and KKPR:ght BIock use the Kapws reservoir as lha soure of water
: KKPLefi and Muynak blocks each use theit own existmg walct sourues after RO
treatment,

Alternative 4-2 | Khorezm and KKPRIght Brock use the Kaparas reservoir as lhe souice uf water
KKPLeft block uses the new reservoir near Sumanbay as the source of water. The
Muynak block uses the existing souice of water aftec RO treatment,

(2) First Screening of Al!emalive$

-A}ternallves 3-2 and 4-2, which env1sagc construction of a 1eServoir near Sumanbay in
the KKPLeft Block are rejectcd becavse of such an'reason for which appropriate area
for the reservoir cannot be found.

3) Conmpéﬁéon of Alternatives

The alternatives mentioned above were compared and studied with regard to the

indicators below. _

1) Costs (total construction cost, operation and maintenance (O&M) cost, Net present
" value of cosls)

Table 8.1 Comparison of total construction costs
(excluding shared facilities)

(Units; million US dollars)

. Description |~ Alternative | Alternative 2 Alternative 3-1 | Altesnative 4-1.

 Constrirction Costs 409.0 382.1 4565 404.8

Table 8.2 Comparison of annual operation and maintenance costs in 2010

{Units: million US$/year)
Description Alleraative | Altemative 2 Alternative 3-1- |  Alternative 4-1
O&M costs 23.7 23.1 20.1 19.6

‘Table 8.3 Comparison of net present value of total costs:
. ' __(Units:_million US dollars)
Discount raie (%) |  Alternative i Alieraative2_ | Alemative3-1_|  Aliernative4:1
10 414 418.1 431.0 399.4
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8.3

2) Factors other than cost (fevel of difficulty of operation and maintenance, suitability

of application technology, flexibitity in the eventof an emergency, convenience of
consuimers) -

Selected Water Supply System

Based on the conditions below, Allernative 1 was selecté_:d as the optimum water

supply system for the Study Area. (Table 8.7, Fig. 8.1 and Fig. 8.2)

-1} There is: no appreciable differcnce in the total current cost which includes total

construction cost, and operation and maintenance cost for the Allernatives;
therefore, comparison of costs for the Alternatives does not become a deciding
factor in the selection.

2) Operation and maintenance of facilities are the easiest in Alternalive 1. The water
supply method of ‘Alternative 1 is convenient for the consumer, Since the treated
watet from RO facilities will be supplied only for restricted applications that need

- drinking water, water supply means other than existing distribution networks are
necessary. Accordingly, the method of supplying water to consumers through the
RO facility in the KKP Left bank becomes extrenely troublesome, and is also
inconvenient for the consumers. For a comparatively large cny, this sort of water
supply method is not feasible in the long term.

3) A large number of facililies have already been oomplcted for Alternative 1, and a
part of .the conslruction is in progress. For future construction, a part of the
cqmpment and machinery has already bcen procured ‘

A]lemative i has been selecled, but this Alternative has a deficiency in that the .
response in the event of an emergency is difficult. It is dangerous to depend only on
one water supply system for supply of water to the region between Tuyamuyun and

* Muynak extending for about 450 km. To solve this problem, water ireatment plants in

each area making use of its own water source should be kept as standby so that a good-

response is available in an emergency.
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8.4

8.4.1 Oulline

treatment plant

3) Transmission pipeline systenn:

transmission pipeline system

8.4.2 Projected Water Volume

1) Watersource: Kaparas reservoir
2) Treatment plant: Existing and expanded T-N water treatmcnt plant and T-U waler

Inter-regional Water Supply Systema (Tuyamuyun Water Supply System)

The Tuyamuyun inter-regional water supply system scll treated water to the
Vodokanals and Agro-Vodokanals through the transmission pipelines.

Both these

corporalions then supply the purchased watcr as well as their own produced water to
the ighabitants through' their - distribiition networks.

The T—=N system and the T-U

system, deliver waler 10 Karakalpakstan and _Khorezm respeclivcl_y.' ‘The outline of the
* proposed Tuyamuyun water supply system is given below. (Fig. 8.1 and Fig, 8.2)

“I-N transmission pipeline’ system and T-U

(1) Maximum daily intake volume by water source -

‘Cable 8.4 Datly maximum Intake water quantity in 2010

(Units:_thousand m'/day)

Covered Daily inaximum supply capacity Iniake water quantity
arca total . | Tuyamuyun Local . tolal | Tuyamuyun Local
T-Nukus 549.2 4212 128 -604.1 463.3 140.8 -
T-Usgench | $51.2 4312 120 612.9 4809 | 1320
tolal 1,1064 858.4 248 1,217.0 944.2 272.8

: (2) chuired annual volume by water source

Table 8.5 Required annual storage volume by water source in 2010 -

© (Units: million m*/year)

Description All water - Kaparag - - Local ‘_wate'rsoume
soucces teservoir Karakalpakstan | ~ Khorezm
Walter quantity 387 300 45 42

including water quantity used in treatment plant
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8.4.3

8.5

'8.5.1

Plauned Facllities

The main planned facilities are as given below (Table 8.7).
+ Completion of Kaparas intake pumping station
+ Laying of raw water main
« Improvement and expansion of Tuyamuyun water treatrment plants
+ Laying of transmission pipelines and transmission pumping station

Regidn’al Water Supply System (Vodokanal)

Expansion, improvement and rehabititation to facilitics for regional water supply
system are planned.

Water Treatment Plants
Treatment plants that perform proper treatment of water and well fac1|1hes with

comparatively good quality water will be used effectively in the futuce also. Table 8.6
shows the planned capacities of treatment plants including effective use of the existing

- waler lreatment plant and their fulure expansions.

Table 8.6 Capacity of Water Treatment Plants Used and Expanded

in Future
Vodokanal . Distribution Capacity - . { Source of | Typeof treatment
Agro Vodokanalf Design | Capacity Capacity | Capacity | total water process
capacity| operated | usedin [expanded | - - |- ' :
: at present|  future | in future
~ Karakalpakstan e SN T S R N S
lNukus (V.K) 65.0 60.0 600 | 300 | 900 {canal - sedimentation &
S _ o o _ T : - |filtration .
2 Tuctkul (V.K) g4 | . 84 8.4 o 8.4 |ground wates]
3 Bequni (V.K) 46 4.6 4.6 4.6 | ground walei]
4 Chimbai (V.X) 5.1 1.0 2.0 2.0 | ground watei
5 Kegeili (V.K) 2.5 ‘1.0 1.0 : 1.0 |ground water
6 Beruni (A.Y) - 8.0 8.0 8.0 [ground wate:
“TTodkul (AV) - 140 ] 140 14.0 | geound water
total 97.0 98.0 30.0 | 1280
Khorezm - - P S I
1 Urgench(VK) | 500 | 450 450 450 { 90.0 |canal sedimentation &
: ) : : - |filiration
- 2 Chatish (V.K) -F 100 100 | 200 | 300 |groundwater
total ' - 55.0 55.0 65.5 | 1200




8.5.2

8.5.3

8.6

816.'1

Plan for Distribiition Network

This plan envisages the rencwal of old and cor:rodcdipipelines‘ for reducing water |

leakage and laying of new pipelines for inczeasing the water supply area,
Water Meters

Presently, waler meters have not been installed for consumers belonging to Group (1).

Slightly less than 50% of the Group (2) and Group (3) consuniérs have installed water

meters at their own expense. In the near future, water meters are likely to be installed
for all the consumers of these groups. On the other hand, consutners of Group (1) are
not likely to install water meters at their own expense. Accordingly, the Vodokanals
shall instalt water meters for these consumers by makinig use of public funds.

Project Cost and Implementation Schedule
Construcilon Cost

Studies on the following conditions were carried cut for estimation of construction
cost.

1) Unit construction material cost
:2) Labor charges
3)' Construction machinery cost
~ '4) Construction status

Besides, the costs for CIS, Burope, and Asian countries were taken as reference and

the construction cost was estimated. The construction cost of the following facilities

which are being constructed, was estimated considering that the parts of facilities

whose constructions have been completéd.
1)’ Kaparas intake plant - _ o
2) Raw waler main (from Kaparas intake pumping station to T-U intake pumping
station)

3) T-N waler treatment plant (expansion)

4) T-U water treat plant (expansion)

5) Proposed pumping stations

6) Transmission pipelines




The machinery and equipinent mentioned below and stored on site were procured in

1992 and approximately four years have clapsed. These machinery and equipment are

also utitized in this plan. Inspection and répair charges were taken as 20% in case of

new purchiase of mechanical equipment, and 70% in case of new purchase of clectrical
" equipment. ' '

1) Mechanical and electrical equipment for Kaparas intake puniping station
2) Mechanical and electrical equipment for teansmission pumping stations

8.6.2 Estimation of Construction Cost

(1) Bstimation standards _
1) The main imported materials and the countries from which materials are to be
procured are listed below for estimating the cost.

a} Steel pipe Russia, Ukraine
b) Ductile cast iron pipe South Korea

¢) Mechanical and electrical equipment  Japan

d) Water meters Uzbekistan

2) Exchange rates -
» 1 Uzbekistan sum = 0,025 US dollar
+ 1 Uzbekistan sum = 2.75 Japanese yen
¢ 1US dollar=40 Uzbekistan sum : .
o LUS doitar = 110 Japanese yen N
The above rates are as of July 1996 | ' R

3) Engincering expenses were assumed to be less than 10% of the construction _
cost.

4) - Physical contingency was taken as 5% of the construction cost.
(2) Construction cost

The estimated result for the construction coéi is 1,0!8.6 million US doltars, Table 8.7
shows the bre:ak'clmvn.
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'Table 8.7 Construcllon cost
(Units: million US do]lars)

. T01a1 Phase I { Phase Il | Phase Il
1.Kaparas Intake Pumping Station Q~l 000000 m’lday 12. 9 12,8
2.Raw Water Mains L=31.4 kin 480 339 150l
- Sub-total o R 60.9 45.9 15,0
3.T-Nukus Water Treatment Plant {Q=500000m*day | 963 | '60.% 36.2
4.No.2, No.3 Transm, Pumping $1.1Q=306,940 m*day 190] . 95 9.5
5.Nukus North Distribution $t.  {Q=255,910 m®*/day 108 10.8
6.Kungrad Transmission St~ 1Q=55020m’day | . 1891 . 105 8.4
7.Transmission Pipeline 1=431.0km 372 2278 89.4
Sub-total ' : 4622 | 318.7 143.5
8.1-Urgench Waler Tréatment Plant]Q=500,000 m*/iday 101.9 723 28,6
9.Khazarasp Puniping St ~ 10=256,290 m*iday D 12 ; . 121
10.Transmission Pipeline 1.=403.7 km 55.2 51.5 N
: Sub-total 169.2 123.8 : 45.4
l 1 Nukus Water Treatment Plant  {Q=100,000 m*/day 283 ‘117 10.6 -~
B12.Chimbai Water Treatment Plant|Q=2,200 m*/day 1.6 1.6
"[13.Watee Trealmen Plant, 3 cities |Q=14,000 m*/day 6.6 6.6 -
14.Distribution Network L=588.4 km 146.5 403} - 310 69.2
15.Meter Installation N=141,760 picces 12,5 33 211 . 6s
Sub-total S 195.5 69.51 . 503 75.7
16.Urgench Water Trealment Plant [Q=100,000 m*day S 317 - 19.7 120
17.Chalish Water Treatment Plant [Q=100,000 m/day 521 191 . 33
18.Distribution Network jL=351.8 km _ 880 26.0 21.8 40.2
19.Meter Installation N=66,250 pieces 59| 1.6 1.3 3.0
Sub-total 130.8 492 - 384 43.2
Total| 10186 | 607.1 88.7 | 3228

'8.6.3 Operation and Malntenance (0&M) Cost

The O&M cosl aftcr 1mp!ementallon of the pro;ect was estimated with the conditions

‘given below.

® Cost shall be estimated separalely for four water supply systems- T-N, T-U,
Vodokanal Karakalpakstan and Vodo_kana] Khorezm

@ Cost shall be estimated based on the O & M cost for vnit accounted-for water

* quantity.

o The increase in O & M cost per unit accounted for water quanuty shall be estimated

~in the future as below.

1) Kaparas intake pumpmg station (mcrease in electricity chargcs, dccrcasc of

coagulants)

~2) Transmission pumping stations (mcreasc in electricity charges}

@ Repair cost for new facilities shall be set at 0.5 % of total cost of facilities




8.6.4

The O & M cost pet unit acoounlcd for water quantity after 1mplcmcntat10n of the

project is gwcn below.

Table 8.7 O & M cost per unit accountfed-for water quantity after
implementatlon of the project

O & M cost after the Kaparasintake| O & M cost for increase
‘plant . commences  operation
((sum/m?)

Tuyamuyun water supply system .
=N 4.143 Newly instalied trunk line puinping
: I plant + reﬁair cost of new facilities |
o _ 2.535- o Repair cost of neéw facilities
Vodokanal water supply system '
Karakalpaksian '. 2354
Khorezm 1.122

Project Implementation Schedule

The project implementation was divided into threc stages given below so that the

improvement in water quality, improvement in the supply and demand situation, stable

supply of water and future demand are satisfied, and the objeclives of preventing water

leakage and increasing profits are achieved. (Fig. 8.2)

Stage 1 (199? to 2000) Improvement in the waler quahty and expansxon supply '

capacity

The Kaparas intake pumpmg station, raw water main, expans:on and unprovcmcm

Sta

: Sia

for the both Tuyamuyun water treatment plants, nnprovemcnt for water treatment
plants of Vodokanals, expansion and replaccment of distribution pipelines and
installation of water meters to consumer

ge 2 (2001 to 2003) stable water supply
Expansion of water treatment plants in Vodokanal, expansion and rep!accmcnt of
distribution pipelines and installation of water meters to consumer

ge 3 (2004 to 2010), S‘aliéfactory of the demand for the target year

- Expansion of the second stage of Tuyamuyun system, Expm131011 of water
- treatment plants in Yodokanal, expansion and replacciment of distribution pipelines
“and installation of water meters to consumer
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CHAPTER 9 PROJECT EVALUATION

9.1

Introduction

Based on the selected alternative of the basic plan as discussed in chapfet Sof Part 1,
analysis should be made from the financial and economic view points for the total _
project under the assumed coridition in relation to the four entities as follows. _ %

{a) DOMIWP-TIN (ré;ferréd to as T-N)
 ((YDOMIWP-T-/U (referred to as T-U)
(c)Vodokanai-ROK (referred to as KKP)
(d)Vodokanal-KZ (referred to-as KZ)

~ The four enliti-es. can be grouped as Group-A (T-N wit KKP) and Group-B (T-U

with KZ) in relation to the acea they serve. Evaluation shall be done by Group and by
entity, finally for the whole. The melhod of the analysis;

(1) Firstly, using the assumed group-wise water tariff of Vodokanal, water purchasing

rate from DOMIWP shall be determined subject to’ the total balance of accounts

being batanced during the project life under the given discount rate. : @\
2) Secdndly by sdch oblained water selling price, financial viability of T-N and T-U

is checked by calcalation of FIRR.

N I‘eaSIblhty of the Basic Plan is then cvalualed by thc total average FIRR(Group~A plus

S 'Group-B).

9.2

“The result of the ana]yéis is discussed in Section 9.5 herein.

General Assumption for the Analysis

. (a) Total Construction cost’ :US$ 1,018,615 x 10 :
" (b) Project life : 30 Years €

(c) Construction period : 1998 ~ 2010 (Total)
(@) Base year for analysis 1998 (starting year of construction)
(e) Base of cost estimate  : 1996 prices (unéscaiated)

H Monetaly unit : US Dollar (US$)
(g) Rate of Exchange : 1 US$ = 40 sum (as of July 1996)

(h) Water tariff : Assumed as in Section 9.3
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: Operation and maintenance cost is determined based on
actual expéndilurc shown in the financial statement and
- assumed to be made up of iwo components; O&M cost
except dcbréciation that depends on the volume of water
sold (accounted-for water), and additional annual cost of
replacement and- maintenance of facilities and water

(i) O&M cost

“meters. For details refer to Chapter 8 and Section 9.4
Past 1 of the Main Repoit. :
: 7.5% per annual, as the rate currénlly' offered by most
international funding agencies.

(j) Discount rate

9.3 Water Tariff
(1) The group-wise water tariff is assumed as follows.

. Table 9.1 Assumed Tarlff for Group (1)

Ratio
A)Current Ave Tari([ per m® {B)Assumed Ave.Tari(f per m’ BIA
KKP 0.50sum| 0.0125U8$| . 2.10sum| 0.0525US$ 412 .
D KZ 035sum| 0.0087Uss] . 1.47sum| o.036sUss| . 4 -
Table 9.2  Assumed Tariff for Group (2) and 3
AYCurtent Taniff | B)Assumed Tariff |
C o operm® perm’ Ratio B/A
KKP |Group2, and 3 9.64sum samg as A) 10
- . (Us$0.241) i
KZ ' |Group 2(Ave.) 6.38sum - - Lok
(US30.159) ' )
Group 3 7.90sum -7 - ”
(US$0.198)

(2) Basis of the above assumplions

Group (I):

Household water expenditure in the study area is much lower than those of other utility
services. According to the world teadency in the develbping countries, average water
expenditure is between 2 ~ 5% of the family revenue. Average water expenditure of
the households is 0.31% in Jan. 1995, and 0.48% in Jan. 1996 as shown in Table
7.15 of chapter 7 of Part 1. With the assumed 2% of family expenditure as a upper
limit in the study area, assumed waler’tariff_ for Group {1} was obtained as shown in

1-51



9.4

Table 9.1 which is less than the affordability of consunrs as in Scchon 7.3.2 (Pait 1

in Main Report) and will be chargeable,

Group (2} and C‘roup (3)

The assumed tariff of Group (2) and Group (3) were determined as same with the
current tariffs due to the fact that there are group of consumers who complains the
fariff level and reluctant to close the agreement. Other CONSUNKIS are even planning to
secufe own water sources other than Vodokanals because of expensive cost, Tt is
considered that curient tariffs may be almost equal level of the willingaess-to -pay of

- the consumers. Thus, the relevant Ave. tariffs of Vodokanals are summcd up below.

Table 9,3 Comparison of welghted Ave, Tariffs

Ratio
A)YCurrent Ave. Tasiff per m’ B)Assumed Ave.Tanff per m* B/A

KKP 5.19%sum| ~ 0.130USS 5.97650m 0 149US$ 1,15

K7 3.313sum|  0.083U88]  3.937sum 0.098US$ 1.i9
Operation and Maintenance Cost

Basic concept on the O8M cost of basic plan was discussed in section 8.6.3.
Assumed data of the O&M cost adopted in the analysis are summarized in Table 8.7.

The followings are some additional exp!énalions.

(lz)'B.asic O&M cost: unit cost per m® of ARW

For the starting year of the project, current unit cost by cnterprise is adopted, varying

depending on the AFW volune,

{2) Efectricity and Cheniicals
Cost of Both indicators are fluctuating with the progress of the construction, especially

on the part of Tuyamuyun facilities. Changed unit cost are incloded in the basic cost
stage by stage.

. {3) Repairs

Upon the compl.ctlon of each facitities such as WP and Pumpmg ‘stations in different
stages, 0.5% of the relevant asset value of the facilities are addcd yearly to the repasr
cost. i

As for water meters, replacement cost is assumed to be added as a part 'of repairs after
ten (10) years on average from the installation.



9.5

9.6

‘Result of Financlal Analysls and Observations

.C_a]cnlation was ni’ade to obtain Financial Internal Rate of Relurn (FIRR) by the
‘assumed condition as per Section 9.2 and by the water Tariff as per Section 9.3. As a

principle, it is a requirement of “Financial Viability” to get revenune from: the project
enough to cover total investment cost. In this project, water tariff leve! was assumed
at a lower side by the request of Uzbek side while the total investment costs remain
huge even after the project has been reduced and rescheduled.

The foiloWings aré results and commients from these analysis.

(1) Case of 0% subsidies;

Financial arialysis was made by the method discussed in Section 9.1. In both cases of
Groﬁp-A and B, due to very short of revenue on Vodokanal side, none of the T-N nor
T-U gain enough revenue to cover the corresponding cost, being unable to get FIRR.
Coriclusion is “NOT Feasible” at all.

(2) Case of 100% subsidies;

The construction cost can be off-set by the equivalent 100% subsidies. Min.

requircment is whether or not the water revenue can cover the O&M cost within the

project life.

By the manipulation of Ave. tariffs, both T-N and T-U will get the surplus b'\lancc

during the project life. ‘The problems are the fund source of such a huge amount of
ubsndles in terms of loan in the financial market and of the budgctary revenue of the

- GOU, mcludmg the stablllty of the enlities.

‘Steps for the financial linpr’ovement

(1) Need to reduce the investment cost, especially of the phase-1 which cost 60% of
the total. :

2} Need to supply flexible subsidies of the GOU where it is necessary
(3) Need to dwcrsnfy the revenue source.

(4) Need to adopt the system of gradual increase of the tariff
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9.7

Recommendation

Rinal decision should be taken by Uzbek sidé regarding, the arrangement of special
loan, the arrangement of the sibsidies from the GOU, and selting-up the reasonable
water tariff of the world average level as developing countries.
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CHAPTER 10 'INITIAL ENVIRONMENTAL EXAMINATION

In general, the environmental impact of a water supply project is considered to be very
minimal, but as long as there is a possibility of an impact, environmental consideration
(study) of the project is necessary. The Initial Environmental Evaluation (IEE) for the
proposed water supply system in the chapter 8 is discussed here.

During the Stlldy; the environmental impacts' of the project on the regional environment
will be examined. Results of the examination will be evaluated, and if necessary,
measures to prevent or mitigate environmental impacts will be framed. The Study
needs IEE during the basic planning stage, and an Environmental Impact Assessment
(BIA) at the feasibility study stage based on the results of the IEE,

Based on Environmental Guidelines prepared by the JICA Study Team, the TEE was
implemented.

The environmental elément matrix is utilized for the first screening of the IEE. All the
environmental elements are screened with reference to each project activity.

From vicwpoints of environmental elements, the followin g elements cannot be ignored.
during overall project activitics and need to be examined at feasibility study further.

1) Noise and vibration |

2) Landscape

3) Archaeological treasures

On the other hand, from the view pomt of the pro;ect acuvulcs the followmg acmnt;cq . -

may have an impact on the environment and need to be examined at feas;blhty study
further.

1) Operation of the Kaparas reservoir

2) Operation of the water treatiment planl

3) Increase in sewerage water as the water supply syslem develops (Vodokana] |

@ system)

In addition, the followmg specific activitics are to be considered:
1) Rehiabilitation and replacement of existing facilities, and increase - of solid waste
2) Construction of pipelines that hinders traffic.
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PART 11 __FEASIBILITY STUDY

CHAPTER 1 SELECTED PROJECTS FOR FEASIBILITY STUDY

1.1 Imrodu'cfuon‘

o The Basic Plan of the Water supply system in the Study Area for improving drinking
water quality, has bccn formulated as part Tof this report.  Following the Basic Plan,
a feasibility study for the high pnomy projects was conducted as discussed in Part 1
of this report.

The target year for the Basic Plan is 2010. The target year for the feasibility study
was set at the end of 2002, S years after the start of the project.

1.2 - Preliminary Evaluation of the Project for Feasibility Study

The conclusions wete arrived at that Basic Plan as a whole is not feasible or viable
after financial evaluation of the project included in the Basic Plan.

Preliminary evaluation is conducted the project to be implemented by 2002 for
feasibility study.  ‘The resulls summarized in Table £.1.-.

Table 11 Preliminary Evaluation of the ije’ct‘_ for Fcasibiliiyistudy ; -

Description © ‘ i ‘ © Evaluation

Possibility of financing ‘As of this stage, financingthe projectto the amount of US$ 607.1 million overa
three-year period is impossible.

Financial Internal Rate of | FIRR can not be obtained. (minus figures)
Return (FIRR)
Implementation schedule Implementation of sucha Jarge-scale construclion schedule within apedod of only

three years is impractical.

FIRR was caloulated in principle using conditions of the project evaluation mplemcnted in the Basic Plan

" As indicated by the above evaluation, the possibility of realization bf the selected
projects for the Feasibility Study is extremely low. Consequently, it is necessary to

- reschedule and cul down the project scale in order to enable the realization of the
praject.- The method is described betow.

- {) Abandon the construction of approximﬁtciy 111 km of pipetine (diameter 1,000
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1.3

mm) bct_wécn Takhiatash and Kungrad, and use the existing Urgench Transgas water
siipply pipeline. '

2) Reschedule the expansion plan for water supply.

Cut down the scale of the project.  More Speciﬁcally, postpone  the

implenientation ‘of projects included in the feasibility study that are to be

lmplementcd by 2002 in the Basw Plan and 1mplemem thém by 2010, the targct
- year for the Basic Plan.

A feas;blhty smdy are carried out for this project (hereinafter ca]led as “rescheduled
project”)

Water Demand and Supply of Rescheduled Project

As a result of rescheduling the project, the total capacity of water that can be supplied
in 2010 is 828,000 m’/day. ‘The increase in the water supply capacity of the
rescheduled project will be 325,000 m*/day (T-N::145,000 m’/day; T-U: 180,000
m’/day).

The rescheduled project caunot meet the waler demand planned in' the Basic Plan.

The water demand was evaluated, ~ Consequently, the waler demand of rural area was
reduced.  Assuming that water consumption can be reduced by 15% which is

- éxpected through installation of waler meters ‘and proper arrangemcm of water tariff
.« system, the water demands in 2010 for the rescheduled project are given in Table 1.2.
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Table 1.2 Water Demand for the Rescheduled Project
(Unit : thousand m’lday)

Desbription [ wees | om0 [ a00s [ 2000
Daily average water deniand

TN Urban 184.1 2570 279.3 302.9
Rural 492 34.2 43.7 552
_ ~ - Tofat 2333 | 2912 323.0 358.1
TU . | Usban 1950 | 299 2366 | 2411
] Rl | 882 80.8 1044 | 1308
Total | 2192 3107 341.0 3719

‘Paily maximum water demand
TN Usban 217 2955 3213 3483
Rixral 566 393 | 502 63.5
_ “Total 268.3 334.3 3715 4118
T-U Usban 219.7 264.4 2719 2772
Rurasl | 1014 929 1199 1504
“Total 321.1 357.3 391.8 4276

1.4  Improvement in Drinking Water Quality

Presently, water treated by ordinary treatment process or by sedimentation process
only, is not suitable for drinking because of the high concentration of contaminanis of
the raw water for drinking water.

According to the Basic Plan, Kaparas r'eservoir where good quality water is to be
stored during the flood season of Amudarya river, will be used as the waler source.
Consequemly, the quality of drinking water will improve. Lspecm]ly, lmprovcmenf
in the concentration of total hardness and mineralization by the Rescheduled Project in
2010 s anuc;patecl as shown in the following table.

Table 1.3  Water Quality Improvement in 2010

Total hardness(meq/l) Mineralization (mg/) -
T-N system 6.7 733
T-U system 6.3 : 690




CHAPTER 2~ ENGINEERING DESIGN

2.1

2.2

Desigh Conditlons and Criteria

Some of the proposed facilities for the feasibility study have been already designed by
the Uzbeki side in their own water supply master plans (the Uzbeki master plans),
some are uidet construction, while the consinuction of some facilities has been
suspended. Therefore the design for this study has been conducted based on the

design of existing facilities and plans.

The désign criteria used for the water suppl:y system and facitities aré as follows:

1) Storage capacily of reservoir : 1.1 x 365 x daily average water demand

2) Intake pumping capacity : 1.1.x dailjr maximum water demand

3) Raw water main : 1.1 x daily maxinmum water demand

4) Water treatment plant : 1.1 (or 10/9) x daily maximum water demand
5) Transmission pipeline : ~ daily maximum water demalld

6) Transmission pumping station : daily maximuin water demand -
7) Distribution pipefine : hourly daily maximum water demand
8) Distribution pumping station :  *hourly maximue water dervand

Sunmmary of Proposed Water Supply System

Outline of the proposed water supply system and the inajor prop()Séd facilities in 2010
are summarized in Table 2.1 and Fig. 2.1 - Fig. 2.2,
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Table 2.1 Proposed Water Supply Facilities for the Rescheduled Project

Work [tem

» [ Specification
1. Kaparas Raw Water Intake System L
L.1 Kaparas Intake Station Q=150000m'8
1.2 Raw Water Mains Pipeline . _
~ 1.2.1 Kaparas IPS to T-N BExisting IPS D=1,400 L= 10.7 km
~1.2.2 Kaparas IPS to T-U Existing IPS - D=1400L=_ 1.0 km
__1.2.3 Kaparas IPS to T-U Existing IPS D=1400L=_ 9.0 km
~|2. T-N Water Supply System ' L . B
2.1 Water Treatment Plant Q=350,000 'K o
~ 2.1:1 Rehabilitation Q=200,000 mAd
‘| 2.1.2 Expansion Q=150,000 m’4

~ 2.2 Transmission and Distribution Pumping Station

2.2,1 No, 2 Booster Pumping Station

Q= 234410 m'Al

2.2.2 Nuku$ North Distribution Station

Q= 122,950 m'd

2.2.3 Kurigrad Transmission and Distribution Station Q= 42,130m%
2.3 Transmission Pipeline _ L
~23.1 WIP - No. | Pumpling Stalion D=1,4001= 63.0 km
23,2 Nukus - Takhiatdsh L=21km _ D=1,200L= 11.0 km
2.3.3 Kungrad - Muynak (Q=8,870 m’A)) D=500 L= 96.5 km
+2.3.4 Kegeili - Bozatau D=400 1= 50.0 km
3. T-U Water Supply System
3.1 Water Treatment Plant Q400,000 m*4
" 3.1.1 Rehabilitation 1Q=200,000 m*%3
3.1.2 Expansion

.3.2 Transmission Pipeline

1Q=200,000 m’

32,1 WTP -'Khazarasp Pumping Station

D=1,200 L= 27.0 km

3.2.2 Khanki - Urgench

D=1,200 L= 132 km

i

3.2.3 Yangiaryk - Khiva

D=600 [L=200km

3.2.4 §.P.1 - Koshkupyr

D=600 ‘1=140km’

3.2.5 Gurlen - Shavat

1PS ¢ Intake Pumping Station
WTP : Water Treatment Plant

D=600 ‘L=195km | =




Table 2.1 Proposed Water Supply Facilities for the Rescheduled Project

{Continue)
Work [tem Specification
4. Vodokanal Karakalpakstan . o
4.1 Walter Treatment Plant e e _
4.1.1 Nukus WTP (Rehabilitation) Q= 65000 mAd
___4.1.2 Chimbai WTP (Rehabilitation) Q= 2,200m°d }
4.1.3 Water Trcgy_]lgnl Plant {Rehabilitation) , 3 Cilies Q= 14000md
4.2 Distribution Network '
4.2.1 Replacement D=10G - D=400 1.=228.8 km
_4.2.2 Expansion D=100 - D=400 L=119.6 km

4.3 Metering System

4.3.1  Meter lnstal!ation. D=20

N=115,960 Ficces

5. Vodokanal Khorezm

5.1 Water Treatment Plant

5.1.1 Urgench WTP (Rehabilitation) Q= 50,000 m’d
5.1.2 Chalish (Rehabilitation) Q= 11,000 m’Ad
5.2 Distribution Network :
~5.2.1 Replacement D=100 - D=400 L= 170.3 km
5.2.2 Expansion D=100 - D=400 L= 71.5 km

5.3 Melering System

"5.3.1 Meter Instatlation D=20

* IPS : Intake Pumping Station
 WTP : Water Treatment Plant

N=60,970 Picces

@
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 CHAPTER 3 SYSTEM OPERATION AND MAINTENANCE

3.1

3.2

Intreduction

The focus of altention in this chapter will be on the points listed below, which will be
important and ncccssary when the water supply plan is implemented based on the
Basic Plan.

1) Integrated opéralion between water resources of the Tuyamuyun hydro-unit
including Kaparas reservolr
2) Integfated operation of water supply systems of Tuyamuyun and Vodokanal
systems
3) Response in an emergency of the water supply system
~ 4) Leakage control measures

Integrated operation of water resources

When the Basic Plan is imp!ememéd, the Kaparas reservoir must be operated
effectively taking into consideration the points mentioned below should be considered
when framing the operation plan. |

1) Coordination between refated plans such as water supply plans, irrigation wafer
~ plans and hydraulic power generation plans ! ‘
2) Integrated operation plan of water source for the '[nyamuyun hydro unit
including the Kaparas reservotr - ' s :
3} Collection of waler quality and waler quanuty data of lhc Amu Darya river,
analysis of the data and predictions of water quality and quantity

Many related organizations are concerned with the operation of the Kaparas reservoir.
To check (he consistency of the plans of the various o'rganiiations, and lo frame a
rational and efficient water source operation plan; a new i:obrdin_ating organization
needs to be established.  In addition, an organization that will actually imiplement the
management and 'operationl for the Kaparas reservoir must be established.

Water quality and water quanlily models for the Amu Darya river including the

- Tuyamuyun Hydro-unit should be formed and the quality and quantity of the

Ruslovoye (Amu Darya river bed) reservoir correctly predicted beforehand so that the

" operation plan for Kaparas reservoic can be framed.
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3.3

3.4

In addition, a flexible response is necessary even for unpredlclable conditions through
the monitoring of the qu allty and quantity of watcr of Amu Darya river,

Integrated Operatlon of the Water Supply System

After the slaﬂ of utilization of the Kapa:as rcser’vbir, the Kaparas reservolr and the
Kaparas intake pumping station need to be jointly managed by the two Tuyamuyun

systenss. Therefore, a special organization for carrying out the overall management

of the water supply systems in the two aréas and for jointly imanaging these facilitics
will become necessary. '

If the Tuyamuyun system that distributes treated water to the vast area has an accident,
and the intake water, treated water or trms‘mitléd water is stopped, the entire system
will be subjected to a major loss. Appropriate measures are necessary 1o prevent
accidents and to minimize losses in the event of an accident, Among several

countermeasutes to accidents, it is more realistic to utilize existing facilities efficiently

and prepate a manual in an emergency for responding prompily and appropriately to
minimize losses.

Leakage Conirol Measures

© Inthe Basic Plan in this report, the current leakage ratio was estimated as 30% by the
* MICA Study Team. Leakage ratio is to be brought down to 23 % in 2002, the target
 year of the feasibility study, and 15 % in 2010 in the Basic Plan. To achieve this

target, it is necessary that Vodokanals takes more effective leakage control measures.
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