3.5.6

="Ifakhtak_upyr,' Yangibazar, Kh'azarasp, Bagat, Yangiaryk, Khanka, Gurlen, as well

as villages along the pipelines.

However, the system has not been constructed on the western side of Amudarya
river located at the down stream end of Anwdarya river, where the river water

- quality is poor, except for a water main from Khodijeili to Kungrad and water mains
'to the regional centers of Shumanai and Leninabad laid already. The water main:

from the Tuyarnuyin-Nukus water treatment plant to Nukus is under construction.

The people in these areas are looking forward to better quality water from the

Tuyamuyun System. A Kaparas Reservoir, the intake pump stalion and one of the
two planhed conveyance pipelines to Tuyamuyun-Urgench water treatment plant are

- under - construction,  Construction - of two planned conveyance pipelines to
“Fuyamuyun-Nukus water treatment plant has not been slarted yet.

Pl;opo'secl Treatment Process by Uzbek Side

Process of the Tuyamuyun treatment plants in the second stage is proposed as
follows, taking into account the chemical compounds in the raw water of the
Amudarya river which might be polluted with agricultural pesticides. In the process,
treatment by ozone and activated carbon are included to remove organic substances.

l Coaglilant feeding (Alum)

2. First Coagulo-sedimentation (Radial clarifiers)

S|

Second Coagulant feeding (Alum)

‘Sécond Coagin!o—scdimeﬁtaliOn '(Horizbn'tal flow) o __. i
Treaﬁncri_l by ozone (ozone reac:tor) | ‘ .
Feeding (sulfuric acid)

Rapid sand filter

Activated carbon reactor

I

Chlorination (or Chlorammonization)

The proposed process will improve the qualily of drinking water. However, some
problems still remain, and new ones may arise as explained below.

1. Mineralization and hardness, which are to be removed first, cannot be removed.

However the problem of mincralization and total hardness of drinking water can
- be solved by ¢onstructing facilities for filling the Kaparas Reservoir, and taking
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3.6

'3.6.1

3.6.2

- waler from it, as’ slatcd in thc chapter S and 8 in this report; and constructing

_ canals along the Amudarya river in the chubhc of Uzb{:klstan and the Republic .

of Turkmenistan for accumulatmg all the collected drain water. Constiuction of
these facilities is under way, and it is necessary {o specd up thé completion of
these facilities.

© 2. Ozonized organic substarices may adversely affect ihe health of human beings.

3. Itis difficult to control chlora;iimoﬁization redctions.

" Except for these problems, it is necessary and important to pre-treat the raw water up

to acceptable quality level for treatment and desalination. Presently, the Tuyamuyun
treatment plénl is nol opérating efficiently becatjse the raw water has high turbidity
especially in summer, and because of the lack of reagents in some periods. The
facilities are also blocked by the sand. Deep treatment and desalinization will be
inefficient unless these problems are solved.

Problems in the Operation and Maintenance of Water Supply Facilities

“General

In general, the water treatment plants are operated and maintai'ned in relatively good

‘condition by skilled workers and engincers.  Major problems in the operation and

maintenance are shortage of treatment materials in some period, cspecially reagent
stocks for the seitlement of sludge due to the intake of high tirbidity water from

“Amudarya river in summer,

Tuyamuyun Treatment Plants

~ The Tuyamuyun-Urgench treatment plant had the following problems: (as of June

1995}

1. Tn May and June 1995 when the Tuyamuyun Reservoir was being washed, the
turbidity of water in the river rose considerably (to 30,000 ppm), which led to
blocking of intake canals and radial clarifiers by shudge.

- 2. Treatment of turbidity at the facilities is not always carcied out accbrding to

standards due to the irregularity of shipments of'c()agutant_s. '

3.18 - | B/P

23



®

3. For the same reason; a large amounl of sand settles on the surface of rapid sand
filter becausc sludge has not settled in the first and second sedimentation basins.

4. EBxchange and addition of filter materials were not carried out irregulacly.

3.6.3 Other Treatment Plants
Other ordinary walet trealment plants, except the 'I\lyahluyun treatment plants, are
also operated and maintained in a relatively good condition in spite of the aging of

the facilitics. These facilities have the same problems as that of the Tuyamuyun
plants in maintenance and operation.
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CHAPTER 4 WATER DEMAND PROJECTION

4.1

4.1.1

Frameéework

Basi¢ Concept

Currcn'l]y, water is-being‘ supplied to the six citics in the Study Arca by water supply
systems owned by the Public Waéerwbrks:Corporation's (VodoKanal). VodoKanal -
supplies drinking ‘water from its own water treatnicnt plants and also purchascs treated
water from the Tuyamuyun water Slipply system and from the water supply system of
the gas supply company,'UZTran'sGas.

'The dependence of the major cilies of Nukus and Urgench on Tuyamuyun is very hi gh.

- Kungrad depends on UzTransGas as well as its own water sources for its water

supply.. Muynak complctély depend on its own water source. Chimbai depended on
underground water to a large exlent until recently, but after the completion of
Tuyamuyun pipeline, it largely depends on the Tuyamuyun system. Water is supplied
to Khiva from Urgench. In this way, the water source to each cily varies depending on -
the city. ' :

In addition to these six cities, other cities and rural area in the Republic of
Karakalpaksian and Khorezm province also use water supplied by the waler sources

mentioned above.

There are two water supply master bls_ms \vi(h the year 2010 as the ;Iafgt':l yc‘ar‘- for

Karakalpakstan aid Khorezm in which the water supply sy’sténﬁ for the %:niirie fegion -

has been planned systematically and rationally. According to the plan, the water supply
system for both regions will be integrated with the Tayamuyun water supply system in
future, and many facilities are under construction.  Preseatly, about 60 % of the total
water consumiplion in both regions is covered by the system '

In view of this background, in order to improve (qualitatively and quantitatively) the =
status of water supply (o the six cities in the Study Area, improvenents are necessary
mainly to the Tuyamuyun waler supply system. Only studying the status of water

~ supply and demand to the Six Cities is inadequate for carrying out improvements; the
~ slatus of water supply to _all the regions covered by the Tuyamuyun water supply .

system at prcsbnl and in the future should be studicd. Consequently, a study of the

. water supply stalus and demand prediction is necessary not only for the six cities in

question but also for the entire réglon. Subscquently, integration with the water supply
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4.1.2

4.2

4:2-1'

master plan, which has the Tuyamuyun system at the nucleus, is to be checked :and
reviewed. o ' :

The current water. supply situation and its analysis arc presented by rc'gio'n:.
Karakalpakstan and Khorezm, and by urban and rural water supply for which
VodoKanal and Agro-Vodokanal respectively are responsible. However, the analysis
of water supply situation is mainly focused on the urban water supply ‘because the

~ JICA Study does not cover rural areas. Regarding the iiral water supply, please refer -
1o the water supply project of the World Bank, which is mainly in charge of rural water

supply plan in the both regions,

Procedure for Future Water Demand Estimation

" Fig. 4.1 shows the flowchart for demand prediction in future. After analyzing the

current water supply situation, future defnand can be predicted according to this flow
chart. '

First, future population is projected. Next, the daily average water demaiid in future
for domestic use and non-domestic use (such as water for industries; public Utilitics
and businesses) is separately estimated. By summing up the doniestic and non-

~domestic demand, the daily average water demand in fulure, excluding teakage is

obtained. This demand is called the water for effective use (cffective water demand).
By adding the leakage (non-cffective water demand), the daily average water demand
is obtained. Subsequently, the maximum daily' water demand is calculated by
multiplying the daily average water demand with the maximum daily variation

coefficient. The maximum hourly water demand is calculated by multiplying the

maximum daily water demand by hourly maximum variation coefficient and 'dividixig
by 24.

Service Population

Total Population

(1) Current Population

‘The current population is shown in Tables 4. 1- (2) and 4.1-(b). The tolal population of
Karakalpakstan is about 1,400,000 and about-half of this population resides in the
cities. The population in the four cities of Karakalpakstan in the Study Area is 331,000,
This figure accounts for approximately half of the total urban pobu]al_ion of '675,000.
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'Nukus city council accounts for h’early 70% of this population id the Study cities of
Karakalpakstan.

The total population of Khorezm is 1,170,000, The urban population accounts for
20% of this figure, which is quite small compared with Karakalpakstan. The
population in the two Study citics of Khorezim is about 180,000; this is for 60% of the
urban population.

Most of the 'urbé.n;pép}.llatit)n in these two regions resides in small cities with-a
population of fess than 100,000. Only Nukiis and Urgench, the main cities in thesc
two regions, have populations of mare than 100,000." The population of these two
cities account for more than 70% of the total population of the six cities.

Table 4.1-(a) Total Population of Kavakalpakstan in 1994
as of Jan. 1sl 1994 (Unil: thousand)

Six Cities _ . Karakalpakstan

| Nukus  Chimbai = Kungrad Muynak _ total Urban Rural - total

Population| 2205 318 560 136 3310 | 6758 7167 13926

Sourée: YodoKanal of Karakalpakstan _
Note: Population of city couincils given for Nukus and Kungrad,

Table 4.1-(b) Total Po[)ulation of Khorezm in 1994 _
o “as of Jan. 15t 1994 (Unit : thousand)

| Six Cities | 1 : Khorezin s
_ Urgench Khiva . ‘total . Urban - CRual - 'lolﬁl;
Population | 1356 450 1806 2942 . 8753 . 11,1695

Source: Main Department of oblprognozstat (oblast prognostication & statistics}

(2) Past Population Trend

The past populations and théir growth rates in Karakalpakstan and Khorezm are shown
in Table 4,2 (a) and (b). In general, the past population in each region apparently

shows a decreasing trend. ‘This is shown in table 4.3, which also shows the a‘}c':rag.c
yearly growth rate for 5 years from 1985,
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Table 4.2-(a) ~ Past Total Population in Karakalpakstan

" Total

L Urban - Rural
Poputation Growth | Population Growth Population - { Growth
thousand rate % thousand rate % _thousand rate %
1985 500.3 5.4 . 539.3 1.1 1,089.6 3.1
1986 5272 33 595.7 2.1 11,1229 2.7
- 1987 '544.5 4.4 - 608.4 1.4 1,i529 | 28
1988 568.5 27 | 6167 22 1,1852 | 24
. 1989 583.7 28 | 6301 2.2 1,213.8 25
1950 599.8 24 | 6449 22 1,2447 23
1991 614.4 33 659.4 - 2.5 1,2738 | 29
1992 634.7 3.1 L 676.0 1.8 1,3107 | © 24
1593 654.4 2.0 6884 2.3 11,3428 2.1
1994 667.7 1.5 703.9 2.1 1,371.6 1.8
1995 671.9 718.8 1,3967 | -
Source: SCES
Tabte 4.2-{(b) ~ Past Total Populaiion in Khorezm
Urban . Rural Total
Population | Growth | Population | Growth | Population | Growth
“thousand rate % thousand | rate % thousand | rate %
986 - ' 919.3 29°
1987 946.4 2.9
1988 - 9737 4.2
1989 P . : 1,015.0 2.4
1990 294 2.4 745 3 1,039 2.9
1991 301 43 768 23 1,069 2.9
1992 314 1.6 786 39 | 1100 33
1993 - 319 2.2 817 33 1,136 3.0
1994 326 1.8 844 2.6 1,170 24
1995 | 3 866 1,i98
Source: SCF§
Table 4.3 Average Ycarly Population Growth Rate
at 5 Years Intervals
~ (unit; %)
Karakalpakstan Khorezm _
: Urban Rural | Toial Urban ' Rural Total
1985 - 1990 - 3.7 1.8 2.7 <3
1990 - 1995 25 2.2 23 2.5 3.3 29

calculated by the HCA Study Team
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Seirvice Population

VodoKanal, which is 'r_espo’nsible for sntpplying waler to urban area, supplics tredted

- waler to 32 cities, towns and regional centers including the Six Cities in the Study, The

cities to which water-is supplied, and total population and total service population in
Karakalpakstan and Khorezm are shown in table 4.4-(a) and -(b) respectively.

Table 4.4-(a) :Total Population and Service Population ‘in 1994
~ for Urban Water Supply in Karakalpakstan

" |City, Town, Total Service Poputation of | Except for ‘Fotal

Regional Center] Poputation | VodoKanal VodoKanal .

- | thousand thousand % thousand | thousand | = %
Nukus 229.5 176.2 76.8 2.5 1787 | 7179
Beruni 446 318 | 714 318 | 71.4
Kungrad 3.2 24.8 71.6 6.0 308 | 927
Khodjeili 70.5 - 363 | s1s 14.5 508 | 720
Takhiatash 493 452 01.8 23 47.5 | 96.4
Tuitkul 44.8 AT 753 | 337 | 753
Chimbai 31.8 251 | 788 25.1 | 78.8
Mangit 272 18.0 66.1 180 | 66.1
Kazankeiken 36 .33 1.0 33 | 91.0
Karauzgak 12,9 9.4 74.7 94 | 747
Kegeili 12.8 9.4 732 _ 94 | 132
Kanlykol . 9.0 74 827 7.4 | 82.7
Muynak © 136 12.6 923 |. 126 | 923
Akmangit 1.5 5.6 74.8 56 | 748
“Fakhtakupys 168 107 | 638 107 | 63.8
Shumanai 12.5 88 . | 706 ' 8.8 | 706
Bustan ‘ 10.9 17| 156 | 17 | 156
Altynkul 22.7 203 $9.2 _ 203 | 892 |
Khalkabad 10.9 L 65 | 597 ] 6.5 | 597
total z 663,7 c 4868 | 733 | 253 | - s1214 | 773

Source: VodoKanal of Karakalpakstan’
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Table 4.4-(b) Total Population and Service Poputation In 1994
for Urban Water Supply in Khorezm

City, Town, Regional " 'Total Population Service Population

Ceriter ' thousand thousand %

" Urgench 137.1 135.0 98.5
Khiva ' 454 |- 44.0 96.9

~ Druzhba 149 : 4.3 946
. Bagat 18 N 4.9 628
Gurlén o 194 134 691
Koshkupyr B 147 N 1 I A 76.2
Urgéench(Karaul) 148 o128 88.3
Khazarasp 14.5 118 : - 814
Khanka ' 28.7 ; 21.4 _ - 74.6
Shavat 135 125 - 92.6

_ Yangiaryk 9.5 - 3. 326

Yangibazar 52 24 46.2 -

Buston . 53 _ 1.5 . 283

Total ' 330.5 288.1 87.2

Source: VodoKanal of Khorezm :

With regard to the p.opulation served by VodoKanal in the two regions, Nukus and
Urgench occupy a large portion of the total population of each region, with a share of
appromrnatcly 36% and 41% rcspcchvely of the total served populauon in each region.

The total water supply percentages for the two regions are: 77% for Kara.kalpakstan

and 87% for Khorezm. The petcentage of the latter is higher by 10%. Considering

- percentages by city, excluding the particularly low percentages for Bustan, Chalish

Settlement, Yangiaryk and Yangibazar, the percentage for all the other cities exceeds

- 60%.

‘The water supply percentage for all the Six Study Citics exceeds 70%, and the figure
‘for Kungrad, Muynak, Urgench and Khiva exceeds 90%. The population of the Six

4.3
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Study Citics in Karakalpakstan and Khorezm served by public water supply is 50%
and 62% of the total served population respectively.

Water Consumption for Urban W'ater'S'upply

Type of Water Consunier

Water consumption for both Karakalpakstan and Khorezm is catcgorized into - three
groups: First group, Sccond group and Third group for the purpose of collecﬂng water
charges.

- Group (1): The Residents (basically wnhout an mdmdual water meter).




- Group (2): Budgelary Institutions, Self-Sufficient Sanatoria and Health Resorls,
' | Medical and: Sanitation Institutions, Public : Dietary Enterprises,
Municipal and Public' Setvices Enterprises; Collective Farms and
State Farms (partly with a water meter),
More detail as per Table 7.5.
" -Group (3):- Industrial, Construction, Commercial aind other Enterprises,
' Organizations and Establishments (with water meters in general).

4.3.2 Watér Consumption Recorded by VodoKanal

The actitat delivered water quantily and sold water giantity by group from 1990 to
1995 recorded by VodoKanal are shown in table 4.5-(a) and -{b).

'Table 4.5-(a) Water éonsumption Records for Urban Water Sllpply
: in Karakalpakstan

Year | Total Service: | Aclual Sold Water | . Group (1} Group (2) Group (3) - |Effecti
Pop. | Population [ Delivered | Quanlity 3 . |veness
| ths. fths. | % | mid ]| kd | mid | tod | mld| kd | md| ld | mid]| Ved | %
90 | 594 [435.8] 73 | 162 | 273 |153.1] 258 [ 404 | 93| 703 | 118 | 424 | 7l 95

01 | 609 1a5a.1|- 75 | 163 | 268 |1s44) 256 | 323 | 71| 82.7] 136 | 39.4| 65 | 95
92 | 612 |469.7] 77 185 | 302 | 159.9] 261 [406| 86 ] 869} 142] 324 53 26
93 | 640 [497.2] 78 | 181 | 237 |156.2) 244.[ 566 114 | 71.3 | 131 | 283 | 44 36
94 | 618 |483.6] 78 | 189°| 306 |147.5] 239 {612 | 127 ]| 618 | 100] 244 39 | 78
95| 660 |512.1] 78 180 | 273 [ 157.1] 238 1 72.3 | 141 | 60.5 921 242 37 37
mid: miltion liters per day = thousand m’ per day : S

led: Titer capita per day _

Effectiveness: Sold water / Actual supply

Source : VodoKanal Karakatpakstan

Table:4.5-(b)i Water Consumption Records for Urban Watér Suppl'yJ
in Khorezm

Year | Total|  Service Actual Sold Water | Group (1) Group (2) _Group(_3) Eflfecti
Pop. | Population | Delivered ‘ , ' veness

ths. [ ths. | % | etd | tod | mld | ted [od | tod | mid | dd | md | Wd | %
90 | 339 | 270 | 80 | 177.8) 524 .[157.8] 465 [41.8 | 155 91.0| 268 | 25.0| 74 | 883 |

o1 | 33| 285 | 86 [189.5] se9 |175.3| 526 | 447 ] 157 [ 72.7| 206 | 580 | 174 [ 025
o2 | 363 | 285 | 78 [219.8] 605 [is2.4] 502|594 | 208 ] 093] 274 | 237| 65 | 8300

93 | 319 264 | 83 |.195.0] 611 {176.0| 552 | 67.2| 2551 533 | 167 | 55.5| 174 | 903
94 | 321 ] 291 | 91 {201.2] 627 {183.0] 570 | 747 | 257 | 64.4 | 201 | 44.0] 137 | 1.0

95 b 331} 303 | 927 |199.2] 602 |183.3] s34 | 73.8| 254 | 474 | 143 ] 427 129 | 220
- mid: miftion liters per day = thousand m* per day '

¥d: liter capita per day

Effectiveness: Sold water /- Actual supply

Souece : VodoKanal Khorezm




4.3.3

© Not all the water consumed by. groups in both régions is measured by waler meters.

Besides water meters, ‘a norm per capita consumplion or water consumption acco’rdiiig
to the diameter of service pipe is applicd to the estimated water consumption. Therefore,
water consnmplion recorded by VodoKanal is not necessarily the actual consumption,

.~ Moreover, the effectivencss in the tables show a considerably high petcentage of about

90 %. Taking il_ito consideration the existing water supply condition, especially large
leakage quantity as stated in the latter section, the figures are not néfesSarily realistic.

Thercforc, a survey of 1hc actual water consumplmn, especially domesllc consumpuon
is necessary.

Wateir Consumption of Group (1) (D'ome:stic)_ -

The quantity of usage of water for domestic use in both regions is not measured by
waler mieters. Instead, a norm per capita consuniption is determitied beforehand
according to supply methods such as standpipe, yard tap and house connection, and
the lifestyle of the consumer, and water charges are collected based on the norm
consumption. In order to estimate the actual per capita consumption accurately, the

JICA Study Team have installed about 150 water melers in various households and
flats.

Besideés the normal domestic consumption, the quantity used for watering gardens is
considerable in the Study area. Consequently, domestic use is analyzed by di'vidi'ng:
into three calcgones water for gardens, water for daily life and water for other
pnrposcs such as for domeslic animals and car washing.

(1) Norm Consumption

The norm comumpuon for domestic use for both regions according to supply method
and lifestyle is shown in table 4.6- () and -(b). Accordmg to lhc norm consumphon

consumption per square meter of domestic garden area for gardens is given only for 6
months and 7 months, namely for garden irrigation season, in’ Karakalpakstan and
Khorezin, respectively. For other applications, pet head oonsumpllon for domcsuc
animals and pet vehicle consumplion for vehicle are glvcn




fis

-Table 4.6-(a)  Norm Consumption in Karakalpakstan
Symbol o Norm consumption :
Watet user type _Daily life | Ganden | Catile [___Qh_qu_m
_ o bn’fca/month] Vm¥day m¥hecadfyear
A [Non- stand pipe outside 1.24
B |sewerage  [yard tap 23
< water (ap (in the house) 30
D | water (ap, toitet ' 4.5
7lﬁ1; sink, bath/shower, water heater 53 50 401 9.0
B [sink, bath/shower, water heater, toilet 6.8.
|G [With- © [sink ' 35
| H [sewerage ‘[sink, toitet o 44 |
| 1| sink, bath/shower, water heatér . 6.1
ENE sink, bath/fshower, water heater, (ailet 7.0
K | hot water sevice ' 8.1
KR " Thot water service *1) 10.53

* Source ; VodoKanal Karakalpakstan

Note: 1) for sewerage tanff

Table 4.6-(b) Norm Consumpiion in Khorezm

Garden

Cars

same symbols in lable 4.5-(a) Daily life . Animals
Water user lype m¥month | m¥month/m? | m*day |m¥ca/day

A [Non- _stand pipe outside 1.5 L
| B |sewerage | yardtap . N 3.0 _

| C | water tap in the house 4.2 3.2 0.25 0.012
|E sink; bath/shower, water heater 6.9 ‘ :
|3 [With- | sink, bath/shower, watet heater, toilet| 7.5

K [sewerage | hot water service - 10.5

* Source 1 VodoKanal Khorezin 7
Note: For meanings of symbols A,B,C,..

(2) Per Capita Consumption in Japan

. refer to the Table 4‘6-(a).

For reference and for future projection of per capita bonsuniptibn.'3' the per capita

4.7.

4.9

‘consumplion by equipment using water in a house in J apanl in 1995 is'shown in lable
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Table 4.7 Per. Capifa,(l‘_onsump!iqn_ by equipment usinig water
' ) ' - in Japan'in 1995

Watér-use equipment | led or Vearld Remarks 3
Kitchen .l 26.4 _ 148 Veonricction 5.6 persons/conntction
Washing ' 338 189 Veonnection 5.6 persons/connection
Cleaning 2.1 15 Veonnection - 5.6 persons/conneciion
Washroom [ |- 20.0
Manual toilet = . 50

- Flash toilet 40.0
- Bathing ' 300 :
Car washing 100 " 300 Vear/month

'(3) Results of Actual Water Consumption by JICA Stndy Team

During this field study, data of water meter reading from November 1994 to August
1995 was collected for four cilig"s in K:arakalp_akstan'.' In Karakalpakstan, the number of
watér meters installed Jast year was 99 with the following breakdown: Nukus (37), .
Chimbai (18), Kungrad (26), and Muynak (18). However, du¢ to bréakdown of
meters and non-cooperation in the réading of water nieters, the number of meters
actually in operation as of date is 77, which is 78% of the total, and the breakdown is
as follows: Nukus (18), Chimbai {18}, Kungrad {23), Muynak (18).

Based on the dala of the meler readings by JICA Study Team for the four cities in
Karakalpakstan, the monthly avefage per capila consumption (hereafter referred to as
* “Meter per capita consumption”) for living use by consumer type and the per square
meter consuimption for garden watering were estimated, The results are shown in table
¢ 4.8,
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Table 4.8 Meter Per Capila Consumplion by Consumel' Typer Garden
Area (m’) Cousmnptiun for Garden Wateling

Consimer 11994 1995
Jype Dee. l Beb. | Mar, | Apr. l May | Jun. | Jul, I Aug.
Pﬂ ]lfe; use per month (m’lca./mon_th)_____
% o I 048 085 073 LI9 148 143 161 16}
_ . P CcC - 094 - 1.50 163 210 2.53 256 295 2.71
B . 122 122 156 215 256 281 348 285
J 123 162 231 215 265 295 250 300 315
K 1.8 240 2.5 3.5 38 4.8 53 ‘5.0 4.5

Garden watering per month (m¥m¥month) -
0.10 027 098 100 152 1,00 122 120 130
!2?%!&.!55?.9%9_95;59&! (eatday)

B - 16 28 24 40 49 48 54 54
c - 31 50 54 70 84 85 98 90
B . a - 41 52 72 g5 94 it6 - 95
I 41 54 i 72 88 - 98 83 100 105
K | 60 6 83 117 127 160 177 167 150
Garden watering per day (/m?/day) ‘ _
3 9 33 33 51 33 41 40 M

Source: JICA Study _ :
Note: For meanings of symbols A B,C,... refer to Table 4.6-(a)

An.alysis of the monthly varialion in actually delivered water éma:itity to Nukus and -
Kungrad, and in the total delivered water quantity by VodoKanal of 'Karika!pftkslan

~ showed that the water consumption quantity in M'iy or June was the averagc for the

| year. Therefore, for the daily life water consumplion, the meter per capita coneumpuon |
(average for June and M'l)') was taken as the annual avcragc For the water
consumption for gardens, the average meler consumption per square meter for May to .
August, was taken as annual average for the gardening seasons.

(3) Coniparison of Per Capita Conswnption

The résults are shown together with the Norm consuuption in Table 4,9,
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Table 4 9 Comparison of Per (,aplla Consumpliﬂn
- 'Annual average -

Nerm | - Meter “Japan

Consumer Type | : KKP |Khorezm| ~KKP - | in 1995
Living Use (unit : llcafday) __________ '
Non-sewerage service
A Street Hydrant(Stand Pipc) : ' 41 © 50
B Yard Hydrant & Tap : S B ¥ 100 49
C Room Tap o ' ] 1o 140 | 85 -
D Room Taps, Toilet - R 150 | _ 135
E Ifternal Water pipe, Sink, Bath, Walerllealer 177 230 -9 125
F E+Toilet o : 227 ' 130
Sewerage Service : ' o
G Sink 117
H Sink, Toilet _ 147
I Sink, Bath/shower, Water heater 120 : S
J  Internal Waler pipe, Sink; Bath, Water Heater 233 250 |- 9 165
K _Internal Water pipe, Sink, Baih, Centra!lzedWll 12700351) | 350 169
Non-Living Use ' ' N
Vehicle Washing (]!carfday) 19 7. - 33
Domestic Animals (hcad/day) 25-110 12 - . 25 - 60
Garden irrigation (Ufm*/day) 50 | 107 9

Note: (351) ; consumer using sewerage.
Per capﬂa consurplion in Yapan is estimated from water consumption by facility.
For meanings of symbols A,B,C,... refer to table 4.6-(a)

Melters were msta!led for user lypes B, C, E, I and K. The existence of cars and

domestic animals' did not have an appremable effect on the consumption quantity;
therefore, these quantities were not calculated.  We believe that these quantities are
very small and they can be ignored. |

:C0n:1pari'ng the méter consumption and the norm consumption for Karakalpakstan, it is
observed that the meter consumplion is less than the norm consumption for all
. consumer iypes.

' Thc norm consumpuon for watermg gardens is used for 6 and 7 months in the garden

1rngat10n season in Karakalpakstan and Khorezm, rcspecuveiy It was observed that _

" the meler consuimption for watering gardens staned from I“ebruan_,' as shown in Table
~ 4.8. Average meter consumption for garden walermg is estimated as 39Vm? /day, by
taking average during February and August,
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(4)  Population by:Domcstic Consumer Type

Pctcénlagcs_of the service population by domestic consumer registered in VodoKanal

" are shown in table 4. 10-{a) (Karakalpakstan) and 4. 10—(b)(Khorezm). A large number

of yard taps (65%) still exist in Karakalpakstan. On the other hand, in Khorezm, flats
account for 44 % and yard taps account for only 10 %. Water supply conditions vary
depending of the city. For instance:

- in the regional ceiiters; Nukus and Urgench, Sciveragé service rate is high

- in Kegeili and Takhtakupyr in Karakalpakstan, the percentage of stand pipes exceeds
50 %, followed by Kazanketken(46.4%) and Nukus(45.5%)

- in Karanzyak, the percentage of yard taps is 100 %

In gehcra], the water supply standard of Karakalpakstan is lower than that of

Khorezm.

Table 4.10-(a) Percentage of Population by Demestic Consumer Type
in Karakalpakstan in 1995

{unit : %}
Non- sewerage Sewerage
City ‘name Stand Yardtap |Sink, Sink, Bath, Sink, Sink, Sink, Bath,
pipe No bath |Bath, - |Sink, Bath, Bath, Hot water
: Water ~ [Water  [Water  |service
heater - |heater,  |heater | |
: o Toilet ‘ ;

. A B C D | B, E oK
Nukus 4] 457 | 156 | 00 | 30 | 15 | 262 | ‘66 °
Takhiastash | 40 | 828 | 60 [ 00 22 [ 00 | 08| ‘00 -
Tusikol 32 [ 199 177 | 00 00 | 00 00 | 00
Muynak 45.5 52.7 1.8 00 | 00 [ 00 0.0 0.0
Khodjeili 49 88.0 7.1 0.0 0.0 0.0 0.0 0.0
Beuni 15.9 81.3 2.8 0.0 0.0 0.0 0.0 { 00
Chimbai | 172 82.1 | 0.7 00 | 00 00 | 00 0.0
Mangit 93 | 893 | 12| o0 0.2 00| 00 | ‘00
Shumanai 729 921 { 00 | 00 0.0 00 | 00 0.0

AKungrad | 46 |’ 852 86 | 00 1.2 0.4 - 00 | .00
Kegeili 69.1 309 ] 60 [ 00 | 00 | o0 00 |. 00
Akmangit 378 | 622 00 | 00 | 00 0.0 0.0 0.0
Karauzyak - 00 | 1000 00 | 00 0.0 0.0 0.0 | 00
"Takhtakupyr 507 | 493 | 00 0.0 0.0 0.0 0.0 0.0

.| Kanlykol 19.7 80.3 06 | 00 0.0 00 | 00 0.0

| Kazanketken 464 1387 | 149 0.0 00 | 00 00 | 00
Bustan | 10 | 860 0.0 0.0 0.0 0.0 00 | 00

~ total 9.2 652 { 98 | 00 1.5 0.7 109 | 27
Source : VodoKanal of Nukus - " Note: For méaning of symbols ABC,. refer {0 Table 4.6-(a)
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Tablé 4_.10-;(13) Percentage of Population by Domestic Consumer Type
' : In Khorezm in 1995 _
" (unit: %)

Supplied by.VodoKanal ' Deépartmen
Stand pipe| YardTap | - Flat "|Bathllouseg Seweraga | -tal supply
N A B c. | B | LK E 5K
Urgench 0.0 0.0]: 340 14.0 94| 126 @
~ Khiva 18] - 294 36.9 47 213 59
Druzhba _ 46| 100} 364 12.2 - 36.8 00
Khanka , 401  409f ~ S18 3.3 0.0 0.0
Khazarasp 2.4 177 75.4 457 00| 0.0
- Shavat 0.1 0.2 87.5 122f 6.0 0.0
* Gurlen 14.2 29.2 54,7 1.9 0.0 0.0
Karaul 0.0 00| 831 @ 24 14.5 0.0
Koshkupyr 25.1 9.6 381 6.7 6.0 20.5
Bagal 17.8 13.4 66.9 191 - 60 0.0
Yangiaryk _ 6.3 0.0 51,1 12.8 - 60y - 298
Yangibazar | 0.0 0.0 99.0 1.0 6.0 0.9
total : 29 10.8 44.3 95| 245 8.0

Source : VodoKanal of Urgench
Note: Deparimental supply means that water supply system is covered by other than VodoKanal.
For meaning of symbols A,B,C,... refer to Table 4.6-(a)

{5) Estimated Water Consumpition

‘Water consumption is estimated based on Norm and Meter per capita consumption.
The results of estimated dbmcstic water consumption by living, garden watering and
other uses, using Service population by consumer lypé in 1995, are shown in fable
4.11-(a) ;ahd -(b) respectively.

Table 4.11-('a) Esllm:itéd'Doﬁtesl'ic_ Watér Consumption
by Per Capita Consumption in Karakalpakstan

- Basedon Norm constmplion Based on Meter consumption
Total Average percapita -~ | Total - Average per capita
consump. : consummion consump. ~ consumption
md | arday | % - | md Vealday |- @ @
Living 37.8 101 414 " 221 60.5 [ 359
Garden 520 139 57.0 406 |- 108 | 64l
Others 1.4 : 4 1.6 . .. : :
Total 91.2 244 1000 | 633 | 1685 | 1000




4.3.4

“Table 4.11-(b) Est.imated Domestic ‘Water Consumption
by Per Capita Consumption in Khorezm

Based on Norm consumption Based on Meter consumplion
Total Average per capita * Total Average por capila
consump, consumplion | consump. consumption
mid lVea/day . % | md Veasday. %
.lemg - 502 | 16 | 447 255 | 89 406
Gaden | 588 206 52.3 - 372 | 130 59.4°
Others - | 33 12 3.0 - -
TFotal 123 | 34 100.0 62.7 219 | 1000

~ The average per capita consumption for watering gardens in each region exceeds 50%
- of the total domestic consumption for both Norm and Meter per capita consumption.

The consumption of such a large quantity of treated water for gardens, which does not
need a quality equal to'that of drinking water, is a waste of precious resources;
improvements in the use of water in domestic houscholds are necessary.

Water Consumption for Group(1) and Group(2) '

- Non-domeslic water consumers are categorized into Group{l} and Group(2)
- consumers. In contrast to domestic consumption, no norm consumption is set for
“consumers of heése groups. Meter readings and values of water consumptlon

negotiated with VodoKanal are used. Meter readings and negotiated consumptlon
accounted for about 40 % and 60% m 1995. For delermmmg the ncgouatcd water

“consumption, the bore diameter and the following fonnula is used

Q=S xtxv(m'})
Q : negoliated water consumption (m’)
S : sectional area of connection pipe (m?)
t: time (sec)
v : velocity (nVsec); the value 1.5 is normally used.

In general, the negotiated consumption i]Liantity tends to be higher than the real
consumption, therefore consumers are trying to install water meters at their own

expenses in recent years.

‘The water cbnsmnptim\ for the Group(1) and Group(2) have been decreasing in recent
years since the water tariff for these groups increases year after year.
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4.3.5

Leakage

In this Study,. 'dctailed investigations  on l¢akage  quantily are not  included.

Consequently, leakage quantity has been estimated [rom available data. The eslimation

method is described below; the calculations are shown in Table 4. 14. From this table,
it is obscrved that the rate of water leakage from 12 noon, June 7, 1995, to 12 noon

the next day is 33,960 m*/day. The ratio of leakage as a percentage of the total supply

quantity was estimated as j30% This figure mcludes water that has been wasted;
since calculations have becn made assumiig that no watcr is consumed late at. mght
when he consumption is minimum, the estimate may be sllghtly on the hlgher side.

- However, considering that approxxmately 30 years have elapsed since the pipes were

laid, this is a reasonable figure.

- The percentage of water leakage varies depending on l_he annual water supply variation

and the location. Since these coafﬁclcnts' are not constant throughout the year, the
average values of leakage quantity and supply pressures for June were assumed, and
30% was laken as the annual average water leakage.,

Estimation Method

The leakage was estimated using the daily variations in quantity of water ;lélchred
from the Nukt’ls Treatment Plant (measured by the JICA Study Team: June 7-8, 199_5,
the pu‘mpihg head (28 m) and the assumptions given below.

iy Equation for estimating leakage water quantity - -
| ' V =(PMPo)x Vo
where,; :
n=1.15 (constant for orifice holc)
Vo{m’/s): - Water quanlity at night when flow is minimum {observed)
V(n'/s): Calculated water quantity
. Po: Service pressure at night when flow is minimum (estimated)
P Service pressure {(assumed)

i) Assumptions-

- “No water is consumed al late nights or early morings when water flow from the
treatment plant is minimum.

- Leakage quantity includes wasted water (leakage from service taps etc.).

- Waler supply pressures in the cily are classified into 3 patterris based on the -
quanlity of delivered water from the Nukus Waler Treatment Prant (5 m, 15 m, and 25

m water head)
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S fl‘ablefé.lz Estimation of. Leakage Quantity and Ratio

as of hune 7th to 8th, 1995
s¢rvice Duration times Duration’ Leakage Leakage
pressure (head) hours velocity total quantity ratio
(m) (from - to ) {(hours) (n/s) (m?) (%)
5 8 -15 (day time) 7 0.10 2,520
15 15-23,6-8 10 0.36 12,960
25 23 -6 (nighttime) | 7 073 18,480 L
total ' R 24 33,960 31
Total delivered water quantity in 4 day 107,570

Table 4.13  Delivered Water Quantity Measured by JICA Study Team

Date Measured Time Total Vol. Section Vot Remark
_ . - (w)) (m’) '
June/9/1995 1500 ~ 1600 5,140 | 5,140
16:00 ~ 1700 10,1 10 4,970
17:00 ~ 1800 15,090 4,980
_______________ 18:00 ~ 1900 | 19940 4,850
19:00 ~  20:00 24,720 4,780
20:00 -~ 2100 29,490 4,770
21:00 ~ 2200 34,430 4,940
22:00 - ~ 2300 © 38,790 4,360
. 23:00 ~ 0:00 42,160 3,370
- June/10/1995 0:00 ~ 1:00 45,450 13,290 e
- ©1:00 n - 2:00 48,640 3,190 L
-2:00 - 3:00 - 51,740 3,100
300~ 400 54,800 3,060 |
400~ 5:00 57,560 2,760 | Minimum
5:00 .~ 6:00 . 60,400 . 2,840 : ’
6:00 ~ 7.00 64,660 { 4,260
7:00 -~ B00 | 69,620 - 4,960
1 800~ 9:00 7S040 | sde0
9:00 ~ 10:00 " 80,460 5,420
10:00 ~ 1100 | 85880 5,420
| oo~ 12:00 91,310 £ 5,430
12:00 ~ 1300 196,730 5,420
1300 -~ 14:00 102,150 : 5,420
14:00 ~  15:00 102,570 15,420

-4.3.6  Total Water Consumption by Consumer Group

As stated in the previous section, it is difficult to grasp the actual water consumption
by consumer group because of the fack of meters. However, based on the assumplion
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4.3.7

that the Meter per capita co'nS\Imptioh is appropriate for the Group(1) a{ld'leakage ratio

is nearly equal to effectiveness (30 %), both of which have been incasured by the JICA

Study Team, the Water‘_consu'mptiori by consumer group is cstitated as shown in

“Table 4.14.

Table 4.14  Estimated Water Consumption by Consumer Group

in 1995 o '
: R . (unit : mid)-
Aclual distributed Group(l) Group(2)'and (3) Leakage
: : - water _ S
Karakalpakstan 180.0 63.3 62.7 54.0
|[Khorezm 199.2 621 76.7 598

Note: Actual distributed water derives froin Table 4.5(a) and (b) water consumption for Group(1) derived
from Table 4.11-(a) and 4.11-(b). '

Time Varlation in Water Cbnsimipﬂon

(1) Annua} Variation of Monthly Average Water Consumption

The monthly average water quantily aid monthly to average annual consumption ratio
of water supplied by VodoKanal in Karakalpakstan and in Khorezin are shown in table

4.15-(a) and -(b). The annual variation in monthly water quantity supplied is not so
high, and varies from 0.84 to 1.15. This is because the consumption is averaged out

* due to the records of the bulk water supply to ali the regions.
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Table 4.15-(a)  Monthly Avcr.ag'c:Wa_tcr Quah!ily by VodoKanal in
Karakalpakstan and its Monthly to Average Annual Consumption Ratio

Year | Jan. ‘} Feb. | Mar | Apr. | May | Jun. | Jul. | Aug | Sep. | Oct. | Nov. | Dec.

90 | 160.5 | 1615 | 161.7 | 1643 | 1633 | 1639 | 1634 | 163.2] 1629 | 1584 | 155.0 | 1579
0.99 | 1.00 | 100 | 102 | 10 1.01 | 101 1.01 | 101 | 098 | 096 | 098
91 | 1647 | 1647 | 164.7 | 1703 | 163.6 | 163.6 | 161.6 | 161.8 { 162.0 | 161.4 | 162.1 | 160.9

101 F 101 101 | 304 | 100 | 100 | 099 | 0991 099 | 093 | 099 | 098

92 | 1609 | 108.0 | 99.3 | 184.0 | 275.8 | 296.4 [1183.9 | 1839 189.6 | 180.5 | 180.4 | 180.5
| 087 } (1.05)] (1.05) ) 099 | (1.05)| (1.05) | 099 | 099 | 1.2 | 097 | 097 | 097
93 | 131.8 | 188.3 | 255.3 | 188.1 | 152.7 | 173.6 | 171.6 | 164.9| 164.9 ['177.9 | 196.0 | 203.2
o0} 1.04 | 1.000] 104 | 100y ] 096 | 095 | 091 | 091 | 099 | 109 | L13
94 | 194.5 | 214.3 | 204.2 | 190.3 | 182.6 | 202.7 [ 207.3 | 193.5| 189.3 | 164.5 | 1665 | 158.4
103 | 1.04 | 1.08 [ 101 [ 097 | 107 | 1.07 ! 1.02 | 1.00 | 087 | 0388 | 0.84

95 | $56.6 | 149.4 | 151.8 | 183.1 | 180.6 | 195.8 | 195.8 | 203.4 | 192.1
088 | 083 |1 083 | 1.02 | 100 | 109 | 109 | 1.14 | 1.07

Upper Quantity of water (ths. m? per day)
Lower : Monthly ratio to yearly averige quantity of water
Source : VodoKanal Karakalpakstan

Table 4.15-(b) Monthly Average Water Quantity by VodoKanal in Khorwm
and its Monthly to Average Annual Consumption Ratio

Year | Jan. | Feb. | Mar. | Apr. | May { Jun. | Jul. | Aug. Sep. | Oct. | Nov. | Dec.

90 | ‘166 | 186 | 166 | 174 | 167 | 174 | 169 | 168 | 175 | 168 | 169 | 164
098 | 1.10 | 098 | 102 | 098 | 1.02 | 100 | 099 | 1.03 | 099 | 1.00 | 0.97

o1 | 187 | 218 | 177 185 | 181 186 | 180 | 179 | 190 | 175 | 184. | 164
1021 115 } 097 | 101:| 099 | 1.02 |1 098 | 098] 1.04 | 096 | 101 | 0650

92 | 223 | 217 | 243 | 200 | 202 | 212 | 202 | 202 | 235 | 229 | 220 | 235
: 1021 099 | 111 | 096 | 092.] 097 | 0921 092 107 | 1.02 | 1.00 | 1.07

93 | 182 1 203 | 215 | 192 [ 194 | 200 | 198 | 193 | io4 | 188 | ‘189 | 77
o4 1os [101 | 099 | 100 | 104 | 102 | 1.00| 100 | 097 | 098 | 091
94 1 191 | 211 | 188 | 200 | 217 | 205 { 200 | 198 | 199 | 196 | 202 | 200
1095 ] 105 | 094 | 100 | 1.08 | 1,02 1.00 | 059 | 099 | 098 | 1.01 | 10O
9s | 198 1 212 | 196.| 200 | 193 | 170 | 184 | 191 | 183 ‘
103 | 1| 102 |- 104 | 101 ] 089 ] 096 | 1.00 | 095

Uppcr Quantity of water {ths. m* per day)’
Lower : Monthly to annual average consumption ratio
Source : YodoKanat Khorezi

(2) Dally Variation of Itourly Average Water Consumption

Table 4.16° shbws'th‘_c daily variation of hourly delivered water on the day the
- maximum daily distribited quantity occurs at Nukus and Kungrad,
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4.4

4.4.1

Table 4. 16 Daily Variation- of IIourly Average Waler Quantity

Clty : Year | Rauo of hourly dastnbu!ed waler to average sttributed Quantlly
= _ distribu ted water Wiy
0-6 | 6-9 | 9-15 [ 15-18]18-24| total hourly Ave.

Nukus 1991 0.8 0.96 .44 0.96 0.80 | 111,3%0 4,641

'Ku:ngrad' 1992 | 067 | 1133 | 133 | 133 | 067 25824 | 1,076

1992 | 08 | 096 | 144 | 096 | 080 | 111995 | 4,666

1593 0.66 | 1L} 1.34 134 | 066 | 23916 997
Souruc VodoKanal Karakzﬂquslan : : : R

Walter Consum]itioh' in Rural Areas

Agro-Vodokanél is rcsponéiblc for rural supbly. j

Kérakalpakst:.m. Rural Area

Water is supplied in rural area of Karakalpakstan from lhreé lyﬁes' of watcf sources:
i) Sui:-ply from Tuyanuyun _w.a.tér suﬁply sysiem (pipcd witer supply)

i)’ Supply from EKOS plant (Piped water supply)

iiiy Supply from groundwater with handpump (non-p'iped waler supply and non-
service area of Agro-Vodokanal)

. Quality of watet from BKOS is best with total hardness of 20t 2:.5_111eqfl. Water

~* from’ Tuyamuyun system ranks next best but in the winter and the carly spring its

water quality detcnorales worse (Total hardness 9 -10 eq/), falling below lhc standard.
: Watcr from handpump is unfit for drinking,

" Presently, the percentage of supply qnémlily of cach source to the total is as follows:

Tuyamuyun system (20%), EKOS plant {22%), and handpump (58%). Piped water is
supplicd mostly by standpipes installed at 100 m intervals. The current per caplta

“consumption is estimated as 85 to 90 Uca fday.

‘Tuyamuyun Walter Supply

The Tuyamuyun system presently covers 7 ngIOHS in Karak'\]pakstan lurlku] Beruai,
‘Ellikkala, Nukus, Kegeili, Chimbai and Takhtakupyr. The maximum quantity received
‘currently from the ’i‘ny;ﬁnuyun_ system is ap’prokimalc]y 7,300 1i1’lday, which' is 20%

of the total quantity supplied by Agro-\_r’od'okanal. By the end of this year, 25 % of the
total supply will be received from the Tuyamuyun system. To receive water from the
Tuyamuyun system, distribution reservoir and distribution pipelines are necessary, in
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4.4,2

addition to the existing distribution network.
Khorezm Rural Area

Agro-Vodokanal of Khorezin supplies water from the three sources listed below to

- rural arcas:

i) .'l‘uyanlluyun system

(i) VodoKanal

i) Wells

The qualily of water from Tuyamuyun system is good but in carly spring its quality
deteriorates. Although the quality of water from wells is not bad, it is poorer than  of
Tuyamuyun’s quality.

The annual ﬁveragc water supply quamity is 87,700 m'/day, of wﬁich 70 % comes
from the Tuyamuyun system, 20 % from VodoKanal and 10 % from wells. The
current per capita consumption is estimated as 150 ca /day.

The number of connections to consumers is 6,'900,' most of which are standpipe. The
nuniber of house connections and yard taps is very small. The norm consumpiion
{Vca./day) is as follows: standpipes (60), ya:d taps and house connechon (iSO) '
Standpipes are installed at 100 m intervals, ' |

The remaining amount of well water is small now since water has been drawn for 15
years. Water from wells i is supphed only for 6 hours a day intermittently, two hours
each in the morning, noon, and cvening.

Outside the service area, water is supplied by ground water with handpump, Ground
water level is about 6 m below the ground surface. '

Tuyamuyun ‘Water Supply
Presently, the Tuyamuyun system covers 6 rcglons in’ Khorczm Kyzylkuin,

:Kham:asp, Bagat, Yangiaryk, Khanka, Yangibazar and Amudarya region in

Karakalpakstan. The current annual average daily water quantity received from the
Tuyamuyun system is approxitinately 66,000 m’/day wilh a maximum of 81,000
m'/day. From 1997, Shavat and Koshkupyr are scheduled to be connected to the

“Tuyamuyun system
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4.5.1

Future Water Demaﬁd Projection
Target Year
This pro;cct may start in 1997, the year after the Study - is completed, and this

construetion starts from 1998, The targel year for this project was set as 2010 after
discussions between the JICA Study Team and the Uzbek side,. that has the water

supply mastér plans for this region with at 2010 as the target year

Population. Prdjection

(1) Total population

The total plop.ulation projected by the Uzbek side was uscd as total future population

for this plan. This is shown in Table 4.17 by urhan and rural areas and at five-year
intervals up to 2010. For defails of population by city and by rural selilenient, refer to
the Table 4.30-(a) on page 4-33 and -(b) on page 4-34.

The projected population considers decreasing trend of population ‘growth rate in the

past, and offer realistic figures for the future.

- (2) Ser\Eriéc Population

. ‘-The coverage rate of pjpcd walcr supply projected by the Uzbek side was used. Thc
L Uzbek szdc has planned a 100 % coverage rate of urban areas in 2010 and 100 % of

' rural areas in 2015, and aim o supply plped water with good quality to all regions.

Table 4.17 shows the coverage rate and service population by urban and rural areas at
by five-year intervals up to 2010.
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Table 4, 17 Total population, Coverage Rate and Service Population Projecled

by the Uzbek Side

2005

1995 - 2000 _ 000

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. Do ths. ths. % ths, ths. % ths.

: _ Karakalpakstan _
Urban 66001 76 | 501.6 | 734.7] 90 | 661.2] 787.0| 95 | 747.7] 850.6| 100 | 850.6
Rural - | 72201 41 | 2960 | 8093| 54 | 4370 8937 71 | 634.5] 985.8] 85| 8379
Total .~ [1,382.0] 58 | 797.6 | t,544.0] 71 |1,098.2(1,680.7] 82 {1,382.2| 1,809.4| 93 |1,688.5
n o , : __Khorezm _ L

Urban 336.0| 87 | 292.3 | 361.5| 96 | 347.0| 378.2| 98 | 370.6| 3974|100 3974
Rural '899.8|°51 | 4589 | 1,041.8] 63 | 666.8[1,182.5| 77 | 910.5|1,342.0] 90 |1,207.8
Total ~ {12358 61 | 7512 | 1,403.3] 72 |1,003.8/1,560.7] 82 |1,281.1] 1,739.4] 92 |1,605.2

T. pop: Total population, C.R: Coverage rate, S. pop: Setvice population
Source: State Commiltee on Forecasting and Statistics

4.5.3

The projected coverage rate of urban areas may be realized, but rural areas will incur
high investment costs for increasing the rate of coverage, and its realization is very
difficult. '

Per Capita Consumption for Urban Areas

(1) Domestic per capita consumption

1) Dally life use

The current per capita consumpllon by consumer lype was cshmatcd based on the .

JICA meter rcadmg survey. 'The fulure per capila consumption by rcgion ‘was

estimated from the future population eshmatcs and future per capala consumpuon b) .

consuner type (see Tablc 4. 18). Future population by cousumer type was esllmaled

from future total population and percentage of service populallon by consumer type.
The future percentage was set as shown in Table 4.19-(2) and -(b). The results of
future per capita consumption are shown in the same tables.
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Table 4.18 Norm, Meter and Projcctcd Per Capita Consumpllon
by Consumer Type
(unit: Veatday) -

Consamer norm percapita - | per capita { projected | method of water supply and water use facilities in
type : consumption by JICA | per capita | house
survey | consum.

" KKP ' | Khdreem
A 41 350 - |+ 41, 50Stand pipe
B R S 11 49 60 Yard tap
C,D 100,154 140 85 10| In-house water tap, Smk Bath
B, F 177,227 . 230 o) 1200 Sink, Bath/shower, Water heater - B
H © 233 2501 91 155 Seiverage, Sink, Bath/shower, water heater
K 270 350 . 168 . 170 Sewerage, Sink, Bathfshower, Hot waler service
Note! ijecfcd per capita consumption was estimated frosi1 water Use i Japan and per capila consumpuon by
HCA survey.

-'I‘abl'e.d.lQ-(a) Percentage of Population by Consumer Type
and Per Capita Consumption (Karakalpakstan)

. 1991 1992 1993 1994 1995 | 2000 2005 2010
1. Percentage of population by consumer type (%) j ' '
__Consumer type Peicentage from past records Projected perdentage
A 125 100 100 113 9.2 6 s 4
B i 76.0 79.2 23 74.1 65.2 45 - 30 10
C, D 10.5 9.9 1.7 104 99| 10 10 10
‘EF | 10 09 38 - 21 21 6 1 16
5o © 0.0 00, 00 0 00 - 109 23 24 ' 30
S K |00 0o 22 21 27 10 20 30

* total |0 1000 1000 1000 100.0  1000| - 100 100 100

|2, Per capita consumption (Vca /day) : -

‘ | Estimated past per capna consumpuon : Projected per capita
Using JICA percapita | 52 52 57 55 60 76 91 107
consum. by type
Using projected por’ 63 63 68 66 (¥ 100 115 - 135
capita consum. by type| e L : _
Projected per caplla 5 60 85 110 135
consum. L '

Noté: Projected percentage of population is estimated based on projections by the Usbek side.
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“Table 4,19-(b) Percéniage: of Population by Consumer Type
and Per Caplta Constnption (Khorezm)

Consumer type 1991 1992 1993 1994 1995 2000 2005 2010
b, Percentage of population by consumer fype (%) e
Consumer type : Percen!agc from past ra:conis Prajected pcrcenlagc
A T 2.9 12 1.5 24 2.9 0 0 0
B 14.0 58 19.0 10.1 10.8 "8 5 0
C 408 376 402 481 44.5 34 23 16
B 193 - 348 134 162 166 | 16 16 16 .
J s 103 130 116 126 | 21 28 34
K 1.5 103 129 116 126 21 28 34
_ total . | 1008 100.0 10060 1000 1000 | 100 100 100
2. Per capita consuniption (Vca/day) . S
' Item ~__ Estimated past per capita Projected per capita_
Using JICA survey per - %0 96 90 85 -89 107 124 137
capila ¢onsum. by lype L o
Using projected per capita ) 13 119 112 115 115 128 137 147
consum. by type B _ _ '
* |Projected per capitaconsum. ' 89 108 127 147

Note: Projected percentage of population is estimated based on projections by the Uzbek side.

2) Garden watering _
The current consumption for garden irrigation watering of 39 Ym’/day, was estimated

based on the JICA meter survey. ~This value is about {wo lo threc times the value for |
efficient consumption for gardens, calculated from evaporation, Icachmg and cffective
_ consumption for crop or \egclable as shown below. '

Evaporation in Nukus 7.5 - 7.7 mm

Leaching and effective consumption

- rice farming 15 nm

- vegetable farming S mm

total

- rice farming 223 -22.7 mm'(= 23 mmy)

- vegetable farming 12,3~ 12,7 mm (= 13 mm) _
6‘;"% : average water consumption for rice and 'vegelablé farming - 18mm

In the future, water consurption for gardens should be reduced to the a’vemgc' efficient
consumption' of 18 mm, which is 46% of the current consumption for walering
gardens (39 Vm’/day).

To project the future consumption for gardens watering, four alternatives for garden
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water are given below, Tn comparlson of the Alternatives, per garden arca consumpuon
is convcrtcd to per capila consumphon for casy handling, '

Altcrnative 1 ‘using current per capila consumpltion
Alterative 2 using efficient per capita consurption

Alternative 3 prohibiting the watering of g‘ardens by piped water by 2010 .

{Consumption for garden watermg is 7eto in 2010.) _
Allernative 4 using per capita consumplion linearly interpolated from the currcnt
consumption in 1995 to the efficieit consumptlon in 2010.

- Note: Per capila consumption of water for gardens is ised only for the gardening
“season eight months from February to September. This period was estimated from the
JICA meler survey.

Table 4.20 Projection of Per Capita Consumption
for Garden Watering

_ . L : : . (unit: Vea/day)
Alternative 1995 2000 2005 2010

1. current consum, | KKP 108 108 108 108
' | __Khorezm - 130 130 130 | 130
2. efficient consum, © | KKP 108 50 [ so . 50
e : ' | Khoream .| 130 60 . 60 60
3. zero consum. in 2010 - KKP 108 108 54 0
: C | Khoream | 130 120 65 0
4, interpolated consum. : KKP | 108 -89 69 |- 50
{average for eighl months) - Khotenin 130 107 83 60

* Nole: Per capita consumption for water for garden is used only for eight months

' To achieve water consumption in Alternative 2, strict control and monitoring are
required. Similarly, jrigation networks should be developed for the Alternative 3.
~ Installation of individual meters is effective in restricting water used for gardens.

| Pmally, Allcmatwe 4 is selected as lhe projected per cap:la consumphon for ‘watering
gardens to reduce the water demand to the efficient level in 2010. Basically, using
“drinking water for gardens is improper, but many inhabitants in depend on their
livelihood on garden products. therefore their the right to make. a-living must be
ensured. In the future, this improper water consuinption should be reduced, unless it
reduces naturally with economic growth.

3) Other uses




The consumplion per head of water for washmg cars and for domestic animals was set
as below based on the norm consumpnon and standard consumplmn level in other

- countries.
- caltle 30 ¥/head/day (standard level in other countries)
- sheep 25 Yhead/day (norm consumption of the study area)
- vehicle 33 Ycar/day (norm consumption of the study area)

Usmg the above figures and the total number, the total consumption is ca!culated Then
current per capita consumption (1. I for Ka:akalpakstan and 1.4 for Khorezm), i

" calculated by dividing the total consumption by service population. The same per capita
consumption is used for future projections as shown in the following table.

Table 4.21  Projected Per Capita Consumption for the Other Uses
(domestic animal and vehicle washing)
(unit; Vcasday)

1995 - 2000 2005 2010
Karakalpakstan 1.1 1.1 3 i1 1.1
Khorezm 1.4 1.4 1.4 1.4

(2) Per capita consumption for the Second Group

Past per capita consumption for the second group, d_ividiﬁg:tota] c;oﬁmi_m’plbn f:or‘ the
second group by the population, is shown in lh¢ following table. . L

Table 4.22  Past and Projected Per qulta Consumplmn

for the Sccond Group '
' {unit : Vcajday}
1950 | 1991 | 1992 | 1993 1994 | 1995 1995." 2000 | 2005 | 2010
'Kamkalpaksnan_ s | 136 | 1a2 | 1| 100 [ 9 “97 | 108 119 130

Khorezm 28 | 206 | 274 | 167 ] 201 | 143} 137 | 140 | 144 | 147
Source: VodoKanal and the Ministry of Public Utilitics ' '
- 1) Data is obtained from the Ministcy of Public Utilities. Past data is obtained from chjoKanaI
Per capita consumpuon is calculated by dividing the total cmsumptmn by the total population.

This per capua consumption has a decreasmg trmd Comparcd to other countries,
especxa]ly developed countries, the per capila consumpuon for this category is much
hlgher One reason for the high consumption is that this group mcludes ccnlra]med hot
waler service for which water is supplied from the water supply system. The Uzbek
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side projects per capita consumption for this group based on the increase in centralized -
* hot walter service in future, as shown in- the sanic table, Per capita consurption for

Karakalpakstan shows a sharp increase because the Uzbek side predicts that hot water
service for Karakalpakstan will reach nearly that for Khorezm in the future.

(3) Per capita consumphon for the Gmup(S)

‘Total industrial demand in Ihe urban is pro;cclcd by Uzbek side as given in tablé 4.23.
Corisequently, the pet capita corisumption for this group calculated from this demand
and the population is shown in the same table

'l‘ablc_ 4.23 Pi'ojeéled Third Group Demand and Per Capité Co.nsn_m'pl.ion

uiit 1995 | 2000 | 2005 2010

Total KKP(1) © mid 1910 | 486 1 . 619 73.0
demand KKP(2) . mid - 700 - 700 - 70.0
total(KKP(3)) mid 11186 131.9 | 1430
_ Khotezm Comid 3581 570 Y EN] 90.0

Pes capita KKP(1) { Veatday | = 381 735 | 828 - 858 |
consumption olal(KKP(3) | Veasday - - 179.4 1764 | 168.1
Khotezm Vea Mday 1219 |~ 1640 1969 | 2265

Note:  KKP(1) demand or per capita consumplion excluding UrgenchTransGas and Sodany plant.
KKP(2) demand or per capita consumplion for UrgenchTransGas and Sodany plaat
KKP(3) including demand or per capita consumption {or Urgench'l‘rans(ias and Sodany plant

{4) Leaka ge

" Leakage is a waste of moncy because a considerable amount of money is used for
intake, conveyance, treatment and distribution of water. In’ addition, when water -

resources are limited, prevention of leakage is beneficial as it helps in increasing the
effective water quantily and using water resources effectively.

The current annual average lcélkage ratio has been eslimated as 30% of the tolal
- distributed water volume. This ratio is high compared to the leakage ratio of developed
countries, but not very high compared to that of developing countries. Tn the future,
" the leakage ratio should be reduced to a rational and efficient level. Considering the
 avaitable water resources, level of quality of treated watet in the future, available costs
and technology for leakage prevention, plans should be framed for the future to
reduced the leakage ratio. “However, it is difl ficult to frame detaul p!ans Consequently,
it is presumed that the ratio decreases by one pexcem per year, A plan to reduce the
leakage ratio has been proposed as shown in table 4.24, Thie leakage ratio is estimated
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to reach 15% in 2010,

Table 4.24  Plan for Leakage Ratio and Per Capita I;eékage Amount

_ unit 1995 2000 2005 2010
Leakage. % 30 25 20 15 |
Pet capita Leakage | Vcasday | KKP 15 144 113 82
: : © | Khorezm 187 Ti6l C 131 99

(5) Total per capita consumption
Per capita consumplion is summarized in the following table.

Table 4.25 Per Capita Consumption
(unil: Yea/day)

1995 2000 2005 | 2010
" Group(1) Living KKP 60 | 85 110 135
' Khorezni 89 108 127 147 |
Garden KKP 72 | 59 46 - 33
~ watering Khorezm 87 71 56 40
Others KKp 5.1 1.1 1.1 1.1
Khorezm - 1.4 1.4 1.4 1.4
Total KKP 133.1] i45.1 | 1571 | 169.1
_ | Khorezm 177.4 | 1804 | 1834 188.4
Group{2) _ KKP 97 | 108 | 119 | 130
o | Khorezm |- 137 140 144 | 147
Group(3) ' ‘ KKP 38 | . 74 83 [, 86
} ' Khorezm 122 | 164 197 226
Sub-total . KKp 268.1 | 327.1 .| 359.1 | 385.1
Khorezm' | 4364 | 4844 | 15244 '] 5614
Leakage _KKP | 115 144 113 82
Khorezm 187 161 131 99
Total KKP 3831 4710 | 4721 467.1.
Khorezm 623.4 645.4 6554 | 6604

Note: Pc; capila consumption for garden watering is annual average, and is (.Effm‘nt from the.
seasonal average per capita consumption for the gardening season. :
excluding consumption for Urgench Transgas and Sodany plan.

The total per capita consumption is very high compared to that of developed countries;

~e.g. 450 Vea./day in Japan in 1995, Taking into consideration the cxisting water

supply conditions,'_ such as endorsement of water resource, decrease in investments
and further red_uclibn of subsidy in the future, the per capita consurption should be
reduced by reducing wastage, by proper use of piped water on the consumer side and
by a combination of installation of water meters and appropnate water charges on the

supply side. _
4-29 - B/P



4.5.4

4.5.5

‘Per Capita Consumption for Rural Areas

The study of water supply systems in rural areas does not inchude in the JICA Study.
However, for planning purpose of Tuyamuyun water supply systém it is necéssary to
project the rural water demand. The pro;ectcd per capita consumption proposed by the
Uzbek side and the World Bank is uscd as the consumpuon for the rural aréa (Table

4.26). This per caplta consumption includes a]l consumpuon lst 2nd and 3rd group,

and leakage.

Table 4.26 Per Capita Consumption in Rural Areas
(unit: Vea/day)

, 1995 2000 2010 2010
Karakalpakslan 130 88 125 168 .
Khorezm o83 114 150 150

Source: Interim report of the World Bank

Time Variation in Waler Demand

(1) Daily Maximum Vaiiation

~ According to the design criteria report of Construction Norms and Regulations of

Former Soviet Union, Moscow 1985, the daily maximum variation coefficient is in the
range of 1.1 to 1.3,

l’hc daily maximum 'varialion; coefficient is set at 1.15, which is the current daily
maximum variation as a result of current demand variation. This value is (_:ons'idéred to
be slightly low, but during the day; when the daily maximum demand oceurs, the use
of water for gardens is maximum, For restricting this consumption, the value is taken

slightly lower than the actual cocfficient.

:(2\) Hourly Maximuin Variation

According (o thcidcsign eriteria reporl, the hourly maximum coefficient (Kmax) is

expressed by the equation given below, according to populalion size. The coc(ﬁciem

and calculated rusuits arc showi in table 4.27.

Kmax= @ maxx 3 max



4.5.6

4.5.7

Table 4.27 . Calculation of Hourly Maximum Cocfficients

Number of population s
10000 | 20000 s0000 | 100000 | 300000
@ max - 12- 14
Bmax | L3 12 s b 1.05
Kniax 156182 | 1.44-168 | 1.38-1.61 132-1.54 | 1.26-1.47

: According to the calculations of current hourly maximium variation, the coefficients in

Nu_kus and Kungrad are 1.44 and 1:34 respectively: The hourly maximum coefficient
should be set at nearly 1.4 taking into consideration the criteria and actual coefficients.

Future Water Deniand by Territory

"The water demand for Karakalpakstan and Khorezin are calculated from per capita

consumption, leakage and demand variation coefficicnts projected in the previous

“sections. A summary of future waler demand by territory is shown in table 4.28 and

detailed vatues are shown in table 4.30-(a) and 4,30-(b).

Table 4,28 Summary of Future Water Demand by Territory

 (unit: thousand m/day)

1995 2000 £ 2005 2010
_ Ave. [ Max. A\'c. Max.- Ave. I ‘Mfax.. 'A\'c.; | Max. .
Karakalpakstan L SN
utban - 1923) 2211|2878 3304, 3309 0 3797 3763 d4329] .
‘rural s37] 619 388 447 792 9ni| w08 1619
total 2460|2828 3263 3753 4094 4708 5171 soes]
Khorezm _ : e l
urban 83| 2106 2245 258 2434 219 2627 3021
ral 8371 963 754 867 1368 15740 1827 2095
total 2668 3069) 2999 3449 3799 4369 444.9 S1L6

Ave. : daily average water demand, Max : daily maximum water demand

* excluding the demand for UzTransGas and Sodavy plant town, for which water is supphcd from

UzTransGas.

Future Water Demand by Tuyamuyun System

Presently, the treated water is supplied not by territory, Karakalpakstan and Khoream,
but by the Tuyamuyun System, the Tuyamuyun-Nukus system and the Tuyamuyuan-
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Urgench System. Therefore, the future water demand for the Tuyamayun System is
calculated as shown in table 4.29, table 4.31, Fig.4.2 and Fig.4.3. The dilferciice
“between water demand by territory and by Tuyamuyun sys.tem' is_that the water
demand for Amudarya region in Karakalpakstan “is included in the Tuyamuyun-
Urgench System in Khorezm.

Table 429 Summary of Future Water Demand

for the Tuyamuyun System ' ;
: _ -~ (unik: thousand m%day) _
(2005

1995 2000

2010

: Ave. | Max. | Ave | Ma | Ave. | Max | Avel | Max.
Tuyamuyun-Nukus (T-N) ' ' ' _
urban 1842] 21190 2699 3104 3108 3574 3554 4088
"rural 492 séel 344 97 68y 792 122 140.4]
totat 2334) 2685 3044 349.6 379.4 4364 4774 " 5492
Tuyamuyun-Urgench (T-V) _ _ . _
utban 191.2} 2198 2421 2784 2627 3022 2834 3261
rural 882l 1014 80.1] 921 1469 1694 2009 2311
total 2794 32120 3222 3709 4004 4707 484§ 5572

Ave. ¢ daily average water demand, Max.: daily makimum water demand _
excluding the d:mand for UzTransGas and Sodavy plant tawn, for which watet is supplied from

UzTransGas.
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Fig. 4.1 Flowchart for Water Demand Estimation
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- Fig. 4.2;' Daily Maximum Water Demand
00 for Tuyamuyun-Nukus Water Supply System
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CﬂAPT ER ‘5 WATER SOUR_CES AND WATER QUALITY
5.1 'lntrod'u.c'.lion '
- 5.1.1 Objcctives of the Water Source Study

Sources of drinkin‘g water in the Study Area are as follows;

- Main siream of Amu Darya river

- Canals drawii from the main stream of Amu Darya river
- Resérvoirs in Amu Darya river

‘- Ground waler

Objectives of the study on the water sonirces are as follows;

- to review past and current conditions(quantity and quality) of the water sources,

- to study usability of the water sources wilh respect to quality and quantity as drinking
water, and |

- {o propose countermeasures to problems of water sources used as dnnkmg watcr

A study of the following water souirces is conducted:

- Surface water
- Groundwater
- Kaparas reservoir

Note : The Kapa:as reservoir has been devclopcd to store domeshc and drmkmg watcr o
" in the Study Area.- '

5.1.2 Existing Water Source In the Study Six Cilies

Water sources in the six cities consist of the lhrcc sources mcmloned above; main
stream of Amu Darya river, canals drawn from the main stream of Amu D«rya nvcr

and lenis ground water. Table 5.1 shows the major water sources of the'six cmcs
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“Table 5.1 Majoi Water Sources in'the Six Cities

Ground | Surface]| Tuyamuyun | UrgenchTrans " own waler sources
waler walcr | waler SUp'ply Gas waler : :
— - supply
Tuyamuyun- 0 - Tuyamuyun canal connecting to -
Nukus . Tuyamuyun Dam
Tuyamuyun- 0 - the left bank main canal -
Uigench L . e R : _
UrgenchTrans Gas 0 Amu Darya river dircetly at Takhiatash
- Jwaler supply L L L
INukus o O Amu Darya river through Kyzkelken
o - ' * | canal
Chimbai ) 0 0 lenses located along Kegeili canal for
natural / arlificial lens
Kungrad 0 O Artina Daryarivet through Rafshan cana)
Muynak 0O Amu Darya river thmugh Cartabay
S 1 e |canal - '
Urgerich 0 ) 0 Amu Darya tiver lhrough Shaval canal
' and lenses near canals.
{Khiva -0 © | Wateeis distributed from Urgench waler
trealmenl plant,

Noté: Circles indicate water sources of the cities.

Among the six cities, Nukus, Chimbai, Urgench and Khiva arc mainly subplicd by

waler from the Tuyamuyun water supply system as well as‘from= their own water %
sources. Kungrad is mainly supp!icd by waler from the UrgenchTransgas water
 pipeline through VodoKana, while Muynak depends on its own water sources only.

5.2  "Aral Basin and Amu Darya River Basin'

5,2.1 Aval Basin
The Aral Basin is situated on the western side of the Pamir Mountains, The rivers in
the Aral Basin rise from the glaciers. ‘The discharge of (he rivers in the Aral Basin is
basjcally governed by the climatic conditions such as variation in temperature, snowfall
and rainfall.

' The Aral Sea Basin includes several countries: Uzbekistan, Tadzhikistan, parts of

- Kazakhslan, Kirghistan, parts of Turkmicnistan and parts of northern AFganiﬂa_n and
northieastern Iran. The total arca is about §.8 million kni. The region has a complicated
geomorphology , ranging from the vast Turanian Plain to large mountain ranges. The
plainis cover about 80 % of the totat area of the basin, while the mountains occupy only
20%. '

! The contentof this section mamly depends on there porl of "the Review of the Amu Darya Right Bank Collector
Brain’. .
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5.2.2

The climate in the northern pauts of the Aral Basin is continental. ‘The southern part has

‘adry climate. The territory receives considerably more sunshine than any other part of

the former USSR. Temperatures during the remarkably long summer arc high (average
temperature in July is 25 to 33°C). In the winter monthis however, cold air masses
reach this arca causing temperatures of -10 to -15°C in January.

On the plains of the Aral Sea Basin, the amiual precipitation is 90 to 120 mii. In the
Piedmont areas it is 400 to 500 mm while on the western slopes of Tienshang it is
more than 2,000 mm. The total precipitation in the region reaches’ S00 km'ly

: Atmosphcric pré;cipitalion (100 mnvy) is mostly limited to the influence of humid air

masses of the Atlantic Ocean, resulting in an extremely arid climate.
Amu Darya River Basin
Thc Amu Darya river has the largest river basin in Cenlral Asia with a total area of

aboul I million km’. The Amu Darya river slarts at the confluence of two tributarics:
Pianj and Vaksh rivers. Thé length of the river, from the ongm of the Pianj to the Aral

" Sea, is 2,574 km. Measured from the confluence with the Vaksh river, Ihc lcng!h is

1,445 km.

The river basin is divided into the mountainous castern arca and the low lying westem
arca with deserts and steppe. The mountainous area has peaks as high as 7,495 m.

~‘The main tributaries of the Amu Darya river are:

- Pianj and Vaksh rivers
- Kundus on the left bank
- Kafringan, Surkhandarya and Shcrabcd rivers on the right bank

The Pianj and Vaksh rivers contribute to 85% of the river flow and the remaining 15%
comes from the other four tributarics. The tributaries Zerafshan and KashKadarya river,
located i m the mlddlc réach, do not reach the Amu Darya river anymorc and as stich do
not dm:cily conlrabutc to the river flow.

.- Major rescrvotrs in’ the basm are Nurck in Tadzhikistan on the Vaksh- river and -

Tuyamuyun in the delia. The Nurek reservoir has a total capacity of 10.9 ko'’ with a -

~ cffective _storage of 4.5 knm?’, For 'l‘uymnuyun. these figures are 7.8 and 5.3 km’
respectively. : ' '

Seasonal segulation is possible with both reservoirs; annual regulation is not possible.
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5.3.1

Annual regiulation becomes possible once the Rogiin réservoir on the Vaksh river in
Tadzhikistan is comp]eted “Total and effeclive storage of (his resetvoir arc 1.8 and 8.6
kin®, respectively.

Surface Water Sources
Amu Darya River Discharge Characteristics

(1) Inflow and Outflow Mechanisms ' in (Ile At Dai'ya viver

The Amu Darya river is being used as the source of water for 1rrlgat10n. mdustry and

water supply in the Republic of Uzbekistan and sirrounding countries. 'Ihe largcst
share of the water is for irrigation,” accounting for approximately 70%; domestic waler
supply accounts for approximately less than 10%. Water for these purposes is being
supplied through canals. The drain water after irrigating the agricultural land and other
drain waters from miiscellancous appl'icélions_arc retumed:l_o the river again through
irrigation drain canals called collectors. A part of the drain water flows into
depressions.

{2) Discharge Characteristics of Main Flow of fhe Amu Darya ﬁiver

1) Available Data

: 5About70 flow observation ‘posts (hydro-posts) have been installed in the Aniu Darya

Arivcr calchmcnt area. - Flow rate is periodically mcasured at these observation posts.
The measurcmcnl_s are used to appropriately rcgulate the flow. Howcvcr, after the

collaps;c of the former Soviet Union, the Amu Darya river has become an international
river flowing through several countries (in the past too, the upper reach formed the
national boundary with Afghanistan); flow measurements and flow regulation in all
these regions by Uzbekistan alone is bccdming a difficult proposition.

The observation posts from which ‘data was collected from * Department of

. Hydrometeorology includes 13 typical hydro posts’ in the!Amu Darya, Vaksh and

Zerafshan (Karadarya) catchment area. Data of momhly average flow from 1966 to

- 1993 is available.

The data from five observation posts' (Kishlak(Kijildzar), -Chélﬁ(Sunmmbay),

? The locations of the 13 hydro posts are given in the Suppoding Reporl.
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Tuyamuyun Gorge, Dargonata, Kerki) in the Amu Darya, which have observation
records since the last 20 years, were used for the analysis.

2) Overall trend

Table 5.2 shows the n'mximurh, minimwn and average values of discharge rates for a
petiod of 28 years (20 years in casc of Dargonata) at each observation post in the Amu
Da'xya,ri\.’eri In g_enc.ra], the flow rate becomes smaller as you gb downstrcam; the
smallest value was zero at Chatli (Sumambay) at the downstream end for several years.
The average discharge rate exceeds 1,000 m’/sec up to Tuyamuyun, bui at Chatli
(Sumambay) it reduces to half the value, that is about 500 m*/sec. Chatli (Sumambay)

© is not blessed with water resources.

Fable 5.2 Discharge Characteristics of Amu Darya River

{unit: m¥sec) -

Location Maximum | Minimum { Average. [Nos. of Year] Data used for Calculation
. . Dala :
Kishlak (Kijildjar) 3,530 0.0 463 28 1966 to 93
Chatli (Sumambay) | 5,360 0.0 543 | 28 1966 to 93
| Tuyamuyun gorge | 5,440 694 | 119 | 28 19661093
Dargonata 5010 2040 | 1062 0 ] 197 ad751093
Kerki o 7470 | 3120 | 1,531 28t 1966101993

Source Departiment of Hydrometeoralogy

'3) I')i'scha(rge'Characteriéli.cs by Mohlh

Fig. 5.1 shows the discharge rate variation by month at five posts in the Amu Darya

tiver. The trend fof the entire region shows that the discharge rate during October to

March is small; from April onward, water starts increasing bocause of the melting
snow in the Pamir highland, so that_in summer, pariicu!arly' in July, the fow rate
reaches its maximum value, Throughout the year, the discharge rate reduces as you go |
downstream. Especially, in the arca downstecam of Chatli (Sumambay), the discharge |
rate reduces sharply. |

4) Discharge Characterlisties by Year

" Fig. 5.2 shows the discharge rate variation by year at five posts in Amu Darya river.

Thronghdut the observed period(for 28 years), the discharge rate variation is small at
Kerki located in the midstrcam part of the river, bul becomes large as yoir go
downstream. This trend is pronounced downstream of Chatli (Sumambay); in the
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sixties and the ecarly seveniics, ' the discharge was connparéti\iely--'good; but
subscquently, it started reducing so that in the cighties the discharge reduced
drastically. Howevcr, on entering the ninétics, the discharge rate shows_ an incréasing
trend again.

5) Minimum Probabilistic Dischargef Rate

Discharge chatacteristics in the calchment aréas are calculated using the approach of
minimun ;)fobabilistic discharge rate. - Generally, ‘probabilistic lilc'ihods are ef_ fective in
analyzing systems dependent on tatural ﬁhellorhena, stich as precipitation:aitd natural

- discharge rate of rivers. In case of the Amu Darya river, natural dischiarge snechanisms

“are pronounced in the upstream part of the river; however, in the mid reaches of the
river, many irrigation canals fake water fcom the river and waler from collectors
discharge into the river. These outflows and inflows are not governed by natural
phenomena, but conirolicd by humans.  Consequently, the use of the concept of
probabilistic discharge rates for river flow in the mid reaches and downslreamn parts is
fundamentally unsound, but since lhe concept gives flow ' characteristics in the
catchment areas- easily, we have used the minimum probabilistic discharge rate
approach. * If the probabilistic distribution of actual discharge rates is plotted on
logarithmic geaph 'papcr, a regression straight line - is obtained; therefore, it is
meaningful to consider probabiﬁstic discharge rates.

 Ifthe ratio of occurrence of a discharge rate less than X is once in T years, then T is

~ called the return pcriod of X, and X is called the minlinum probabilistic discharge rate
' for T years. ‘That is, the minimum discharge rate that occurs once in T years is called
the minimum probabilistic discharge rate for T years (retum period). 7

Table 5.3 shows the minimum probabilistic discharge rates (2 years, S y'ears,' 10 years,
15 years, 20 years) for February, July and throughout the year. The minimum
discharge rate occurs in February and the maximum discharge rate in July in a year.

© Minimum probaﬁilislic dfschargc rate for 2 yéars,' 5 years, 10 years, 15 years and 20

years arc equivalent to exceeding the probability qf 50%, 80%, 90%, 93.3% and 95%,
respectively. ' ' : '
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“Tablé 5.3 Minimum probabilistic discharge rates f01 the Amu Darya river

(unil : million m*)

Prob. Excccding _ Kishlak | SUm_ambay ~ Tuyamuyun
- Year - (%) Feb. . Jul. Feb. Jul. Feb. Jul,
2 50 56 402 64 472 419 2,601
5 80 1 59 14 67 260 1,850
10 - 90 5 2 6 24 203 1,549
15 93.3 3 13 4 14 179 1,417
20 9 | 2 w0 | 3 10 165, 1,337
Prob, | Excoeding . Dargonata . chik . Kerki 4
Year %) Feb. . Jul.: Feb. . | Feb. Jul.
2. - 50 - 426 2,493 322 2,642 1618 13432
5 1 &0 291 1,770 199§ 1,780 481 2,559
o %0 238 1,480 154 1,449 423 2,195
15 93.3 L2185 1,353 136 1,307 396 2,033
20 g5 202 1,276 125 1,222 380 1,934

Note: Prob. Year: minimum probabitistic discharge rate for T years (teturn period)
Exceeding : oxceeding probability (%)

(2) Discharge Characteristics of Inflow(Canal) and Outflow({Collector)

1) Discharge Characteristics in Three Typical Discharges of the Amu

‘Parya River

'[‘hé inflow/oulflow mechanisms of canals, collectors and riveérs from Verhnedmudarya

“on the Amu Darya river to the Aral Sea is anaiyzcd here. The total number of
_waterways for inflowfouiflow is 96; thesc are divided into 10 jlil‘lSdICilonS ‘From

these waterways, 34 are outflows from the Amu Darya river; 62 arc inflows into the
Amu Darya'river Three types of data of flow rates of these watcrways have been
collected: flow rate in typical drought year (1982), normal flow year (1980), and{
abundant flow year (1978) of Amu Darya main river.

Table 5.4 shows the monthly inflow, monthly outflow, and the inflow/outflow balance
by month. Although more water can be used in an abundant flow year compared to a

normal flow year, there is almost no change in the mﬂow ‘and outflow for these ycars

On the other hand, coinparing the drought year flow with normat year flow the inflow -
and oulflow durmg the drought year has decreased drasucaiiy to less lh'm 10% of a
normal flow year. We have considered the inflow and outflow for a normal flow year
(1980) here.- Table 5.5-(a) and-(b)} shows the inflow/outflow divided into cight
sections.

} Observation data is given in the Supporting Repotl.
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Table 5.4 Monthly Inflow, Outflow and lnﬂowlOutflon Batance from
‘ Verhneamuda:ya to the Aral Sea

_ (unit : m’fsec)

yeay 1978 1980 1982
Thé Year of Abundant River |The Yearof Nornal River Flow] The Year of Drought River
Flow : o : Flow
: Outflow_[Inftow _|Balance |Outflow |Inflow _[Balance |Outflow |inflow - [Balance |
Jan, - -947) sel . -890 812 s 153 ase 4 -255|
Feb. 9971 81} -914 -946 -6 -883 -284 4 279
Mar, | -1,338 109 c-1,229  -1.37 . 98 -1,27¢ . -616 I -609
Apr. L1400 - tos] o -1,038 o -1,29 13y -1,160 -536 Hf 4528
May -1,439 w7 -133] 1,78 A -1,673 -122 g 3]
Jun. 2,398 4l 228 2,52 11 2,417 -1,230 9l -1,221
Jul. -3,263 1| 3,048 3278 126 -3,152 188 N8
Avg. | 3084 118l 2969 3013 107 -2904 -1,300 4] -1,296]
Sept. -1,412) 9l -1,31§  -1,07 88 990 - -338 4 -333
Oct. - -467 71 -390 13 . 87 617 20 5 15
Nov. :81 47 767 83 . 39 -791 -346 51 -342
Dec, -§7 34 -84 -907 44 -8 373 7366

Note: inflow/outltow Balance =(Cutfiow)+(Inflow)
Minus(-) indicates the outflow from Amu Darya river.

Table 5.5 -(a) Monthly Outflow Rate froin Amu Darya River

{unil : m¥sec)

Section Jan. | Feb, | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec.
Vethneamudarya- | 89 10| 65] 146 134 197} 195] 222] 171} S| 43] 09
Kelif _ ‘ i . ' ’ j -

FKelif - Mukei 80| 8s6) 122 iss| 19.4f 249]. 2891 239] 159{ 11.3] - 95| 1L1
|Muksi - Kerki . | 282.8] 337.2] 488.3] 465.1] 4%4.8| 703.8] 752.6] 709.3| 530.1] 409.8| 289.3| 286.9
AKerki - Tichik | 189.0f 237.1] "236.8| 198.6] 228.3] 422.2| s61.0] 535.7] 312.6] 182.5] “s9.9| 229
lichik - Dasgonata] 12} 16] 24| 23] 12 29| a1] 44| 27| ‘002l 00] o4
Dargonata - 208 451] 919 j;‘s._a 63.9] tot.6] 1227 122.4] 206] 06} o00] 10
fruyamuywa . fooof o} o 3 | ) N S
Tuyamuyun - RUK B 315.0 $15.8 5422 94991239.01.?17.51,533_.1 170.1] 118.0] 466.3] 581.5
Suntambay ' o _ . Co o ’ : _ o ' :

Sumambay - 008 oo o0y 00| 114] 11o] 0] 65] 03] 00] o090 o0g
Kijildjar ' _

Total 812,00 945.5[1,373.841,202.4]1,782.4]2,528.1]3,278.313,013.3]1 078 4] - 733.7) 829.7] 903.4]

1]
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Table 5.5 -(b) Inflow Rate to Amu Darya River
: o ' (unit : m’fsec)

Jan. | Feb. | Mar. | Apr..| May | Jun. | Jul. | Aug.|Sepi. | Oct. | Nov. | Dec.

" [Section

|Veitneamudarya-{ 2. 3.7 s 1nd 149 93 10f 89 76 67 60 29
Kelif '

Kelif - Muki 6 49 65 60 69 62 6o se& 33 39 59 109
IMukdi-Keiki | 3.9 50l sd 108 68 63 120 65 66 30 12 1.1
Kerki - Hehik 2500 228 308 313 283 308 355 329 246 139 6.7 135
lchik - Dargonata | 21.9 25.8] 457 - 719 _52.5 574 59.3 s1.4 454 299 188 149
Dargonata - 0 037 1d 13 o4 1d 24 19 09 0¥ 03 03
Tuyamuyun S I S ‘ : .
Tuyamuyun - o0d o0 od od od og o0 od 00 0g oo 00
Sumambay : : - ' - . . : . '

Sumambay - ~og 00l oof o9 o o0 oa od 00 00 00 09
Kijildjar _ _ - :

Total 593 62.4] 98.1) 132.7 109.8 1119 1259 107.3] 88.5] 569 388l 435

~ Cbserving the annuial outflow rates, the ouiflow rate between Tuyamuiyun Gorge and

Sumambay is maximum, followed by outflow rates between Mukri and Kerki, and
between Kerki and Ilchik. The outflow rate from Tuyamuyun Gorge-Sumambay is

“used as irrigation water downsiream of the Anu Darya river; the outflow rate from .

Mukri - Ilchik is used as irfigation water in the mid reaches. By month, the outﬂow
rale is maximum during summer, particularly in July.

Observing the annual inflow, the inflow between lchik and Dargonata is maximum,

followed by the inflow between Kerki and llchik, These inflows are from the

irrigation drain waterways at the mid reaches of the Amu Darya river. By month, the
maxnmum and the following maximum flow is Gbscrvcd in the momhs of Apnl and
July, respcctwcly

The ratio of totéd inflow to tolal oulfiow is seen (o be 6%; almost all the water used for
irrigation does not return to the Amu Darya river. A major part of the water that docs
not refurn to the river is irrigation water that sceps underground; however, excessive
evaporation in dry, desert climate, leakage from walerways that arc not waterproof,
flow of drain water after irrigation into namral depressions, and man-made 1nﬂows into

lakes should also be considered as reasons for the water hot n,turnmg to the rwcr '

2) Outflow and Tnflow (rend during 1974 1o 1993

' Fig. 5.3 -(a) and -(b) shdw the annual trend of canal oulflow rate froni the Amu Daiya

river and collector inflow rate into the Amu DParya river in 1976 o 1993 by three

- sections: Tuyamuyun - Kerki, Kerki - Tuyamuyun and Tuyamuyun - Sumambay.

According to the figures increasing trend with respect to the canal flow is not seen in
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.~ spite of cxpansion of irrigation land, but a'slightly increasing trend with respect to the
collector flow is observed. This increase probably indicates that wash out water for the

itrigation land has increased because of land deterioration by salt.,

Fig. 5.4 -(a) and -(b) show the monthly flow trend of waler in canals and collectors
* duiring 1976 to 1993 by the thres scctions stated above, The flow rate in canals become
© maximum durmg summer, particularly in July. Regardmg the collector flow lhcre are
two peaks in sprmg and stminer. The first peak perhaps indicatés watér increase for -

washing out ungal_lon lanid. On the other hand, the secoiid one probably Indicates an
increase in the ircigation water. '

Water Qua.!ity in Amu Darya river
(1 General

The Amu Darya river water is ulil'tzcd mainly for irrigation; and supplies water to
agricultural land and washing out salt from salt-damaged agticuIlilral land after

Jirrigation. The drain water after the irrigation is retumned to the river again throngh

ircigation drain canals called collectors, whose water has been reported to be
deteriorated by agro- -chemicals and high salinity.

The use of domestic and drinking water, whosc volunie is quite small compared to that
for irrigation use, is taken directly from irrigation canals and the main stream of the

" ‘Amu Darya river or an aquifer where the water has inﬁltratéd from a canal and

mainstreans. Thercfore the quality of the waler in the Amu Da:ya Tiver is B-SpCCla“y
important for inhabitants in the region.

Water qualily standards -for domestic and drinking purpose and surface water for
domestic and drinking purpose are shown in section 5.6.

' (2) Pollution Seurces in the Amu Darya river

"Pollution in the Amu Darya river is due to the discharge of 'th‘e collector drains as
stated above, most of which are located in 'midc_lle and down streaui parts of the Anw
Darya river, ¢specially, Bukhara and Kashkadarya regions. '

These regions have one of the largest agricultural land area in the Amu Darya river

basin, taking irrigation water feom the-Amu Darya river and discharging the polluted -

water-after irrigation and washing out salty soil into the Amu Darya river. In ninety

5-10 S B/p
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‘percent of the agricultural Jarick in Bukhara, it is necessary to wash out the salts.

The local laboratory of the SCNP and the other related agencies are monitoring the
water quality of rivers, canals and waste water from factories. Table 5.6 shows the
current quality of collector water and Zerafshan river water in the Bukhara region.
High mineralization (or dry residuc) of more than 3,000 mg/d was obscrved in
collectors. Almost all water quality values also exceed the standards.

“Table 5.6 Water Quality ol‘ Collector Drains and Zerafshan River in the

Bukhara Region

{unit : mg/l)

RW Parallel - |Djandal Bridge| Northém .| = Zerafshan
Standard | collector Collector | (Gidehuven- bri)

Dissolved Oxygen 54 . 8.4 94
BOD, _ 3.0 5.0 1.4 3.0
CINH-N 290 .. 35 1.5 0.2
" {Dry Residue (Mmerahmlton) ' 1,000 4,040.5 - 3,385 3,108.5 1,340
- |NO3-N ' 10 12.0 ' 12.4
NO2-N 1 0.3 0.09 Q.00
Chlorides 350 - 709 357 417 £9.0
“{Sulfates 500 1,825 1,450.3 1,488 3842
Ca - 2004 204.4 2204 72.1
Mg 370 183.5 k33 53.5
Na 559 488 317 1N
Bicarbonale alkalinity 6.8 6.6 7.0 3.6
Carbonate alkalinity - : : 0.6 - 0.2
Hardness (mca/l) 7 40.5 25.5. 36.5 8.0

Source : Bukhara SCNP laboratory
Note : RW standand indicatés s!andard of river water for drinking purpase in Uzbeklstan

Table 5.7 shows the past trend of mincmli;ation of the South Cbllcélorj'dra'in.; Until
1977 it was more than 10 g/ and declined sharply in the late seventies. Since the
beginning of the eighties it has become stable at a level of about 7 g/l.

Table 5.7 Mincralization of the South Collector Drain

ST 85

yeal[ 1974 75 | 76 | 77 | 18 | 19 | 80
mineralization(g/ly 3.0 | 114 103|104 ] 90 | 83| 8.0 B0 | 74
| Voar| 83 | 84 | 85 | 86 1-87 | 88 [ 89 [ 90 | oI
mincralization(e/) | 67 | 6.8 | 6.4 | 79 7.3 | 7.0 | 74168 | 7.7

© Source: The report of “Right Bank Collector Drain”

The average mincralization concentration of the major collector drains is shown in Fig.
5.5 -(a) for the years 1990 to 1994, and for two sections of Termez - Kerki and Kerki -
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Tuyanuyun. Fig. 5.5 -(b) shows annual mineratization volame during the same years

and for the same sections. The mineralization’ concentration evidently decreases.

Nevertheless, the total mineralization volume are rather constant. 'These relations are

due to the increase in the discharge rates of the collectors,  The above figires show
yearly trends.  On the other hand, Figs. 5.6 -(a) and (b) show monthly data for the
years 1990 to 1994

In a'ddi(ion to high mincralization concentration, the collector (_l:rainsi probably discharge
the water polluted by agm‘chemi'cals to the Amu Darya rivef, a!lhough their data could
not be collected,. These agro-chemicals, which adversely affect the health of human
bemgs should be monitored.

(3) Water Quality of the Amu Darya River
What quality indicators to be watched in this regions are mineralization and total

harclncss; whose _concentra!ions are extremely high. High_ mincraliiatio_n, it is shid,
adversely affects ‘the health of human beings. Therefore, \i/ate'r quality -is mainly

reviewed for mineralization and hardness here. In addition, agro-chemical compounds, -

which may have large concentration in the ‘waler sources, should be reviewed.
However, The data of agro-chémiéa] compounds in the Study Arca 1s limited. The
JICA Study Team analyz'cd' them, ‘whose results are shown in the section 5.7. Tn this
section, mmcrahzahon and  total hardness are reviewed especially in~ detail.

Uzbekistan's standards for maxmmm allowable conccnl:auon (MAC) of mineralization -

- and total hardness are 1,000 mg/l and 7.0 meq/l respectively.

' Based on analyzed data by the JICA Study ‘Team and Coi_sS'lAK, evaluation results for
other indicators except for mineralization and total hardness are shown in section 5.7,

Mineralization and Total hardness

Table 5.8 -(a) and -(b) show max:imum, average and minimum of monthly

mineralization and total hardncss coricentrations at fout sités in the middle and down
stream paris of the' Amu Darya river, respectively. In general, it is observed that their

conceatrations downstream” are lower than upstream, and the concentrations in
stnimer, which are less than the standard, are lower than in 6ther seasons.
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Table 5.8 -(a) Maximum, Average and M.inlmum Monthly Mineralization”

in the Amu Darya River

{unit: mg/ly

~Jan.

Feb.

Mar,

May

_ Apr. Jun.| Jul. | Aug.| Sept.| Oct.| Nov.| Dec.

Termez Max] 978 1,356 1,323 1,363 967 96a 750 701 786 990 910 962
Ave.l 71§ 788 784 821 632 545 4500 468 SO 634 710 674

o [Mind - 5200 590 s68  S63 433 364 304 321 - 365 329 474 528

Nos. of Year 4 1 1 i g 19 19 19 19 1§ 1q 4]
Tuyamuyun [Max{ 1,162 1,37 1,618 2,147 1,505 1,129 1,042 946 930 1469 141§ 1,054
C 0 |Ave| 1,044 1,56 1,277 1,295 1,009 797 675 639 702 917 97X 930
©[Min| 907 1,030 889 832 67§ S61 442 - 462 S04 57§ 73§ 859
[Nos.of Yeay | " 4 4 2. 18 24 20 20 20 C 1% 14 1 3
Sumambay [Max| 1,836 1,706 2,170 2,312 1,691 1,764 1,176 ~ 889 1,568 1,339 2,111 1,534
Ave.| 1,138 1,144 1,156 1,412 1,250 924 709 641 800 884 1,097 1,074

C[Min| 798 727 S1§ 726 654 557 447 406 s47) 257 soi 756

Nos. of Yean. 18 18 19 18 19 19 - 20 0 2 20 1 19
Kijitdjar - |Max| 942 1,642 1,833 2,344 1,130 1,917 2,157 1,477 1,047 1,884 1,644 1,259
Ave.| 942 1,131] 1,126 1,472 1,057 98§ 918 850 821 988 1,001 1,100

Min| 9420 699 800 421 929 481 432 499 659 658 63y 941

Nos. of Year - A 1 . 21 20 3. 19 1% . 1] 1{ 18 1 P

Note: This is the summary of the data from Goskempiiroda

Nos. of year is the number of available annual data,

Date is for twenly years, from 1974 to 1993

T able 5.8 -(b) Maximuin, Average and Minimum Monthly Total Hal (lness

in the Amu Darya River

{unit: mgA)

_ Jan. | Feb.| Mar.| Apr.| May| Jun.| Jul. | Aug.| Sept.| Oct’| Nov.| Dec.
Termez  [Max} 13,0 104 114 1268 94 93 69 7Y 97 99 104 100
Avel 7% 79 7.3 7.5 63 sS4 44 44 51 63 68 < 6.7

: Min| 57 sd 56 s4 49 34 31 32 37 47 49 50
Nos.of Yead =~ | 14 17 .17, 18 18 19 19 19 9 1§ 19 ~ 14
Tuyamuyun|Max| 8.2 10§ 142 153 1.4 11§ 1L.Ad 86 97 113 111§ /85
Ave.] 80 9% 108 114 84 7.0 61 58 68§ 81 89 |77

Min| 77 82 - 79 6d sd 37 4ad' 44 47 55 64 79

Nos.of Yewd | 3 3y 19 1§ 2 20 20 20 16_;__12"“_ 18 4
Sumambay |Max] 144 149 168 224 1823 144 (L§ 279 139 21§ 127 12l
Ave| 10.] 104 109 134 112 83 67 7.2 7.6 388§ 93 9.«

C(Ming 74 70 49 64 67 sS4 41 45 45 57 68 69

Nos. of Year 18 17 1h v vy 18 19 a0 20 17 16
Kijildiar . {Max} 8.4 ‘134 27.5 194 109 184 16.5 ad 02 24 122 8.4
' Ave] 84 102 107 130 .9 89 84 75 67 8G ‘89 84
IMin] 86 6d 64 si 8d 47 3d ad sl se ﬁﬁ.j g
Nos.ofYead = |~ 1] 18 21 19 b SR ¢ 7 SN U | NN U SN v NN - I

. " Note: This is the sunimary of the data from Goskompriroda

Nos. of year is the number of available annual data.

Data in'1974 to 1993 is used.

Table 5.9 -(a) shows monthly mincralization concentrations at four sites in March and
~July from 1974 10 1993. The concentrations in March and July are considered to

' represent usually the worst and best quality throughout a year, rcspecnvcly In March,

the mineralization concentrations at the three sites except Termcz cxcccded the
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standard. While in July, the fninéralization concentrations for almost all years except in
the late cightics and at all siteg’ are below the standards. Since the beginning -of the

nineties, the mineralization in July has remained below the standard, ‘Average

mineralization in July increases as the river goes down but in March the value for-

Tuyamuyun was highcsl The highest value al Tuyamuyun are probably caused by the

fact that water is stored in Tuyanmyun Hydro-Unit durmg winter - season for the

_ lnigallon purposc in spring.

'labie 5.9 -(b) shows monlhly total hardncss at four sites i March and July from 1974
to 1993, Thc general trend of total hardness is similar as that of mineralization. As seen
in the percentage of the number of years that mcet the standards, the totat hardness

concentration is more severe than mineralization.

Table 5.9 -(a) Mineralization Concentration at four Sites 5
in the Amu Darya River in Mavch and July

' : =(u'n'it : mg/l)
March _ July _
Termez [Tuyamuyun| Sumambay] ~ Kijildjar | Termez |Tuyamiyun| Sumambay | Kijildjar
1974 1 1530 - 875 688 | - ;
975 | - | 1,330 [ s18 |- 948 N E 768
1976 | 1,323 | 1,519 L6 | 650 665 xY '
1977 | 760 | 1,205 906 864 | 328 551 564 765
1918 694 | 1618 | 1350 | 14,177 | 4% 867 660 | . 432
w079 | ees | a1z | s | ers | sl ss2 | sw6 701
1980 | 726 - | w3 | ese | 396 565 617 | 613
1981 [ 809 | 1470 | 2070 | 1833 | 399 s43 | 6ol | 1,504
1982 [ sos{ii2ea | rass | 1369 | so7 | 837 [ 910 | 1,863
1983 | 807 | 1482 | Ltz | 1385 | 389 | 104 1065 | 1480
1984 | 666 | 1318 | 45 | 1328 [ 3w 552 68 | Tem
1985 | 614 | 1,076 1,033 969 | 4724 [ 01 T | e
1986 | 721 | 1236 1,340 1675 | 377 609 1,176 | 2,157
1987 | ers | 1231 1019 | 1,162 | 304 605 743 - 559
1938 | s68 { 117 953 | 883 | a3 | sor | “aa7 | 761
1989 | 864 | 185 | (113 1,085 | 437 | 1010 810 | 1,104
1990 | oso1 | 13230 | Tnmie [ 1056 | 330 | s | 68 618
1ot f - | ss9 | &0 | 800 | 750 | s97 - 648 450
1992 | 687 919 1,037 [ 907 | 445 | 618 669 | 698
1993 | 889 | 1159 | 1224 | nast | sw7 1 e 660
1994 | oie | 133 | nann |onaod | eis | e ] ma | siwo
Ave | 84| 12m 1IS6 | 1,026 | 450 | 675 | . 709, 918
% | 95 10 21 43 | 100 90 _ 90 74‘

Note: Standard for maxinum altowablé concentration for minecalization is 1,000 mgl!
* Percemtage of the number of mineralization below the standard.
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5. 3'3 :

: Table 5.9 ~(b) Total Hardness Concentration at four Sites
in the Amu Davya River in March and July

“{unit : megl)

March July
_ Te;meuz——'[‘;l};ﬁ}—; Sun1z;r;i;;1; -ui(“i_iiidjar “Termez | Tuyamuyun gaammbay Kijildjar.
9[- 108 . 66 | - 53 . 7.2
915 | - 137 49 6.6 . 4.0 40 6.5
1976 | 78 142 . 98 | s2 6.4 . .
1977 | 64 9.6 6.7 68| 31 4.5 5.0 6.6
o | se | ne | - 93 3.2, 7.1 5.6 5.8
1979 | 62 10.9 10.0 8.8 3.7 4.2 50 | 59
1980 | 67 - . 8.3 3.5 4.7 ] 5.2
1981 [ 62 79 16.8 145 | 34 | 45 | 8 1.8
1982 | 6.6 10.1 112 05 | 391 66 | 63 | 139
1983 [ 62| 100 8.7 27.5 4.1 8.4 93 121
1984 59 7.9 99 9.6 3.9 4.5 59 | s
1985 | 5.6 8.5 88 7.8 4.9 5.9 68 | 1.9
1986 | s6 | 99 12.9 132 | 38 | 48 | 92 16.5
1987 | 7.6 133 | 130 | 1321 3.9 6.8 9.4 60
1988 | 7.0 1.2 i1.8 10.6 472 10.3 48 | 92
1989 | 10.7 142 14.4 131 58 11.0 . 8.7 13.5
1990 [ 114 | 023 14.5 06 | 49 | 66 | 71 | 67
1991 : 9.2 99 | 87 | a1 69 | 118 38
1992 | 89 s 938 4.8 s "s6 | 56
1993 | 92| 93 10.1 101 | 63 : 5.5 5.9
1esa | | 04| 94 87 | st | 487 | ss 57
Ave, | 73 10.8 10.9 107 44 6.1 6.7, 8
e 61 -0 17 18 100 86 68" 62 |

Note: Stardard for maximum allowable concentration for Total Hardness is 7.0 nicg/l.

¥ Percentage of the number of Total Hardness below the standard.

Relationship between Mineralization and Discharge Rate of the Amu

Darya River

'Fig. 5.7 -(a) and -(b) show the relationship between discharge fate and mincralization

concentration in the Amu Darya river at Tuyamuyun gorge during 1974 to 1993, The
annual variation in co_nccntrélions apparently have the same seasonal trend, fluctuating

‘with the dis'charge_ rate. The concentrations are low when discharge rate is high.
‘Especally in the summer when the discharge rate is high, the concentrations are lower

than in the other seasons. Generally, the nonths when the concentration is less than the

5015

standards are June, July, August and September. From these, August has the beést
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quality.

It is difficult to explain the relationship between water quatity and discharge rate. The -

relationships are probab]y as described here. The relationships are shown in Fig. 5.8 -
(a) and -(b) for nmionths between 1974 and 1994 at Tuyamuyun and Sumambay. At
Tuyarmuyun, mineralization is high, exceeding the standard of 1,000 mg/l and
discharge rates arc less than 1,250 m’/s in March and Aprit. . In May, discharge rates
increase and nﬁncraliialion decreases. Dischargc rates further icrease in June and

July and mineralization decreascs In August; the discharge rate hits the peak and -

mineralization becomes minimun. Mineralization is also low in September although

“discharge rate is lower than in Atjg,ust. * Mineralization increases in October and
November because the discharge rate decrease. At Sumainbay, similar relations are
observed.

Further study and data, especially on pollullon sources upstream of 'l‘uyamuyun is
necessary for analyzing in detail the relationship betwecn discharge rate and
mineralization.

5.3.4 Study on Potential ‘Drinking Water Sources

This section analyses the question of whether the Amu Darya river can be used as a
water source for the watér supply sys!cm.' The two points at Tuyamuyun, where
Kaparas reservoir is located, and at Sumambay are considered in this study,
considering the existing intake points, future possible intake points and availability of
data,

" I) Tuyamuyun (Kaparas reseivbi'f)

The Kaparas reservoir is an intake point planned as domestic and drinking water source
for Karakalpakstan and Khorezm in the Water Supply Master Plan by the Uzbeki side
and in this Study, as slated in the Chapter 8. It is located in the upper reaches of the
Study Area.

' 2) Sumambay
i) intake point of Kyzketken canal from where the Nukus water supply system takes
water. ' '

" ii) close to Takhiatash where water is taken for the water supply syslem on the left

bank area of the Amu Darya river.

The two points abdve are considered to represent the quality of water in the entire Amu

i



Datya river in the Study Arca, except Muynak.

~ Statistical methods are used for the aimiysis in this section. Here, analysis is mainly
- conducted based on non-exceeding probabilily.

(1) Study on Water Quality
1) Study Procedure

Analysis is conductled using the following procedures :
I. Building of water quality estimation model in the river system
2. Verification of the model
3. Estimation of water quality using the model

Mineratization is severe in the Study Area so it is selected as the item to be estimated.
Besides, data of water quatity indicators other than mincralization is not inadequate for
constructing a model. Here, a simple model is constracted becanse of limited data.

Non-exceeding probabilities of 90 % and 75 % arc used for the analysis.  For
reference, in-Japan, the quality of river water should comply with the standards for
more than 275 days a year, that is, water quality is evaluated based on 75°% non-
exceeding probability.

In the Amu Darya river, monthly variations in discharge and quality are very large.
Consequently, water quality estimation is conducted by constructing ilhc model by -
month. ’ '

2) Concept of Model

i) River Model

The model as shown in below consists of 1) flow rate in the river, 2) outflow rate from

the river ,-3) inflow rate to the river and 4) storage. In the model, four base points are
" selected; Termez (where collector drains increase rapidly), Kerki, Tuyamuyun hydro-

-system inlet (or Dargonata), Tuyamuyun hydro-system outlel and Sumambay.
-Between the basc points, one inflow and one outflow is assumed in the model.
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Amu Darya river Water Quality Balance Model

- Tenmez
B Cutflow 1
Vq Inflow 1
l Kerki
: » Outflow 2
Inflow 2

Tuyamuyun Inlet

'I‘uya[ﬁuyun liydrb-system'
(Kaparas Reservoir)

Tuyamuyun outlet

e Outflow 3

=i Inflow 3
v ' Inflow

Sumanbay

it) Mineralization Balance : : @

Total mineralization volumes between the neighboring base points are balanced in the
model.  For example, the mineralization volume at Kerki equals that at Termez, the
neighboring upper base point, plus inflow and minus outflow between the two points.

" In the Tuyamuyun hydro -unit, watet is regulated for irrigation use. Mineratization is
also balanced within the system.

(i) Water Quality Model

Firsl, flow rales are balanced at all points. That is:

- Assume discharge rate of Amu Dary'a river at the all points based on the bast records. ég
- Then, assume inflow rates.

- Finally, assume outflow rales. :
If water volumes are not batanced, onlflow rates are adjusted to obtain water balance. -

Mineralization is then assumed as follows :



- Assunie mincralization concentration at Terinez.
- Assunic that mineralizalion concentrations of inflows are the same as in the past by
‘base point. :

- Assume that mineralization concentrations in the outftow are the same as those at the

upper base points.

3) Conditions of the Model’

“The flow rates and mincralization concentrations used in the model are explained

below.
i) Outflow Rate from the Amu Darya River
Non-exceeding pr’dbability of 75 % (scé Table 5. 10) is used in the model. Thé flow

rates do not increasc in the past; as shown in the section 5.3.2(2), and consequently,
are considered to not increase in the future.

Table 5.10 Characteristics of Monthly Outflow Rate of Canals by Month

I Tan. { Eeb. I Mar.:l Apr. I.'May' [ Tun. ! .‘l.ul. I Aug. I Scpt.l Ocl. I Nov, IDcc

- {Termez-Kerki

|oso% | 2ss] 344
| Kerki-Fuyamuyun -

“s1.8| 620] s04] es6| 71| sag ar0] 472] 453
st9] 584 6571 66.5] 67.] 513 419 434 353

0% 399" 43.6
5% 37.5]. 398

409] 444 'ssa| 63.5| 62.4] 469 40| 339[ 28.4|:

90% | 344 323 404 33| a09f 787] es2| esq] 3w 177 70 92|
C75% |0 293] 38| 320 319 388! 596 633 611 361 158 (55 6.t
50% 227 27.8|- 27.8] 22.1] 265 so.4 585 s6.8 203 153] 4.8 45|

Tuyamuyun-Sumambay L
- %0% 53.8] 460 773 84.6] 114.4] 137 167| 1sd 63.5 47.1 48’.9 4.5
15% 367 34.5] 654 5121 96.6] 1031 149 139 359 39.4| 423| 519

50% 260 27.2] 44 455 302 99.4f 32| 1] 320 17.0]° 34.9] 487

Note : 1) These values arc estimated based on monthly canal outflow rate during 1976 and 1993,
2) ‘The first column is non-exceeding probability.

if) Inflow Rate and Mineralization Concentration of Inflow

Flow rates and mineralization concentrations are averaged between 1990 and 1993 (sce

Table 5.11) and vsed in the model. The mineralization volumes of inflows are kept
constant. -They have not increased as s:hown in section 5.3.2(2) but rather haﬂ_’c
decreased, although slightly. In practice, they are expected to decrease as the RBCD
(Right Bank Collector Drain) project further continues.

5:19 BP



The average mineralization between the Termiez base point and the Tuyamuyan base
point is used between Tuyamuyun and Sumambay where mineralization data is not

available.

‘“Table 5.11  Collector Drain Flow Rate and Mineralization 'Conce_n!reition

| Termez - Kerki

un-it I Jan.‘l Feb. I Mar.rApr. l Mayl !un[ .Ju'l. IAug.lZSepl.l Oct. I N.ov.. | Dec.

outfow rate mYs 1.6 '15_.3] 234 21.d 229 21.8] 194 189 159 159 149] 18
mineralization g/l sl 61 43l 34 34 2728 29 31 34 3.8 4.5
Kerki - Tuyamuyun . L : : : -

outflow rate m¥s 544 704 98.7 927 64,l| 64.6] 59.5 5571 514 = 60 50.8] 433
mineralization g/ 49 49 49 49 57 58 58 60 59 62 60| 6.8

Tuyamuyiin -Sumambay

oblfiow rate.

ws | 03] 8.9 382 ard] 289 28] do.4 a1 334 22 139] 127

Note : These outflow rates and mincializzlion concentrations are average valucs for 1990 to 1993.

4) Verification

The model is calibrated against the flow ratés in the years 1980, and 1990 for
The estimated water quality is adequate judging from the observed
minetalization concentration. The values arc computed in Tables 5.12 and 5. 1_3' -(a) and

verification.

-{b). Therefore, the model can be used for estimation of mineralization concentration.
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Table 5.12

' Minéralizatlon Eslimétlon in 1996

_unil: Flow (million m*), Min¢ral.(g/)

= Ian | l*cb I Ma.r | Apr. | Mayl Jun, ] Jul ] Aug. I Scpl] Oct. l Novl Deg.

Termez

Flow 167.d 97.4] 829[ 1103 251.d 200.1] 287.4] 2223[ t62.7] 122.9] 100.9 111.6

Mineral. - 0.84] “0.5% 043 0.34] 037] 051 0.6 070 067
Outflow 1 ' '

-} Flow 343 31.9] 342 463 S84 683 68.1] 67.0] 469| 405 450 442

" inflow 2 o I S . :

- Flow 19|25 32 20 2d o 19] 1e] 17l 0. 1.2 1.5
‘Mineral, | 7:1] 5.9 4.9 [4.2] 3.4 3.0 3.0] 3.0 3.9 2.9 4.8 5.5
Kerki : S f. SR

‘Flow 145 67.4] si.2] 67.2) 1953 223.8] 2212] 157.2] 117.5] 83.4 579 639
Minesal. | - | 0.97] 0.5¢ 0.45] 0.36] 0.40| 0.55] 0.65 0.77] 0.76
Outflow 2 . _ .

rlow | 229 322| 278 267] 39.4 s9.s| 63.1] 583 360} 154 58 53
[inflow 2 S : _ _

Flow a2 98] 123] 9s] sda 7] esi 64| 6] 55 49 39

Mineral. | 5.6 5.4} 5.3 5.5 7.4 6.9 6.8 7.2] 7.0l 6.7 5.7 5.0
Tuyamuyun Inlet ' : : : .

Flow st.5] 4s.0] 357] s00| 164.1] 171 164.6I 10s.3] 876 SI 3' 61.5

Mineral. |  1.71] 0.89 0 ng 0.59] 0.75] 0.95 1.00
Tuyaniuyun Qullet . . _ -

Flow 395 66.7] 663 533 1409 150.¢ 168.5 140.1] 939 76.1 ‘40.z| 13.0

Mineral. : 0.7%4 0.62] 0.72] 0.94] 1.08 1.19 1.03
Qutliow 3 .

Flow 344 6581 67.0] s54.1| 133.8 126.8 137.0 1125 63.4] 419 201 107
[inflow 3 _ T ' _
Flow. 071 20 321 331 23 19 25 28 1.5] 11} o9 09

Mineral. | 5.6 5.4 5.3 s.5] 7.4 6.9 6.8 7.20 7.0 6.7 5.7 ‘5.0
Sumambay

Mineral. | | | | ] f 0. sol 0. 71l 0. ss[ 1.04] 1.14 1. z9| 1.14

Note: Mineral. indicales mineralizalion concentration.
" Bold values ate the estimated mineralization concenttations.

Table 5.13 -(a)

Comparisen between estiniated and observed
wmineralization concentrations in 1990

(unit : gA)
Jan. | Feb.| Mar.| Apr.| May] Jun. | Jul. | Aug.| Sept.} Oct. | Nov.| Dec
Kerki _ : .
~estimated “1.09 097 1.05] 097] 0.56] 045 0.3 040 055 0.65] 077 0.76
el . _, A ] i ] j i A ’ g
Tuyaniuyun Ou_llel . _ _ _ .
estimated 121 44 181 173] 092 0.72|. 062 072 0.94] 1.08] 1.19] 1.03
- fact sl - 1139 110 9.84) 0.69] 0.5y 05} 0.72] 0.69] 0.80]
Sumambay : ' ' .
estimated 40079 2300 239 1.23 080 071 08§ 1.04] 116f 1.29] 1.14
fact 3.07) 103 1M L.21] 1.54] 0571 0.62] 0611 1.01] 0807 0.85] 0.96
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Table 5.13 -(b) . Comparison between esﬁm'até_d a:id'observe(i
mineralizatlon concentrations in 1980

. o ) .(u'nit:gll)
Jan. | Feb. | Mar| Apr.| May | Jun.| Jul. | Aug.| Septd Oct. | Nov.| Deo.
Temez (fact) | - | 0.79] 073 0.74] 0.54] 042] 04| 038 041 - | o081 -
Kerki e SRR, — o
estimated - 1 090] 031 0.79 057 044] 0.42| 049 o04d - | 086 - @
Tuyamuyun Oullet ' i - L .
estimated -] - - | 106 0.84] 0.66| 0.64] 0.67 0.76 - - -
fact - s - 1 1Y o094] 087 057 062 o - | - -
- [Sumambay . C ~ - - R
estimated | - - <] 108 0.84].0.66] 0.64] 067 0.7q - -
fact - - . L1 1.21] 093] o8¢] 038 0629 - | -] -

9 Estimalioh of Mineralization Concentration

Mineralization concentration is estimated by using the niodel. - Table 5.14 shows . the
estimated mineralization in droight flow and low water flow.

Table 5.14 Drought and Low Water Flow Rate of Amu Darya River

(unit: m¥/s)

[ Jan. | Feb. | Mar. | Apr. | May | tun. | Jul. [ Aug. [ Sept.] oct. TNov. | Dec.
Kerki - : L _ -
drought flow . seo| s24] s28| 748 863 1681 ';_2233 1819 :GOil 429 53 62
Low watec flow .| 645 560] 3593] R46] 15157 2050 2785 1890y 793  595| 1609 692
Dargonala . . . S
. |drought flow | 3s6| 230l 319 sas| s13) 123 1sso 1310 47§ 206| 466 524
~ |Low water flow 421] 324] 355] 691] _ 1041} 1408 211Q) 1620 587 487 559 602
;[ Tuyamuyun e - _ S
drought flow as6l 230 319 s25|: S13] 12308 155a- 13100 473 296] 464 5241
Low water flow 421] - 324] 355] 691] . 1043 1408 21100 16200 587 487 559 602
Sumambay _ o .
drought fow 0 of o] o o A d o wd 1w o o
- |Low water flow 2] 12| 2 6 8 2] 2] 48 159 1s9] 4] 10

Mineralization concentrations are estimated at the Tuyamuyun }I)ﬁd'ro-Unit outlet and at
Sumambay for the four cases below. %@

— ‘ S
Case | River water balance model |Mineralization concentrationat Termez,

by hoﬁ-cicecding prob'ab.ilily

i drought flow 0%
2 drought fow | 75%
3 |iow water flow - 90%
4 low water flow : 5%




Case 1'is the most severe case, with rion-cxceeding probabilitics in both flow and
qitality reaching' 90 %, which is rare in practice. The estimated minetalization
“concentrations are shown inTable 5.15.

Table 5.15 Results of Estimated Mineralization Concentrations
' (unit: g/l)

Jan. | Feb. | Mar.|-Apr. | May | Jun.| Jul. | Aug.| Sept.f Oct. | Nov.| Dec.
[ Tuyamuyun - . o SUUR
Case 1 : i.55 ] 1.82)206]201]1,79) 1.18] 09 | 096]1.21{ 1.59] 1.54 | 1.48
Case 2 ~li4200168] 195179162 | 095|077 08 | 1.1 { 144] 144 ] 135
Case3 . 1148 | 178 [2.05] 1.92 | 1.34 } 1.14 1 088§ 094} 1.11 ] 1.41 § 1.43 | 1.40
Casc 4 1351 1651 1.95| 166 | 118 091 {0.74 ] 078 [ 1.00 | 1,25} 1.32 | 1.27
Sumambay o - . .
Case 1 | 164 202]2.27]| 228194 134]1.06] 1.14}1.67] 189} 1.70 | 1.62
|Case 2 1521891217 20811771 1,11 | 094 ]| 099} 1.57] 1.75] 1.61 ] 1.50
Case 3 | 1561195223 2151481 1.27|1.02.| 1.09)149 ]| 1.61} 1.56 | 1.52
Casc 4 1431182 234 151 | 1321 105|088 | 054F139 ) 146) 146] 1.4

From the estimation resuits, water in the Amu Darya river is cvaluated as shown in
Table 5.16. The maximum allowable standard mineralization concentration in the
% Uzbekistan is taken as 1.0 gl

~ Table 5.16 Evaluation Results of Surface Water Source as Drinking Water

. Case Tuyamuyusn Sumanibay :

Mineralization during July and August ~ |Mineralization through a yca:r dose not cdmply:

1 |comply with the standard with the standard _
Mineralization during June to August M'inc“_ra[ize.tlion during .lLlllyE and :Au‘_gu:sl po'mfilyi
2 comply with the standard _ |with the standard e
Mincralization during July and August Mineralization through a year dose not comply
3 comply with the standard with the standard
Mineralization during June to August Mineratization during July and August comply
4 comply with the standard  with the standaed L S
its . . | ) .
@ (2) Water Quantity Study

As slated in previous sebli_on, mine_raliialion concentrations of Amu Darya river
complies with the standard for three months from June to  August al

- Tuyanmvyun(Kaparas' reservoir) and for (wo months from July and August al
Sumambay, respcélivcly.
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With this water quality condition of water source, the best way to use the surface water
 for drinking purpose is 1o store the river water di_uing the nionths when good-guality
 water is avaitable. In this seclion, the potential discharge amount to b stored during
the above-mentioncd months at the Kaparas reservoir and Sumambay point is studied.

1) Kaparas Reservoir

The minimum probabilistic diéch_'arge rate of the Amu Darya river at Kaparas reservoir
in June, July and August and their total discharge volumes during the threa months are
shown in Table S.17.. This discharge rate becoimes maximuni in July, followed by
~ high rates in Junc and August. Abowt 10,000 million m* in total for the threc fnonths
for the 10-year probability can’ be stored at the Kaparas reservoir, neglecling the
volume required for irrigation canals in the downslream atea.

" Table 5.17 Minlmum Probabilistic Discharge =Rates and Total

Discharge Volume at Tuyamuyun o
(unit : mYsex)

Probability year | Jun.- Jul. ‘Aug.  |Tofal discharge volunie for the three
{return period) N _ - months '
: (m¥sec) | (mifsec) | (m¥sec) (million m’)
2 _ 2,012 2,601 2,068 . 17,317
) ouas | 1850 | 1510 12,117
16 1,052 1,549 1,281 10,062
20 ' 876 1,337 1,118 . 8.635

Note : Based on the monthly daia from 1966 to 1993

© Table 5.18 shows characteristics of the irrigation canal outflow rates for the Amu
' Darya river downstream of Tuyamuyun. Although there are a fow collector drains
downstream of Tuyamuyun, their flow rates to the Amu Darya river are négﬁgiblc
compared to that of irrigation canals, The Amu Darya river and canals have a discharge
amount level of the order of bitlion or ten billion .

Table 5.18 Canals’ Outflow Rates Downstream of 'I‘uyz;niuyun

{unit: million m*

Total discharge volume for the three months,
Maximum 14,151
Average - 10,385
Minimum - . 5,406

Note: Based on the monthly canal cutflow rate from 1976 1o 1993,

The maximum stored capacity of 680 million m® for the Kaparas reservoir {sce section




5.4 is about 5..6.%_ of the discharge volume of 'Amu Darya river for the 5 -year

probability. This capacity is also cxtremely small compared to the ontflow rate of the

" downstream canals. Cons'equcnlly, even when the 'p'rob'ability year increases and the

outflow rate of the At Darya river decreases, an adequate quantity of water supply
can be assured if the water at the downstream end is ulilized efficiently.

- (2) Suimambay

If a reservoir is used as water sources in this area, a simple check should be made to
verify the volume of water that can be stored for the above-mentioned months.

“The minitum probabilistic discharge rate of the Amu Patya rivér at Sumambay in July

and August and their total discharge volumes duting the two months are shown in
Table 5.19. Untike the discharge characteristics at the Kaparas reservoir, the total
discharge volume decreases drastically according to the increase in the probability year.

Table 5.19 Minimum Probabilistic Discharge Rates and ‘I'otal
Discharge Volume at Sumambay
S o _ - (unit : mfsec)

Total discharge volunic

Probability year |~ Jul. Aug.

(return pesod) . for the two months
: : {m’hsic) - (mfsec) (million m*)
2 TS 438 3,088
| 104 7 485
10 9 17 70
s 3 8 29
20 1 "5 16.

~Note : Based on monthly data from 1996 to 1993

Table 5.20 shows characteristics of the irrigation canal outflow rates for the Amu
Darya river downstream of Sumambay. There are almost no collector - drains
downsiream of Sumambay.
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5.4.1

Table 5.20 Canals’ Outflow Ratcsfl)'ownsiréam of Tuyamuyun

(unit: milliont m?)

Amu Darya river flow " Total outflow rate for the two months
. Abundant _ 260
- Norinal | 36
Drought ' 0
Note: Abundant: Canal oulﬂow rate in abundant flow of Amu Darya river
Noral:”  Canal outflow rate in normal ftow of Amu Darya river

* Drought: ~ Canal outflow rate in drought flow of Amu Darya river

Total discharge volume is quite a'small for a large probabitity-year. If the probability
year increases and the discharge rate of the Amu Dai*ya river decrcaScs, ‘an édeqtlafe

voluine of water can be ensured if the water at the upslream reach, whose volume is

quite a large, is managed cfﬁcneul!y :

Study on the Kaparas Reservoir
Introduction
The Tuyamuyun Water Supply Mastet Plans of Karakalpakstan and Khorezm were

planned based on the  premise of using the Kaparas reservoir as domestic and drinking
water source in both regions, where reservoirs are ufilized to store good quality waler

“of the ‘Amu Darya river during the summer scason from June to Scptember.

Subsequent to these plans, the following resolutions have been issued by the Cabinet

- of Ministers of the ROU regarding this utilization.

l) Rcsblution_ No. 200 of Apﬂl {5, 1986
2) Resolution No 275 of August 4, 1990

These resolutions state that the ROU has adopted the decision to use the Kaparas
reservoir as the main water source for domestic and drinking water supply to the
inhabilants of the both regions.

: ‘Acousu!lation mceting on this matter was held on July 18, 1996, with the pétrticipalio‘n

“of the organizations concerned: MPU, SCNP, SCFS, MM&WM, etc: In this niceting,

the walter rights of the Kaparas reservoir as a domestic and drinking water source for
the both regions were reconfirmed and continvation of further consultations among
these organizations was decided.



5.4.2

In addition to these domestic solutions and cbrisﬁllalions, the water rights of (he

“Tuyamuyun Hydro Unit (TMHU) located swithin the territory of Turkumehistan have

been resolved belween both governments of ROU and Turkmenistan ‘recently,
including rights for all canals and other reservoirs upstream of the Amu Darya river
within the territory of Turkmenistan.

Presently, facilities for using the Kaparas reservoir are under construction. The water
coniro} gate al the entrance of the Kaparas teservoir has been completed, thus enabling
controf over filling and emptying of the resetvoir. The putping station and raw water

“main for delivering raw:waticr to the two existing Tuyamuyun water treatment plants

are under consteuction.

In the previous section, waler quality and quantity were studied at several paints in the
Aniu Darya river. In this section, under the rf_:commendéd operation mode of filling
during Jine to September and supplying raw water during the other months, quality
and quan{ily of the stored water in the Kaparas reservoir are studied and the poteitial of
the Kaparas reservoir as a domestic and drinking water source is evaluated.

Tuyamuyun Hydro Unit

(1) Geographical and Dimensional CharacteriStIc of TMHU

~Before 1979, there only several natural depressmns existed in lhc area of existing

TMHU, formed by erosion of the Amu Darya river. In 1979, the Anu Darya tiver was

“dammed at the section of the exisling hydro-unit (clam structare) in the main stream

S!aﬂmg from 1981 first the Ruslovoyc (Ani Darya bed or main slrnam) rcscrvou and
the Kaparas reservoit were filled with water, followed by the Sultansadjar reservoir in
1983, and Koshbulak in 1985. Presently, the TMHU c.onsists of these fo'ﬁr reservolrs.
They are located on the boundary line at mid- and downstream parts of the Amu Darya

river in- lhe Tuyamuyun gorge, at the joining of administrative boundaries of
-'Kérakalpakslan, Khorezm Region of the ROU and Chardjoun region of Turkmenistan,
“The Kaparas reservoir, the Sultansandjar reservoir and the Koshbulak reservoir are
'localed within the territory of Turkmenistan, and the Ruslovoye reservoir forms the

boundary line between Uzbekistan and Turkmenistan. Dimensions, slorage volumes
and water levels of these reservoirs are shown in Table 5.21 and a location miap of
these reservoirs is shown in Fig. 5.9. '
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Table 5.21 :Charactéris_lics_ of Reservoirs ih Tuyamuyun Hydro-Unit

Length | Width © | Depth at HBL | Water Table Volunie ‘Water levels . | Water Table

Manx, Max, Arca at HBL | Toial - | Effeclive - HBLI DVL | Area at
- Ave, Ave, . _ . DVL
km km km - km? mil, m* | mil. m* m. | m m
' Ruslovoye Reservoir
102 . 4.0 ‘ X _ __ 303 2_,34{}-. 2,070 130 120 87
_ _ Kaparas Reservoir Lo
9.0 6 5o | 120/
B 40 13.7 % eser [ PO e B3
_ Sultansandjar Reservoir
12 38 : e o
24 3.0 18.0 145 1 2.690 1,630 130 116 g6
Koshbulak Reservoir
oo o4 : b -
28 6.0 14.2 128 1,310 .I,O?‘O 130 120 - .78.5

Source : SANIIRI Repots attached to thc Supporting Report:
~ HBL: Highest Back Up Level {130m)

' DVL Dead Volume Eevel

: Bffective water volume tom water level of 116 m

: Water Level of 116 m is oquivalent to the minimum operation water level of the planned Kaparas pumpmg '
station {refer to Chapter 8.)

(2) Existing operation mode of reservoirs

~The “Rules of TMHU Operation” include proviSidns for the operation process for
- TMHU reservoirs, and the procéss under normal conditions envisages:

1) Safe opcrauons of dams fonmng the TMHU
2) Safeiy of the population and farms in the area surrounding the reservoir and the
river flatland dowastream;

3) Supply of water to consumers living downstream of the Amu Darya river.

In addition to these main purposes the TMHU is used for hydro- power generation
“at the dam of the Ruslovoye reservoir. @
The Operation Schedules for reservmrs have been developed consﬁermg the
operauons of the Nurck waler rescrveir, upslream of the Amu Darya rivér in the
territory of Tadzhikistan. The major prmc:plcs contmllmg: the Amu Darya river
discharge by TMHU reservoirs for ensuring a stable dcvelopmcm of water—éon'sumiﬁg
sectors downstream, as rnco:mnended by lhe “Rules of TMHU ‘Qperation” , are as
follows: '
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® During the J}er_iod September to May, all basins o_f reservoirs are filled in cycles
with some minor einplying perieds. Whereas the first to fill are the Ruslovoye
reservoir and Kaparas reservoir; filling of the two other basins, i.c. Sultansandjar
reservoir and Koshbulak rescrvoir is possible only when the first two basins -
Rus'lovoyé and Kaparas- have been completely filled.

¢! ' During the_period June to August, all basins of the TMHU reservoirs are

completely emptied in the following sequence: first - Ruslovoye and Kaparas, and
thien - Sultansandjar and Koshbulak.

According to a dispatchinig Schedule, the adjustinent of the Anmu Darya discharge flow

is mainly mamtamcd by the Ruslovoye and Kaparas reservoirs. The Sultansandjar and

Koshbulak reservoirs, after being fully filled by January, do not play any adjuslmg

role until July, and during the following two months - July and August, are completely
"~ empticd to the DVL, (Dead Volume Level).

Unti! now the TMHU has been mainly operated for irrigation and not for storing
domestic and drinking water. The Tuyamuyun hydropower station has been operated
(% under the irrigation mode.

(3) ‘Relationship between Ruslovoye and Kaparas reservoirs

lﬂllmg and emplying of the TMHU FesCrvoirs are mamly effected by the waler level of
mainstream reservoir, the Ruslovoye rescrvoir, since the. Ruslovoye reservoir is

interconnected with the other reservoirs by a canal. The water levels m the Rus!ovoyc IR

and the Kaparas reservoirs are practically equal and fluctwate togeaher “Therefore,
quahty of water in both reservoirs are almost equal under the existing operation mode.
The dynamics of water levels during 1985-1993 for both reservoirs under the existing
operation mode is shown in Fig 5.10. '

'5.4.3 Evaluation of Water Quality in the Kaparas Rescrvoir

(1) Evaluation results by SANIIRI

The SANIIRI has studied water quality and quantity of the TMHU including the
- Kaparas reservoir since the seventies. They also recommended that the Kaparas
tescrvoir be used as a domestic and drinking water source in the Aral Sea Region when
the Water Supply Master Plan for Karakalpakstan and Khorezm was formulated.
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In this smdf. the JICA Slildy ‘Feam obtained detail information on the Kaparas
reservoir from :th:c SANIIRI that prepared the rcport on the Kaparas reservoir, as

attached in the Supporting Report. According to this report, they conchide and

recommend the followings regarding water quality and quantity of the Kaparas

fCServoir:

1) The Amu Darya river gets poliuted from Termez duc to waste water diséhar_gé from
industrial eaterprises; wilities, and collector drains from the irrigaied tand.

2) Both Rustovoye and Kaparas réservoir are now operated in the irrigation mode that
 effects the dynamics of the water qualitative composition in the reservoirs.

- 3) Filling of the Kaparas depression was started from June 1981 through the
watercourse connecting this reservoir with the Ruslovbye reservoir. This depression,
prior to filling, was estimated to contain salt amounting to 8.7 million tons. By the end

of 1993, the salt contents reduced by 30%, according to the preliminary estimates. -

During the last year, the leaching of salts was estiniated at about 8,000 tons per month,

4) The operating period of the Kaparas reservoir from the start may be divided into
three petiods.

Period ' - |Operation Mode

- {First Tune, 1981 to August, 1991 irrigation mods operation period

dammad to construct the control gate

Third September 10 1993 and unti! now the rehabilitation period for water recirculation afted

construciion was completed and water was fod again|

5) Those periods were characterized mainly by mineralization concentration

- a) During the first period !hé, lowest ‘mineralization concentration was observed -

between June to August and September to Cctober, which was lower than the
standard value. '

b) During the second period, mincralization'gradual'ljv inc;eaﬁéd and 'b_y the end of

the period it reached 2,400 mg/l. In the meantime, for the 26 months of the
- teservoir isofation period, the total anount of salt increase was estimated as

280,000 tons from which 80,000 tons were due to cvaporation and filtration of salt '

5-30 o Cpp

Sccond  [August, 1991 to September, 1993 © Iperiod of isolation when the watercourse way




waler from the reservoir side walls, aid 200,000 tons through leaching of salts
from the bed. On an average, the mineralization was increasing every month by 50
“mg/l during lhis period.

¢) During the third period, when feeding of water from the Ruslovoye rescrvoir
Slarted_ again, mineralization started to decreasing, and by December, 1993, it
dr‘opped'downto. 1,300 mgA, and by July-August, 1994, - it reached 800 'mg/
below the standard value.

6) Throughout observation in the- Kaparas rescrvoir, only eight indicators exceeded
MAC (Maximum Allowable Concentration) values; mineralization, total hardness,
BOD, COD, sulphate and chloride ions, phenols and turbidity.

-7) Prior to the period of isolation, the best quality of water was observed during June
1o August. During this period, the mineralization, sulphates and chloride concentrations
did not excced the MAC values, while the indicators which needed to be clarified were
total hardness, phenols, COD a.n'd tuebidity. - : ‘

8) Preliminary forecast of the Kaparas reservoir water qu‘ali:ly has been performed on
the basis of ficld observations of water quality in this reservoir and the drought year -
90 to 95 % flow rate (the worst hydrological condition). Computations showed that -
before the 2005, under the recommended operation mode for filling from July to
Scptember and emptying for the other months, the MAC values are expecléd -ld be
exceeded by turbidily, BOD, _COD, phenol and total hardness. All other indiéatbré of
water quality will be lie within the standards. : o

9) For fusther iinbroving ‘the Kaparas reservoir. water quality the :fdllowing |
arrangeients are necessary:
® partial or complele termination of collector drain water discharge mid-
stream of the Amu Darya river; | ' '
@ control of water qualily during the period filling the reservoir;
establishing a system for monitoring water quality and distribuling
information using automated hardware and software;
& arranging waler protection and sanitary zones around the rescrvoirs and
- reservoir dam struclures.



(2) Evaluation of water qualily from data measured by the JIcA Study
Team '

The HCA Study Team in association with GosSIAK, the Uzbeki side counterpart,
measured water quality of water sources, Ireated water and piped water at several
points from March 1995 to September 1996. Their results are atlached to the Data
Book of this Report and the evaluation resulls are described in section 5.7,

Here, the measured data of water quality in the Kaparas reservoir is extracted from thé
abové data and cva_lualéd. According to this data, five water quality indicators: Se, Fe,
total hardness, mineralization and COD exceed the MAC of surface water for domestic
and drinking waler as shown in Table 5.22.

Table 5,22 Waler Qualily Indicators Exceeding the Standard Values and
“Measured Water Quality Data at Kaparas Reservoir

Ttem| Se _ Fe total haraness mineralization con -
‘unit,‘ﬁ_:ugfl. omgll - meqg/] - malt mg/l
‘MAQ. 10 | 03 7.0 1,000 s
Yea] 1995 | 1996 | 1995 | 1996 | 1995 | 1996 | 1995 | 1996 | 1995
fan. 023l o] oao a4l ] e '
b, 1o a9 0.06 o eal  oliioes
o Mar | 030) o toae| .| -9 | ona28 -
Apr |4l cust| oan| ous| e8| 73l hazs| il

May | s220] w7a] oz 020 7s|  esloncooliiin|s e
Jue, | 150 195| 011 00s| 60| 48] ss2|  eas| -

o Tul | 084|144l o2 o026 sol s2|  s2|  s0s) 49
Avg. | 194 2.19 - 089) 029] 58 55| eso|l 786 B
_ Sept. 0.76| 263] o062} oi6f sa| 67| 74| 380
o | 06| -] oxo|l o f osol | 30
_Nov | eas| | oa9]  f 64 B
. Dec. | 2.03 eI ERR AV, IR L nere
Min. |03 | texs | s | 30 | 4
aver | 139 |02 67| 810 55.5 -
Max. | - 249 | 089 9.6 1,178 62

* Source: HCA Study Team .
- Shaded values : values cxceeding the MAC (Maximum Allowable Concentration)

Selenium (Sc¢) exceeded the MAC for almost all the months. The MAC of Se by
' Uzbcki standards is ten times lower than that of WHO and Japan, 10 pgl. When an
MAC of 10 pigfi is adopled, all values fall below the standards.
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Ferrim (Fe) exceeded the MAC for two months - August and September in 1995,
These values (0.87, 0.62 mg/) dre not so high that Fe can be easily treated by ordinary
water treatment process,

Both total hardness and mineralization had the same tendency of exceeding the MAC
from December to May. Those in the other months laid within the MAC. The MAC of

- mineralization accbrding to Japanese standards is 500 mgA, half that of the Uzbeki
- standards. These compositions can not be removed by ordinary water treatment

Processes.

COD was measured for only iwo months; and both exceeded the MAC. l{owcvcr the
consumption of KMnQ, measured for 8 months, the same indicator ‘IS CQGD for
measuring the degree of organic pollution, did not exceed the Japanese standards for
drinking water, Judging from these results, Kaparas reservoir water mainly consist in

~ organic substances that are hardly oxidized.

(3) Evaluation of qualit'y'é}f_Water in the Kaparas reservoir

- Based on the above resulls by SANIIRI and JICA Study Team, the indicators -

exceeding the MACs under the recommcndcd opemuon mode of the l(aparas (CSCIVOE
are evaluatcd as follows.

: l)Turbldlly :
 ] Only the SANIIRI results showed that turbidity will exceed the MAC. llowcvcr ‘
* no forecasts an, made on’ lurbldlly in their rcporl ‘The measurement results by the
JICA Sludy Team shows no excess. Conscquenlly, turbidity should not be a
problem.

2) BOD and cOD , .
BOD and COD slightly. exceed 1.03 and 1. l"'t times | lhe MAC respeclively,
accordmg to the- SANHRI rcsults This fon.cast was made based on the droughl '
year- 90 to 95 % flow rate (lhf: worst hydro]oglcal condmon) which i is the most

severe condition for forccasting, and it ignored the self- cleaning proccss in the

reservoir cslnnaled as 20 - 25 % reduction of concentration by the SANI[RI Based '
on these assumptions, BOD and COD are minor problems.

3) Phenol



‘The data for this indicator in¢asured by JICA shows nearly no trace of phenol.

However ils forecast by the SANIIRIT shows 3 times the I\'iAC;? If pollution by

phenol is confirmed after further analysis, countermeasures- against the poiiulion

sources like industrial discharge should be taken at first by identifying the potiution

sources and controlling the polluted discharge at its site. ‘Then it may be ficcessary

to re-evaluate the standard value for pheirol since the Japaneése standard value is | é%
0.005 rigA, which is five limes higher than the Uzbeki standard valne of 0.001 |

4) Selenium (Se) _ _

When the MAC of 10 Jg/, which is the standard value for WHO and Japan, is
adopled, all values fall below: the standards. Therefore, the JICA Siudy Team
found no problems in Se. '

5) Ferrum (¥Fe)
According to evaluation by the JICA Study Team, Fe does not pose any problem.

6) Mineralization

Under the recommended operation mode of the Kaparas reservoir (his indicator
does not exceed the MAC during filling periods and forecasts also show it to be
within the MAC, even if leached salt from the river bed and evaporation are
considered.

. 7) Total hardness | | _

Undcr fhd recommended operation mode of the Kaparas_ reservoir, this indicator

- - does not excced the MAC during the filling périod. Forecasts by the SANIIRI,

however, show that it exceeds the MAC during the falter several months of

reserved periods if leached salt from the river bed and cvaporation arc considered.

For the improving in total hardness, recommendations of the followiiig section (5)
need to be adopted.

(4) River Water Quality Improvement by RBCD Project

The RBCD project (construction of the Right Bank Collector Drain) shown in the
Chapter 2 of this reporl is in progress and is meant to improve walter quality of the
Amu Darya river in the Aral Sea Region. At present, 30 % of the drains have bee
completed. The forecasl by Cfcdazigprov‘oklﬂopbk “shows that the followi'ng
mineralization concenlration is cxpcded after’ completion of the first stage collector
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drain main tine in 2000.

Table 5.23 The forecast for mineralization concentration after the
completion of the first stage collector drain inain line in 2000

(unit : mg/)
Location _ Without the preject With the project
_ Te.ﬁnez . o : 420_ . 420
" fTuyamuyun _ . L 1,200 610
Takhiatash ' . 1, ‘260 670

Source ; Credaz:gprovokhlopok VodGFO’s socond slage recommendal!on 1995
Anniial Average values

* Alihough much lower mineralization concentration is expected after completion of the
RBCD, the improvement in water quality for domestic and drinking water canuot
depend on this project considering the present construction progress and the lack of
funds for further construclion. '

(S) Reconiniemlalions for further improvi'ng the quality of water in the
Kaparas reservoir

The following realistic countermeasurcs based on the SANIIRI's proposals are
necessary for further in_lproving quality of water in the Kaparas reservoir.

1) establishing a system for momtormg water quahty 'md quanmy and distributing |
information using aulomatcd hardwar¢ and softwarc for storing thc best quahly
walerinayear ' | '

2y partial or complete termination of collectors in the mid- slrc,am parl of lhc Amu l}”uyw

river during the filling period of the Kaparas reservmr

Although it is difficult to jmplement the second countermeasure, the related
organization on the Uzbeki side has mentioned that it can be implemented by operating
collectors and using partially completed RBCD and natural depressions.

' (6) Preliminary estimation ‘of water quality improvements

Preliminarily water quality at the Ruslovoye reservoir is estimated when coflectors in
the mid-stream past of the Amu Darya river is terminated padtially or completely during
* the filling ﬁcriod. Concentration of mineralization and total hardness at Tuyamuyun
will be estimated for the following three cases, based on the calculation conditions in
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section 5.3.4 (1), where mmerahzallon concentration is estimated based on flow tate in
drought and low water year. Con_ccntrauon of total hardness is estimated by adopting

the rate of increase between the base points in- mincralization concentration and total -

hardness because concentration of both indicators have a strong positive correlation.

1) Without termination of collectors (Wllhout)

2 Half termination of any collector between Kerki and Tuyamuyun (Half)

3) Complete termination of any collector between Kerki and Tuyamuyun (Cc'mijxplctc)

“The estimated results are shown in Table 5.24. According to this results; even in the

worst CASCs of river flow and total hardness concentration in Termez, tqta] hardness
conceatrations at Tuyamuyun for July and August comply with the standard by the half
terntination of collectors.

Table 5.24 - Estimated Mineralization and Total Hai‘dnes_s at Tuyamuyun

in the Termination of Collectors upstream of Tuyamuyun

Case June Tuly ' August
Without | Half Complete} Without [ Half | Complete| Without THAL Complete
. Mineralization (mg/l)

caet | t18o| row[ o] ooo] 70 700] seo|  s0] 70
Case 2 ‘90| o Teso| om0 eso| o seof  soo| ew|  seo
Case 3 1,140 990| - 880 880 7g0| 710|940 sto 720
Cascd | otof 60| eto| 70|  ew|  seo|  7s0|  eeo| 6o
T | Total hardncss (eal) | |
Case 1 o6i| 82| 719|725 637]  sed| asi| 64| sk
Casc2 | os8| 2a6| 63| wai| ot  si7| 747 626] 523
Case 3 o3t sos| a9 709f e28] s72|  73s| 634] se3
Cascd | 918 767|646 e84 so2|  sas| 72| s17] 53

- Source ; JICA Study Team

Note: For

calculation conditions sce section 5.3. 4 (.

1 5.4.4 | Study on Volume of Water to be Stored in the Kaparas Reservoir

In this section, volume of water that can be stored and water levels during the period

“from June to September in the TMHU reservoirs are evaluated.

(1 Characteristics of the Kaparasi‘es’ervpir '
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1) Low water level (LWL)

- LWI, of the Kaparas reservoir for delivery of raw water to the Tuyamuyun water
treatment plants is ll6lm, which is equivalent to the minimum operating water level
of the planned Kaparas intake pumping station (refer to Chapter 8.)

@ 2) Water level and water storage volute _
Total and efféctive water storage votumes and corresponding water levels are as
“shown in Table 5.25.

- Table 5.25 Water Level, Yolume and Days Required for Filling to the
Respective Water Level of the Kaparas'RcSer\foir

Water Level Total Water Effective Water - | Required Days for Filling up to Respective
: Yolume Volume : Watér Level '
Daily average stored volume
. _ | 39 mil. m’Aday $8 mil. m*day
m miltion m’ million m* o Gays | days
130 960 630 174 37.8
(HWL) . . .
129 900 620 : 15.9 344
28 8i0 - 550 T 144 7 30.6
127 770 90 | 126 21.2
126 S 1 T 430 . 119 239
135 o eso | 370 - 95 . 206
124 600 L300 82 | ta1s
123 si0 | 260 67 144
122 s00 |2 | se | 122
121 450 : - 170 4.4 9.4
120 410 130 33 | 7.2
e 380 100 2.6 56
| 118 350 0 18} 39
17 | 30 40 . . Lo 21
B 16 280 ' o '
(LWL}

-Source : SANIRI ‘ _
HWHL: High Watcr Level, Highest Back Up Level(HBL)
LWL: low water level of planned Kapatas pumping station

3) Passage flow capacity through control gate of the Kaparas reservoir
-The design passage flow capacity through the control gate (storing speed) of the
Kaparas reservoir is 450 m*/sec (39 million m*/day) ‘according to the SANIIRI,
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" although it depends on the water level of the TMHU reseivoirs.
(2) Required period for filling

Based on above passage flow capacity, the required period for filling from the LWL
ate calcutated in Table 5.25. '

In faracl_icc, the required peried depenids on the fluctuation of water' level in i_hc

~ reservoir which is influenced by the discharge rate of the Amis: Dérya river and the-

‘Ruslovoye reservoit operation mode. In the aclual operalion mode the water levels in

the Ruslovoye rescrvorr and ‘the Kaparas: réservoir fhictuate: together The actual

obsetved fluctuations of water levels in the filling' mode of the Ruslovoye reservoir
from October 1991 to August 1993 are a8 shown in Table 5.26, and storage volume
durmg cach filling period and its daily average stored volufrie for the Kaparas reservoir

were calculated in Table 5.26 from the water level fluctuations of the Ruslovoye. |
- ICSCIVoir. During that period, maximuin daily average stored volume is 28 mil; fday,
~ which is 72 % of the design passage flow capacity and the average of volumes from.

June to August is about 18 mil, 3ldaj,r When this value is used as the daily average
stored volume for the K'rpqras reservo;r, the required period for- ﬁllmg up to the
respective waler revel is shown in the ‘Table 5,25,

(3) Observed water level and storage volume in current opcratiorl mode

Monthly average water levels of Rilslor/oye reservoir and Kaparas reservoir for June to

August from 1985 to 1994 are as shown in Table 5.27. Avérége values of the water -

levels in June and July of both the resetvoirs arc above 123 m except durmg the period
the Kaparas reservoir was isolated from the Ruslovoye rescrvoir, From Table 5.25, an
effective volume of 260 mi}, m’, eqmvatem to the water fevel of 123 m, can be stored
on an average. However, in droughl year such as 1986, it mrghl be difficult to raise the
water level up to the required level.
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Table 5.27 Monthly Average Water i,cvels of Ruslovoye and
Kaparas Reservoir

- (unit: m)
Ruslovoye Reservoir | _ Kapatas Reservoir
Year Jun, Jul Avg. | lun . Jul Aug.
1985 | 1199 1184 1203 [ 1197 1185 1203
1986 117.5 1204 116.4 117.8 1203 16.7
1987 126.1 1259 1259 1262 125.9 - 1289
1988 C121s - 1267 1284 121.6 1267 - 1284
1989 1236 1177 1164 1236 117.7 1165
1990 125.6 1285 0 1199 1256 1255 9.7 |
1991 12722 1264 120.5 1272 1264 [ 162
1992 127.6 - 1251 . 1246 16.0 116.0 160
1993 125.2 1225 1179 1i5.7 187 157
1994 1253 1258 ' 120.7 ' -
Ave. 123.9 1234 - 1210 122. 1214 119.5
Ave. without period of isolation of Kaparasres. . |~ 123.9 123.0 121.2

Source © SANHRI
Note : Bigures in italics indicate the water level when the Kaparas reservolr was isolated from the
Ruslovoye reservoir

(4) Planned water volume to be stored in the Kaparas reservoir

The annual water storage volume required in 2010 for the Basic Plan in the Chapter 8
(Basic Plan in 2010) will amount to 300 million :h’lyéar according to the annual water
demand for Tuyamuyun water treatment plants of Nukus and Urgench, On the other
hand annual water storage volume required in 2002 and 2010 for the revised water
‘demand plan in the Feasibility Study of the Part IN report will amousit to 190 and 238
mil. m*year respectively.

“For storing this volume in the reservoir, the water level required in the reservoir and

the period required for filling from the LWL using 18 mil. m‘/day as passage flow rate
are shown in Table 5.28.
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