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Figure E.1.1 Area Capa'city Curve of Vyacheslavskoe Reservoir

Surfacé Area in km2 N

55 50 45 40 35 30 25 20 15 10 5 0
405
\\ |t
N Normal Water Level 403.0 m | Lt
\ L= mil
~] | |t
400 M T 400
gy S -
Storage velume AT | T
P TSN . || Surface Area
1 S i
395 L TS 395
7 Ny
d WL| Area | Volume | WL| Area | Volume T
A 4 | em2) | Milm3) | (m) | km2) | (Milm3) N
)4 390 7.92] 22.54|398 3432 169.54 N
390 )4 391| 896| 30.98]399]38.39| 20589 N\ 390
/ 392] 10.00 |  40.46 | 400| 42.63 | 246.40
/ 393]| 1436 | 5263 |401]45.55] 290.49
/ 304] 17.83| 68.73 |402]| 49.40| 337.97 FIN
395| 21.07| 88.18]403] 54.27| 389.80 N
385 396] 24.90| 111.17|404] 59.45| 446.66 N | |38s
397] 28.58 | 137.91 [405| 65.05| 508.91
380 ;
50 100 150 200 250 300 350 400 450 500 550 600

Storage volume in million m3




Figare £.1.2 Record of Reservoir Operation of Vyacheslavsky Reservoir from 1970 to 1999
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.Figure E.1.3 Mass Curve of Flood Inflow of the Vyacheslavsky Reservoir in 1970 to 2000
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" Dependability (%)
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* Figure E.1.4 Dependability of Annual Yield of VyacheslavsKy Reservoir
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Figure E.1.5 'Volume of Spring Flood - Annual Precipitation of Snow
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.Prec'ipita_ti_on' of Snow and Rainfall (mm)
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Figure E.1.6 Volume of Spring Flood - Precipitation of Snow Plus Rainfall (mid
September & October)
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Figure E.1.7 Monthly Precipitation in 1997 to 1999
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Figure E.1.3 Areas Developed for Irrigation in the Past
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Annex E.1

1)

2

Water Balance of Vyacheslavsky Reservoir with Water Transfer from IKC

Purpose of this Paper

This report presents the water balance of Vyacheslavsky reservoir with water

" transfer from the Irtysh-Karaganda Canal (IKC) to meet the water demands
of 2010, 2020 and 2030 based on simulation of the reservoir operation of
Vyacheslavsky reservoir.

Water Demand

The water demand as discussed in the Master Plan is as the following.
Annual Water Demand in Target Years (MCM)

Item 1999 2010 2020 2030
Drinking 50.4 55.4 79.2 96.6
Technical water 6.5 8.5 9.7 11.2
Trrigation*’ 27 20.7 252 30.8
Greenery 0.1 0.3 0.4 0.5
Sanitary flow 5.0 5.0 50 5.0
Landscaping and - 30 30 30
miscellaneous use .
Water loss - 12.0 125 131
Total - 647 - 104.9 135.0 160.2

Note *1:Waler requirement for limited period for forestation is not considered in this table.

The water demand for irrigation in the above table is given as 80% of the
irrigation water requirement at 95% of water availability. In the simulation
analysis, therefore, consumption of 100% of the irrigation water requirement

" is considered for up to 95% of the simulated period (in this calculation 28
years out of 30 years), while 80% of the requirement is considered for the
rest of the period (2 years).

The following table indicates water requirement at Vyacheslavsky reservoir
with irrigation water consumption at 100% and 80% of the requirement:
Annual Requirement for Intake and Release (MCM)

Item 2010 2020 2030

Required intake - 55.4] 792 - 96.6

Required release (*2) (54.7) 495 (62.1) 558] (71.3) 63.6
Total (*2) (110.1) 104.9) (141.3) 135.0] (167.9) 160.2

Note *1:Water requirement for limited period for forestation is not considered in this table. '

~ *2:Figures in parentheses represent water requirement with consumption of 100% of irngation requirement
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(3) Water Balance Calculation

The first stage construction of the IKC-Ishim Pipeline Project is scheduled to
be completed by July 2001, while the second stage construction is
recommended to be completed by 2025, from the water balance point of
view. It is presumed in the design of the IKC-Ishim Pipeline Project of
Kazakhstan that 70% of the transferred volume through the pipeline is
available at Vyacheslavsky reservoir. As a result, an annual volume of up to
63 MCM of IKC water is considered in the water balance calculation in 2010
and 2020, and up to 126 MCM in 2030, in addition to water supply from the

Ishim basin.

" A tentative operation rule is presumed in this water balance calculation that
maintains mmlmum storage capacity equlvalent to one- ycar rcserve at the
end of each year by water transfer from IKC.

The water balance calculation is made in Tables 1, 2 and 3.  Notations
rcprescmmg cach column of the tables are as follows:

1)  Storage volume bcfoi'e annual spring flood

2) Inflowto the reservmr due to spring flood and prcmpllatlon in summer
and autumn

3)  Storage volume after spring flood

4) Water transfer from IKC up to 63 MCM in 2010 2020 and 126 MCM
in 2030 '

5) Evaporallon from reservonr varies accordmg o surtace area ot the
. TESErvoir

6) Total intake = Raw water demand for drinking water

7y Total release = Water demand other than drinking water, irrigation
water is reduced to 80% of the requirement a1 95% of water
availability P

8) T otal = total consumption ((6) + (7)) + evaporation -

(4) Assessment of Water Balance Result
- As seen in Tabies 1 and 3, the Vyachcslavsky reservoir is found to meet the

~ water demand in 2010 and 2030 for the simulated penod of 30 years wnhoul
deficits, if the IKC project is implemented as proposed in the Master Plan.
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On the other hand, water deficit will take place once in 30 years in 2020 (see
the shaded part of Table 2). Considering the simulation period of 30 years,
this result indicates the water availability of 96.7%. Compared with the
minimum requirement of water availability of 95% according to SNiP
2.04.02-84, it can be concluded that the water balance is secured up to 2030.
Figures 1 through 3 graphlca]ly presents water balance with water transfer
from IKC in the reviewed horizon years of 2010, 2020 and 2030.



Table 1 Water Balance Caleulation of Vyacheslavsky Reservoir with Water Transfer from IKC (Year 2010)

Year Before Gross After Water | Evaporation Consumption
Flood Inllow Flood transler from Total Total Total
from IKC<1| Reservoir Intake Release outflow
(MCM) (MCM) (MCM) (MCM) (MCM) (MCM) (MCM) (MCM)
(1) 2) &) ) 5} (6 ) (8)
1970 215.00 390.00 0.00 35.00 55.40 54,70 145.10
1971 244.90 276.00 390.00 0.00 35.00 55.40 54.70 145.10
1972 244.90 397.00 390.00 0.00 35.00 55.40 54,70 145.10
1973 244.90 411.00 390.00 0.00 35.00 55.40 54.70 145.10
1974 244.90 86.00 330.90 0.00 35.00 55.40 54,70 145.10
1975 185.80 51.00 236.80 0.00 20.00 55.40 54.70 130.10
1976 106.70 258.00 364.70 0.00 35.00 55.40 54.70 145.10
1977 219.60 128.00 347.60 0.00 35.00 55.40 54.70 145.10
1978 20250 66.00 268.50 0.00 20.00 55.40 54,70 130.10
1979 138.40 342.00 390.00 0.00 35.00 55.40 5470 14510
1980 244.90 94.00 338.90 0.00 35.00 55.40 54.70 145.10
1981 193.80 63.00 256.80 0.00 20.00 55.40 54.70 130.10
1982 126.70 88.00 214.70 20.20 20.00 55.40 54.70 130.10
1983 104.80 280.00 384.80 0.00 35.00 5540 5470 145.10
1984 : 239.70 203.00 390.00 0.00 35.00 55.40 5470 145.10
1985 244.90 320.00 390.00 0.00 35.00 55.40 54.70 145.10
1986 244.90 299.00 390.00 0.00 35.00 55.40 5470 145.10
1987 244.90 248.00 390.00 0.00 35.00 55.40 54.70 145.10
1988 244,90 256.00 390.00 0.00 35.00 55.40 5470 145.10
1989 244.90 113.00 357.90 0.00 35.00 55.40 5470 145.10
1990 212.80 353.00 390.00 0.00 35.00 55.40 5470 145.10
1991 24490 298.00 390.00 0.00 3500 55.40 5470 145.10
1992 244.90 77.00 321.90 0.00 35.00 55.40 5470 145.10
1993 176.80 544.00 390.00 0.00 35.00 55.40 5470 145.10
1994 244.90 82.00 326.90 0.00 35.00 55.40 54.70 145.10
1995 181.80 165.00 346.80 0.00 35.00 55.40 54.70 145.10
1996 201.70 226.00 390.00 0.00 3500 55.40 54.70 145.10
1997 244.90 255.00 390.00 0.00 35.00 55.40 54.70 145.10
1998 244.90 48.00 292.90 0.00 20.00 55.40 54.70 130.10
1999 162.80 30.00 192.80 36.90 20.00 55.40 4950 124.90
2000 104.80 28.00 132.80 63.00 15.00 5540 4950 119.90
2001 75.90
Total 12010




Table 2 Water Balance Calculation of Vyacheslavsky Reservoir with Water Transter from IKC (Year 2020)

Year Before Gross After Water | Evaporation Consumption
Flood Inflow Flood transfer from Total Total Total
from IKC<1| Reservoir Intake Release outflow
MCM) | MCM) | McM) | McM) | MeMy | ueM) | MeM) | uem
0 ) @) @ ©) ©) 0 ®
1970 153.00 215.00 355.00 (.00 35.00 79.20 62.10 176.30
1971 178,70 276.00 390.00 0.00 35.00 79.20 62.10 176.30
1972 213,70 397.00 390.00 0.00 35.00 79.20 62.10 176.30
1973 213.70 411.00 390.00 0.00 35.00 79.20 62.10 176.30
1974 213.70 86.00 29970 16.60 35.00 79,20 62.10 176.30
1975 140.00 51.00 191.00 63.00 20.00 79.20 62.10 161.30
1976 92.70 258.00 350.70 0.00 35.00 79.20 62.10 176.30
1977 17440 128.00 302.40 7.60 30.00 79.20 62.10 171.30
1978 138.70 66.00 204.70 63.00 20.00 79.20 62.10 161.30
1979 106.40 342.00 390.00 0.00 35.00 79.20 62.10 176.30
1980 213,70 94.00 307.70 8.60 35.00 79.20 62.10 176.30
1981 140.00 63.00 203.00 63.00 30.00 79.20 62.10 171.30
1982 94.70 88.00 182.70 63.00 35.00 79.20 62.10 176.30
1983 69.40 280.00 349401 0.0 35.00 79.20 6210 176.30
1984 173.10 203.00 376.10 0.00 35.00 79.20 62.10 176.30
1985 199.80 320.00 390.00 0.00 35.00 19.20 62.10 176.30
1986 213.70 299.00 390.00 0.00 3500 79.20 62.10 176.30
1987 213.70 248.00 390.00 0.00 35.00 79.20 62.10 176.30
1988 21370 256.00 390.00 0.00 35.00 79.20 62.10 176.30
1989 213.70 113.00 326.70 0.00 35.00 79.20 62.10 176.30
1990 150.40 35300 | 390.00 0.00 3500 | 79.20 62.10 17630
1991 213.70 298.00 390.00 0.00 35.00 79.20 62.10 176.30
1992 213.70 77.00 290.70 25.60 35.00 79.20 62.10 176.30
1993 140.00 544.00 390.00 0.00 35.00 79.20 62.10 176.30
1994 213.70 82.00 295.70 20.60 35.00 79.20 62.10 176.30
1995 140.00 165.00 305.00 11.30 35.00 79.20 62.10 176.30
1996 140.00 226.00 366.00 0.00 35.00 79.20 62.10 176.30
1997 189.70 255.00 390.00 0.00 35.00 79.20 62.10 176.30
1998 213.70 48.00 261.70 43.30 30.00 79.20 62.10 171.30
1999 133.70 30.00 163.70 63.00 20.00 79.20 55.80 155.00
2000 71.70 28.00 99.70 63.00 10.00 79.20 131.70
2001 31.00
Total 511.60




Table 3 Water Balance Calculation of Yyacheslavsky Reservoir with Water Transfer from IKC (Year 2030)

Year Before Gross After Water | Evaporation Consumption
Flood Inflow Flood trapsfer from Total Total Total
- . from IKC<1| Reservoir Intake Release outflow
{(MCM) (MCM) {(MCM) (MCM) {(MCM) (MCM) (MCM) (MCM)
) - @ 3} 4 ) 6 ) 8
1970 153.00 215.00 368.00 0.00 35.00 - 96.60 71.30 202.90
191 165.10 276.00 390.00 0.00 35.00 96.60 71.30 202.90
1972 187.10 397.00 . 390.00 0.00 35.00 96.60 71.30 202.90
1973 187.10 41100 | - 390.00 0.00 35.00 96.60 27130 202.90
1974 187.10 8600| . 273.10 89.80 3500 - 96.60 71.30 202.90
1975 160.00 51.00 211.00 126.00 30001 - . 96.60 -71.30 197.90
1976 13910 | - 258.00 - 397.10 0.00 35.00 9660 0 7130 0 20290
1977 . 194.20 128.00 32220 © 38.00 - 35.00 . 96.60 71.30 202.90
1978 . 157.30 66.00 22330 126.00 30.00 - 96.60 71.30 197.90
1979 - 15140 342.00 390.00 . 0.00 35.00 - 96.60 . T.30 202.90
~ 1980 - 18710 94,00 281.10 81.80 35.00 96.60 -71.30 "202.90
- 1981 - 160.00 6300 - 223.00 126.00 30.00 9660 . 7130] .- 197.90
1982 - 151,10 - 88.00 239.10 121.10 3500 96.60 7130 202.90
1983 ©: 15730 - 280,00 - 390.00 0.00 3500{ - 9660)] : 7130 202.90
1984 - 187.10 - 203.00 390.10 0.00 - 35.00 - 96.60 . 7130 202.90
- 1985 - . 187.20 320.00 390.00 0.00 - 3500 - 96.60 = 71.30 202.90
1986 - 187,10 299.00 | .- 390.00 0.00 - 35001 - . 96.60 .-71.30 202.90
1987 18710 - 24800 - 390.00 - 0.00 - 3500 .. 96.60 - 7130 202.90
1988 - 18710 . 25600 | . 390.00 . 000 3500 . 96.60 " 7130 202.90
1989 . 187.10 11300 | ... 300.10 6280 - 3500 96.60 ~.7.30 : 202,90
1990 160.00 353.00 390.00 000 3500 - 96.60 27130 % -0 20290
1991 - 187.10 "298.00 . 390.00 - 0.00 - 35.00 96,60 S 7130 202.90
1992 '187.10 77001 - 26410 98.80 . 35.00 . 96,601 - - -71.30 202.90
1993 160.00 544.00 . 3%0.00 - 0.00 35.00 . 96.60 - 730 202.90
1994 187.10 82.00 269.10 93.80 35.00 96.60 :71.30 202.90
1995 . 160.00 165.00 . 325.00 37.90 35.00 .. 96.60 = 7130 202.90
1996 160.00 - 226.00 386.00 0001 - 35001 . 9660 = 7130 . 202.90
1997 i 183.10 255.00 © 390,00 - 0.00 . 3500 - 96.60 < 71.30 1202.90
1998 - 187.10 48.00 235.10 120.10 30,00 - 9660 - 7130 197.90
- 1999 157.30 30.00 187.30 12600 § - 30.00 96.60 63.60 190.20
2000 123.10 © 28.00 - 151.10 12600 | - 2500 - 96,60 63.60 185.20
2001 91.90 ' :
Mean 1374.10




Figure 1 Simulation on Water Balance of Vyacheslavsky Reservoir with Water Transfer from JKC (Year 2010)
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Figure 2 Simulation on Water Balance of Vyacheslavsky Reservoir with Water Transfer from IKC (Year 2020)
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Figure 3 Simulation on Water Balance of Vyacheslavsky Reservoir with Water Transfer from IKC (Year 2030)
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F.1.1

Present Conditions of Water Supply

Water supply in Astana City was started in 1937, and Gorvodokanal, a municipal
enterprise for operation and maintenance of water supply and sewerage system in
Astana City, was established in 1959. The enterprise was renamed in 2000 as
ASA (Astana Su Arancy), which name will be used in this report hereafter.
During the 63 years of operation, the service area has been expanded to some 55
km’®, covering the population of 321,600 in 2000. The water supply system
consists of drinking water supply for domestic and commercial users and technical

water supply, with non-treated river water, mainly for factories.

Location of the existing water supply tacility is shown in Figure F.1.1 and F.1.2,

- Water Sources

" There are two major water sources, Vyacheslavsky Reservoir and the Ishim River,

while one well also supplies water to the isolated systerﬁ. Vyacheslavsky
Reservoir shall be replenished with Irtysh-Karaganda Canal water and increase
annual yield-.by on-going Irtysh-Karaganda Canal-Ishim Pipeline Scheme.
Nura-Ishim Canal is closed at present due to water contamination by technical
The World Bank, however has starled

“Kazakhstan- Env1ronmenl Management and Rehabllllatlon Pm]ect (including

wastewaler conlalmng mercury.

Mercury Clean Up of Nura River)”.

Operauon re(,ords ot intake pump facilities at Vyacheslavsky Reservoir and Ishim

River from March 15 to November 25 2000 show the tollowmﬂ operauon

* Actual flows in this pcrmd are shown in F]gure F.1.3.

© (Unit : m*/day)

Vyacheslavsky Res.

Location Ishim River Tota
Maxinmum 154,997 106,219 206,002
Average 115,332 45,746 150,058
Minimum '*0 240 7,718 125,238

_ Durmg 256 days of operallon, 1make flow from the river was larger than from the

rescrvon in 40 days, most! y lrom early in Aprll to middle of May. This tact

md:calcs lhal whencver water is avmlable at 1he Ishlm Rlver water was laken

) prmupa]!y trom IhL nver

_ Waler quallty ot water sources is shown in Tab]e Fl 1, Wthh lnd]LdlLb maximum

figures in 1999.
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Raw Water Intake and Transmission Facilities

The total design capacity of two intake pumps at Vyacheslavsky Pump Station is
196,560 m>/day, but actual intake volume is reported at around 150,000 m’/day.

Mecanwhile, Ishim River Pump Station with an original design pump capacity of
110,400 m*/day is considerably larger than the current average intake amount of
45,746 m_3/day. This surplus pump'c_apacity is only used when river water is
available during spring flood period, water quality in Vyacheslavsky Reservoir

gets worse and/or pumps in Vyachesiavsky Pump Station are malfunctioning.

There are 1wo transmission pipes to conduct water from Vyachcs}av_sky'Reservoir
to the Water Treatment Plant. Both pipes have a diameter of 1,000 mm and a
length of 51 km and they were installed in 1967 and 1988, 'respcclively. Since
the capacily of the intake pump is larger than the practical transmission cdpacily
of around 150,000 m’/day, the intake flow by the pumps shall be regulated by
delivery valves 1o prevent pipe breakage due to high pressure. A separale raw

waler transmission pipe was installed from Ishim River to the Water Treatment

- Plant with a diameter of 1,000 mm and 9 km long, and it works without problem. -

Details of major intake pump facilitics are shown in Table F.1.2,

Waler Treatment Plant

The existing water treatment plant is located 4 km east of lhc'cit.y center.  This
plant was constructed in two stages, the first stag,e in 1969 and the second in 1982
The plant has an original producuon capacxly of 200 000 m’ /day and it mainly
treats the raw waler extracted and transmitted trom Vyachcs]avsky Reservoir.
The technical water is extracted and transmitted from the Ishim River to the plant

and it is supplied without treatment.

Layout of the existing water treatment plant is shown in Figure F.1.4. :

(1) Waler Treatm'e'nt Process

Thc walt,r ln,atmenl p]ant uhhzes a lrealmcnl proc,css mnsnsun;: of
LOdUU]dllOﬂ sedimentation and lillratmn Chlormc and alum (alummum
| sulfate) as ma;,u]anls are dosed at inlet plpCS o mlxmo lanks 10 tauhlalc
impurity removal in raw water.  After mixing of waﬂu]anls at the mlxmo
tanks for a 'mi'xing period of 5 minutes, the water flows into twenty
sedimentation tanks. Sedimentation tanks are fully cay'r'éréd and major
impurity is selfled as sludge in lhese. tanks. The tanks have lwo

compartments, one for flocculation with 16,5 minutes of retention and
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another for settling with 2.8 hours retention.  The dose of coagulant is done
from April to November, when walter qualily of raw water is relatively bad.
Acryl amide polymer and activated carbon powder is also injccted seasonally,
only when {urbidily, odor or color in raw waler is high, especially in spring.
Supcrnétanl at sedimentation tanks goes thfough ten filters. Each filter has
107 m? of filter bed and filters are operated continuously for 12 to 24 hours
after back washing. The filters are designed to treat water with the
filtration speed of 187 m/day and no other washing than backwashing with
clear water. * Filtered water is disinfected by chlorine and stored in twao clear
water reservoirs.  Sludge from sedimentation tanks and backwash
wastewater is directly discharged to the nearest stream, Solyonaya Balka. In
1999, 3.8 million m® of water loss, including leakage from transmission
pipelines was recorded, which accounts for 8.8% of intake water. Details

- of major facilities are shown in Table F.1.3.

* Water from the Ishim River is stored in two reservoirs without treatment and
is supplied as technical water. These four reservoirs (two for drinking
. water and two for technical water) are located between the plant and

* Distribution Pump Station.

Drinking water produ_ced in recent years at this plant was approximately
146,000 m*/day on the average, while technical water produced was
approxim.alely' 32,000 m*/day’. ' '
A malor pl’O-l:)lcﬂ-].’O-f this .‘p'l.a‘nt'iS that the original productibn'capacily cannal
be fully utilized now nor in the future due to severe deterioration of the
‘mechanical and electrical equipment. There are also some problems
coming from the system design, such as turbulence in sedimentatjon tanks
and short filtration perlod due to 1mpr0per washing of filter beds Since the
’ aclua] producllon has nol been pushcd to its limit and qual:ly ot raw waler
| has been relallvc]y ood, potcnhal prob]cms have not come 10 surface up to
now.  As for the operation and maintenance, lhc p]ant is in a very difficult
condition with regard to monitoring of the opcralmg “conditions, and

repairing and replacement of equipment.

' Discrepancy exists in exiracted and provided drinking and technical water amounts, rellecting the limited

availability of {low measurement results.
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F.1.4

(2) Distribution Pump Station

Distribution pump stations for both drinking _Q'and technical water are located

“in the same building. Drinking water and technical water are supplied by
six pumps, and the detailed spécifical_ion of these pumps is shown in Table
F.14.

While observing pressures in distribution mains, operators manually control
the number of pumps in operation. Early in 2000, flowmeters were
- installed to measu_ré tlows of the raw water inflow and the outflow for both
drinking and technical water distributions to TETs 2. However, no flow

. measurement is conducted for the main distribution of drinking water.

'No.7 Booster Pump Station was constructed in 1975 to serve the Industrial
Estate, which was planned in north west of the City. Drinking water is
stored in two reservoirs with capacity of 3,000 m*/unit. Three units of
centrifugal pumps with a capacity of 1,500 m’/hr, including one unit as

stand-by, are installed, and, only one pump is mainly operated currently.

~ Alyuviy Booster Purhp Station was constructed in 1960 to supply water for
Airport Area. - Two units of circular service reservoirs with capacﬂy of 500
m’/unit were constructed. - Two pumps, mcludmg one stand- by pump, were
installed with a capacity of 200 m*hr. The pump will be operated, when
the water pressure in the pipeline is lowered below 4 kg/c:m2 This Pump

Stauon was seldom operated in recenl years excepl at a time of an accident
in treatment planl

Distribution Network

S nce ASA supplles drmkmg water and 1echn1cal waler lwo scparate dlslnbullon

SySleS are taulualed in the uly ' Unacc.ounled—tor—water was reporled lo be 8.9

“million m in 1999 and this volume was equal to 22 7% of dlslnbuied water from

the water trealmunl plant.

Taking into consideration ol sewage inflow data at the existing sewége treatment
plant, the JICA Feasibility Study examined that the leakage frohl the distribution
network was estimaled at 26.2 % of the supplied volume from the wz_lier treatment
plant, while the leakage and wastage at the consumer’s facilities were estimated at
20.1 _%. In 1o1al, 46.3 %, about a half of distributed drinkirig water is not used
effectively.

(1) Drinking Water
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F.1.5

For residents in Astana City, water supplied by ASA is the only waler source
for their living. The drinking water distribution network consists of pipes
with diameters of 1,000 mm to 50 mm with the total length of 489.3 km.

These pipes are mainly cast iron pipes and steel pipes, while asbestos pipes
and polyethylene pipes are used in limited quantities, The distribution
system is a pressured distribution system without using clevated reservoirs
or tanks. The pressure of the system is required to be enough to supply

water up to five-story apariments without booster pumps, while buildings

with more than five stories have boosier pump stations operated by ASA.

The network suppliés to about 90,000 connections and 340 public faucets of

‘domestic users and 1,800 commercial, industrial users or public utilities.

- (2) Technical Water

Technical water is mainly supplied to factories. The technical water

. distribution network mainly extends to the industrial area located in the
noﬂhem part of the city. It consists of three main pipes a 800 mm pipeline
for TE’Ts (Heal and E]ectnc Power Generaung Stauon) No.1, a 1,000 mm for
TETs No.2 and a 1 000 mm tor other cmerpnscs These pipes belong to
each individual enterpnse
At present, lwe_lvc factories use technical walter, and TETs 1 & 2 are the
major consumers among them.

Water Use

Flowmeters had not been used for measuring water tlows in the pipelines until

rccenliy . The fo]]owing is based on the eslimation by ASA in 1999, based on the

opcranon hours of pumps elc, which may contain 10 to 20% of error.

- (1) Drmkmg, Waier

Accordmﬂ 10 ASA’s reports drinking water is ,t:,rouped into three categories;
domesnc use, pubhc use and others, The domestic use consists of water

'consumpllon at llvmg places, sun,h dS dpdrlmenls houses and publu, faucets.

" The public use refers to the waler Lon:sumphon al governmental otilces

schools, hospitals elc, and others include water consumption at working
plaées such as enterprises, hotels, restaurants, shops elc. = Waler
consumplion by these three caleg,orles in 1998, 1999 and 2000 (plan} is as

- follows.
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Water Consumption by Category

Daily (m3/day)
Annnal (MCM) equivalent to annual Per capita (iped)
Year 1998 | 1999 | 2000 | 1998 | 1999 | 2000 {1998 | 1999 | 2000
Domesticuse 1 13.670 | 17.080 | 21,304 | 37,500 | 46800 | 58,400 § 135 | 155 | 181
Public use 2071 | 1762 | 2076 | 6200 | 4800 | 5700 | 22 { 16| 18
Others uses 9701 | 8070 | 8124 | 26,600 | 22,000 {22,300 | 96 | 73 | 69
Total 25.642 | 26912 | 31,504 | 70300 | 73,700 | 86,300 | 253 | 244 | 286

Domestic Water Use

Domestic consumption is divided inlo twelve users (categories) by housing
type, service level of water and heat supply, water facilities (bath and
shower) etc. These categories can be summarized into the following three

groups, and water consumplion per capita per day for each group is as

follows. o _

Type | Range | Ave Population - Water Consumption (m’/day)
(Lped) | (Lped) | (Lped) | - 1998 1999 1998 1999
High 250 | 250 156,400 (32%) | 172,000(57%) | 39,100(75%) | 43,000 (83%)
Middle | 85230 | 151 | 48,100 (16%) | 48,100 (16%) 7,254 (14%) | 7,254 (14%)
Low 2230 T 22 72,330 (24%) 80,700 27%) | 1,613 (3%) 1,808 (3%)
Total 173 | 276900 300,800 47967 52,062

Source: Duta from ASA. (The'above population was estimated by ASA.)

Fcasibilily Study Team has reviewed "d:ri'n:k-iﬁg”w;i(er‘ ;:onsumption by

measuring actual flows, and the results reveal that more water was consumed
in 1999.

The summary of the result is as follows.

Drinking Water  (Unit: 1,000 m¥/Year)

Domestic Water Consu mption

R (Unit: m¥/day)

Category 1999 . ASA Actual 7 Water
Domestic use | 54,920 (183 Lped) Type (Lpcd) .(I;pod) . 'P?PUI?lF()q : -Co(r:;:rrgf;i)on
Public use 4,814 (16 Lped) High . 250 270 | 172,000 (57%) | 46,440 (85%)
Others uses 14,79_6 (49 Lped) Middle | 85-230] 130 | 52200(17%) | 6,795 (12%)
 Sub-Total 19,604 (65 Lped) | | Low 230 22| 76600(26%) | 1,685 (3%)
Total (m*fday) | 75,524 (248 Lped) | | Total 183 | 300,800 54,920

Availability of watermeters at connection differentiates the éonsumplio_n.

" There ;ire_ about 9,400 flats with individual watermeters while some'part of

the remainder are equipped with bulk watermeters, total number of which is
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approximately one hundred, wherein a watermeter measures the total water
consumption for the community in an entire apartment building. Actual
water consumption was analyzed io collate the effects of individual
walermetering on consumption, using the data on water measurements for

102 flats and 41 communities with bulk meters.

Comparison of per capita water consumption of these two groups of users, -
one with a bulk watermeter and the other with individual watermeter are

shown in the following table.

" Comparison of Per Capita Water Consumption

Lped Bulk Watermeter Individual Watermeter
Minimum ' 116.7 51.7
Average 283.1 132.5
Maximum 428.2 750.0
Median .. 2939 130.6

Comparison of these two samples is shown in Figure F.1.5,

People living in flats with individual watermeters consumed only 130 Lped,
while, those in apartments with bulk watermeters consum'ed as much as 294
Lpcd. This signifies that.a significan! gap exists between the two groups of
consumers with substantial latent ‘wa-stage of water in ﬁpariménls with bulk
watermeters. A large pan of this gap is presumably caus'ed'by lack of bulk
. watermeter and consumers’ inaltentiveness to wﬁter use. To raise the
- consumers’ allem_ivéness on water use shall be a key step in rationalizing the

water use in the future in Astana City.

Public/Industry/Commercial Water Use

Among public, industrial and commercial water uses, two heat and electric

~ power generating stations (TETs 1&2) are the largest consumers.

: L Water Consumption | Employment | Per employee
: Copsumer : -~ (m'/day) P ' (p199y9) ConsunP;pl{on {H
Public - ' 4,814 36,100 - 133
Industry/Commercial |- 14790 . | 111,200 ¢ 133
TETs-1&2 . . 22.260 - -
~Toal - 26,864 147,300 -

ASA is promoting 1o install ‘v;ralrermeters‘ o pﬁbiic, industrial and commercial
water uscs, and approximately 1,800 watermeters are installed for these
users.  According to ASA’s record, “Akmola-Astyk (bakery)”, “JSC-Narkes

- (food proceSSi_ng factory)”, “Infernational Airport - Aslana” ele are the large
consumers. - | ' |

Drinking water was used for make-up water ot hol water circulation pipeline
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in TETs 2. Technical water however was started to be use for this purpose
in 1999, due to the lower cost.

{2) Technical Water

At present, 1here are lwelve consumers tor lechmea] waler, bul TETs-1 and 2
are the major consumers. They consumed 96, 8% of total technical water

supply of 5.57 mrllron m’ m 1999, whn]e the remammg factories used only
0.19 million m* in the same year

Maximum water consumption of 28 972 mslday was recorded in February,

_‘whrle a minimum of 4,630 m /day in .lul)r This'Waé caused by the seasonal

fluctuation of water eonsumpuon at TETs 1 and 2, which are mainly

operated in winter.
it was also reported that the eonsﬁmplioh of technical water was 9.3 million
m’ in 1990 and 15 million m’ in 1995. The rapid deerease of technical

water consumption after 1995 shows the decline of local industries.

F.'I.6 Problems of the Ex1sl1ng Water Supply System o

I

@)

15

Waler Souree

. The flood inﬂow from the spring floods in 1998 to 2000 was very liil]e, and

- the current siorage of Vyacheslavsky Reservoir is reducing for lasl'three

years. The present situation is critical, and an additional water source is

required for future increase of water consumption.

Intake Pump Station

Duc to the less availability of pumps in the NIS countries, the performances
of the exrstmt., pumps aré not properly mdlc.hed to the operations for both |
intake pump slauons at Vyachealavsky Reservoir and Ishim River. The
existing civil structure of intake pump station at the reservoir is still
operational but 1mpr0vement work will be exlremely difficult since most

facilities are loealed in lhe underg,round
Raw Waler Tr.msmlsmon Prpe]me

The existing two lines ol'lransmissio_n pipes, especially old one, have already

' slarled to deteriorate and they don’t have enough dhrabilily against the full

pump edpauly The flow rate and pressure have 1o be regulated by valve

control to prevent prpe breakage from high pressure,
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4

()

- (6.)

.M

4y

Waier Treatment Plant

There are some critical design problems to secure appropriate quality of
treated water, coming from the system design, such as turbulence in
sedimentation tanks, short filtration period due to improper washing of filter
beds, etc. There are also structural problems, such as concrete cover over
flocculation tanks and the sedimentation basin, which is disturbing the visual
investigation on water treatment status and future improvement works.
Other major problem of this plant is superannuating of mechanical and
electrical equipment and this causes the original production capacity cannot
be fully utilized now.  As for the operation and maintenance, the plant is in

a véry difficult condition with regard to monitoring of the operating

* conditions, and repairing and replacement of equipment.

Distribution Pump Station

Flowmeters had not been used for measuring water flows in the pipelines

until recéntly, and delivered water is not fully measure at present. Flow
records of ASA are based on the estimation, related to the operation hours of
pumps elc, which may contain 10 to 20% of error.

Dlstnbuuon Nelwork

‘Accordmg lo JlCA Feamblhly Sludy, lhe leakage from the distribution

network was’ esumated at 26.2 % of 1he supphcd volume from the water

. ireatment plant. One htth of distribution p:pcs were installed forty years

ago, and lherc are reports of 390 bursts in1998. However, no major

replacement work has been conducted.

Water Usage

The leakage and wastage at the consumer’s facility was estimated 20.1 % in

JICA Feasibility Study. - Only limited data on actual water cbnsumption

was available, but it was reported that the facility was in generally poor

- condition and the leakage and waslage was considerably large.

_ Pianh.ed and.‘Sc.hgeduled lrﬁhfovementé

' Third Pipeline from Vyaches]avsky Reservmr to Water Treatment Plant

'A]lhou;_,h blddmg for the third pipeline from the reservoir (o the plant was
' car_rn;d oul,_lhe bid by a Fr_ench contrac.lc_»r was canceled after reviewing the

proposed terms and conditions. ~ Kazakhstan Government has decided to

E-9
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2)

(3)

@

implement this pipeline installation by local funding.

Water Treatment Plant

Replacement of filler sand and repair of electrical equipment are planned and
some part of the budget will be allocated from Akimat in 2001.

Distribution

Flowmeters and Watermeter

Installation of flowmeters at major water supply facilities as well as the

installation of watermeters at major consumers is on going.

European Bank for Reconstructien and Development

As part of the TACIS interstate project Widening the Environmental Action
‘Program to the NIS and Mongolia, EBRD undertook a pre-investment

_ feasibility assessmenl for funding in water supply and environmental
_ infrastructure in Astana. The overall ob]ectlve of the project is the

introduction of sustainable, safe and cfficient water and wastewaler services

in Astana. More specitically its purposes are lo:

* improve the quallly and ett1c1ency of the Cny s waler and waslewater
services throug,h financial and operalional pertormanu: 1mprovemcnts
and pnonty rehabllllaljon investments.

+  increase autonomy and corporatlsallon and lmproved financial v1ab111ty
for Astana Su Arancy (ASA) through institutional stren;_,lhemnc and
private sector involvement.

The results of the financial modeling show that the following measures will
be required to service a loan of 14m USS. |
e Tariff re-structuring and increases to nearly the maximum affordable
level. _ |
*  Improvements to of revenue collection to give an overall realization of
around 88% by the year 2004.
* Progress towards decrease of leakage, and reduction of metered
household consumption by 30% of prescnl ‘normative consumpllon with
full application of measured ldl’lHS by the year 2010.
+  Either a direct Akimat subsidy of 50m Tg. (0 35m US$) per year to
support repayments or reliet for ASA from all taxes except the Social
~ Tax for a period of 5-7 years. o

F- 10
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It is recommended that discussions with the Akimat be continued to

determine whether these conditions are likely to be realizable.
This project is dormant now, for a clear and explicit commitment for
managerial improvement of ASA, which is a prerequisite of financing by

EBRD and which has not been approved by Akimat.
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F22

Basic Concepts for Water Supply Development Plan

Principles for Water Supply System Development

Observing the existing and current operation of water supply system, the
following principles will be considered for establishing water supply system
development in Astana City.

a. Reliable water supply system shall be established for new capital city of Astana.

b. Valuable water resources shall be used effectively, therefore loss and wastage of
water supply system shall be minimized.

c. Water supply system shall be efficient to fit for ASA as se]f—supported
orgamzatlon

Framework for Water Supply System Development

In this Sub-section, the framework for water supply system development in
Astana City is discussed and established.

(1) Population

As for the future population in lhc city, the result of the population forecast
Case 3 described in Chapter 2.2 is applied.

The present urban areas, most of which extend on lhe.right bank of Ishim
River, accommodate the present population of Astana. By 2030,
improvement and upgrading of the éxisling urban areas Will_ have been
implemented and the total population in those arcas is estimated to be about
400,000, The remaining 400,000 in 2030 will be accommodated in new
urban areas mainly on the left bank of Ishim River.

Population Projection for Astana up to 2030

Planning Region 2000 2010 2020 - - 2030
Central 176,000 - 191,000 213,000 220,000
Northern 16,000 9,000 - 9,000 9,000
Southeasiern 92,000 217,000 283,000 283,000
Sontbern ' 16,000 42,000 98,000 188,000
Northwestern 31,000 - 31,000 87,000 100,000

Firtal 331,000 490,000 690,000 800,000

{2) Employment

As stipulated in the Sub-section 2.2, Astana will be a government, business
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and industrial city. Astana as the capital city will require highly cultural,

medical and educational facilities. Workforce involved in such public
services will continue to account for a large portion of the total employment
in this city.
In the long run, Astana will expand its light industry including food
processing, agricultural machine fabrication as well as agricultural product
transportation and commercial activities. Other services include hotels and
restaurants, financial activities, real estates ete.

" In order to uﬁlize {his for water demand projeclion', number of employees is
divided into thice catcg,orics, (1) Public (2) Industry, and (3) Commercial.

Employmenl Projection for Astana up to 2030

Year 2000 2010 2020 2030
Public 36,100 61,900 94,300 - 108,600
Industry 15,900 28,000 37,000 44,000
Commercial 95,300 164,900 - 247,800 287,500

Total 147,300 254,800 379,100 440,100

F.2.3 . Water Demand Projection
Taking the above Sub-section into consideration, the water demand projection is
dlscusscd and estimated for drmklng water and technical water respectively in this
Sub- scr.,uon Drmkmg waler is consumed by domeshc ‘industrial, commercial

and pubhc users, whz]c le(,hmcal water is mainly used by industrial users.

Summanzmg the tollowmg detailed calculallons, the drmkmg waler demand both
at homes (domestic) and at working places, supplied with the treated water will be

as follows.

| Drinking water deﬁmnd both at hbmeé {domestic) and at Working places - Summary

2010 S ' 2020 5 2030
Housing T Popu- Demaind | Popu- Demand | Popu- Demand
® }'P" Ialil:m : Lp(‘d (m'/day) | Elion Lpcd (m’/day) lalg:)u Lped (m*/day)
Dumesllc 490,000 130 63,900 690,000 | 150 103,500 1 800,000 170 136,000
Working Place - - 20,130 - : - 29,100 - - 31,700
Leakage - - 288060 - - 41,200 - - 50,300
~ Total - | 490,000 | 230 112,840 690, 000 252 17'* 800 | 800, 000 273 218,000

Note Tbe dnukmg, water consnmed at workm;_, piau' does not inctude the water mnaumcd for industrial use.

| in Lompanson lo lhe sl:mdard eslabllshnd in RK in SN]P the above estimation
rcasondb]y tal]s w1lh1n lhe mmlmum and max1mum bounds Thls waler demand
has been dlscussed lhoroug,hly belween the Sludy Team and the relevant

"'aulhormus 1ncludm0 Conslruclmn Commlllce and was au,epled duly by the
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Kazakhstan side. The following table summarizes the overall comparison

between the estimation herein and those stipulated in SNiP.,

Comparison ol Water Consumption Projection and SNiP

Year 2010 2020 2030
Unit Lpcd ' /day Lped n'/day Lpcd m/day
JCA M/P 230 112,840 252 173,820 272 | 217,970
SNip LMD 200 98,135 225 155,574 237 | 189,624
Max 301 147,495 342 235,858 357 | 285,712

Detail of this comparison is explained in the following Sub-sections and summary
is shown in Table F.2.1.

supply service in some European coumnes (Reter 10 Table F. 2. 2)

Projected water demand is similar to the levels of water

Detail pro;ec.,tlon is explained in lhe tollowmg Sub seclions and summarized in
Table F.2.3. ' o

(1) Domestic Use

Domesllc use is usual]y esumated by using the daia of popu]atlon and per
' caplla water consumpllon

ASA has standard per capita water consumptmn which has 12 types The
summary of these caleéoncs and the estimated popu]atlon in 1999 is as
~ follows;
ASA’s Esllmalmn of Per Capita Water Consumpuon -
_ Type Lped Population (1999)
High - [Houses/Flais (1 type) : . 250 - 172,000
Middle  jHouses/Flats/Dormitoties (9 types) 85.230 48,100
Low  |Houses/Flats witbout Sewerage (2 types) 22-30 80,700

Taking the result of walcrmclcrmg exammed in Sub section F 1.5 into
consxderauon it is Jud;,cd that the auua] water consumptlon is tar less than
_ the ASA’s esumallon of 250 chd and lhe tulure water consumptlon can be
reduwd substanllally from this estimation, if proper wunlermeasures are

entorced 0 mouvate users towards waler conservauon by mstal]mg

1nd1v1dual walermelers.

Thcrctore, msla]lal_lon of watermeters a.l.éa_ch household ébhheclioﬁ sha]l be
a pre-requirement for the future water demand proieélion - By ]aunchin'ﬂ |
this individual melering schemc lhmut_,houl lhe waer supply scrwce area,
_lhc per capita drmkmg waler consumptmn tor domcsuc usc shall be
decreased to 130 ch.d in 2010 Thcnwiorward avcragc mcrease of 20

Lpcd for cvery du,ade 1:. apphed 1n aucord'm:.e wnh lhe pro;ected income



The JICA Study

on the Master Plan for the Development of the City of Astana Supporting Report

increase depicted in Section 2.2, The drinking water consumption al homes
is thereby projected at 150 Lped in 2020 and 170 Lped in 2030 as shown

below,

Type of Housing and PopuialidnlWater Consumption

S 2010 2020 2030

Housing Type { Popu- = Demand | Popu- . Demand | Popu- Demand
Jation Lped {m’/day) lation Lped (m*/day) | lation Lped (n*/day)

High 322,500 159 51,278 575,700 165 94,990 | 691,700 | 180 | 124,510

Middie - 1 42,100 137 5,768

Middle 2| 47800 | 103 | 4ozs | %0 | 130 | 6460 | 45700 | 160 | 750

Low 77,600 25 | 1,940 64,600 40 2,050 58,600 60 3,530

Donwslic 490,000 1’10 63,900 690,000 150 | 103,500 | 800,000 | 170 | 136,000

‘Majority of lhe populatlon who lives in high housing type is projected to
have per caplla water supp]y ot 155 chd in 2010 165 Lpcd in2020 and 180
chcl in 2030.

(2) Public/Industrial/Commercial Use
Public, industrial and commercial water consumption of drinking water is
‘estimated with conmderahon of the numbers of the employees as shown in
_ Sub Sectlon 4 3 ' '
AL present some meters are mslalled to measure thc pubhc industrial and
commcrudl walter consumpllon, and where the measuremenl is not laken
| walcr tariff is charged al a fixed rate. The users therefore are not motivated
to reducing water consumption. '
Providing that watermeters are installed to all connections, water
consumpuon for each category is esllmaled as 70 percent of the present
waler consumpnon and water w11] be saved turlher owing lo stronger
molwa_lmn for walcr conse_rv_au_on.
- ‘.Pl_lblicIC:imlmercial Cu_ns;l_mpliﬁn (Working Place) up to 2030 _
j Year - | 1999 - .] 2000 | 2020 | 2030
No. of Employee (persons) L L : :
Public workers .~ 36,100 ~ 61,900 94,300 108,600
Commercial workers : -~ 95300 164,900 - 247,800 287.500
- Todal ' 131,400 226,800 342,100 396,100
" | Per Employee (lped) ~~© - . 133 o 90 - 85 80
Total Demand (m/day) 17,476 20400 29,100 31,700
Nme This is the dnnkm;, water mnsumed al workm;, plau: in addition to ﬂi(‘ water consumed
- at homes. . : »

- Industrial water cbnsutnplion of drinking water is éslimated in consideralion

 of the number employed and the development plans of TETs 1 and 2.
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Industrial Consumption wp to 2630

- Year - 1999 2010 - 2020 2030
No. of [ndusiry workers 15,900 28,000 37,000 44,000
Per Employee (Ipcd) 133 90 85 80
Demand by Employee(m®/day) 2,115 2,520 3,150 3,520
TETs-1&2 (m’/day) 22,260 28,590 29,250 29,880
Total (m*/day) 24,375 31,110 32,400 33,400

(3) Technical Water

With respect to the technical water demand supplied with non- lreatéd water,
Astana will cxpand its light mduslry including 1ood proccssmg and
'aoncullural machme tabrlcallon as dlscussed in Section 3.4. These
industnes do not requ1re ]arge quanllly ot non lredled lechmcal water.
" Therefore the same water c.onsumptlon rate per emp]oyee as at present wn]l
be applied up 1o 2030, as shown in the table below Techmcal water for
TETs-1 and 2 is also estimated in consideration of thenj _developm_ent plans.

Technical Water Consumption up to 2430

- Year { 1999 { 2010 | 2020 | 2030
No. of Employee : '
Industry - 15,900 28,000 37,000 - 44,000
Per Employee (1) 27 - 27 27 - 27
Demand (m*/day) [ 440 ' 760 1,000 - 1,200
TETs - 1&2 (m'/day) | - 15560 - | - 21,440 | - 24300 | - 28,000
Total (m*/day) o 16000 | 22200 ¢ 25,300 29,200

(4) Leakage and Loss

In g,eneral all water supply sys(ems have leakage and losses. Leakage
“oceurs in (1) raw water transmmsmn plpeline (2) distribution network, and
at (3) building/ houses. Losses also’ occur in lhe water treatment plant

when de-slugging of sedlmenlanon tanks and bagkwashmg of tlllers.

Since tlow measurement of the cxlsung waler supp]y syslt.m in Ablana is not
.au.uralc the tollowmg data in 1998 and 1999 seem to be somewhat dlttcrcnt
from the actual fi gures. EsPeuaI]y, lcakage trom drmkmg water
‘dlsmbullon network was esumalcd al 26:1 % by JICA Fc.mblhly Study '

Rcduulon ot ]eakage and losscs can be lhoug,hi of as equwalcnl to
-exp]mlallon of a ncw and addmonal water source.. In’ wcw of the wide
range of leakaoc dclcumns 20 % ot thc leakdﬂc in lhc distribution nclwork
and 5 % of the loss in waler trealment process are c0n51dcrcd as a proper
target for the improvement of water loss rcducuon tor dmkm;._, water supp]y

in Astana.  For technical water supp]y, a flat rate of 5% is applied.

"F-16
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Ratio of Leakage and Loss
Year [ 1999 ] 2000 [ 2020 [ 2030
Drinking Water
- Leakage 26 % 20% 20% 20 %
- Loss 10 % 5% 5% 5%
Techuical Water
- Leakage | as%) | se% | 5% | 54

(5) Raw Water Demand

In conclusion, the daily average water demands for the drinking water and

technical water, as well as the daily average raw water demand for Astana

are summarized in the following table.

Raw Water Demand (Daily Average}

Assessment of Long Term Dé\_relopméht Needs B

Year | 2010 1 2020 l - 2030
DrmkmgWalcr (m’/day)
- Water Demand "~ 115,200 165,000 201,100
- Loss and Leakage 36,500 . 52,100 - 63,500
- Raw Water Demand 151,700 217,100 264,600
Technical Water (m*/day) L '
- Water Demand . 22,200 25,300 29,200
- Leakage - . 1,200 1,300 1,500
- Raw Water Demand 23,400 - 26,600 30,700
Raw Water Demand - Total 175,100 243,700 295,300

Owihg'io thé projected population growth and economic development, water

~demand for drinking water and technical water will rapidly increase. Water

demand in the future as compared with that of 1999 is 1.1 times that of in 2010,

following r_équire;ﬁenls have to be fhltﬁlled.

- (1) Water Source

- 1.57 times in 2020 and 1.92 times in 2030. To cbpe with this rapid increase, the

- 'rriainstrczir'n_ of the Ishim River and 'lhé reservoir can supply 89.2 million m

In general, Vyacheslavsky Reservoir has better water quality than the
3

- annually. - Therefore the reservoir will be utilized as a major water source

fo'r the drinking waler of the future. The reservoir, however, will have a
shorlaﬂe in the future and annual yield of the reservoir shall be replemshed

with lrtysh Karag:,anda Cana] water.

"The total raw waler demand is 175 100 m*/day in 2010, 243,700 m’ */day in
'2020 and 295, 300m /day in 2030 respecllve]y

(2) Water Supply Facilily-

F-17
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Raw Water Intake Facility

The existing pump stations at Vyacheslavsky Reservoir and the Ishim River
shall be augmented to meet the required capacity of the future. The
existing pump facilities can be milized, but somé part of the facilitics are
already damaged and renovation of the system, cspccia]ly the controls and
instrumentation, shall be implemented.

Water Treatment Plant

Water treatment plants shall be provided with total production capacity of
more than 301,700 m*/day by 2030.

The existing water treatment plant had the original design production
capacity of 200 000 m%day. . The planl, however, has impaired the
capability in terms of quantity and quality due to the lir'h'iialion'of the

a original design and aging of lhc facility in the 33 years of operation.

G)

Therefore, reconstrucuon of the whole treatment p]ant is. con51dered to be
reqmrcd in three stages of constructions, as well as construction of an
additional lreatmcnl plant.

Waler DlSll’]bUllOI‘l Facility

The distribution pump station at the water treatment plant shall have the
distribution ‘capacity ‘of 422,400 m’/day for dnnkmg water ‘and 64,100
m’/day for technical water in the year 2030.

The water supply serwcc area will be extended to new deveIOpmcnt areas,

and distribution pipes shall be ;nstalled at the time of the dcvclopmcnt At
the same time, some of the ex1stmg pipes sha]l be rep]accd wnh the larger
pipes or additional pipes shall be prov1dcd The supply prcssure shall be
maintained at 21 m head for 5-story apariments and 5 m for public faucets,

The distribution pump station at” the water treatment plant has to be
augmented to cope with the demand. The existing pump facility is
considerably superannuated and renovation of control and instrumentation
systems is also required for proper and reliable operauon '

Non-Revenue Water Reduction Program

Without non-revenue water reduction program, water demand will increase
rapidly in pace with the progress of new deVe]opmenl The exisling water

source would run into short supply and a new water source developmenl

would be necessary requmn;, alarge investment.
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F.2.5

Non-revenue water reduction program will be one of the major activities to
be conducted, besides the new construction of water supply facility. This
program consists of iwo aspects; one is a reduction of physical losses which
requires monitoring of leakage, etc. while the other is minimizing waslage of
water use by consumers’ inaitentiveness and an introduction of an improved

lariff system.

Basic Concept for Lorrg Term Development Project

Detailed development plan will be explained in the next sub-section, and the

followings are basic concept for the development plahQ

@)

@)

&

Water Sources

Vyacheslavsky Peservmr has good walter quality and it will be used as a
main water source of Astana City. The Intysh- Karaganda Canal-Ishim

- Pipeline Scheme is under construction and it will increase annual yield of the

reservoir by'replenlishment from Irlysh-Karéganda Canal.

Waler Supp}y Facrhiy

_Vyacheslavsky Reservmr arxd Ishim. River will .p'ro'vide d.ifferenl

‘ eharaeterlsllcs of avallablllly and quahty ot water. Rav\:r walter intake

taelhues intake pump stations and raw water transmission pipelines shall

have proper capacities (o tul]y utilize these two water sources.

‘The existing 'wat:er treatmenl plant, due to defects of design, aging of

facilities and diffieu]ty of operations shall be reconstructed in slages. New

plant will mcorporale some facilitates for some aulomauc operatlon and a

remote momlormg system to meet the future requ1remenl of reliable and

efficient operatlon

Drslrlbutlon pump station shall be :mproved not only by increasing

dlslrlbullon eapauly, but a]so by provrdmg an automated operauon system

' for accurate comml for waler drslrzbuhon introduction of variable speed

" control tur pumps pressure momlormg, ot drslnbuhon mains etc.

The pertormance of exrstm& daslrlhuuon nelwork w1l] be improved by

'rep]aeemenl ot the drstnbutmn mams and valves in the networks. New

distribution plpe]mes will be provided to supply 10 new developmenl areas.

Non-Revenue Water Reduction Program
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Flowmeters in major water supply facilities will be installed 1o monitor

‘actual water flow. Leakage detectors shall be provided for the monitoring

of physical losses in the distribution network.

' 'Walermeters tor all connections mciudmg all flats shall be provided in this

program (o measure actual consumption and collect tariff according to the
consumption. To accelerate effective tariff collection, a computerized
billing system shall be introduced.  Using these systems, water
consumption shall be reduced by minimizing wastage of water use by

consumers’ attentiveness.

(4) Facility Design Basis
In this Sub-section, design basis for water supply facility is examined and
estabilshed
Dally Avcrage Waler Demand _
As a result of the above examinations, daily average water demands for the
drinking water and the technical water is established.
Daily Maximum Water Demand for Dr'i'nk"ing Waler
ASA’s operauon records showed the annual vanatmn of drinking water
consumpllon in 1999 JIn February lhe largest water demand occurred
_Wthh recorded 116 Te ot the average daﬂy waler demand
Daily Maximum Waler Demand ol'Drmkmg Water in 1999
Month February (Max) July (Min) Average
Domestic 52,269 42,823 46,667
Others - & ¢ : 30,684 . 118,351 :, 24,827
Drinking Water - Total 82,953 61,173 71,494
Ralio to Average 116 % 86 % 100 %

Therefore, 120 % of dally averag,e is consndered as da1]y maxlmum water
demand for the drinking water. ' '

Da!lv Max1mum Waler Demand for Techmcal Waler '

Malor consumers 01 lhe techmca] waler are Thermal P]ant No 1 and No.2.
Their consumpllon merease in winter and the largest consumption of 1999

occurred in January w1lh 186 % of average eonsumptmn

Therefore, 190 % of dally average is eons:dered as dally maximum waler :

demand for the l_eehmea] water.

Hourly Maximum Waler Demand

Through the examination of the available data, hourly maximum water
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demands are set 140 % of daily average for the drinking water and 110 % for

the technical water, respectively.

The following table summarizes daily average, daily maximum and hourly

maximum water demands.

_Daily and Hourly Maximum Water Demand

Year | Ratio | 2010 | 2020 | 2030
Drinking Water (m*/day)
- Daily Averz“\.ge wnhmﬂ Lcakage. ] 115,200 165,000 201,100
and Loss
- Daily Average with Leakage and
Loss (Raw Water) - 151,700 217,100 264,600
- Daily Average with Leakage 1.00 144,000 206,200 251,400
- Daily Maximum with Leakage
(Treatment Plant) . 1.20 172,800 . 247,200 301,700
- Hourly Maximum with Leakage | | 4, 21,900 | 364,100 422,400
(Distribution Sysiem) : : :
Technical Water (m*/day) : L : B o
- Daily Average without Leakage | = - 22,200 25,300 29,200
- Daily Average wilh Leakage 1.00 | 23,400 26,600 30,700
- Daily Maximum © | 190 . 44,500 50,500 58,300
- Hourly Maximum .~ : 1.10 | - 49,000 55,600 64,100

 Capacity of Water Supply Facility
' :_"I_ht;s'c'maj'or dcvc](-)pmcn'l. plants for water supply facilities are summarized

in the following table.

Desién Parameters of Facility

Facility : Drinking Water . Technical Water

Intake Pump Pally Maximum with Leakage and Daily Maximum with Leakage
. I'reaiment Loss
]]}.aw Water Transmission Pally Maximum \ffﬂh Leakage and Daily Maximum with Leakage
ipe Treatment Loss -
Water Treatment Plant Daily Maximum with Leakage aod . .
" Daily Maximum
e Treatment Loss .

Distribwtion Pump ' Hourly Maximum with Leakage Hourly Maximum with Leakage
Distribution Network - Hourly Maximum with Leakage Hourly Maximum with Leakage
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