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Selection of alternative water resources

In comparison of polential for water supply, development cost and water

~ quality, the deve]oprnent of the IKC-Ishim pipeline is selected as the

preterred alternative plan.

There is a polentlal for developmenl of 1rr1gal10n usmg trealed sewage in the
project area although in- deplh study needs to be done. Treated sewage is

also recommended for lorestatlon, which is fess sensmve tor waler quality.

The Study Team considers groundwater as a future water resource option.
Details need to be clarified as to the available produclron capacity of

' groundwaler !ogelher wrih momlonng of water quality. (Refer to
Sub- sectron 6.2.3) '

erh regard {0 the water quallty 1ssue, itis recommended 10 take stage wise
countermeasures.  First when the amount of transferred walter is not sizable,
the dilution by mixing with the available water from the Ishim shall lake
effects to maintain the waler quality. In laler slage, dilution effects

~ dissipates and more substantial measure need to be enacted. This issue

shall be discussed later in Sub-section 4.2.4 (5). . .

42.4  Proposed Development Plan for A]lern_aliv_e_ 'Water_ Resources up to 2030

0N

@

Slage—wise Developrnenl of I:KC-l'shim .P.ip'e]ine Pr.ojeel'

The water dencn in Astana Clly and its v1cm1ly expands over a time span of
30 years as calculated in the previous section. In view of lhe necessity for a
large scale facility to transfer the IKC water to the Ishim basin due 1o need of
additional water resources, it is recommended to impl'em_em the IKC pipeline
project in two slages, namel'y, to develop one half (90 MCM/year) of the
walter transfer capacrty of the project in the first stage, and to develop the

remaining one half (90 MCM/year) in the second stage.

Development P]an of IKC- lshrm PlpCl}nE Pr0}ect tor Targel Years
1) Development Plan Up to 2010

Taking into consideration the water demand of Astana City and its
vicinity, it is necessary to complete the first stage construction by 2003.
The pipeline is designed to lranst'er:'an'nnn'uall amount of 90 MCM to the
- upstream of the Ishim River. It is assumed that 30% of the transferred
amount will be lost due lo evaporation at small ponds/lakes and human
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consumption while the haulage over a distance of 100 km of the Ishim
River and a net volume of 63 MCM is designed to be available at
Vyacheslavsky reservoir Alter the first stage development, an annual
volume of 152.2 MCM including the design yield of 89.2 MCM/year of
the Vyacheslavsky reservoir will be available at 95% dependability in
Astana City and its vicinity. |

The pipeline is 19.6 km in total lénglh with the intake provided at about
6 km upstream of the pumping station No.19 of the IKC and the
discharging outlet in the upstream of the Ishim River near Priishimsky
v11]agc Two stcp ‘elevation of walcr is dcs1gncd on the total height of
122m by two pumping stations.

_The water pipeline consists of lhrcc sections; (i) a 9.6 km long pressure
' secnon of 14m d1a steel plpe (11) a 3.2 km box culvert section, and (iii)
a 6 8 km ]ong non- pressure section of 1. 2 m dia. RC pipe. The whole
lcnglh of the plpelme is demgned to be embedded under ground with a
soil cover of minimum 1.6 m in order 10 enable water transfer even in
; wmler scason (see Fgurc 4.2.2).

In addition, one umt of water pump with a discharge capacity of 7

m’/sec is dcmgned to be provided each at pump stations No.17, 18 and
19 of the existing IKC in order to facilitate synchronized pump operation
at these pumping stations for water transfer 1o the Ishim River. The
foildv&ing table shows major structures 10 be constructed/installed in the

first stage development.

t M.qior Facilitics of First Stage Dcvclnpménl

Structure o Nos. - Discharge capeity/Dimension
1) Steel pipe : 1lane | 3.5 m/sec, 1.4 mdia. x 9.6 km Jong
2D RC plpe with box culven | 1lane a5 m/sec, 1.2 m dia. x 10.0 km long
3) Pump stations with substations | 2 stationd
4) Water pump at P/S of pipeline. ' 2 sels 3.5 m/sec, 61.0 m in static head
5) Water pumps at IKC P/S Nos.17, 18, 19 3 wuits | 7.0 mifsec .
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3)

Development Plan Up 1o 2020

The total water supply capacity of 152.2 MCM from the Ishim basin and
the first stage development of IKC will meet the water demand up to
2020, as calculated in Subsection 4.2.3 (1). No additional development
of the IKC-Ishim pipc]ine projecl is required in this period.

Deve]opment P]an up to 2030

‘Taking into consideration the projected water demand in this period, it is

considered necessary to complete the sccond stage development of the

'IKC_-Is_h_i_r.n pipe]ine pr.ojec_l‘ by 2025. After l}r_xc‘sé_cond stage development,
an annual volume of 2152 M_CM Will_ be avéi_]able at 95% dependability
in Astana City and its vicinity. |

“The siructural facﬂmes that are requn‘ed for the second slage

' deve]opmen! are (1) additional lane of water plpellne 1nclud1ng steel plpe
of the pressure secuon and RC plpe of the non—pressure section, and (ii) |
water pump umts wxlh the capacity of 3.5 m*/sec. The relevant RC
structures of two pump slallons and box culvcr for water pipeline are

included in the first stage construction. The fol]owmg table shows list of

" major structures to be construclcd/msla]led in the second slage

deve]opment

Major Facililies of _Sééond Sﬁge Dc\;dnplhehl

Structure Nos. Discharge capcity/Dimension

1) Steel pipe 1lane | 3.5 m*sec, 1.4 m dia. x 9.6 km long

2} RC pipe with box culvert 1lane " { 3.5 m%/scc, 1.2 m dia. x 10.0 km long

3} Walter pumps al P/S of pipeline 2 sels 35 m“/seé, 61.0 m in static head

(3) Dependability of Waler Supply at Target Years o

A

simulation ana]yms on reservmr operauon of Vyacheslavsky reservoir is

conducted to evaluate dependablllty of water supp]y in the years of 2010,
2020 and 2030 taking into consideration the development of additional water
resources of IKC with the amount of 63 MCM/year by 2010 and 126
MCM/year by 2030. In the analysis, a tentative reservoir operation rule is

‘presumed that maintains minimum_'slorage capacily equivalent to one-yéar
reserve at the end of each year by replenishment from IKC. The following
table shows the results of analysis. '
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Dependability of Water Supply in Target Years

2010 2020 2030
No. of years of walter deficit 0 1 0
Dependability (%) 100 96.8 100

The above results show that the proposed development plan of water
resources gives a dependability of water supply exceeding the minimum
 requirement of 95 % and thus can be justified.
(4) Water Resources Allocation
The Simu]atioh an.a]ySis menlidhed above alSo depicted the operational
As

the water from IKC requxres to be lifted for the static head more than 100 m

'aspecl of the plpc]me pro_|ect in conjunction wnh the Ishim river basin.

“and s subject to waler loss detalled in (1) above, operation of the pipelines

" should be minimal.

The resu]ls of the simulation revealed water resousces al]ocanon under such
principie to meet the water demand in 2010 2020 and 2030 as summarized
below. - Rep]emshmenl by IKC is caicu]alcd to be 3. ?% in 2010 of the total,
12.2 % in 2020 and 27.7 % in 2030 respectwe]y

_Water Resourges Allocation

T IRt I . 2010 2020 2030
Yield at Vacheslavsky Reservoir 101.0 1185 115.9
Replenistiment from IKC : 39 16.5 i 443

. . Total 104.9 135.0 160.2
Note: 1IKC (%) 37 12.2 277

(5) Water Quality Control

| It is proposed to adopt sléée wise countermeasures for practical solution of
. waler quallly ot IKC whu,h indicates high content of copper in the waier.
‘Durmg coursc of dcve]opment ot water resources of 1KC, the followmé,

' "aLllons w1}] be requlred
1) First Phase _ |

In the perlod up to 2020 replemshmenl trom IKC w1ll remain relatively
Jow in average as calculated in Subsection (4). The IKC water will be
substantially dlluled to the level of Vyachestavsky reservoir. In this
phase, it is essential 1o es_labhsh a monitoring scheme for water quality

of the Vyacheslavsky reservoir and in IKC. Since replenishment from
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IKC tends to increase at the end of dry year period, particular care
should be taken on these occasions.

2) Second Phase

In the period after 2020, replenishment from the IKC will increase up lo
27. 7 % in average in 2030. Monitoring needs to be intensified, as the
water quahty is _expecled to worsen in due course. Dilution effect will
substantially dissipate with the increase of fcplcmshcd volume, and
more substantial countermeasures will nccd to bc enaclcd

For this purpose, it is esscntla] to conlrol water qua]ny at the source of

conlammalmn The watershed of the Irlysh rlvcr Wh]Ch is the source of
IKC mvolves scvcral mduslnal sites. In cases water contamination of

copper of IKC is connccted toa large number of mdustnes an extensive
" watershed management will have to be consxdercd -

Implemcnlahon Schedu]e

Takmg mlo conSJderatlon lhe fulure increase in walcr dcmand it 1s cstimated that

the additional water supply from IKC will become necessary in 2004, so that the
first stage construction of the IKC-lshlm pipeline will be required to be completed
by 2003. Howcver in view of the decreasing water slorage in Vyacheslavsky '
reservoir, the first slage construction is schedu]ed to be complclcd by July 2001.

The addmonal water supply from IKC w:]l be rcqu;red to be mcreased in 2026 S0
that it will be necessary to complete the second stage conslrucuon of the

IKC-Ishim p]pelme by the end of 2025. Assummg that the construction will take
two years, il is necessary 10 start construction in the beginning of 2024,

The implementation schedule of the pi;:fe]ir_l_e project is shown below.

' lmple‘t.l_len(hrti(‘u;Sch.ec.lulgiof lKC-lslnm f’iﬁ@linﬁl’ﬁ)jntl

A EIGEEE IR L i K R L0 B ki FEPA ST A RS vk RS

IK C-Ishim pipeline

1) 1 st stage construction | ==

2) 2 ud slage construction -
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4.3 Planning of Water Supply System®
4.3.1  Present Conditions

Waler Supply in Astana City was started in 1937, and Gorvodokanal, a municipal
enterprise for opcratlon and maintenance of water supply and sewerage system in
Astana City, was csiabhshcd in 1959, The enterprise was renamed in 2000 as
ASA (Astana Su Aramy) During the 63 years of operation, the service arca has
been expanded lo some 55 km covermg the population of 321,600 in 2000.

The waler supply syslem consmts of drinking waler supply for domestic and
commercial users and technical water supply, with non-treated river water, mainly

for factories.

(1) Water Treatment Plant

The existing water treatment plant is located 4 km east of the city center.
.This plant was constructed in two siages; the first stage in 1969 and the
second in 1982. The plant has an original production capacity of 200,000
m’/day and it mainly .lrcals the raw water extracled and transmitted from

Vyacheslavsky Reservoir.

~ The water treatment plant for drinking water utilizes a treatment process
consisting of coagulation, sedimentation and filtration. Drinking water
produced in recent years at lhis'plant' was zipproximaie]y 146,000 m*/day on
average, while technical water produced was approximately 32,000 m*/day".
Operation of water supply facilities in 2000 is summarized in Figure 4.3.1.

A ma]or prob]em of thls plant is that the ongma] producllon capacily cannol

| fully be uuhzed now nor in tulure due to severe deterlorallon of the
mechanical and electrical equ1pmenl. There are also some problems
perlaining to the system design, such as turbulence in the sedimentation
1anks

Dlslrlbullon pump slallons for bolh drmkmg and technical water are located

in the samc bm]dmg as the water treatment plant.

}-nll text of Water Resourus Planmm, appears in Appendix F of Volume Ill Supporting Report.

Dm rrpam y c)usla in extrac ch and pm\nd; d dnnkuu, and tec hnical walrr ammmls n.-fleclmg the limited

: availabrlny of l'luw mcasnremcnt results.”
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o)

Distribution Network

For residents in Astana City, water supplied by ASA is the only water source,
Drinkin;, water is dislribuled through a nelwork consisting of pipes with
varym}, dlamelers from 1 000 mm o 50 mm with the total length of 489.3
km. These plpes are mam]y casl Jron or steel, lhough in some parts
asbestos pipes are used The dlslnbullon syslem is a pressured sysiem

without elevated reservoirs nor lanks The network supplles to about

90,000 connecuons and 340 pubhc taucets ot domesnc users and 1,800

commerc:al users or pubhc utlhucs

The technical water dlsmbuuon network exlends o the industrial area north
of the city. At presenl, twelve factories use technical water, of which

TETs-1 and 2 are the major consumers.

The ]eakage from the drinking water distribution network was estimated to
be 26.2 % of the supplied volume from the water treatment plant, while the

Jeakage and wastage by consumer’s facility was estimated to be 20.1 %.

Water Use

. According to ASA’s reports, drinking water is grouped into three categories;

domestic use, public usc and others., The domestic use consists of waler

- consumption at living places, such ass_ap'arlme_nls,' houses and public faucets.

The public use refers 1o the water consumption at governmental offices,
schools, hospilals etc, and others include water consumption at working
places such as enlerprlses holels restaurants, shops ete. Others denote the
remamder Waler consumphon by these three calegones in 1998, 1999 and

12000 (plan) are as to]]ows

Walter Consumption by Category

Daily (m3/day)

Annval (MCM) . equivalent to annuat { Per capiia (lpcd)

Year 1998 | 1999 | 2000 | 1998 | 1999 | 2000 ] 1998|1999 | 2000
Domestic use 13.670] 170800 21,304 37,500 . 468000 584000 135 155 181
Public use 2ol 1762 207 62000 aso0] sood 22 16 18
Others uses 9701] 8070 8,124 26,6000 22,100 223000 96 73 69

Total

25.642f 26912 3],50«‘ 70,3000 73,700 86,3000 253 244) 286

Availability of watermelers al connection differentiate the consumption,

There are about 9,400 flats with individual watermeters while some part of
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the remainder are equipped with bulk watermeters, total number of which is
approximately one hundred, wherein a watermeter mecasures the total water
consumption for the community in an entire apariment building. Actual
waler consumplion was analyzed to collate the effects of individual
walermetering on consumption, using the data on water measurements for
102 flats and 41 communities with bulk meters. While people living in
flats with individual watermeters consumed only 133 Lped, those in
aparlmenls with bulk watermeters consumed as much as 295 Lpcd. This
s1gn1hes that a mgmhcanl gap exists between the two groups of consumers
with substantial latent waslage of water in apartmcnts with bulk watermeters.

A large pant of this gap is presumably caused by lack of bulk watermeter
consumers’ allenllveness on water use. To raise the consumers’

aucmweness on waler use shall be a key step in rauonallzmg the water use

in the fulure in Astana Clty

" 43.2 Demand Foreéasl
(1) Dmkmg Water

As dlscusscd in Sccuon 3.4, Astana will be a government, business city with
industrial functions appropnate to the capital. As the capltal of the republic,
Astana will generally require highly re]lable infrastructure systems,

_ ‘mcludmg waler supply, for the ‘ repub]u_: s central cultural, medical and
educalioﬁal faci]iﬁes as discussed in Section 4.1. |

Summarlzlng the following detailed calculations, the drmkmg water demand
s both at homes (domeslu.) and at working places, supphed with the treated

“waler w111 be as follows.

Dnnlung water demand bolh at Immes (dumesuc) and al wnrlung places - Summary

. 2010 . 2020 : ' 2030
Housing T Popu- Demand | Popu- Demand | Popu- Demand
C .g ype laliI:m LPCd (m*/day) | Eﬂion Lped {m’/day) lali}:m Lpcd (m*/day)
Domestic 490,000 130 63,900 690,000 150 103,500 | 800,000 170 136,000
Working Place | - - - 20,130 N - 29,100 C - - 31,700
| Leakage o | - . - 28,800 - : - 41,200 |. . - - 50,300
Tolal 490,000 230 112 840 690, 000 252 17'5 800 800 000 | 273 218,000

Note; The drmkmg water consumed al wnrkmg, plaae does not include lhe water mnsumed for industrial use.

In comparisbn to the standard established in RK in SNiP the above

estimation reasonably falls within the minimum and maximum bounds.
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This water demand has been discussed thoroughly between the Study Team
and the relevant authorities including Construction Comniitlee, and was
accepted duly by the Construction Committee and ASA. The following
table summarizes the overall comparison between the estimation herein and
those stipulated in SNiP.

Comparison of Waler Consumption Projcclihlikand SNiP

Year 2010 2020 2030
Unit Lpcd m'/day Lpcd = m’/day Lped m°/day
JICA M/P 230 112,840 - 252 173,820 272 | 217,970
SNiP Min 200 98,135 225 155,574 237 | 189,624
Max 301 147,495 342 235,858 | - 357 | 285,712

For domestu, use, msta]latlon of walermelers at each househo]d connection
‘shall be assumed for future waler demand pro_]ecuon - By launching this
individual metering scheme throu;,houl the water supp]y service area, the per
capita drinking water consumption for domestic use shall be decreased to

130 Lped in 2010, Therefore, an average increase of 20 Lpcd for every

decade s applied in accordance with the projected income _iﬁcyeése depicted

in Section 2.2. The drinking water cons-uxﬁlb:ﬁon al homes is thereby
: 'prOJcctcd at 150 chd in 2020 and 170 chd in 2030 as shown be]ow

Type of llmlsmg and Pupulatloanater Consumpllon

: 2010 2020 . 2030

Housing Type | Popu- Demand | Popu- Demand | Popu- ' Demand

lation Lped (m*/day) lation LPCd (m’/day) | lation Lped (m*/day)
High 322,500 159 51,278 575,700 165 94,990 | 691,700 | 180 | 124,510
Middle - 1 42,100 137 5,768

1 3 3 .

Middie -2 | 47,800 | 103 | 4gz3 | 4>700 | 130 | - 6460 | 49700 | 160 | 7,960
Low - 77,600 25 1,940 “ 64,600 1 40 2,050 58,600 60 3,530
Domestic 490,000 130 63,900 690,000 150 | 103,500 | 800,000 | 170 | 126,000

" Public and commerc:al water Lonsumpllon of drmkmg water at workmg
places is esumalcd in consideration of the number of emp]oymem dlscuSSed
in Section 3.4. Prov1dmg thal walcrmelers are installed at all connecuons
water consumpllon for each Latc;,ory is esllmaled as 70 pcrcem of the
present waler consumphon .md waler w11] be saved turlher owmg 10

slrong,r.r mohvat:on for water conscrvauon
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Public/Commercial Consumption (Working Place) up to 2030

Year 11999 | 2000 | 2000 | 2030
No. of Employee (persons)
Public workers 36,100 61,900 94,300 108,600
Commercial workers 95,300 164,900 247,800 287,500
Total 131,400 226,800 342,100 396,100
Per Employee (Ipcd)’ 133 90 85 80
Total Demand (m*/day) 17,476 - 20400 29,100 31,700

Note; This is the drinking waler consumed al working place, in addition to the water consumed

at homes.

Industrial water consumption of drinking water is estimated in consideration

of the number of employment and the development plans of TETs 1 and 2.

Ihdus!fie_ll Consumplion up to 2030

Year 1999 2010 2020 2030
No. of Industry workers 15,900 28,000 37,000 44,000
Per Employee (Ipcd) 133 90 -85 80
Demand by Emptoyee{m’/day) 2,115 2,520 3150 3,520
TETs-1&2 (m’/day) 22,260 28,590 29,250 29,880
33,400

Total (m’/day) 24,375 31,110 32,400

(2) Technical Water

VWith' respect to the technical water dcr_hand supplied with non-treated water,

Astan'a"'w'i'_l'_l expand ils light industry _inc]i_;ding food

processing and

“agricultural machine fabrication, as discussed in Section 3.4. These

industries do not require large quantity of non-treated

technical water.

Therefore the same water consumption rate per employee as present will be

applied up to 2030, as shown in the table below. Technical water for

TETs-1 and 2 is estimated in the same method as for the drinking water

demand.

. Technical Water Consumplion up to 2030 .
Year T 1999 | 2000 | 2020 | 2030
No. of Employee L ' ‘ ' - '

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 . [~ 24,300 28,000

Total {m'/day) - 16,000 22,200 25,300 29,200

(3) Raw Water Demand

In general all water supply systems have leakage .:md

- 4.29
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occurs in (1) raw water transmission pipeline, (2) distribution network, and
at (3) building/ houses. Losses also occur in the water treatment plant by
de-sludging from sedimentation tanks and backwashing of filters.

Reduchon ot leakage and losses can be thoughl of as equivalent to
exp]mlalron of a new and additional water source. In view of the wide
range of }cakage detection practices, a combined loss rate of about 30% is
considered as a proper target for the improvement of water loss reduction for
dinking water supply in Astana. For technical water supply, a flat rate of
5% s applied. | |

In conclusion, the daily average water demands for the drmkmg walter and

lechmcal waler, as well as the ddrly average raw water demand for Astana

" are summanzed in the followmg table.

Daily Average Water Demand .

- Year | 2010 - | 2020 - | 2030
Drinking Water (m’/day) S g -
- 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) S N R
- Water Demand 22,200 25,300 29,200
- Leakage R 1,200 - e 13000 1,500
- Raw Waler Dcmand 23,400 ' 26,600 30,700

Raw Walter Demand - Total - 175,100 : 243700 295,300

'Oln-Going and Piénncd Im;rrorrcmcm

Some major works have already been commenced or are in preparation

improving and expanding the existing water supply system, as discussed below.

(1) Third Pipeline from Vyacheslavsky Reservorr to Water Trealmcm Plant

for

The lh1rd prpelme pro_lecl sha]l consist of pipeline of 1, 400 mm diameter
between the Vyacheslavsky Reservmr and the trealmenl plan, and

: appunenam intake pump tacrhues Atlempts 'havé been' made to finance

this project basically on a Burld -Operate- and-Transter (BOT) scheme but
were not successful.  The Kazakhstan Government fmally decided to turn
down the BOT scheme and imp]émenl this pipeline installation by local

funding.
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(2) Water Treatment Plant

Improvement works such as replacement of filter sand and repair of
electrical cquipment at the water treatment plant have been planned, and a

budget has been allocatcd from Akimat.

(3) Flowmeters and Watermeters

' Installation of flowmeters at major water supply facilities for monitoring, as
well as the installation of watermeters at major consumer connections is in

progress

(4) . Urgent Rehabilitation by EBRD
" As part of the TACIS interstate project “Widening the Environmental Action
* Program to the NIS and Mongolia”, European Bank for Reconstruction and
Development (EBRD) conducted a pre-invcsiment fe'asibility assessment of
funding in water supply and environmental infrastructure in Astana. The
overall objective of the project is the introduction of sustainable, sate and

efficient water and wastewater services in Astana.

This project is dormant now, for a clear and explicit commitment for
mariagerial improvement of ASA, which is a prerequisite of financing by
EBRD, has not been approved by Akimat.

Mcdlum Term Developmcn{ Needs

7 As deplcled in Sub sccuon 4 3. 2 the waler demand w111 rapldly increase with

popu]auon growth and economlc devciopmenl in Astana, which necessitates

capacity expansmn. Al the same lime, the exisling waler system is aged and
deteriorated, and has come to curtail proper performance to provide sufficient
service 1o the consumers. = On these accounts, as the abovementioned projects are

not enure]y sallstaclory, the fol]owmLT addmona] measures need 10 be fulfilled.

.The descnpuon 1n this SUbSCLllOﬂ is essentially in accordance with the proposals
— in the Feasibility Sludy of Water Supp]y and Sewerage.

(1) Water Sources .

" Vyacheslavsky Reservoir will remain as the staple water source for drinking
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water of Astana. The inflow of water from the spring floods in 1998 to
2000, however, was unexpectedly insufficient, and the current storage of the
reservoir is endangering stable supply of water, necessilating additional

water source urgently to meet with demand for water consumption.

Water Supply Facility

~ Although the existing civil structure of Vyacheslavsky Reservoir Pumping

- Station is still operauona] rehabrhtatron work will be extremely difficult

since most of the equlpmenl is located underground When a new
transmission pipeline is constructed, the existing pumps will not be suitable
for operation because the existing pumps operaling with a large pump head
will not be economical. Therefore, new pumpiﬁg station shall need to be

constructed and pumps with an adequate performance shall be installed.

Water treatment plant, deSpile its original dcsign capacity of 200,000 m*/day,

- has impaired the full capability in terms of quantity and quality due mainly
to superannuation of the facility in the 33 years of operalion. Therefore,

 reconstruction of the whole treatment plant will be required.

The distribution pump sfation at the water treatment plu'n'l has enough sUpp]y
capacity for both drinkihg water and technical water, but ll"re_, existing pump
facility is aged, and renovation of mechanical and e]er:irica] facilities is
required for proper and reliable opération.

In addition to some reinforcement to the existing distribution system, water
distribution system wi!l be cxpandcd to lhc eastern and western directions on
the right bank of the Ishim Rrvcr as well as to lhe southern direction crossing
the river to the left bank. The main dlstrrbulron plpelmcs shall be installed

into the lhrec chrccuons wrlh branch papclmcs mstallcd lo cover new service

areas

Non-Revenue Water Reducuon Program

Wlthoul !aunchmo a non revenue waler rcducuon pmgram water dcmand

- would increase uncontroilably with the progress of ‘new dcvclopmcnt.

Under such circumstance, the existing water source would bc_shori and
development of a new waler source would be necessary which would require

a large amount of investment.

This is the reason why non-revenue water reduction program will be one of
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the major aclivities to be conducted, besides the new construction of waler
supply facility. This program will consist of two components; one is a
reduction of physical losses, which requires moni;o_rihg of leakage; while the
other is minimizing wastage of water use by consumers’ attentivencess and an

introduction of an improved taritf system.

Long Term and Ultimate Term Development Needs

Water demand in 2030 is projecied to be 2.1 times of 1999 level. To cope with

M)

@

®

4)

~ this increase, the following requirement shall have to be fulfilled.

Water Source

The total raw water demand is projected to bé 243,700 m*/day in 2020 and
295,300 m*/day in 2030. - Irtysh-Karaganda Canal water will be utilized to
meel this increase of water demand, as discussed in Section 4.2.

Groundwater will be an emergency waler source.

Raw Water Intake Faéilily

~The purﬁping station at Vyacheslavsky Reservoir _sha]l be "c'r_ﬂ.arged to meet
~ with the required c_épacily in the future. Raw water transmission pipe shall

| additionai]y be constructed.

Walcr Trealmcnl P]ant

The reqmred producllon capacity for water treatment shali be more than
304,400 m3/day by 2030 A new lreatment planl shall be needed to cope

' wuh the water demand in several slages.

Walcr Distribution Facility

- The water supply sefvice arca will be extended 1o new deﬁelopmenl areas,

and distribution pipecs shall need to be installed at the time of development

The dlstrlbutlon pumping station at the waler trcatment plant has (o be

_ _enlarged to meet with the d¢mand.

o)

- Non-Revenue Water Reduction Program

* Non-revenue water reduction program shall be continued lo maintain a

sufficient water supply system.

- 4-33
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4.3.6

Formulation of Water Supply Development Plan -

Water supply facility shall be designed to provide the prOpér capacity shown in the

following tables.

Design Parameters of Facility

Facility

Drinking Water

Technical Water

Intake Pump

Daily Maximum with Leakage and
Treatment Loss

Daily Maximum with Leakage

Raw Water Transmission
Pipe

Daily Maximum with Leakage and
Treatment Loss

Daily Maximum with Leakage

-Water Treatment Plant

Daily Maximum with Leakage and
Treatment Loss

Dhily Maximum

Distribution Pump Hourly Maximum with Leakage. Hourly Maximum with Leakage |
Distribution Network Hourly Maxinum with Leakage Hourly Maximum with Leakage
Daily and Hourly Maximum Water Demand

3 - Year { Ratio | 2000 | 2020 o] 2030
Drinking Waler {m"/day) -
- Daily Average without Ieakage i 115,200 165,000 E 201,100
and Loss : : :
- Daily Average with Leakage and ' " man A
Loss (Raw Water) - - 151,700 217,100 264,600
- Daily Average with Leakage 1.00 144,000 - 206,200 - 251,400
- Dfuly Maximum with Leakage 1.20 : 172-,800' S 247,200 301,700
(Treatment Plant)
- H:fnrl.y Max:mnm with Leakage 1.40 241,900 3 64,100 42'2, 400
(Distribution System)
Technical Water (m*/day) S L :
- Daily Average wilhout Leakage - 22,200 - 25,300 29,200
- Daily Average with Leakage 1.00 23,400 - - 26600 30,700
- Daily Maximum 1.90 44,500 50,500 " 58,300
- Hourly Maximum 1.10 49,000 64,100

55,600

Water demand projection and proposed production capacity are shown in Figure
432, |

Water intake sites will remain at Vyacheslavsky Reservoir for drinking water and
Ishim River for technical water. Pumping station at the reservoir will be newly

constructed in the first stage (by 2010}y and expandcd in the subsequent two stages.

A new raw water transmission pipe from the reservoir will be additionally
installed 1o meet the demand in 2030 at the second stage by 2020.

Utilizing the existing water {reatment plant, new plant with a capacity of 100,000
m*/day will be constructed in the first stage. In the S_econd stage, a new plant

with a capacity of 120,000 m*/day will be constructed near the existing intake



The JICA Study on the Master Plan for the Development of the City of Astana Main Report

pumping station along the Ishim River. The existing plant, which will be aged
and superannuated by the_n, will be dismantled and an additional 100,000 mJ/day

plant will be constructed in the third stage.

Distribution pumping stations will be located at water treatment plants, and they
will be constructed and expanded to cope with the developments of treatment

plants.

Only major distribution pipes are planned in this development plan, and branches
shall be studied and designed in detail at the stage when the actual development

will be implemented.

The following descriptions and Figure 433 summarizes major water supply

facilities for future water supply development plan.

Priority Proiecl (Phase 1 Project : Scope of JICA Feasibi]iw Studv]

In order to relnforce water productlon capacny and its rcllablllly, constructlon of a

new pumplng stahon at Vyaches]avsky Rescrvcur rechabilitation of electrical

fac111ues in pumpmg station at Ishim River and construction of a new treatment

-p]anl (No 1 -100, ODO m3/day) and a new dlstrlbutlon pumping station shall be
‘ 1mplcmcnted by 2010

”As for dlslnbuuon nelwork, some exmlmg plpelmes shall be g glven pnonly tfor
'replacement to minimize leakage. Residential Districts 4B, 9, 10, 12, 13, 17 and
14(part), Industrial District Station 40 and Planning District I and VI are planned
to develop by 2010, distribution plpelmes for these new service area shall be
mslalled wnh lhe development '

" Water Supply Deve]opmcnl Project for 2020 (Phase 2 Project)
To cope with increase of water demand, construction of an additional pumping
~“station’ at Vyacheslavsky Reservoir, a raw water transmission pipeline from the
TeSErvoir, construction of a new treatment plant (No. 2 ~ 120,000 m*/day) and a

new distribution pumpmg station shall be 1mplemenled by 2020

_ _As for distribution network, Rcszdenl Dlstncl 14 (part), 15 (parl) 16(parl) 18 and
19, and F‘l.'.mmn0 Dlstnct HI and IV ars: planned o develop by 2020, and new
distribution plpc]mcs for lhcse new service area shall be installed with the

devclopmcnl o
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43.8

Water Supply Development Project for 2030 (Phase 3 Project)

In order to reinforce water produélion éapacity and its reliability, construction of a

new pumping slation at Vyacheslavsky Reservoir, rehabilitation of electrical
tacilities in the pumping station at Ishim River and construction of a new
treatment plant (No. 3 — 100,000 m*/day) and additional distribution pumping
station shall be implemented by 2020.

As for distribution network, some existing pipelines shall be given priority for
replacement to minimize leakage. Resident District 11, 15 (part), and 16 (part),
and Planmng District II are planned to develop by 2030, distribution pipelines for

these new service arca shall be installed with the development.

Intrastruclure Plan for Ncw Clly Center

New C]ly Cenlcr consists ot Government Area Dlplomauc Arca and Business

~Area, and it is Jocated at Resident District 13 and a part of District 14 in Southern
' P]anmng Region. The center’ wﬂl have a populal:on of 18 600 and workmg

popu]atlon of 94, 300 in 2030. Dally maximum water consumphon of 18,900

m’/day is pro;ected for domestic and publlc/commercw] use m l]’llS cenler

Drmkmg water will be supplied from the exmmg water treatmenl p]anl before the
second stace of expansron and it will be supplled from new plant at the left bank
ot the Ishim Rlvcr after cxpansron '

This center w111 be servrccd by major water dlstnbulmn pipes of 400 to 700 mm
diameter, which will also transmit walter 10 _olher.sur_roundmg districts.  Water
supply pipelines on Street No. 1 and 2, which are plar_med to be installed using
Akimat’s budget can be considered as the branches to supply water 10 each facility
in lhlb center.

Refer to Figure 4.3.4 for the mlrastruclurc planmng of the New Clty Center.

lm'plcmenlalion Schedule

Water supply deveIOpmcnl plan is proposed lo 1mplemenl by the b:)llowma three

slag,cs to cope with water dcmand increase.

Priority Pmi_ecl (Phase 1 Project ; Scope of JICA Feasibilitr Smdv'] ‘

This priority project shall be implemented by 2008. The aclual Lonstrucllon shali
be about four years, from 2004 t0 2007.
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Water Supply Development Project for 2020 (Phase 2 Project)

Phase 2 Project shall be implemented by 2014, The actual construction shall be
about three years, from 2011 to 2013,

Waler Sugpix Development Proiec:l for 2030 (Phase 3 Project)

. Phase 3 Project shall be implemented by 2020. The actual construction shall be
about three years, from 2017 to 2019.
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44.1

Planning of Sewerage Systems

Present Condition

The existing sewerage system covers an area of about 3,500 ha of mostly urbanized

part of Astana City, in relation to the entire city’s administrative area of 71,000 ha.

According to the implementing agency of sewerége services, Astana Su Aransy
(ASA), while the service population of water 'supply counts 300,900, 220,200
residents have access 1o sewerage service as of 1999. The sewerage sysiem consisls

of sewer pipes, sewage pumping stations and the séwage treatment plant, all

operated and managed by ASA.

M

@)

Sewage Collection System

The sewage collection system includes sewer pipelines and 37 pumping
stations. All the sewage collected by the system is transmitted to a sewage

treatment plant (STP) located on the left bank of the Ishim River at about 7km

southwest of the city center. Existing sewer mains have capacity ¢nough to
collect and transmit all the sewage generated in Astana. A large proportion of
the sewage collection system, however, is very old and is thereby in a poor
condition. Especially, about 20 km mainly unprotected steel pipelines and
mechanical and e]ecll_'iéal equipment in seventeen (17) sewage pumping
stations are in a severely superannuated condition.

About 30 % of households are not at all connected to the sewerage syslem, as
sewer pipes are installed only in limited areas. These households have on-site
treatment facilities (septic tanks and night soil storage la.nks). Fifty (50)
septage collection vehicles are in operation by a municipal enterprise,
“Gorcommunkhoz”. ' '

Sewage Treatment Plant

The scwage treatment plant {STP) uses the conventional activated sludge
process with a design treatment capacity of 136,000 m3/day, while the actual
amount of influent to the STP is estimated about 100,000 m*/day on a daily
average. Presenl operationa)] condition of the plant is satisfactory, although
requiring rehabilitation and/or replacement in some parts of seélions, mainly
the electric and mechanical equipment.

The effluent trom STP is dischérged to Taldy Kol Impounding Reservoir by

pumping facilities. As Taldy Kol Rescrvoir does not have any outlet, the

* Full text of Water Resources Planning appears in Appendix G of Valume ]ll;.Supporting Repnri
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walter in excess of the reservoir capacity is sometimes discharged through an
~ emergency pipe to a low-lying wetland northwest of the reservoir.

4.4.2 Demand Forecast

Proper management of wastewater is essential in preserving the natural
environment and mitigating the impacts of human activities on the environment.
Thus in this Master Plan, the sewerage systcm is planned to cover all the existing
and planned residential districts (14,060 ha in 203(0) as well as industrial districts.
As shown in the following table, residential sewerage service area will increase
from 3,284 ha at present to 14,060 ha in 2030, and the sewerage service population
will increase from 220,100 at present to 760,000 in 2030. About 90 % of the

. sewage will be generated in the residential sewerage service area. Sewerage service
population rate is planned to increase from the present 73 % 1o 95 % in 2030,

" Sewcrage Service Area and'Pupulalion

Year Residential ' Populalidn in Sewerage Sewerage Service
Sewerage Service Residc-niial Sewerage Service Population Ratio
-_Area (ha) Service Area Population per lotal population
1999 3,284 306,249 220,100 73 %
2010 | 7535 | 474537 | 421400 86 %
2020 12320 | 666933 641,700 | 93 %
2030 14,060 780,525 760,000 95 %

*) Sewage service area excluding Industrial Area

The results of sewage generation forecast in Astana City up to 2030 are shown

below.
Sewage Generation Forecast ' " (unit: m'/day)
Year Domestic | Institutional | Commercial | Industrial Filtration* Total
1999 66,810 5,199 - 22,658 9,466 104,133
2010 | 69020 | 5958 10744 | 16299 | 10203 | 112224
2020 | 111977 | 8651 15654 | 19421 | (15570 | 171,273
2030 | 147,492 10;003 ' 18781 20,853 19,713 216,842

*)  Total sewage amount includes not only waslewaler, but also infiltralion water equal to 10 % of

waslewater amount,
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Taldy Kol Reservoir

All the effluent of STP in Astana is presently discharged to Taldy Kol Reservoir
with a surface area of 21.3 km®. While the reservoir was designed to evaporate all

the etfluent, it does not have an enough capacity for the volume of present intlux.

The reservoir is constructed over a mashy terrain with dykes around, and thus the
normal water level is higher than the surroundmg ground.

There is a widespread conception that Taldy Kol Reservoir is a heavy polluted
water body, as it receives effluent of STP. In reality, the water quality of Taldy Kol

- Reservoir is much better than it is generally conceived, due to the proper treatment
~of wastewater at STP and additional natural treatment process in effect in the

reservoir. According to the results of the site survey of the Study Team, it is
confirmed that there is no offensive odor while a number of wild birds are to be seen
in the reservoir. Taldy Kol Reservoir nonetheless poses some issues regardmg the
development of Aslana City, due to the following reasons.

" - Taldy Kol Reservoir occuples a large area near the center of Astana City.

- Infi llraimg and overﬂowmg water from Taldy Kol Rescrvmr creates swamps
around the reservoir. Due 1o future dcvc]opment of Astana C]ly, amount of the
outgoing water is expecled o increase.

In order that the capacity of the Taldy Kol Reservoir would__nol be surpassed in

future, the volume of effluent water to be discharged to the reservoir needs to be
reduced in one of the following ways;

1) To discharge the effluent to the Ishim River and/or Nura River

2) To use the effluent tor irrigation

At present, discharge of eflluent to the lsh'irn River and Nura River is not allowed
due to the environmental reg,u]auon in Kazakhstan whilst agncullura] land has not
been ready yet (o receive the treated wastewater

Irrigation Develgpment Plan

Irrigation use of treated sewage had been considered in the Soviet Union era, and
irrigation land operated by using the water from Taldy Kol Reservoir was not more
than 1,700 ha in area, although the scheme collapsed at the disintegration of Soviet

Union. It is recorded that the productivity of crops in the agricultural land are |
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20,000 kg/a of potato, 37,900 kg/ha of corn for silage of and 21,000 kg/ha of
Forage Crop

As the unit water demand for the irrigation area is estimated at 4,000 m*/ha /year by
Minisiry of Agriculture, water demand for 1,700 ha of irrigation area is roughly

estimated 6.8 million m3/year._

There is a large potential of agricultural development south of Taldy Kol Rescrvoir.
The F/S of Water Supply and Sewerage for Astana indicated that 8,500 ha of land
has the potential for irrigation using the treated wastewater. As the Medium Term
project by 2010, it is recommendable that about 1,700 ha of agriculture land, equal
1o the Soviet era extent, will be dei«*eloped for re-use of the treated wastewater. As

the Long Term by 2020, 8,500 ha of agriculture land is assumed for development.
The proposed devc]épment plan of agriculture land and required minimum water
demand is shown in the iable below.

Tentative Development Plan for Agricultﬁre Land for Re-usc of Treated Wastewater

Before 2000 2000 | 2020 2030
1995 ' -
Development Area for 1,700 0 1,700 8,500 8,500
Irrigation (ha)
Irigation Water Use 6.8 0 6.8 340 340
(million m*/year)

Even with zigricultural developmént, fands would not be irrigated during the winter
season. A large volume of seasonal storage would therefore be required to keep
effluent in the winter. It is recommendable to keep Taldy Kol Reservoir as a

scasonal storage pond to allow for an effective operation of the irrigation system.

Discharg: ¢ 10 the Ishim River

Even if 8,5‘00.hé of agricultﬁ're land is developed for the reuse of the treated
wastewater, all the effluent could not be used up. For using up all of eftluent of STP
in 2030, 16,500 ha of agriculture land would be necessary. At present it is difficult
to propose a development plan of this exlenl of agriculture land without a detail

study for the development.

It would bc a rcahslnc opllon Lo dlSChElr"L part of the treated waslewalcr to the Ishim
River in winter scason on the Long Term. Advanced treatment process would be
" required at STP to achieve suitable water quality in order to discharge to the Ishim
River. In order to introduce proper changes in the environmnetal regulation and to

44
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select the sujtable advanced treatment process, further study will be required. This
option is also recommendable from viewpoint of water balance of the Ishim River.

From Astana City

Ishim River Ev aporatlon & Filtration

?%

D

Taldy Kol Reservoir

Agriculture Land

Tentative Water Balance Diagram of Treated Sewage (Alternative 1)

" (million m’/year)

1999 2010 l 2020 2030

Al Sewage Generaliqn Amount _ 36.5 40.9 62_.5 79.1

B Direc-l'D-ischarge' {o Ishim River 0 0 | 146 451
After Advanced Treatment '

C| Yrrigation Water Use -0 6.8 340 340
D} Discharge from Taldy Kol Reservoir| =~ 6.9 .69 | 7 69 0.0
10 Wetland in Flood Season : ' S s g
F| Evaporation and Filtration 1208 | 272 | 70 00

(when Taldy Kol Reservoir is full) S
F | Surtace Area of Taldy Kol Reservoir 213 : 19.6 -8 | 0.0
(km2) ' ‘

Thcrc is an oplnmn lhal Taldy Kol Reservoxr shou}d be reclalmcd completely
before 2010 If this opinion is to be reahzed aboul 8 500 ha of ag,ncullurc Jand for
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the reuse of treated wastewater and irrigation system with storage ponds shall have

1o be developed in due time as shown below.

Tentative Water Balance Diagram of Treafed Sewage (Alternalive 2)

1999 2010 2020 2030
A| Sewage Generation Amount 365 409 62.5 79.1
Bi Direct Discharge to ishim River 0 0 14.6 45.1
After Advanced Treatment
C| Irrigation Water Use 0 340 34.0 34.0
D} Discharge from Taldy Kol Reservoir 6.9 6.9 6.9 0.0
to Wetland in Flood Season - |
E| Evaporation and Filtration ' 29.6 00 7.0 0.0
(when Taldy Kol Reservoir is full) -
F | Surface Area of Taldy Kol Reservoir 213 0.0 5.1 0.0
(km2)

" 4.4.4 - Medium Term Development Needs

(1)

@

Scwagc Trcalmcnt P]ant e

The ex1stmg sewage treatment plant is considered 1o be operating properly at

'presem, and has large enough a capacity to treat the volume of sewage to be

generated in 2010, In order to assure proper operation in the future, however,
large-scale rehabilitation works of STP are required. The rehabilitation works

includes sludge treatment process.

Scwagc Co]]ccuon System

Allhough the desgn capacnly of the exmmg sewage co]]cctlon system is

_ co_ns;dered ‘1o _have enough capacity for the present demand, some
~ rehabilitation and/or expansion works need to be carried out for the present

and future operation, as discussed below.

Rehabilitation

Old and decrepit sewer pipes and sewage pumping stations sometimes cause
blockage 'of sewage flow. For proper operation of the sewage collection

syslem, rehabllllauon of old sewer pipes and sewage pumping station is
requtred
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Expansion
About 4,300 ha of new residential arca will be developed by 2010 both on the
left bank of the Ishim River and castern part of the right bank. Installation of

sewage collection system shail be necessitated in the new development area in

time for the commencement of construction of housing units in the area.

44.5 Long Term and Ultimate Term Development Needs

1)

@

Sewage Treatment Plant

The sewage generation amount in 2013 is expected 10 exceed 136,000 m’/day

{capacity of existing STP). The capacily of STP therefore should be expanded
before 2013. The Sewagc g”cnera‘tion‘in 2030 is projccléd at 216,842 m*/day,

which means that more than 80,000 m*/day of lhc_'éépaciiy' shall be expanded
before 2030. In order 1o reduce pollution load on water bodiés the rapid sand

filter process is 10 be introduced in the expanded facilities. Rapid sand filter
process which is most popular advanced treatment process is expecled 1o

reduce about 50 % of BOD load of eftluent of the STP.

Alter 2020, residential area will expand within 2 km of the STP site. The
sludge drying beds will be demolished and mechanical dc-walerihg tacilities
are to be introduced in order 1o reduce offensive odor impact.

* Even if the existing sewage treatment plam would be rehabilitated properly,

the STP will require rchabllnauon again in 20 years because of the

supcrannuation of the equipment.

Sewage Collection System

The sewage cb]]eclion system shall be developed 1o meet the residential area
development year by year. Residehliz_xl se\#érage service area is planned to
expand to 12,320 ha in 2020, and 14,060 ha in 2030. After 2010, not cnly

sewer pipes in new developrncnt area, but also trunk main should be installed
10 increase sewage transmission capacity to STP. The pumpmg stations also
shall be reinforced to meet future demand. '
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4.4.6

Formulation of Sewerage Development Plan

(1)

Basic Strategy of Development

As the conclusion of the study, the basic strategy of scwage system

development is shown below.

Sewage Treatment Plant

* The existing STP will be rehabilitated and expanded to meet future demand.
Advanced treatment process will be introduced to new expanded facilities.

* The treated sewégé will be discharged to Taldy Kol Reservoir, and surplus
waier w1l] be dnschargcd to the wetland northwest of the reservoir in the
same manner as in the present operation. The re-use of treated sewage shall

be promoted for lrngallona] use.

Sewage Collection System

. Thé Sc_werage service area consists of two separate service arcas, West
- Service Area and East Service Area. Each service area has a trunk main

connecting directly to STP. Two service areas will be developed
: ihdependenlly.

. The sewerage service area w1lI cover both the residential districts and
industrial districis. The sewage collection syslem in the residential districts
shall be expanded to service the planned new residential development. The

© existing sewage collection system in the industrial districts is considered to
have enough capacity for the sewage generated in the industrial districts up

- 1o 2030. The sewage collection system in the industrial districts will not
(herefore bé' mentioned in this Master Plan.

* The numbcr of new pumpmo stations shall be minimized, in view of
ethc1enl operallon of lhe system,
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The proposed system diagram of the sewerage system in Astana City up to
2030 is shown below. '

West & North Indusirial Area Central Industrial Area

Residential Area
567&8

Rcsidénlial Area
1, 2 3, 4A&4B

KHC-6

 Residepftial Area 11

" Residential Area
9,10 & 13

Res: d¢

Residential Area
15, 17, 18 & 40

' . * Major Sewage
~ Pumping Station

. Proposcd Syslem Diagram ol' Scwerage Syslem ln Aslana
(2) DeveloPment Plan of Sewage Treatment P]ant .

To meet the i increasing sewage gencrauon up 10 2030, the capacity of the STP
shall be increased as shown below.

l)_evc;luﬁmcnt_ Plan ol'_chﬁagt Tnglm;:pl Plant

Item : 2010 2020 . 2030
Incremental Capacitly (m’ /day) . -0 40,000 42,000
Secondary Treaiment Capacily (m’/day) 136,000 176,000 218,000
Advanced Treatment Capacity (m'/day) 0 | 40,000 | 218,000

In order 10 operate at the design treatment capacity, the existing STP shall be
rehabilitated, and before 2030, 20 years afier the rehabilitation, the STP will
again requirc tull-scale rehabilitation and advanced treatment process.

(3) Development Plan of Sewage Collection System
Sewer Pipe

Sewer pipes shall be installed mainly in newly dévelopéd residential districts -
as shown in Figure 4.4.1 and summarized in the following table.
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New Installation of Sewer Pipes

Pipe Diameter (mm) 2010 2020 2030
1200 - 1500 34 km 7.0km 0
800 - 1000 9.1 km 13.0 km 0
350 - 600 23.6 km 30.5 km 15.0km
Total 36.1 km 50.5 km 15.0 km
Pumping Station

From the view point of minimizing the number of pumping stations, location

of the new pumping stations are selected. Three new pumping stations will

cover 8,700 ha of sewerage service area in the new development area, which

is on the left bank of Ishim River and the east side of right bank of Ishim River
"in the City. .Required capéwity of the pumping station is shown below.

Required Capacity of Major Pump Station Capacity

e N _ _ (bourly peak: m*/h)
Pump Station 2010 2020 2030

 KHCS50 | 2300 T 4700 6,100
- KHCS1 | 120 - | - 290 3,800
" KHC-53 i 700 1,200

'(4) Outline of Proposed Project
1) Priority Project

Rehabilitation Project for the Existing Sewage Treatment Plant

The project consisls of the rchabi_]itation of pumping facilities in STP,
re-construction of grit rcrﬁova]_ and disposal facilities; rehabilitation of
primary and .final sedimentation thﬁks.'; rehabilitation of aeration tanks; and
‘construction ;uid rehabilitation of ‘'sludge treatment facilities. The project
shall be completed as early as possible. Considering the implementation
schedule, the prbjeét could be cOmpléled in 2007.

~ Sewage Collection Systcfn Rehabilitation Project.
In all 20 km of sewer pipes, mainly unprotecied steel pipes are to be
* replaced and seventeen sewage pumping slations shall be rehabilitated.
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The project shall be completed as early as possible. Considering the
implementation schedule, the project could be completed in 2007.

Sewage Collection System Expansibn Project ( 1)

Sewage collection system shall be constructed in the area of 4,200 ha to be
developed up to 2010. Three pumping stations and approximately 36.1 km
of sewer pipes shall be constructed.

2) Sewerage Development Project for 2020
' STP Expansmn Prolecl (1)

| "The lrealmcnt capacny of 40, OOO m3/day w1lh advanced treaiment proccss
‘shall be expanded o treat the sewage generauon volume in 2020. The
project should be completed by 2013, when the sewage generation amount
exceeds the capacity. -

Sewage Collccuon System Exgansmn Project (2)

Sewagc CO]]CCUOH syslem sha]] be constmcted in the area of 4,300 ha to be
developed between 2010 and 2020. New pumps shall be installed in three
pumping stations, and one new pumpmg station shall be ccmslructed and
approxlmalcly 50.5 km of sewer pipes shall be constructed. 6 km of trunk
main (transmission pipe to the STP) shall be instailed before 2015 to
supplement the shortage of capacny of the ex1slmg lrunk main. Al] works
for the project shall be completed before 2020,

- 3) Sewerage Dcve]opmcnt Prdjcct for 2030

STP Exgansxon Pr01ect (2)

- The treatment capacity of 42 000 m’ /day w1th advanced lrcalment process
shall be expanded 1o process the sewage generation in 2030. The project
shall be compieted by 2023, when the sewage generation amount exceeds
the capacity.

STP Rr.hablhta!lon Pro;e_ct

By 2030, reh.lbllnatlon of lhe STP and mtroducuon of advam,ed treatment
process will be required. The project may be carried out in parallel with
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STP Expansion Project (2). The sludge drying beds will be demolished and
mechanical de-watering facilities are to be introduced.

Sewage Collection System Expansion Project (3)

Sewage collection system shall be constructed in the area of 1,700 ha to be
developed between 2020 and 2030. New pumps shall be installed in three
pumping stations, and approximately 15.0 km of sewer pipes shall be

constructed.

447  Sewerage Development Plan of New City Center

Major sewer pipeline routes are shown in Figure 4.4.2. The figure indicates that all
the sewage gencfatcd in the New City .Ce_nter area js discharged to the pumping
station KHC-50. For the plaﬁning of collection in the aréa, the New City Center
area is divided into 6 sub-areas. The proposcd system diagram is shown in the
tigure below. |

¢_ . .- . . ’ . .
: \Pumping Station: KHC-50 :

RB-a: 370 ha

LB-a: 320 ha

<+ ' o RB-c: 60 ha
|
.

System Diagram of Sewerage System in New City Center

LB-c¢: 100 ha_
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*

* %

Sewage generation forecast for each area is shown below.

Sewagé Genceration Amount

N Area 2610 73020 2030
Left Bazk (a) 330 ha 3,260 4,021 4,365
Left Bank (b} 100 ha 1,019 1,256 1,364
Left Bank (c) 54 ha 550 678 736
Right Bank (a) 370 ha 813 938 1,063
Riight Bank (b) 92 ha 202 233 264
Right Bauk (c) 60 ha 132 152 172
Total 996 ha 5,976 7278 7,964

Ak:mat has already started to install sewer pipes in the Left Bank (a) area. Sewer
plpe installation i in lhe area shal} be comp]eted before 2010,

44.8 lmplementatlon Schedule

As described in Sub-Section 4.4.5 .(4), eight projects are proposed for the
development of sewerage system in Astana City up to 2030. The proposed
implementation schedule is shown in the tigure below,

Implementation Schedule

2000 7010 - 2020

H2|afa5/ 678l 9o 1]2]3545]867]8] 9f]of 1]2]3]4]5[s]7 8s
STP Rehabiltation Project [P WEEVR s iy
STP Expansion Praject {1} ——

STP Expansion Project (2)

1§
1
| |
I

STP Reconstruction Project

Sewage Collection Rehabilitation | +
Sewage Coliection Expansion (1) | o

il

Sewage Collection Expansion (2) B

Sewage Collection Expansion (3)

* Priority Project ) ) ] ] . weweee. Detail Design
) ' ’ ‘ ‘ = Construction
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4.5 Planning of Power and Heat Supply System®

4,5.1 Present Conditions

1)

@

Electric Power and Heat Energy Secior

Astanaenergyservice (AES) registered as an opened joint-stock company
produces heat and electric energy and sells them to users of Astana City.
Also, it controls the fo]ldwing four affiliate companies in performing their
'acl'ivilies: '

* Electric power and heat energy generating station for TETs-1 (OJSC
IETs—l)

. = Electric power and heat energy generaling station for TETs-2 (OJSC

TETs-2)
* Heat supply company (LLC Teplotranz:t)
. Elecln(:]ty distribution and supp]y company (LLC Gorodskie elkiroseti)

Historical Trend and Present Stale of Electric Power Supp]y

| 1) Hlsloncal Trend ot Eleclrlc Power Supp]y

‘Most of the electric power required for Astana City is gencraled by the
coal-fired thermal plant, TETs-2 while approximately 5% of the whole
electricity reqmremem is supphed from Eklbasluz through the Ekibastuz —
Aslana 500 kV single Iransmlssron line.

Ahhough TETs-1, another coa] tired thermal p]ant generates a small amount
of electricity, the power is only used for the operation of facilities within
TFTs-l llse]t

Peak e]ectnc power demand was 1 198 096 MWh in 1995 but gradually
decreased (o 935,776 MWh in 1997 ‘mainly because of decline of industrial

. activities and decreasmo populallon The declining trend was reversed in

1998 w1th the annual growlh rate of 8. 5% and the electric power demand in
1999 reached 1,156, 829 MWh with the annual g g,rowlh rate of 13.9%. This
sharp Lhange was presumab]e due 10 the rapld expansmn of Astana City that
had become the new capital of Kazakhstan in late 1997,

® Full text of Water Resources Planning appears in Appeudix H of Volume 131; Supporting Repon.
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&)

2) Present State of Electric Power Supply

Average clectricity tariff is Tenge 3.84/kwh, while the electric power
generation cost at 7E7s-2 sending end is approximately Tenge 0.8/kwh.
Fuel cost of coal is approximately Tenge 700 /A (with VAT), whereas fuel
cost of heavy oil is approximately Tenge 15,400 /t (with VAT).

At prcsenl electnc power consumed by TETs-2 for electric power and heat

' encrgy produclxon is approximately 17.5% of the gencraled electric power at

the generator end. Moreover, there are considerable transmission losses
consisting of technical loss and non-technical loss and unknown factor and

the sum exceeds 36% of the generated power at TETs-2.

As a result, applicable effective electric power is approximately 46% of the
generated power at the generator ends of TETs-2. '

3) Power Supp]y Network

Thc clcclnc power for Astana Cny is supphcd by 110 kV lransm:ssxon lines

from two power sources; one is TETs-2 and the other is 500 kV central
substation of KEGOC (Kazakhslan Eleclncuy Grid Opcratlon Company).
AES buys electric power from KEGOC when the electric power supply is
insufficient due to periodical inspection or trouble of some electric power

generation unit of TETs-2.

' Allhough the tota] lnslalled capacny of elcctrlc power gcneranng facilities of

TETs-2 is 240 MW, available elcctric power g_,enerahon at present is 219 MW,
mainly because of the aging and functional decline of the generating
facilities. '

Historical Trend and Present State of Heat Energj} éﬁpinly |

1) Historical Trend of Heat Encrgy Supply

" The heat cn{_crgy is supplied by means of hot w'ate.r' and steam from the
electric power and heat criérgy generaling stations TETS-l and TETs-2. While

TETs-2 supplies heat enerby lhroughoul the ycar TETs-1 normally supplies
heat energy only in wmler '

The average annual hc,al cnergy siipbly amoﬁﬁt-wds 2539 x 1000 Geal -
(TETs-1; 612 x 1000 Geal, TETs-2; 1,927 x 1000 Geal) dunnb the past five
years. In 1999, the total g,murated heat amount was 2,721 x 1000 Geal
(TETs-1; 600 x 1000 Geal, TETs-2; 2,121 x 1000 Gceal) which was 14%
higher lhan that of 1998
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2) Present State of Heat Energy Supply

Approximately 70% of heat energy consumed in Astana City is supplicd by
TETs-1 and TETs-2 through the central district heating system.

The design heat eapacily of TETs-1 is 732 Gcal/h and usual heat supply
amount is in the range of 300 to 330 Gcal/h. Optimal heat supply amount
of TETs-2 is 540 Gcal/h, though recent data show that the amount was 465
Gcal/h as peak load in winter season.

Generation cost of heat energy by s is approximately Tenge 465/Gceal, while
the sale price of heat energy is Tenge 1,468 /Geal

3) Heat Supply ‘Nelwork

The existing central district heating system covers the central area on the
fight bank of Ishim River.  The heat for space heating and hot water for
domestic use in the city is supplied by means of high temperature hot water.
In order 1o distribute hot water evenly to each user, five pressurizing pump

stations are in service. In addition, No.6 pump station is now under

~ construction.

EE_,]eelric :Po_veef and Heat Energy Generating Stations TETs-1 and TETs-2

'I'ETs 1

The ma_;or tamhues of TETs-l consist of tour (4) sets of steam generating
boilers, six (6) sets of hot water boilers and three (3) sets of steam turbine-

generator scts. In general, main activity of TETs-1 is in winter season

because no producuon of heat energy from May to the end of August.

~As the most of the facilities except No.1 and No.2 boilers have been

operated for 30 years or more since their first commissioning, their
retirement will be required within 10 to 15 years, when the aging No.1 boiler
replacement will need to be considered.

TETs-2

TETs-2 supphes both electric power and heat ¢energy lo Astana City
lhrouuhoul the year

. MHJOf lacnhues of TETs—2 consists ot five (5) scts of 420 th sieam
' ceneralmd b01ler and three (3) sets of SOMW turbine g generator for electric

power generation as well for steam supply to the hot water heating system.
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As the fuel for generating electric power and heat energy, domestic coal is
transported by railways from Ekibastuz located approximately 300 km east
of Astana City. | Although unit price of the coal is relatively low, the coal
quality is not high due to extremely high ash content (approximate 40%).
As most of the major facilities except No.5 boiler have been in operation for
more than 15 years since their first commissioning, some of them for even
21 years, costs for maintenance and improvement of de-rated steam turbines
are becoming high, with occasional steam generator trouble owing to high
ash content of coal.

4.5.2  Demand Forecast

(1)

2)

Forecast Methodology

Melhodologes of electric power and heal energy demand forecasts may be

- classified into two; one is the macroscopic forecastmg method in which the

electric power and heat energy demand for Astana City are forecasted as a

“whole and on a long term, while the other is the microscopic torecasting

method which the distribution of high and low electric power and heat
energy demand arcas in Astana Clty is individually scrullmzed The latter
method is appropnate for shorl term torecaslmg, as this enables the planmng
of district-wise distribution of electric power and heat energy demand, which
is essential to the power and heat energy sysltem p]anning;

Peak Load Electric Power and Heat Energy Demand Forecast

The mlcroscopnc forecast results lor electric power and heat energy demands
are shown below.  The pm]ecled dlslncl -wise demand data were widely
adopted for selecling capacities of local facilities for electric power and heat _

energy.
Pro_]ecled Electric Power Demand Furecasl (Peak) ) o
Unit: MW
2000 2005 2010 2015 2020 2025 2030
Electric Power 226 295 362 425 485 530 570
Demand Forecast
{ Peak )
Projected Heat Energy Demand Forceast ( Peak )
o Unit: Geal/h
2000 2005 2010 2015 2020 2025 2030
Heat Epergy 764 1,045 1,306 {1465 11,619 1,797 {1,974
Demand Forecast S : =
( Peak }
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Medium Term Development Needs

(1) Planned and Scheduled Improvements

Based on the above peak load electric power demand forecast, the peak load
in 2001 is estimated approximately 240 MW which is equal to the total
installed capacity of steam turbine generators of TETs-2,

In the mean time, the peak heat energy demand forecast shows that the
demand of 1,045 Gcal/h in 2005 exceeds the latest maximum applicable heat
generation of i,Ol4 Geal/h. It is essential and urgem to newly construct
additional eleciric power and heat energy generating facilities in order to
supply power and heat for the rapidly developing areas in Astana City

_ including the New City Centcr.

AES has prepared a report showing the developmén't of heat and power
supply system of Astana City for the period up to 2005. Major items in the
report are;

+ -To supply electricity 1o new substation in New City Center from Airport

switching substation with new 110 kV transmission lines,

* To supply heat energy to New City Center {rom TETs-1 and TETs-2
through the new extension pipelines,

+ To conslruct a 115 MW e]ectnc power and heat energy gencrating plant
at TETS-Z as an cxtension pro;ect includin g reconstruction and

modemlzauon of the ex1stmg facilities and energy saving measures.

In addition, the list of fabililies instructed for ébnslrhéiion in the Astana City

in 2001 includes the above transmission lines (the Minutes of meeting with

the President of the RK).

- 'T_he‘fbllo'wings.are the p]anncd and Sc_heduled improvements.

1) ‘Electric wa'ef Subply

1) New c.onstruulon ot ]IOkV Iransmlssmn lines from Airport
' sw;tc,hmg, substallon 10 new subslauon m New City Center and new
construction of 110kV/10kV substation
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@)

2)

3)

Period of completion; 2001

ii) New construction of 110kV transmission lines from the exisling
swilching substation Eastern (o new substation in District No.17 and
new construction of 110 kV/10 kV substation

Period of complciion: 2010

iii) New construction of 110kV transmission line from TETs-2 (o Airport
switching substation along with the planned outer ring road

Period of completion; at the end of 2005

Heat Energy Supply

Extension of heat distribution pipelines from the ekisting district heating
system (supplied from TETs-1 and TETs-2) to New City Center and
District No. 17 '

Period of commissioning; by 2003, 2010 (Dist. 17)

Electric Power and Heat Generating Plant

New construction of 115 MW conventional coal fired electric power and -

" heat energy generation plant at s -2 as exlension project

Period of commissioning; at the beginning of 2006

Medium Term Development Needs

Major developing areas up to 2010 are New Ciiy Center, District No.17,

District No.9 and District Station 40. The followmg is' an outline of

dcvelopment needs 1o supply clccinuly and heat energy in accordance with

the projected demand of each developing area on a 10 year term.

1) Elcctric Power Supp]y

i} 110kV transmission lmes 10 the developmg arcas mcludlno new
transmission lines lrom TETS-Z to An'porl swm.hlng substation as
replacement of the exlsung old transmission lines

i1) New Lonslruulon of IIUkV/l()kV substahons to distribute electricity
10 cach devu]opmg, areas such as Ncw Clly Center, District No. 17
and High-Tech Park in District 1
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iii) Supply of electricity required for extension of the existing water
treatment plant, sewage treatment plant and new provision of
south-north line of light railway transit ( LRT ) through the existing
110k V/10kV substations, Airport switching substation and Koktem
substation

2) Heat Energy Supply

Extension of heat distribution pipes from the existing central district

heating network to the developing areas including New City Center

3) Electric Power and Heat Energy Generating Plant

Installation of a new electric power and heat energy generating plant at
TETs-2 to supply electricity and heat energy 10 the developing areas will
be necessary.

Long and Ultimate Term Development Needs

The followings show long term and ultimate term development needs in the year

range from 2010 to 2030.

In order to supply electric power and heat energy to the development areas in the

- entire Astana City, the tollowing provisions are required.

Up to 2020

1) Electric Power Supply

110 kV transmission lines and substations will be newly provided in

accordance with the demand requirements
i) 110 kV transmission ]ines;
- From Airport switching subslation to new substation in District No. 14
- From 500 kV Central Sﬁbslation to Wéslcrn sﬁ{iiching substation
_ Ffom Western swilching subslalioﬁ to Airport switching substation
From TETs-2 to .High-Tech Park in District 1I1

ii) 110kV/ 10 kV substations;
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New substation in District No. 14
New substation at'High-Tech Park in District 111

iii) Supply of electricity required for extension and new facility of water
treatment plant and extension of sewage treaiment plant and new .
provision of LRT East-Wesl Line

2) Heat Energy Supply

As the dis:lrict.heating systems, heat centers consisling of natural gas firing
boilers, ancillary equipment and piping will be provided at the district areas
of the left bank of Ishim River.

Heat centers; thre_c (3 ) at the beginning of 2011

six (6 ) in total by 2020.

From 2011 heat distribution to the left bank of Ishim River will be made by

those heat centers with tie lines from TE‘Ts-l and TETs-2 closed. Therefore,

heat suppiy from TETs-1 and TE Ts-2 will be ba51cally limited to the heat
" demand arcas of the nght bank of Ishim Rlver '

3) Electric Power and Heat Encrgy Generating Plant .~

To respond 1o electricity and heat energy demand, natural gas firing gas
turbine combined cycle plants of 150 MW output will be constructed at
TETs-1in 2011.

Up 102030
1) Electric Power Supply

i) 110KV transmission lines and substations will be newly provided in
accordance with the demand requirement.

110kV lransmlssmn llnes
Tie lines between SO0 kV cenlra] substallon and TETs-2

Branch of the above tie lincs' 10 High-Tech Park in District IT
110 kV / 10 kV new substation:

High-Tech Park in District 11
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i) Supply of electricity required for exiension of water treatment
facilities and sewage treatment facilities as well as new provision of
LRT Circle Line

2) Heat Energy Supply

New construction of one heat center and extension of the constructed
district heating system of both areas on the right and left bank of Ishim
River. '

3) Electric Power and Heat Energy Generating Plant

200 MW natural gas firing combined cycle plant will be construcied in
2021 at TETs-2 to supply electricity to the entire Astana City and to0
supply heat energy to the area on the right bank of Ishim River.

Infrastructure Master Plan

The following is an outline of the basic strategy for electric power supply, heat
energy supply and electric power and heat energy generating plants to respond to
new clectric power and heat energy demand in the developing areas in Astana
City 1o create opportunities for replacement or modification of old facilities or
systems taking into consideration that Astana City is the capital of the Republic of

Kazakhstan.

Electric power supply

‘New transmission lines required for new developing areas as well as increasing
‘¢electric power demand on the existing areas will be constructed together with the
| construction or extension of 110 kV /10 kV substations as well as reinforcement

of electric power supply sources.

As the e)kisling 110 kV transmission lines have been in service more than 30 years,
the main lines will be replaced with new transmission lines arranged along with

the planned outer ring road. -

As an urgent malter, clectric power supply lo New City Center with 110 kV

transmission lines from Airport switching substation to New Cily Center wili be
constructed including construction of 110 kV/ 10 kV substation.

Heat Energy Supply
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Heat encrgy required for the developing areas on the right bank of Ishim Rjver
- will be supplied by TETs-1 and TETs-2 up to 2030 with the extension of the heat

supply pipelines and reinforcement of heat energy supply sources.

Heat energy required for the developing areas on the left bank of Ishim River will
be supplied by TETs-1 and TETs-2 with the existing central district heating system
extended up to the end of 2010. From 2011, heat centers consisting natural gas
firing hot water boilers, ancillary equipment and hot water pipelines will be in
service to cover the heat demand of the areas with isolation of the heat supply tie

lines connecting the right and left banks of Ishim River.

Therefore, TETs-1 and TETs-2 supply heat energy to the areas on the right bank of
Ishim River only from the year of 2011 and heat energy to the areas on the left
bank of Ishim River will be supplied by the heat centers, which will be distributed
close 1o high heat demand areas.

Electric Power and Heal'Energy Generating Plant

In order 1o secure reliable suppiy of electric pow_e'r"and heat enéfgy to Astana City,

.. lo creale opportunities 1o replace or modify the existing old electric power and
heat energy generating facilities and to respond to the required electric power and
heat cnergy demand in future, new electric power and heat energy generating
plants will be constructed in TETs-1 and TETs-2 as the extension works.

(1) Electric Power and Heat Energy Generation Facilities and Supply
Refer to Figure 4.5.1 Plan of 110kV Transmlssmn Lmes Switchyards and
Substations.

~ In order 10 meet the electric power and heat energy demand of Astana City,
the fo]]owmg iac:hly expansnons are requ1red ' ' o

Up 1o 2010

1) Elcctric Power Supply

1) 110kV Transmlssmn mes and 110 kV/lO kV subsl.mons

New construction of 110 kV transmission lmes 1r0m Airport
swilching substation to new substation of New City Center

~ Length approx. . 11km -
Period of completion; by the end of 2001
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New construction of 110 kV/ 10 kV substation in New City Center
110 kV/ 10 kV Transformers 2 x 63 MVA
Period of completion; by the end of 2001

New construction of 110 kV transmission lines from the existing
switching substation Easiern to new substation in District No.17
Length approx. 3.5km

Period of completion; by 2010

New construction of 110 kV/ 10 kV substation in District No. 17
110 kV/ 10 kV Transtormers 2 x 25 MVA
Period of completion; by 2010 -

New construction of 110 kV iransmission lines from TE7s-2 1o
Alrporl sw1tch1ng substation along with the planned outer ring road
and new construction of 110 kV transmission lines from the branch
to Eastern switching substation including removal of the existing
transmission lines after the cdmp]elion of new transmission lines
Leﬁglﬁ of new lrans_misSion lines o

From TETs-2 to Airport S. Substation ~ approx. 35 km

. Period of completion; by 2005

From the brahch to Eastern S, Substation approx 7.7km
Period of completion; by 2010 |

New construction of 110 kV transmission lines from 500 kV Central
Substation to High-Tech Park in District 1

Length approx. 4.2 km

Period of completion; 2010

_Ncw construction of 110 kV/ 10 kV substation at High-Tech Park in
District1 .
‘ 110 kV/ 10 kV Translormers 2x 6 3 MVA

" Period of cbfﬂﬁlelioﬁi 2010
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2} Heat Energy Supply

Refer to Figure 4.5.2 Layout of Major District Heating Pipelines and
Heat Centers.

Heat (Hot Water) Distribution Pipelines _

Extension of heat distribution pipelines from the existing central district
heating system (supplied from TETs-1 and TETs-2) to New City Center
and District No. 12

Period of completion; by 2003

Extension of heat distribution pipelines from the existing central district
heating system to District No.17

Period of completion; by 2010
New installation of heal dlslrlbuuon pipelines in New City Center

PCI‘IOd of complclnon by 2003_ ( Mam )

3) Electric Power and Heat Encrgy Gencraling Plant

 New construction of convenuona] eleclrlc power and heat energy
generating plam o

" Output; Electric Power o 115 MW
Heat Energy ' apbrcix. 175 Geal/h
Fuel ; Coal ' ' - o

Location TETs-2 as extension
Period of commissioning;  at the beginning of 2006

Up to 2020

1) Electric Power Supply

110kV Transmission Lines a.nd 110 kV/10 kV substations

New construction of 110 kV lransmlssmn hnes,

From Alrporl switching substation to new substation in District No 14
From the existing switching substation Wcslern to Airport swxlchlng
substahon

From 500 kV Central Substalion to the existing swilching substatmn of
Wesltern

From the branch (the transmission lines trom TETs-2 10 Airport) to
High-Tech Park in District 11 |
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New construction of 110 kV/ 10 kV substations;
At District No.14

At High-Tech Park in District 111

2) Heat Energy Supply
Extension of heat distribution pipelines from the existing district heating
system to District Nos. 4B, 18 and a part of Central Industrial District
New constructions of heat distribution piping networks on the left bank
of Ishim River such as District Nos.15, 16 and 19
New constructions of natural gas firing six (6) heat centers (HC) as
shown below: _ : : ,
HC-1 (District No.13), HC-2 (District No.14 ), HC-3 (Dislricl No.12),
HC-4 (District No.15), HC-5 (District No.16) and HC-6 (District
No.19} ' ' ' -

3) Electric Power and Heat Energy General.ing Plant

- New construction of 150 MW natural gas firing gas turbine combined
cycle electric power and heat energy generating plant at TETs-1
Up 10 2030

1) E}ectric_ Power Sﬁpply
110 kV Transmission Lines and 110 kV/10 kV substations
New construction of 110 kV transmission lines;

- From 500 kV Central Substation to TETs-2

From a branch on the above lines 10 High-Tech Park in District 11
New construction of 110 kV/ 10 kV substation at High-Tech Park in
District 11

2) Heat Energy Slu.p'ply

Extension of heat disl"ribmion'pipe]ines' from the existing district heating

system to Northern Industrial District
New constructions of heal distribution piping networks on the feft bank
of Ishim River such as District Numbers 11, 14 and 16

New cqh's.ikruction of HC-11 ( District 11 ) and extension of heat

generaling fhcii_ities at six (6 ) heat centers ( HC) such as HC-1, HC-2,
HC-3, HC-4, HC-5 and HC-6
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3) Electric Power and Heat Energy Generating Plant

New construction of 200 MW natural gas firing gas turbine combined
cycle electric power and heat cnergy generating plant at TETs-2

(2) Environmental Management

1) Air Pollution Management

In order to fulfill air pollution management, design consideration needs to be
made that the new electric power and heat energy generaung plant will be
cqulpped with lhe followmg facﬂmes

1) Boiler design should include combustion control technologies 1o
minimize NOx emission.

ii) An electrostatic precipitator will be installed to collect dust particles
in the flue gas.

iii) A flue gas desulfurization plant will be installed to remove sulfur
oxide in the ﬂuc gas. -

The required emission standards for coal fired boilers are shown in the (able

below.
Required Emission Standards for Coal Fired Boikers
Boiler capacity Emission Standard
Emission Level al Excess O, = 1. 4 mg / Nm’
Total Suspended Particles Oxides
Ash coptents more than 4% SOx NOx
Steam generator 4201/11 , _ o
and below : ' 150 c © 600 - 340
NOx Control

NOx control technologies are currently and widely available in the world.

'The combination of the following three technologies is applicd in the utility
field to rcduce NOx emission levels

i}y Low NOx Burner Melhod
il) Two Stage Combuslmn Melhod
iii) Flue Gas recirculation Method

Combination of the .1b0ve can reduce NOx emission level to 100 pPpm, whlch
is equivalent 10 135 mg / Nm®, ‘
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SOx Coniro]

In order to remove sulfur dioxide in flue gas, flue gas desulfurization plant
(FGD) of wet limestone — gypsum process is highly recommendable.

The estimated SO in flue gas emission is will be approximately 225 mg/
Nm®,

Total Suspended Particles Control

In coal fired thermal pdw'er plants, it is a common practice (o use
electrostatic precipitator (ESP) to remove fly ash in tlue gas, although dust
collection rate of EP depends on a range of tly ash particle sizes and electric
resistance of the fly ash.

~ As the coal used in TETs-1 and TETs-2 contains very high content of ash
amount (approx. 40%), compared with the normal range of 10 1o 25 %, it is
véry hard 1o attain the standard of total suspended particles of 150 mg/Nm®
even though high dust collection rate of ESP such as 99.0 % is achieved.

It will be approximately 475 mg/Nm’ with the ESP dust collection rate of
99.0%.

Since flue gas discharged from TETs-1 and TETs-2 is the main factor of air

- pollution, a boiler manufacturer or an ESP manufacturer needs to conduct
detail investigation to remove the dust more effectively by ESP at the time of
the extension of TET: 5-2.

Fly ash collected at ESP or other flue gas duct hoppers and clinker ash

collected from the boiler turnace botiom will be mixed with waier and then

discharged to an ash disposal pond Jocated near TETs-2. The used water

for the ash disposal will be reused in a closed cycle for the same purpose
. without being discharged i.n'lo ariver or waler course. The whole syslem is
" almost the same as those of the existing TETs-1 and TETs-2.

- 2) Waste Water Discharge Management

General waste water from electric power and heat energy generating plant
will be treated by new wasle water treatment facility which will be
consiructed in the TETs-2. The treated waste water will be discharged
outside to the allowable qﬁa]ily range for waste water.

- Wasle"'w:x_lér containing oil will be sent 0 the new oily water treatment
facility and then the treated waste water will ihén be mixed with other waste

walter and sent to the waste water treatment facility.
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4.5.6

3)

Noise Management

As a general rule, noise generated from outside the shell of every equipment

and facilities of electric power and heat energy generating plant in operation

should be lower than 90 dB (A) and noise in the central control room should
be lower than 60 dB (A).

Infrastructure Plan for New City Center

New City Center consists of the whole area of District No.13 and a part of Districl

No.14,

- As the development of New City Center bears the top priority among the

development plans of Astana City, so are the plans related to electricity and heat

energy supply, the main points of which are shown below:

(1) Electric Power Supply Plan .

Refer 1o Figure 4.5.3 for the power cable network in New City Center.

1)

2

110KV transmission lines

- 110kV transmission lines will be newly constructed from Airport
 switching substation to new 110kV/10kV substation in New City Center.

Period of completion; ~ by the end of 2001

110 kV/10 kV substation .

110kV/fOkV Substali'on will be newly constructed to supply electricity
to each 10kV/400V substations including the users located in the

- District No. 14.

" Number of the transformers and selected installed capacity of 110 kV/10

kV New City Center substation are as follows:
- 2x 63 MVA

The drawing also shows a part of District No. 14 that doesn’t belong to
New City Center, because electricity supply to the entire area of District

“No.14 will be made by new 110 kV/10 kV substation in District No. 14

. which will be constructed by 2012.
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4.5.7

(2) Heat Energy Supply Plan

Refer to Figure 4.5.4 for the heat supply network in New City Center.

1) Heat Source

As urgent heat supply provision is recjuircd in this area, heat sources will
be ted from TETs-1 and TETs-2 up to the end of 2003 through extension
pipelines of the existing central district heating network.

HC-1 (Hcat Center No. 1) with patural gas firing boilers and related
anmllary cqmpment will be in service at the bebmnmg of 2010 and
supply heat energy to New City Center. Requlred capacity of HC-1 in
2010 is 94 Geal/h.

2) Tic Lines
The tie lines connecting right bank and the left bank of Ishim River will
be isolated with two valves ( Supply and Return ) after HC-1 in service.
- Although a part of the business area is located on District No. 14, heat
; __supply' to the area will be made from TETs-1 and TETs-2 until the new
7 conStruclion of HC-2 for supplying héat energy 16 the entire area of

_ Dlslmt No 14. The scheduled commissioning time peried of HC-2 is at
!hc bcg,mnmg of 2011

Implementation Schcdulc

lmplemenlauon schedule related to ¢lectric power and heat energy gcncrallon and

o supply is shown in Table 4 5.1.

_ The table shows three major items, electric power and heal energy generaling

plants, heat energy generation and supply facilities and 110 kV transmission lines
and 110 kV/ 10kV subslalmn and shows time pcnod of construction of each item
w1lh a straight line.
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4.6

4.6.1

Planning of Gas Supply System’

As part of the Master Plan of Astana City, the study on the introduction of natural

gas plays an important role in both environmental and economic aspects.

When natural gas becomes available 10 Astana City, it will be utilized for 1) city
gas and 2) fuel for electric power and heat generation in TETs, and 3) fuel for heat

generation in heat centers.

For ulilization of natural gas for the purposes of city gas and as a source for

electric power and heat generation, economic and env1ronmemal evaluation must
be conducted in order to assess whether the mlroducuon ot natural gas is feasible
or not. This Section focuses ma_mly on the use of natural gas for city gas, while
the utilization for electric power and heat generatioh is discussed in Section 4.5

Power and Heat Supply.

Present Condition of Natural Gas in Kazakhstan

In the gcneral encrgy perspecllves in Kazakhslan the abundant coal and oil are

sub]cct to exporl whlle natural gas is imported from ad;acent counlnes on a net

 basis. There is a plan to mlroduce substanual amount of natural gas 1o Astana
: and ils surroundmg areas by means of an mlcmauonal p)pclmc from Russian

Federation, which will be discussed later in this sub-sechon
The conditions and trend of natural gas in Kazakhstan is summarized below.
(1) Natural gas supply areas and situation in KaZakhstan

Out of the 14 oblass in Kazakhslan natura] gas is supphed m 8 oblasts as
well as in Almaty City. The three soulhern oblasts receive natural gas from
Uzbekistan via an international gas pipeline “Gazli-Shimkent-Zhambyl
(Taraz)-Almaty”. Since other forms of encrgy such as coal, heavy oil and
~ cheap electricity are not common in these areas, nalural gas has became
widely utilized. For examp]e in 1991, natural gas consumphon in these
areas was 6.0 billion m> which accounts for nearly half of the total

consumption of the whole of Kazakhstan.

The remaining regions (Manghystau, Atyrau, Western-Kazakhstan, Aktobe,

and Kostanai) consume natural gas supplied by the Manghystau pipelines.

Natural gas consumption in Kazakhstan decreased in recent years from 13

7 Full text of Water Resources Planning appears in Appcudix ol Volunee 111; Sl.lpp()ﬂillg Report.
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billion m*/year in 1990 and 1991 1o 4.5 biltion m*/year in 1999, The main
reason behind this sharp fall is the unstable gas tariff policy. For example,
tariff in Almaty fluctuated between US$ 25 and US$ 100 per 1000m> over
several years causing difficulty on the consumers’ side to pay the tariif.
Also, after Traktebel C.A. acquired concession on the transport of gas from

Russia, the price of gas setiled at US$ 42-45 per 1000m°>, which was 1.5

times as much as it was when Kazakhgas had ownership.

In the last few years, price for gas showed gradual tendency for stability.
Namely, in the southern regions, the price decreased from US$ 50 to US$ 35,
and in the western regions from USS$ 42 to US$ 32 per 1000m’, respectively.
With these price levels, natural gas is preferable compared to other types of

fuels. Case in point is that natural gas for cooking purpose in Almaty costs

'Te_nge 95 per person per month, while in Astana the LPG utilized costs
' Tenge 180.

@

Natural gas pipeline to Asiana |

The compchhvcncss in pncc of nalural gas gives ground for the realization

of thc nalura] gas lransporlmg project “Ishim-Petropavlovsk-Kokshetau-

Astana”, whlch the Government of Kazakhstan is presemly considering with
Kaztmnsgas Nalural gas papelme plan, natural gas supply to Astana City
and accompanymg consumers has been confirmed between the Government

" of Kazakhstan and lhe Government of Russnan Federation in Item 8 of the

Minutes of Meeting dated 16 July 1999. On 1* November, 2000, a meeling
was held to discuss the various aspects pertinent to the realization of this

project, and a general agreement was obtained among the participated parties

1o strive towards implerﬁémalion of the project,' although much is left to be

studied whether the feésibilily of the introduction of natural gas to Astana is

finally veritied.

The xmplemenlallon 01 nalural gas supp]y o Asldna commenced according

o Memorandum belwecn the Govemmcnl of XKazakhstan and the

' Govemmenl of Russian Federallon on the collaborallon in the sphere of

" energy syslems ‘of the two countries, dated 8 October 2000, where the

following issues were agreed upon.
1. Contirm the Aslana City natural gas project

2. Approvc the pro]ect |mplcm¢,n1almn schedule set forward jointly by CSC
- Kaztransgas, OSC Gaspromrazvilie, and osc Szroylramgav
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G

3.

To Akims of the cities of Astana, Petropavlovs, Kokshetau, Karaganda
and Akims of the oblasts of North-Kazakhstan, Akmola, Karaganda;

Recommend to each create a structure in the Akimat for the

development of gas pro_]eus in thenr cities and oblasts.

Recommend to a]locatc c11y and oblast budgets for 2001 as special

article of expenditure for receiving gas, designing of gas supply
network for towns, cities and oblasts.

Identify the consumer group of long term vast consumplion.

Recommend to utilize the experience of OSC Stroytransgas for the
consideration of regional gasification.

. To resolve the problems "régarding gas supply of Astana City, the

Government of Kazakhstan shall cooperate on the fo]]miving issues.

Contract conclusion between Government of Kazakhslan and OSC

Gasprom of Russia on gas supp]y

Agreement conclusion between the Mmlstry of Energy, Industry and

- Trade of Kazakhstan and Ministry of Fuel and Energy of Russia

regardmg gas supply on the ground of mulual cxchange

- To entrust Mlmstry ot Encrgy, Induslry and Trade of Kazakhslan to

dcs:bn a program utilizing gas by regions and cmes localed along lhe

. gZas transmlssmn line.

Together with the local self-governing body the allocation of national
budget in 2001 for the gas project.

The implementation schedule of this projeét is as shown in the figure on the

following page.

Regulations and Nnrms for Gas Supply

]n Kazakhslan lhere exlsis several regu]auons and norms lhat spec1ty and
rcstnu the use of natural gas such as SNlP 2 08 01 89 NO. 3.10 and 3.13,
and SNiP 2.08.02-89 No. 3. 55 The major prov:s:ons are as follows.

Fuels of water heater for individual apariments

Cookers in kitchen rooms

Gas equipment in public buildings and other buildi.ngs

Pressure of gas supply system
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Schedule of Gas Pipeline

[No. | ltem Responsibility 2000 2001 2002
8§ 9 10 11 12f{1 2 3 4 5 6 7 8 9 10 i1 12 2 3 4
i{Declaration of inlentions GPR
2|Cartographic material preparation base of aerospace STG _

photography and computer imitation “Route Flyby"
3|Coardination of agreement for 1mp]ementanon terms and  |GPR. STG, KTG —
cost of feasibility study ' -
‘41Coordination of the sub-contracting- orgamzauons and . |GPR. STG. KTG —
funding sources of the FS - ) '
-5{Adoption of the declaration of intentions KTG
6] Choosing the basic variant of the gas pipeline and its KTG -
~_lcoordination with the interested authorities
7{Recommendations of the choice of the general direction of IGPR. STG
the gas pipeline. survey initial data collection
§}Coordination of the general direction of the main route of ti KTG. GFPR. $TG. KDO
gas-pipeline. gelting technical specifications, initial data '
implementation of the engincering survey of the seils
9| The feasibility study of the project KTG. GPR
10{Carrying out the FS expertise and getting its approval from (KTG. GPR., STG
the interesied authorities -
11| Taking decision of the construction of the trunk gas pipeling KTG —
12{Choosing the coniractor for implementation of building and [ KTG
assembly jobs on the construction of the trunk gas pipeline. ' )
including development of the project documentation
13| Construction of the trunk gas-pipeline Contractor v

<Legend> GPR: Open Public Organization "Gaspromrazvitive’

KDO: Kazakhstan Design Organizations
KTG: Closed JISC "KazTransGas"
STG: Open ISC "Stroytransgas”
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4.6.2

Demand Forecast

As for the demand for natural gas as city gas, the following are the potential
consumers where the use of natural gas is viable both from environmental and

economic viewpoints.
* Domeslic use

+  Public use

«  Mini boilers

(1) Domestic Use

At present, LPG is widely used in residential areas in Astana, due to its
favorable energy cost compared to electric power. The cost of natural gas
for domestic use is competitive comparcd even with LPG, makmg the

inlroducuon of natural gas economlca]]y viable. -

There are reportedly more than 300 units of undcrground LPG lanks (so]ely
the possession of Alautransgas) in the existing city on the right bank, most

~of which are obsolete and potentially hazardous. The replacémcm of LPG
to natural gas is therefore advantageous from a safcty poml of view as wcll

(2) Public Use

As fuel 10 be used in the urban areas, natural gas is most suitable. Although
coal is lsup'erior in the pure comparison of costs, envi_ronmemal:'proleclion
measures are required for the use wilhin' the urbanized area of the'cily.' All
measures considered, natural gas could be competent ebdndmica]ly for small
facilities, not to mention its envnronmenta] superlorny

' Brlck indusiry, for cxamp]c may bccome one of lhe most promlsmg
consumers, because }oc.ally available materials in Astana could be used as
raw material, while quality bfic_ks are imported at present. ~ Natural gas will
make this indusiry more feasible.

(3) _ Mlnl Boilers

There are several exmmg, mini boilers in lhe uty, which burn heavy oil or
diesel oil for fuel. Replacing the heavy 01] and diesel 011 o nalural gas is

economically viable and cnvnronmenlally preterab]e
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4.6.3

(4) Demand Forecast

Demand forecast for natural gas was conducted according to the SNiP by

ASTANA 2, as shown below.

Data on residential area and population used

for the calculation are based on the figures in Section 2.2 Population and

Economic Planning Framework.

Demand Forecast of Natural Gas

Year| - 2000 2010 2020 2030
ltem .
Population {x 1({K)) 330 490 690 300
Natural Gas Consumption  (Million Nm'/y)
< Domestic Use > 34.4 51.0 71.5 828
< Public Use > 13.9 20.2 29.0 335
Laundries - 0.7 1.0 1.5 1.7
Bath-house - 2.0 30 42 4.8
Catering Enterprise _ 2.4 3.5 4.9 3.7
Public Health Institute 0.2 0.3 04 0.5
Bread-Baking plants 7.0 103 14.5 16.7
Services Enterprises 1.7 21 3.6 4.1
(dressmaking, workshops, ' :
hairdressers’, shops elc.)
<Independent Mini-boiler> - 5.0 103 16.7
Subiotal Consumption 48.3 76.2 “110.8 133.0

(Million Nm'/y)

In addition to the above, there is a plan (o introduce new individual heat

centers usihg natural gas for fuel apart from the centralized heat supply, as

described in Section 4.5 Power and Heat Supply. The forecast demand is as

follows.
Year| 2000 2010 2020 2030
Tiem o
New HC (Nm'/h) - 27,300 56,100 90,500
New HC (Million Nm*/y) - 100.7 206.8 333.7
Total Consumption 483 176.9 317.6 466.7
(Million Nm'/y) ' '

Medium Term Developmem Needs

For mlroducl:on ot cuy gas, high- -pressure network of natural gas shall be

“established in the p!anned devclopmcnt area,

Since conslderablc number of new

buildings will be erected before the comp]cllon of the international main gas

mlroducmg natural g gas.

“pipeline, design of new bu'i]dings"s'h'all comply with the possibility of future
The key factor herein is'lo realize city gas to be readily

available to draw into_the buildings, and for this purpose the instaliation of

hlgh-pressure network in time is crucial.
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4.6.4

4.6.5

Close monitoring of the progress of the international gas pipeline, therefore, is

important for this development.

In order to accelerate the establishment of the gas network, utilizing the existing
facility of LPG gas suppliers is relevant. This facility will be useful not only for
the support of natura) gas network by LPG, but also for peak saving of demand
and storage.

Furthermore, a large quantity of natural gas is planned o be used for the
generation of electric power and heat as described in Section 4.5 Power and Heat
Supply. Natural gas supply at high pressure is preferabie for these consumers
(TETS -1 and 2), and to save procurement cos, natural gas should be dlreclly _

connected from a natural gas transporier, and not via the city gas network.

Accorclmgly, the boundary of this pipeline between transponer and consumer
should be adjusted close to the international gas pipeline.

This ptpe]me route shall be as short as possible, posmoned along main streets, and
connecting between the transporter and consumers.

Long Term and Ultimate Term Development Needs

~ After the compietlon of medium term develoPment, mtroduced natural gas will -

- become a popular séurce of energy, and probably be accepled as useful energy in
_Astana, as is the case in Almaty. Gas network will be expanded according 1o the

- subsequent urban development. '

Development plan itself shall be adjusted according to the economic availability .
of natural gas.

Infrastructure Master Plan

As each decennial development plan, city gas network w111 be expanded according
o the orowth of the city as shown in thure 46.1.

The basic concept of the p]anned network is as follows.
* The network will be connected with the planned Trans Natlonal Gas Pipeline.

»  The pressure of natural gas supphed trom Trans Nattonal Gas Plpe]tne w1]l
properly be adjusted for high-pressure d_t_stnbutmn (1.2 MPa). High pressure
networks (hereinafter called as HP-network) are aligned along the main road.

« - HP-network will cover the area of each development district of the city.
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4.6.6

HP-network shall be installed underground including the crossing of the
Ishim River. To reduce construction cost, lines crossing the Ishim River and

railways shall be minimized.

Since the required quantity for Heat Centers is enormous, HP-network is

planned close to the Heat Centers.

For the Heat Centers and some industries, the high pressure (1.2MPa) will be

utilized without pressure down.

For other consumers such as domestic and general industry ete. pressure will
be adjusted in the Gas Distribution Station (GDS), according 1o SNiP.

City gas adjusted to low pressure (below 0.6MPa) will be supplied to cach
general consumer by 10w-prcssure network (hereinafter called as

' ”LP-network)'.'

Loop type network is considered for stabling pressure at each point, but this
policy should be furth_ér studied at the design stage considering cost saving.

The network system will be connected to storage tanks installed in the
existing LPG arca. This LPG area is close to the railway network and

- already has required facility for su.pplying LPG. In case of delay of natural

gas development, LPG could be supplied by using this new network.
Considering that in the existing supply system LPG is supplied using
underground tank or LPG container the new network is also superior in the

sense of safely.

Infrastructure Plan for New City Cenler

For the New City Center, the infrastructure planned for 2010 is as follows.

Refer to Figure 4.6.2 for the infrastructure plan for the New City Center.

)

@)

Domestic use

From the HP-network, pressure is adjusted to 300dPa in Gas Distribution

Station for use in apartments. LP-network do not cross Ishim River.
Industrial usc

There will be no special industries in this area. Therefore, the consumer is

not considered.
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(3) Mini boiler

Since required heat for this area can be covered Heat Center —1 (HC-1), the

introduction of mini boiler is not considered.

46,7 Implementation Schedule

Implémenlation of city gas based on natural gas shall be in aé:_cordancc with the
international pipeline schedule. Refer to Schedule of international pipeline in
Sub-section 4.6.1.

Short Term Implementation Schedule: 2006 — 2009
Schedule shall be adjusted écéofding to the schedule of inler-na_l'ic.)nél pipeline.

- Long Term Implementation Schedule

_ After the completion of short-term devc_]opmenl, long term implementation shall
- be harmonized with other development schedule.
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4.7 Planning of Telecommunications System®

4,7.1 = Present Conditions

In Astana the telecommunications services are offered by Astanatelecom, a

regional atfiliate of the Open Joint Stock Company Kazakhtelecom (hercinafter

referred 10 as Kazakht_clccom). Under the supervision of the Ministry of

Transportation and Communications, Kazakhtelecom provides the following kinds

of services by expanding and reinforcing the telecommunications network:

)

@

Local tclcphbnc communication
lnter—@it& telephone communication
International telephone communication
Telegraph and telex communication
Data transmission

Satellite communication

N_elw'o:rk Cdrifiéural-ioh' _ _
Kazakhstan is divided into fpurlccn(l4)_ Provinces(Oblasts), and each

province is farther divided into multiple districts. The national telephone

network in Kazakhstan is composed of the inter-regional network {primary

network) and the intra-regional network (secondary network), having a -

hierarchical structure.

Telephbﬁe Se'f'v.ic.es- and Facilities
1} Telephone Services

" There are a;ﬁproximate]y 1,820,000 telephone lines in Kazakhstan.
Average telephone density as of October 1998 was 11.5 lines per 100
~inhabitants (comparing with 17.7 in Russia; 16.9 in Ukraine; 6.9 in
. Uzbekistan), . |
In Asiéna there are 64,544 telephone lines and average telephone density
as of March 2000 was 20.1 lines per 100 inhabitants.  Figure 4.7.1
shows the location of present telephone exchanges in Astana.

* Full text of Water Resources Planning appears in Appendix 1 of Volume 111; Supponting Report.
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2)

Switching Facilities

Digitalization of the switching system in Astana has been strongly
promoted in the last few years. The total amount of switching
capacity has reached  about 102,000 circuits, and the old analogue type
switches remain 37% of the total capacity of the existing switches.

3) Transmission Facilities

4)

The digitalization of transmission lines is in progress to cope with the
digitalization of telephone exchanges in the existing city area. In the
urban area of Astana, the main part of Jocal junction network is SDH
optical cable transmission ring with STM-4 Add—drob muitip}excrs, with
STM-1 level SDH optical transmission lines also crﬁp]oyed as branch
lines. Additionally, 140Mb/s and 34Mb/s radio transmission systems
are also in operation.

QOuiside Plant Facilities

Subscriber Cable Network

The subscriber cable distribution methods adopted in Kazakhslan are of
two kinds, namely a cabinet method (Flexible Network) and a direct

distribution method ' (Rigid Network). © The 'subscriber cable is

categorized into a primary cable (main cable) connecting a section

~ between the MDF (main distribution frame) and the cabinet, and a

- secondary cable (dish"ibution cable) connecting a section between the

cabinet and distribution box at a subscriber end. The primary and
secondary cables used are air-core type (pressurized with dry air)
installed in a duct system. The existing cables in Astana are conduit
cables and aerial cables. Most of lthe'ﬁ'n'defgi;bﬁhd cables are paper
insulated, lead sheathed cables installed more than 20 to 25 years ago,

and these aged cables mainly cause communication failures.
Manholes are generally made of reinforced concrete. The manholes
made in recent years have been fitted with hardware and the space is

sufficient. Manholes are built at a typical maximum interval of 150m.

Duct is basically used in the primary cable and secondary cable Seélio_n.

* The inside diameter of duct is classified into two types; 100mm and

50mm. The asbestos cement is used for the material of the duct.
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(3) Present Service Quality

Generally, telephone service quality is mecasured with the following
indicators; telephone call completion rate, telephone line fault rate, and fault
clearance rate. In the telephone network in Astana, the old type exchanges
still remain in operation, and most of underground cables are obsolete paper
insulated and lead sheathed cables as mentioned above. Under such
circumstances, the service quality of Astanatelecom in 1999 is depicted in
the table below.

Telephone Service quality of Astanatelecom in 1999

. Results of i
Indicators Astanatelecom Reference
5 _ 45 % at inter-city & | The percentage of call allempts which
Cali Completion Rate | intemational call receive answer. A rale above 60% can
: connectlion - | be achieved in a good nelwork.
The rate indicates as the number of
faults a month per 100 main lines.
Line Fault Rate ’ ' s Users will nol always satisfy with a rate
near 8 thal occurs nearly one fault a
year. '
The percentage of cleared faults
Fault Clearance Rate 96 % within next one day. Astanatelecom
. . - . , has regulated an ongmal rule hy the
. . kind of faulis. '
Wailing Applicauts  About 14,600 :ral]lfnge :g;?:zjnl;h:’lllllgz ngagr:l;ezef(:
(Telephone Density) - (201%) as a service in the capital.

(4) Present Demand

Presenl demand in Astana is about 83 500 as indicated in lhe to]]owmg lable
. ' (As of January 1%, 2000)

Name DEL’s . Waiting ~ | ° Suppressed - | Demand Total
S Applicants Demand (30%) .
. Astana 64544 | . 14564 . 4370 83,478

DEL: Direct Ey'.('chaag-: Line

(5) Project Finance

- According 10 the document of “Program on Modernization and Development
of Kazakhtelecom from 1999 (o 2003”; issued by Kazakhtelecom in 1999,
the-iota] amount of the project cost for 1999 to 2003 is eslimaled as about

~ US$ 300 million. - The financing of the project will mainly depend on the
Supp]ief’s credit by almost 80% of the total, comparing with 20% by own
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4.7.3

asscis, The sclection of suppliers will be made in kind of a tender. The
suppliers credit might oppress the accounts balance of the company in
future.

Another issue concerning the management is how to introduce a time
duration charging system to the local call service. Kzakhtelecom says that
" the time duration charging system is now under experimental introduction at
- two places including Karaganda City. For the improvement of service and
financial situation, the system should be introduced widely as early as
possible

Demand Forecast

Astana is thc new caplla} of Kazakhstan, havmg already more than 20% DEL

_ (Dlrect Exchange Lme) density. The tc]cphone demand forccast in Astana has
o been made, based on the p0pu]al|on framcwork of the new area development plan

“of the presem Master Plan over the next 30 years. The following table shows the
DEL forecast of the entire city of Astana. .

DEL Forccast of the Entire City of ASTANA (up 10 2030)

ATC | Population 2010 | 2020 L 2030
1 S - Pop. DEL Pop. DEL ' | Pop. ° DEL
| Residents 127386 | 38216 | 278642 | 97525 | 3680341 147215
¥3ﬁ Working Pop. | 107,548 ] 32264 | 168,600 | 50,582 | 2082011 62461
Sub-1otal — 70,480 - 148,107 - 209,675
Residents 362,650 | 108,795 | 408790 | 143077 427,990 | 171,196
%};‘; Working Pop. | 146,558 | 36640 | 205,142 | s1287| 208015 57,004
| Sub-total — 145435 | — 1943641  — 228200
Astana Total | 490,036 | 490036 | 215915 | 687,432 342,471 | 796024
Telephone Density(%')' L 426 | . 441 - 49.8

ATC: Automatic Telecommunication Center, DEL: Direct Exchange Lme

NDA: New Developing Area, ' © " ETA: Exisling Town Area
Pop: Population 7 - L

Medium Term Development Needs

According to the Kazakhtelecom, the priority program on ielcéommunicalion I
network developm.cnl in Astana for the years 1999 - 2002 was approved by the
Government of the RK, and the immediate construction works related o the 7
development of telecommunication network on _1th left bank of Ishim river is

underway since 1999 with the necessary financing. .According to the capiia!
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4.7.5

development plan of present Master Plan, there will be a new commercial,
presidential, governmental and diplomatic area besides several new residential
districts (No.9, No.13, No.14, No.15, No.17 etc.) up 10 2010,  The new telephone

demand in the new development area will reach approximately 67,600 in total.
The government of Kazakhstan has been emphasizing the needs of adequate,
efficieni and reliable infrastructures in the national development policy, to realize

a higher economic growth of the couniry and an improvement of the people’s

- standard of living.

The telecommlj_nicélion development is given one of the highest priorities.  The
cffiéicncy of the whole society, namely the economic development, welfare of
individual life, education and healthcare support all depend on the new
telecommunication means. In order to éope effectively with relatively long and
severe winter, effective telecommunication system is vital and essential in
performing the functions necessary as the new capital, which represents
Kazakhstan inlérhatibnally and domestically. For the daily activities in newly
designed commercial, presidential, governmental and diplomatic buildings, the
tclccommunica'tio_n system will be essentials and one of the basic social
ihfrastruétures. The introduction of a new telecommunication system planned in
the present Master Plan to Astana is especially important.

bong Tcrm and Ulumate Term Dcvelopmenl Needs

" According to the caplta] deve]opment p]an up 10 2030 of present Master Plan,

there will appear new residential districts (No.4B, No.11, No.16, No.18, No.19

etc.) besides the expansion of new development area at the period of phase-1. The

telecommunication demand by residents ‘and working pbpulatibn in the new

'devciopmcnl area at 2020 w:]l reach 141,900, and that at 2030 will reach around

201, 000 in lolal

Infrastructure of Master Plan
(1) Telecommunication Policy for Ags_lan_a _

The basic plan for the chcIopmcnl of the telecommunications network in
Aslana aims, 10 tultlll the 1clephonc demand in the new development area of
| _Astana as soon as posmb]e in au,ordanu: wnh lhc present Master Plan.
1Tht. an telecommunication m,lwork will be construclcd o upgrade the
network structure to be more reliable and efficient one and also prepare for

the introduction of new type of telecommunication means in fulure,
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considering the increasing roll of the capital and its status. - For this purpose,
the latest digital technologies such as optical fiber access network, digital
switching system, oplical fiber transmission systems, SDH, IP network and
so on, will be adopted.

(2) Telecommunication Policy for the Existing Town Area of Astana

Various improvcmcnl' measures are in progress in the existing town area of

Astana under the cohlrol of Kazakhtelecom. In the long term development

plan for the exastmg lown area, the fol]owmg policies will be recommended
~ to Kazakhtelecom, in harmony with the tc]ecommumcatlon developrnenl of
~ the new dcvclopmcnl arca of Astana.

A systematical local network expansmn plan is neccssary in order to
satisty all the new telephone demands occurring in the area.
A planned replacement frofn_lhe old analogue type facilities to the latest
digital type facilities is necessary to be promoted with optical fiber access
network, digital switching systems, efc. |
To promote a perspeclive arrangement of telcphonc oftxcc area
The key stations like ITC and AMTC should be dlspersed by
unit/location in order to upgrade the reliability of the caplla]
lelecommunlcatlon network, |

Preparahon for the diversification of lelecommumcauon mcasures ce]]u]ar

lc]ephone service, 1P network for dala communication service, etc.

(3) Tclecommumcahon Fauhly Plan

The tac1111y plan lo Lonslruct a lelecommumcahon network in new
development areas of Astana will be made wnh the }alcsl equipment.
Figure 4.7.2 shows the Location Plan of Telecommunication Centers and
Telecommunication Center Area.

1) Switching Facilities
The facilities to be introduced shall salis'fy. the demand blaﬁﬁéd for 2010,
- 2020 and 2030, respectively in the new development areas of Astana.
Digital 's=wilchirig “systems shall be addpted ekch‘:sively' for new
installation. The folllow'ing table shows the work ciizzinlily of swiltching
facilities. o o : '
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Work Quantity of Swilching Facililies

ATS Switching Facilities (2010) Swilching Facilities (2020)
_Type | Capacity | Contents | Type [ Capacily Contenls
ATC-A | Digilal 29,400 New Digital 53,800 Expansion
ATC-B | Digital 22,100 New Digital 25,400 Expansion
ATC-C Digital 12,300 New Digital 14,160 Expansion
ATC-D | -~ — - - - Digital 15,200 New
ATC-E — - - Digital 17,600 New
ATC-F - - - Digital 18,200 New
Total 63,800 - s 148,300 -
ATS Swilching Faf:'ililies {2030) Remarks
. Type Capacity Contents
ATC-A Digital 72,800 Expansion
ATC-B Digital 33,200 | Expansion
ATC-C Digital 15,900 | Expansion | RSU(HOST: ATC-B)
ATC-D Digital 26,500 Expansion :
ATC-E Digital 19,800 | Expansion | RSU (HOST: ATC-B)
ATC-F Digital 41,700 | Expansion -
Total 209,900 -

2) Transmlssmn Facilities

C0n51dcr1ng the network re]lablhly, the ring contlgurauon as the SDH
transm_lss;on network topology ‘will be adopted at Phase-1 (up 102010),
connecling'.lhree‘ (3). new telecommunication center; ATC-A, ATC-B and
ATC-C. _Olﬁer three new telecommunication center; ATC-D, ATC-E and
ATC-F will be added to the ring configuration at Phase-2 (up 1o 2020).

The new ring will have the independent structure with the existing ring
network. The connection pomls of these two rmg networks shall be at ATC-21
and ATC 36 oftices.

To be cconormca] some joint facilities will be installed between new ring
- and the existing rmg as long as no 1n1ertcrcncc to the network independence
will occur. Main facilities of ‘these rings are cable ducts between
lclecommunical_ibn centers and DF (Distiibul_iquram_e) in the centers. Figure
4.7.3 shows Future Conl'iguralion of Astana Local SDH Ring Transmission

' Syslem (Phase 1) and F1 gure 4.74 shows that of Phase-2.

Work Quanllly of Local J umlum Nelwurk Fauhln.s

lle ms Year Quantity Noles
o : Ring configuration by SDH
STM 16 ADM Phase o1 (ATC-A—ATC-B—ATC-C—ATC-36 —

ATC-21 ~ATC-A)

Ring coufiguration by SDH

(ATC-21 = ATC-F— ATC-A—ATC-D—
ATC-E—ATC-B—ATC-C—ATC-36—
ATC-21)

STM-16 ADM Phase-2 -Expansmn:
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3) DLC (Digital Loop Carrier) Facilities

Considering the possibiliiy of introducing various new services, optical cable
transmission systems would be introduced in subscriber lines 1o near-by
subscribers as close as possible. Spccmca] ly, the introduction of FTTC (Fiber
to the Curb) system will be planned in the residential dlstrlct Introduction of
FTTB (Fiber fo the Bmldmg) system will be planned mainly in the New City
Center; Business Area, Presidential Area and Governmental Arca which will

be in ATC-A center service area. The to]lowmg table shows the work quantity

of DLC Facilities.
Work Quantity of DLC Facilities

Telephone 2010 C 2020 o 2030 Notes
Office : Cap. Quant. | Cap. - | Quant. | Cap. Quant. '
ATC-A: . )
DLC Controller - 4 . 6 s 8
Indoor DLC 720 44 - 720 80 720 108
Outdoor DLC 480 2 4 : 3
ATC-B: S
DLC Controller . 6 S 7 8
Cutdoor DLC 480 51 480 68 480 77
ATC-C: . : :
DLC Controller 3 4 4
Outdoor DLC - 480 29 480 33 480 - 37
ATC-D : o :
DLC Conftroller S - o 4 : 7
Quidoor DLC - - 480 35 480 §. 61
ATC-E ' :
DLC Controfler - 5 5
Outdoor DL.C - - 480 41 480 46
ATC-F IR - =
DLC Controller - 5 10
Outdoor DLC - Lo~ 480 42 480 96

4) Outside Plant Fac1lllles

Tclecommumcahon 0uls1dc p]anl consists of Labic tacnllllcs and civil tac11111es.

Figure 4.7. 5 shows lhe oulsldc p}ant laulmcs 10 be considered in the prescnl
Master Plan,

Emcwnl mnstrucllon of reliable subscnber cable network w11] be realized
with DLC (D}gnal Loop Carner) In this system the cable from the le]ephone
exchang_,e 1o BLC (Ouldoor or Indoor Type) is ca]led optic teeder cable, while
‘the mela]hc cable from lhe DLC 10 DP (Dls!nbullon Pmnl) is called the
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secondary cable. The application of DLC (Outdoor Type/Indoor Type) in the

new development area is as follows.

Application of DLC

DLC Area to be applied

. . Business area, Governmental area and
Indoor Type (Capacity:720 lines) Presidential area of the New City Center

Outdoor Type (capacity:480 lines) | All the residential district, Diplomatic area of
the New City Center

Distribution of Optic Feeder Cable
In consideration of the security of the [acilities, the duct system will be used for
optic feeder cable which has to accommodale a large number of subscribers.
This sylstem facilitates easy cable expansion to meet increased demand and
easy replacement of fault cables. This system can also prdlecl cables from
damages due 1o construction work for other underground facilities. Cable
connection will be done in manholes.

Dlstnbuuon of Secondary Cable
For secondary cables, the direct buried cable melhod (steel tape armored
cabies) in which cables are directly buried under the ground will be used in

: prmcnple

__ Catchment Area _ _
A distribution area is an area used to achleve effective management of outside
plant facilities which permits efficient utilization and proper expansion of
facilities and once eslablished, the area boundary may not be changed easily.
The area size will be so designed that approximate 500 subscribers will be
accommodated in each area. The area is usually bounded by hlghways rivers,

- railways, etc.
. 5) Power Supp]y Facilities
Basic policy for the power supplly facilities is as follows.

Reeelvmg the oenera] power supp]y at eaeh eenter the power supply system
" shall allow automatic changeover t0 a generator at the time of service

interruption.

" The power supply capacity shall be planned in consideration of the future
facilities expansion in addition to the exchange and transmission facilities
. planned to be constructed in the project.
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4.7.6

The battery discharge time shall be about 2 hours in an office with a

generalor.
Work Quantity of Power Supply Facilities

Telephone Power | . . Air
Office | Receive | Rectfier | Battery | Generalor | oo piiioner
ATC-A | ~ New New New New New
ATC-B New New New New New

- ATC-C - New New New New . New
ATC-D New New ° New New New
ATC-E New " New New New - New
ATC-F New New New New New

6) Buildings
As for the new te]cphone office, buildings that comply with the standard
of Kazakhtelecom will be built. '

Work Quanmy of Bulldmgs
Telecom Center State Notes

ATC-A New | Standard type for 73,000 lines station
ATC-B New | Standard type for 34,000 lines siation -
ATC-C : New | Standard RSU type for 16,000 lines station
ATCD New | Standard type for 27,000 lines station
ATCE New | Standard RSU type for 20,000 lines station
ATC-F New | Standard type for 42,000 lines station

4 Adminislralion Data Commimicalion Network

CIowill be ur;_,emiy necessary 1o install an 'Administrmion Data

Communication Network which will connect all calcgones of state and
government communications among Govemment, Ministries, General
Administration Offices and Astana local government. - This will facilitate
more efficient govern.mcnl administrative pert'dﬁnance, fmpfb#ing greatly
the information Exchang,e spced and reliabilily. - The rncw_"nelwork will
consist of Internet Protocol (IP} network. Refer to Figure 4.7.6

Adrmmslratlon Data Commumcalmn System by lP Network m Aslana

Infrastructure Plan for New City Center

The 1n1raslruclure plan for the New Clty Center up to 2010 will ‘be made
according to the present Master Plan, giving careful consideration to the plans
ordered and the construction works in progress.
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(1) Demand Forecast up to 2010 for New City Center

DEL forecast of the New City Center is shown in the following table.

DEL Forecast of the New City Center up o 2010

' (Di;}r]i{cEANo.) Aricle Population DEL ATC
Governiment Area Residents 1,188 357
Presidential Area Working Population 82,003 24,628
Business Area ATC-A
Diplomatic Area Sub-total - 24985 |
(13%1,14) B o
' Residents 4,294 1,289
. Diplomatic Arca Working Population 3,090 - . 927 | ATC-B
(13*3) Sub-total — - 2216
Residepls 3,343 1,003
Diplomatic Area Working Population 2,427 728 | ATC-C
(13*% Sub-total - 1,731
. New City Center Total 8,825 28,932
Telephone Density(%) : 327.8

13*%: Dipiomatic area on the left Bank of Ishim river
13*2; Northern part of diplomatic area on the right bank of Ishim river
13*3: Eastern & southern part of diplomatic area on the right bank of Ishim river

(2) lnfraslruclure Plan for New Cny Cenler

Conmdcnng lhe character of lhc area as the core district of the new capital,
the telecommunication nelwo_rk will be construcied to make the network
slruéture more rel_i'able and efficient whi]e'preparing for the introduction of
new type of 'le_]_ecommunicalion means should be commenced. For this
'purpos_e, the latest digital technologies such as optical fiber access network,
digital switching system, optical fiber transmission system, SDH, IP network,
and so on, will be adopted.

The following table shows the telecommunication =:t\'af.:ility plan for New City
~ Center, and Figlire 4.7.7 shows Telecommunication Facility Plan for New
City Center.
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