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General

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 to Astana City, it will be utilized for 1) city
gas, 2) source of electric power and heat generation in TETs and, 3) source of heat
generation in heal centers. ‘

For the utilization of natural gas for the purposes of city gas and as a source for
electric power and heat generation, economic and environmental evaluation must
be conducted in order 1o assess whether the introduction of natural gas is feasible
or not. This Sectron focuses malnly on the use of natural gas for city gas, while
the utilization for electnc power and heal generation is dlSCUbsed in CHAPTER H.

Power and Heat Supply

Present Condruon 0[ Gas Supply _

In the general energy conditions in Kazakhstan, oil and coal have been sub_r ect to

export, whlle natural gas has been imported. _ Production rate was about 8 billion

m’/y in 1998.

- __For better understandlng the presenl condruon o

“1.2.1 Nalural Gas Avar]nblhty

“I 2.2 Natural Gas Provided Area and Situation in Kazakhstan
“1.2.3 Present Condition of Used Fuel”,

“1.2.4 Polcnua] Demand of Natural Gas” and

125 Ettcct of Using Nalural Gas”

are mtroduced
Nalural Gas Avarlabllrty

To consrder the tulure mlroducuon of natural gas in Astana Crty, analy51s of the
avariabr]ny of natural gas is essential.

" The present energy status in Kazakhstan needs to be rev1ewed

o Source ot Power Generatmn

'Coal is the mosl mexpens:ve fossrl tuc] and this lcads the eleclru. compames to be

malnly dependenl on coal as the primary energy source. The sharc of coal as the

energy source for overall power ueneralmn is almost 80% as shown in the

. following table.
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Source for Power Generation in Kazakhstan (in 1997)

Ratio (%)
Coal Thermal Power 80
Hydroelectric Power 16
Gas & Qil Thermal Power 3
Nuclear Power 1

Investment on Energy Industry

In forecasting the future energy situation in Kazakhstan, a document compiled by
“the Statistical Agency of the Republic of Kazakhstan, entitled “Investment in
fixed capital by branches of industry” was analyzed.

ih_vhslmcnl in ‘ﬁxe:c.l capital by branches of indﬁst}y (in 1998)

Investment Ratio

(Million kzt) © (%)
Al Industry 134,528 100
Electric Power 11,834 8.8
Coal industry e 2,031 - 1.5
Oil and gas industry 84,278 62.6
Ferrous metallurgy - ¢ S . 11,189 - 83
Non-ferrous metallurgy - - : : 7,547 5.6
Chemical and petrochemical industry - 82 0.6
Machinery and metalworking 849 o 0.6
Logging, woodworking, pulp and paper mduslry 108 0.1
Buildiug material industry 917 ' 0.7
Light industry : : 29 | o 0.2
Food industry C 11,014 - . 82
Other branches of industry : - 3,644 27

Source:  Statistical Yearbook by the Statistical Agency of the Rt’p\lbllt ot Kazakhstan,

Yearly trend of ratio by branches of industry (from 1995 to _1998)

1995 1996 1997 1998
All Industry (Million kzt) 84,487 65,782 | 84,976 | 134,528
Electric Power 14.4% 18.9% - 6.6% 8.8%
Coal industry 7.8% 6.2% 6.2% "~ 1.5%
Oil and gas industry - ] 29% 454% 59.2% 62.6%
Ferrous metallurgy - 9.9% 5.1% 5.1% 8.3%
Non-ferrous metallurgy 16.8% 14.2% 11.0% 5.6%
Chemical and petrochemical industry 1.3% 21% 0.7% 0.6%
Machinery and metalworking 1.1% | 0.9% 0.5% 0.6%
Logging, woodworking, pulp and paper industry 0.2% 01% | 0.0% 0.1%
Building material mdnslry 0.6% 1.9% 2.5% 0.7%
Light industry - . B 0.1% - 0.2% F 0% 0.2%
Fouod industry 28% 33% 6.2% 8.2%

Other branches of industry 2.1% - 1.8% 2.1% 2.7%
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Investment in the category “Oil and gas industry” was very high and only this
branch and “Food industry” were increasing. This situation gives rise to many
possibilities for increasing the production rate of natural gas.

. Production of Fossil Energy

The production rate of natural gas was declining until 1994, negatively affected by

the declining economic condition of the nation, but started increasing rapidly

thereatter.
Production of Fossil Encrgy _ |

1990 1993 1994 1995 1996 197
Qil (including condensate) | 25820 22975 | 20279 | 20450 | 22960 | 25776
Unit: 1000t (100%in 1990) | (100%) | (89%) | (79%) | (79%) | (85%) | (100%)
Natural gas : 7114 | 6685 4488 | 5916 6524 8115
Unit: Million m (100% in 1990) (100%) | (94%) | (63%) | (83%) | (92%) | (114%)
Coal _ . 131 112 165 | . 8 77 72.6

Unit: Million t (100% in 1990) (100%) | (85%) | (809 | (63%) 1 (59%) | (55%)
(For reference) T . -
Electric Power Gen, 87839 | 77444 | 66397 | 66659 | 58657 | 51984
Unit: Million kWh (100% in 1990) (100%:) | (B89%) | (76%) 1| (76%) | (67%) | (59%)
Source: Statistical Yearbook of Kazakhstan & Situation on Kazakhstan social & economic

— by Agency for Strate gic and Reform

ﬂImport & Exporl Balance of Fossﬂ Fuel

In the overall balancc ot 1mporl and exporl 01] and coal havc a]ways been
exporled in nel whlle nalural gas has always been 1mporled in net up to 1998.

' lmport_ & Expor_t Balam:e_ of Fussnl‘ Fucl

, 71990 T 1993 [ 1994 | 1995 [ 1996 | 1997 | 1998
Oil (Million t) _ -

- |lmport - - s TR Sl e

. |Crude Qil - 12.80 850 | 470 0.68 0.34 1.73 -
(incl. Condensaie) =~ i oo v
Refined Oil - 195 : | 085 (.33 0.14 0.17 0.16 -
Gasolipe for Auto 3.60 1.30 0.70 1.11 0.18 0.07 -
Diesel Qil ) 1.34 0.70 0.34 0.15 0.10 0.18 -

{Crude Oit - - _ o 11.70 5.70 11.25 14.50 14.89 22.59

" |(incl. Condensate) * o S R R T
Refined Qil - 0.27 0.14 0.02 0.25 0.13 -
Gasoline for Aute | - 032 | 006 1 047 | 131 072 | 003
Diesel Oil ' - 0.05 0.02 .32 0.66 (.59 0.20
Fl.lt.lOIl R Coa I - - 0.80

"~ Natural Gas (B;Ihou my : ' : S _
Import 119 [ 11.2 9.6 74 - 5.5 3.0 3.1
Expon 5.6 3.0 2.0 - 24 2.4 23
'Coal (Mllllont) s T

fmport - . [ - [ - [ [ 12 [ 1L 10 12
Expon Co : . 21.0 21.0 25.1 23.7

Source: CIS Slatls!ms Commmee
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Natural Gas Pipeline

There was a feasnblllty study on the construction of a pipeline for supplying
natural gas o Astana City compleled by the American Corporation BSI Industries
in compliance with a grant allocated by the Agency on Trade and Development of
the USA and a contract concluded with “KazTransOil” national company on the
8th February 2000. '

The following information presents a bnet of lhlS study.

Brief Introduction of Pipeline Study
- Natural gas supply route wus studied on the following three cases, i.e.
Case-A; Ishim - P.etrc').pavl(')lvsk - Aslana
" Casc-B: Travmkl Pelmpavlovsk Astana
Case C Omsk Petropavlovsk — Astana

A eomparahve study in lhe report eonduced that Case-C is lhe most feas1ble
because of ample pOSSlblllllCS of usmg existing pelroleum plpelmes
The utilization plan of the exlstmg pelroleum plpe]me is:

* The ex1st1ng non- operalmg petroleum plpelme wnlh the d1ameter of 500
mm that connecls Pelmpavlovsk City and Omsk Clly '

. The exlslmn no- operallng petroleum p:pelme w1lh the dlameler of 300
" mm that connects Astana City and Pelropavlovsk Clly '

However lhere were some problems for uullzmg the existing petroleum
plpelme The main probiem was the distance that is requ1red to be
maintained between the pipeline and lhe railway. According to SNiP, the
_d1slance required is 120m for the gas plpelme and 50m for the petroleum
plpelme AbOut 300km of this plpehne is already mstalled by the railway,
designed as a pelro]eum plpelme so this part needs to be remstalled tor
'__mamlammw the distance of 120m if used as a gas plpehne This

reinstallation made uuhzmo the CXISlln‘L_, petroleum plpelme mteasnble

Natural Gas P1pe1me Plzm :

After the above-mentioned feasibility swudy, KazTransGas conducted a
pipeline plan based on Case A above. The_follow'i'ng presents an
mlroduehon of this plan ' ' |

For lhe natural gas plpelme plan, the ndlural gas supply of Aslana Clly and
au:ompanymU eonsumers was confirmed belween the Governmem of

Kazakhstan and the Government of the Russian Federauon by Item 8 of the

-4
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Minutes of Meeting about the collaboration in gas systems of the Russian
Federation and the Government of Kazakhstan, dated 16 July 1999.

The project realization regarding the natural gas supply to Astana City and

accompanying consumers has been started according to a Memorandum

between the Government of Kazakhstan and the Government of the Russian

Federation regarding collaboration in the sphere of energy systems of the
two countrics, dated 8 October 2000.

The followings were decided in this meeting.

1. Confirm the Astana Cily"nalura] gas project

2. Approve the project irnplemenlation schedule set forward jointly by CSC

Kaztransgas, OSC Gaspromrazvilic and OSC Stroytransgas.

3. To Akims (Provmcml Governors) of the cities of Astana, Petropavlovs

Kokshetau, Karaganda and Akims of the oblasts (reglons) of
North-Kazakhstan, Akmola, Karaganda:

Recommend creatmg cach a structure in  the Akrmat for the
development of gas projects in lhe1r cities and oblasts.

- Recommiend the allocahon of city and oblasl budgets for 2001 as a

specral arllclc of cxpendnure for receiving gas, dcsrgmng of gas _.
supply nctwork for towns, cities, and oblasts. _
Identify the consumcr group of long -term vast consurnpl]on :
Recommend ul1llzm0 the expenence of OSC Stroytransgas for the
consrderalmn of regional gasification. |

4. To rcso]vc the problems rcé,ardmg gas supply of Astana City,

Govcmmenl of Kazakhsian shall cooperate in the following issues.

Contract conc.lusron belween the Government of Kazakhstan and OSC

: Gasprom ot Russia on gas supply

'_Agree oa conc]us:on bctwcen lhe Ministry of Energy, Industry and

Trade of Kazakhslan and thc Ministry of Fuel and Encrby of Russra

re},ardmg gas supply on the grounds of mulual exuhang,e

Entrusl the Mmlstry of Encrgy, Industry and Trade of Kazakhstan 1o
desrgn a program uuhzmg gas by reglons and c.mes located along the
gas lransm:ssron line.

Allocalc thc nauonal budbel in 2001 tor the gas prolecl l(welher w1lh

:_ lhe loca] sclt govemmg, body

The lmplementallon schedule ot lhrs prolec,l is as shown in the tlgurc on the

tollowmg page. -
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Schedule of Gas Pipeline

o [item TResponsibility 2000 2001 2002
8 9 10 11 121 2 3 4 5 6 7 8 9 10 11 1211 2 3 4
1|Declaration of intentions GPR
2|Cartographic material preparation base of aerospace 5TG | ‘
photography and computer imitation “Route Flyby”
3|Coordination of agreement for implementation terms and  |GPR, 8TG, KIG Y e
cost of feasibility study ] -
4|Coordination of the sub-contracting organizations and GPR, STG. KTG ‘ —
funding sources of the F§ '
5]Adoption of the declaration of intentions KTG ——
6{Choosing the basic vaniant of the gas pipeline and its KTG -
coordination with the interested authorities ' '
7|Recommendations of the choice of the general direction of GPR, STG
the gas pipeline, survey initial data collection - '
8|Coordination of the general direction of the main route of thelKTG, GPR, .STG, KDO
gas-pipeline, getting technical specifications, initial data - .
implementation of the engineering survey of the soils -
9{The feasibility study.of the project KTG, GPR
10{Carrying out the FS expertise and getting its approval from KTG, GPR, STG
the interested authorities ~ _ :
11|Taking decision of the construction of the trunk gas pipeline |\KTG - —
12|Choosing the contractor 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 "Gaspromrazvitiye"
KDOQ: Kazakhstan Design Organizations
KTG: Closed JSC "KazTransGas”
5TG: Open JSC "Stroytransgas”
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Since this plan is based on a newly installed pipeline, much of the total
volume of the natural gas transferring will be required for feasibility of this
pipeline.

From the above analysis, the following can be deduced:

*  Coal has been the primary choice for power generation because of the

low price.

*  Natural gas has been imported in net balance, but a relatively high share
of investment is going to the oil and gas industry, and this may be a
cause for the recent increase in the production rate of natural gas.

There is actually no pipeline between the natural gas production area
and Astana City, but there is a high possibility that naiural gas can be
made available in Astana City.

Nalura] Gas Prov1dcd Area and Snuauon in Kazakhslan

Out of the 14 oblasts in Kazakhslan nalural gas is supphed in8 oblasls as well as

in Almaty City. The three southern oblasts receive natural gas from Uzbckistan

" via an international gas pipeline “Gazli-Shimkent-Zhambyl (Taraz)}Almaty”.

* Since other forms of energy such as coal, heavy oil and electricity are not common

in these areas, natural gas has become widely utilized. :For example, in 1991,

"“natural gas consumption in these areas was 6.0 million m®, which accounts for

o né_arly 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 billion

m3/year in 1990 and 1991 to 4.5 biliion m3/ycar in 1999. The main reason

.- behind this sharp | fall is the unslable gas tanff polu,y For examplc the taritf in
; A]maty l'luclualed belween US$ 25 and US$ 100 per 1000m over several years

causing dlthuully on the consumcrs side to pay the tariff. Also after Trakiebel
C.A. acquired com.essmn on the lransporl ot gas trom Russia, the price of gas
settled at US$ 42-45 per 1000m ‘which was 1.5 times as much as it was when
Kazakhgas had ownership.

In the past few y'éars' the price for gas showed a g gradual tendency toward stability.

~ Namely, in the soulhern regions, the price decreascd from US$ 50 to US$ 35, and

in the weslern regions {rom US$ 42 1o US$ 32 per 1000m’, respectively.  With
these price levels, natural gas is preferable compared to ‘other types of fuels.

I-7
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Case in point is that natural gas for cooking purposes in Almaty costs Tenge 95
per person per month, while in Astana the LPG utilized costs Tenge 180.

Although it is necessary to make a feasibility study of wide natural gas utilization

in comparison with other fuels, natural gas utilization is more preferable for
residential and publac bmldmgs which presently use LPG and petrolcum oil.

Present Conditions of Used Fuel

The followings are the main consumers of fuels in Astana City (not including fuel
for transportation). -

)

For electric power
For heat supp]y ‘
For honsmg (domesuc use)

For pubhc use such as laundnes pubhc baths, Lalermg cnlerpnse pubhc
health msutule and bread bakmg planls other trade & consumer services.

E}eclrlc and Heat Supply

A large portion of fuel is used for g_,encratmg the clectnc power and heat

. supply. . Coal is mam]y used for this fuel in Astana City, which is a

@)

common practice in Kazakhstan as shown in 1.2.1. Heavy oil is also used
for some substantial portions, but heavy oil is much more cxpcnsnvc than

coal and power & heat suppliers mlend to use more coal mstcad of heavy oil.
More detail is as descried in “Chapter H Power and Heat Supp]y .

Domesuc Consumption

The bulk of encrgy for doméstic use is supplled as the electric power and
heat supply produced at TETs-1 and TETs-2./ -

" According 10 SN]P 2.02.08-87, the required heat duty of gas for domestic
living can be calculated from the housmg area, populatlon, and the house
type. L e :

Cateuon?ud reqmred heal cluly will be as follows

A) Apartment equipped with gas cooker and dlslrlct hol water supp]y -
2,800 Mlfyear

B) - Aparlmenl equipped w;lh gas cooker and gas hol walcr heater (wnhout
district hot water supply) — 8,000 Ml/year -

O : Apartment equlppcd with gas’ cooker, ‘and. wuhoul dlslnct hot waler
supply neither gas hot water heater — 4,600 MJ/year

- 1-8
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Based on the data in “3 Urban and Architectural Planning”, heat duty and
consumption of natural gas is as shown in the below table, following the
ASTANA-2’s estimation methodology.

. Multi-stored Individual House .
Unit House (New) (Old) Total
Population . |Person o 284,443 24,806 21,499 |330,748
Percent 86.0 % 7.5% 65% [1000%
Heat Duty per MY/ 2,800 - 8,000 4,600 -
Person Persony
Heat Duty Ty - 796 198 99 1094
Natural Gas Million Nm’/y o251 6.2 31 344
Consnmption ' B

Note: Natural Gas LHV = 31 8 MJ/Nm’

(3) LPG
LPG is widely used in Astana Clty as a convenient source of gas energy.
1) LPG Consumer

Consumplron ot LPG is esumated based on Alaulrdnsgas s information,

following the catecones of LPG consumers, as ‘summarized below.

Present Condmon of LPG Pipeline FS Report (by BSI)
- User * 1 Consumption | Equiv. NG . Consumption | Equiv. NG
k-yy " | Million Nm'/y K-ty Million Nm'/y

Residential use o ‘ -
(U/G ! tank) 10.8 127 . - -
(Contaiper) 54 6.4 - -
Public Use - 2.7 2 : - -
Total 18.9 223 27.6 326

Note 1. WG: Under Ground
2. Consumption values are csilmaled by interview value.
(7.2, 3.6, 1.8 respectively and share of 2/3)
2) LPG Facility
Existing taullues lor LPG are as 1ollows

Transportahon trom “LPG producer” to “LPG sunnher” in Astana.

: ‘7 Recelvmg LPG by r:u] lorry o suppllers sloraﬂc facility.

~ The form of this suppller is private company while the form of
producers is dcpended on characlenshcs of rehnery

Example routes trom producers to supphers are as follows:
Aklay Petroleum Refinery (4, 300km)
- Atyray c1ly, Kulsary selliement Gas Retmery (3 400km)
* Shimkent Petroleum Refinery (700km)

1-9
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Pavlodar Petroleum Refinery (436 km)

Gas pipeline or rallway LPG transportation from Russia (Omsk City
Russian producers of LPG)

Since the LPG has odor added as a protective measure in refineries, LPG
supplier does not have any facility to further add odor. -

Transportation from Supplier to Users

There are two LPG supplying methods; collective supply at apartments
and individual supphes by containers. -

a) Collective Supply at Aparlmenls

In collective supply, the gas supplier first installs lhdrequired :
equipment such as underground LPG storage and feed line to users
ete.

The suppher regularly refills lhrs undcrground tank by tank trucks,

QG_SL%g_

The number of underground gas storage tanks per one uﬁdcrground
tank unit is decided according to required capacity normally 2, 4, 6,
8,10. All of the tanks are connected.

Capacity of underground storage tank

_2.5m3 or 5m°

Number of storage tanks in Astana City of Maior Sdbr)]ier
2.5m% tank 380 |

Sm” tank 962

Total 1, 342

Number of slorage umls m Astana Crly

Total numbur is 32(] umls of Whth those in operatron are 286 units.
(N(m Operauon is moslly due 1o user’s paymcm problems. In most
cases the facilities lhemselves are in a good state for operation)

Feed Line from underground slorage lank {0 users

" The feed linc 10 uscr aparlments is installed under ground and buried
directly (depth is 1.1-1.2m). " An example of the diameter of the
feed lme is 50 mm in the mainline and 25 40 mm in sub-lines.

At a pmnl near the supply target, the llne goes ‘aboveground without
insulation.

[-10
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For removing condensing gas in the feed line due to low temperature,
a trapping device is installed below the ground level. A special
hand pump can recover trapped condensing gas.

There are two main types of connection for this feed line to each
home.

One is inside the apariment and the other is oulalde on the wall of
aparlment '

Timing of LPG unload to LPG.undérground storage

‘The gas supplier has some stalistical data and there is a simple
measuring unit installed in the underground storage tank.

The measurement unit utilizes three dipper indicator pipes in the

tank, at depths of 15% 45% and 85% of the full depth. By these

dlpper indicator pipes the hquld level of the underground storage
" tank can be gauged from the above three liquid levels (i.c., 15%,
45% and 85% of the fu]] dcpth)

b) lndmdua] Supp]y by Conlamcr

Transferable containers for individual consumers are delivered to
users by truck. - . '

 Size of transferable containers o
- For residential consumers: 27 liter or 10 kg

- For industrial consumers: 50 liter or 20 kg

Handling Required for LPG

* As indicated in above, LPG is supplied 1o users in many steps as
" follows; - . ' _

- LPG prbdu_cer in various refineries :

- Long distance lransportaiion to LPG supplier in Astana City

- Adjustment 1o required specifications including calorie control

- Supply to underground tank by Lorry or to each users by container

Howcvcr lhesc hand]mg steps have the posmblllly of dlsruplmn and

R Lan result in unexpccled 1nc1denls
(4) Reoulauon and Norm for Gas Supp]y

'~ Some regulatlons and norms spcc:ty and restrict the gas supply. These will
. be barriers to the 1ntr0ducuon ~of natural ;,as m Astana City, and may
: dccreasc the estimate ot nalura] gas consumption _

'1-11
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Restrictions of Utilizing Gas

" According to SNiP 2.08.01-89 No. 3.10, 3.13 and SNiP 2.08.02-89 No. 3.55,
gas utilization is restricted as follows:

D

3)

"

Water Heater Fuel for Individual Apartments

Individual apartment water heaters (including small volume heating

boilers) operated by gas are permitted to be placed in dwellings with up

lo two stories exciudmg ,g,round tloors.

Heatmg bo:lers opcralmg with sohd based tuel are to be installed in the
knchcn or isolated area.  Areas with access 1o the heating boiler may
be pcrmllled lhrough an auxiliary box room.

Cookers in Knchen '

In kllchen in dwelhngs wnh 11 slones or hloher hostels, retirement

houses, and households _o_t the physically handicapped, electric cookers

~ should be provided. For dwe_l]_irigs comprised of a variable number of

floors with one pilrl of the dwelling consisting of 11 floors and more
shall be equipped with electric cookers in all parts of the house.
Installation of gas eq'uiprﬂént is prohibited for catering faéilities, shops,
and service enterprises that are built in the dwellings. -

Elcctric cooker installation is permitted in houses with floors of any
number, which are equipped with central heating systems and hot water
supply, in accordance with the power Supply Company.

Gas Equipment in Public Buildings and Other Buildiﬁgs

- Installation of gas equipmen'l in the kitchens of kindergariens, buifet

halls and cafes of theatres and cinemas is prohibited. Hospitals and
ambulance clinics are permitted to provide a central gas supply system
only for premises used for cooking food, laboratories, and dentistry as
long as they are located in separate buildings.

Pressure ot Gas Supply Sﬁsiém

~ According 10 SNiP- 2.04.08-87 “Gas supply system and norms of gas

pressure”, gas pipelines are calegorized dependent on pressure and type
of gas. : R ' . '

- 1st Category High Pressﬁfe Gas Pipelines;

. Workmg pressurc 0 6 M Pa (6 Kglcm ) 1 2 M Pa (12 Kg/cm ), for
natural gas and gas—mr mix |
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« Working pressure: 0.6 M Pa (6 Kg/em®)- 1.6 M Pa (16 Kg/ecm®) for
liquid petroleum gases (LPG).

2nd Category High Pressure Gas Pipelines;

Working pressure: 0.3 M Pa (3 Kg/em®)- 0.6 M Pa (6 Kg/em?®)
Medium Pressure Gas Pipelines
Working pressure 500 da Pa (0.05 Kg/em®)- 0.3 M Pa (3 Kg/em®)

Low Pressure Gas Pipelines

Working pressure ﬁp to 500 da Pa (0.05 Kg/cm?)

Gas Consumers Gas Pressure

1 |Production buildings of industrial and agricultural - - 06MPa
enterprises, and independent boiler houses and consumer (6 Kg/em?)

services enterprises of industrial character (baths,
laundries, dry cleaning factory, enterprises of bread apnd
confectionery production indusiry)

2 | Consumer services enterprises of industrial character, 03MPa
stated in the pos. 1, additional in the outhouses of the (3 Kg/em?)
buildings of other industrial purpose, or built-in into
these bmldlngsL :

3 | Consumer services enterprises of non-industrial 500 da Pa
character, and public buildings _ (500 mm H.0)

4 | Apariment, houses . 300 da Pa

. : : B : (300 mm H,0)

| :The gas pressurc in thc gas plpe]mcs lald inside bmldmgs must not be
more than as shown in the above Table.

For heat facilities of industrial enterprises and independent
'boiler-hous'es a gas pressure of 1.2 M Pa (12 Kg/cm?) is allowed for
use, if such pressurc is required accordmg to the conditions of the
manulaclurlno techno]oby

'.In bmler-houses placed 0uts1de ot lhe producllon buildings, a gas
pressure up to 0.6 M Pa (6 Kg/em™ %} is allowed.

" The gas pressure before domestic gas appliances is to be accepted in
accordance with the désign data of the appliances, but no more than that

indicated in the above table, posmon 4 (Aparlmenl houses: 300 da Pa=
300 mm H»0)."

1.2.4 Poienlial Demand of Natural Gas

Natura} Gas can be used as a safe and clean fuel for many energy sources. In this
sub-scctlon, the possnbllmcs of natural g gas as city gas are investigated.
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Gas Demands in Astana

Natural gas will be used as - replacement of existing fuel, and in addition to
this, there will be another usage.

For power and heat supply, proper fuel is discussed in “Chapter H Power and
Heat Supply”. The major areas cxcept for power and heat supply are:

Domestic use

Public use

Mini boilers, etc..

Gas Consumption Esumale

Regarding gas demand in Astana AST ANA-2 s the melhodolo;—,y accordmg

to SNiP elc,, is presented:

1) Domeslic Use

As mdlcated in “1 23 (2)” SN]P specmes categorized requlred heat
duty. Based on apartmcnl type and, number of inhabitants the required
natural ;,as_con_sumpnon can be calculated.

~2) Public Use

Based on population (N) and estimation of natural gas supply (Y = 0.5),
na!ural gas Lonsumpuon of various public usat,es can be calculated.
”QN is LHV of nalural gas.

Laundrles

Vieand = 1(}0 X Zl..u,.d XN XY X qruuna /1, 000 X QN i [Nm ] Where
+ Ziuuna —population ratio using laundry services- 0.1 ‘

Qiauna — ROTM (1 ton of dry laundry) MJ; .

qm...d = (8 800+12 600 +18 800)/3 = 13 400 MJ/lons of laundry

Baths

Vo =Y X Zoa X N X 52 X Qbaih / (o158 [Nm ] Where
Ly — the populallon quanuly altcndmg, baths- 0. 165

_ 52— washmg numbers per year; S
On (40+50)/2 45 MJ/washing — norm (per 1 washmg,)

C(\lcrmg enterprises

Vater —Y X 360 Zeyer x N X qm,/ o ) [Nm ] thrc L
Lesier — pu]auon ratm covered by catering serv1ces- 0. 2_ -
Qener = 6.3 MI: 4.2(lunch)+ 2. l(supper) norms
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L.2.5

Healthcare establishments

Vie = Y x 12x N x gne/ 1,000 Q¥ [Nm®].  Where
12 ~ number of heds per 1,000 people
Ghe. — norm-3,200 MJ/1 bed per year;

Bakery and confectionery producing enterprises

Viake.=Y X 0.7 x 365 X N X gpare/ QN", [Nm’}. Where
0.7 — norm daily bakery production in tons per 1,000 people;
Qrake= (2,500+5,450+7,7_50)/3=S,233 MIJ/ton of baked production

Trade domestic service enterprises (ateliers, workshops, hairdressers’,

hos

V= 0.05x Vg, [Nm ], Where
Vhi— annual gas conbumpllon for domestic use of the city, [Nm ]
See “ 1) Domestic Use ”

3 Mini Bm]ers etc.

Thls requ1red heal duty is csumaled based on heat requirement
R torecasted in “4 5 P]anmng ot Power and Heat Supply System”.

The number of mm_: boilers w1ll_n0t mcrea_s_e S0 m_uch because new heat
lélenlers' can cover the required hédt New -heal Eenlers are planned 1o
- cover 90% of the requlred heat supp]y Nalural gas and other fuels
will be used for the rest 10%. Accordmg]y, 5% of heat centers are

assumed for estimating heat duty for mini boilers using natural gas.

Eftect of Usmg Natural Gas

In 1hlb sub-seclmn thc 1mp0rlanl aspects of using natural gas, that relate to the

economlcal opcrallona] and environmental aspects, will be studied.

(1) Economlc Aspecl

| -.1) Domcstic Use -

g _Rlvals of natural g ;,as arc, LPG and E]ectnc Power. -
Heat Value of Nalural Gas 31.8 MJ[Nm* and Exchan;__,c Rate is 144.5
kzt/ USS§ are apphed ‘

LPG

Heat value is 45.7 MJ/kg and unit cost is 022 USD/k;, (32 22 kzt/kg) as
B under;,round tank base '

[-15
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2)

Eleciric Power;

Conversion Ratio of 3.6MJ is 1kWh, and unit cost is 0.027 USD/ kWh
(3.84 kzt/kWh).

Accordingly, the cost cdrrcSpdnding to a heat value of 1,000Nm* NG is
as follows:

LPG: USD 153 = (31, B00MY/1 000Nm3)(0.22USD/kg)/(45.7MJ/kg)

E. Power: USD 239 (31 800MJ/1 OOONm )(0 027USD/kWh)/

(3 6MJ/kWh)
According to SNiP, the required categorized heat duly is specified as
per “!.2_.4 (2)”, and the table below presents the effect of natural gas
only for domestic use. '

Effect of Economical
: ' o (Per person)

Gas Consumption, MF/year | A)2,800 | B)}§000_ | C) 4,600 Total
Equal to NG, m?/year 88.05 251.57 i44.65

Equal to LPG, kg/year : 61.27 175.05 100.65

Equal to power, kWh/year 7784 2,224 1,278.8

Cost of NG,* USD/year U352 10.06 879 4.16
Cost of LPG, USD/year 13.48 38.51 22.14 15.92
Cost of power, USD/year - 21.02 60.05 34.53 24.84
Ratio of Each Population** - 86% - 75% | - 65% 100%

. *  Based on 40 USD/1,000Nm NG -
*x Assumed based on forecasltd populatlon

The table bc]ow shows the result based on “Esumatmn of ratio of Each
Population”.

" Year 2010 2020 - 2030

Population B ST 490,000 ] 690,000 800,000

Yearly Cost Difference NG [ Million USD | . 5.763 8116 . 9410
vs. LPG . : :

Yearly Cost Difference NG | Million USD 10.127 14.260 |- 16.334
vs. Power - :

Year Period : 2018 - 20202010 - 2030

Total Cost Difference NG vs. [Million USD | = - . 75.160 162.787
LPG - . _ .

Total Cost Difference NG vs. | Million USD - | 132064 | 286.036
Power o S ' ' -
Public Usc

Comparison of fuel cost is almost lhc same as 1) . This chapler tocuses

mainly on the use of natural gas for city gas. Accordmcly, there will -
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nol be big industrial factories using coal in the center of the city.

However, a comparison including coal and diesel oil is shown as below.
Coal

Heat Value is14,047 MJA, and unit cost is 7.71 USD/ (1,114 kzt/1*).

* Note: In case a lot of coal is procured as TETs etc, this cost will decrease.
However, the object of this comparison is with a facility ivstalled in the city
center area.  Accordingly coal cost applied in TELs ete,, is excluded from

this comparison.

Coal: USD17.5 = (31,800MJ/1 O00Nm®)(7.71USDAY/(14,047MI/t)

Diesel Oil

Heat Value is 42.6 MJ/kg, and unit cost is 0.27 USD/kg

Diesel Oil: USD 201.5 = (31,800MJ/1,000Nm3)0.27USD/kg)/
(42.6MJ/kg)

Natural gas is superior to other fucls with the eXCe'ption of coal, as
shown in the graph below.

Cost (Million USD as 1000Nm3-NG)

300

250

200

150

100

Fuel Cost as per 1000Nm 3-NG

Coal Natural Gas LPG o Di_eselOil Power
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G)

3) Mini boilers for heat energy generation

Combustion efficiency is not the same as that for public usage
discussed above, but these differences can be neglected in this rough

comparison.
Operability and Maintainability

LPG needs a number of slepé for reaching consumers, and heavy oil requires

~ some additional steps to reach consumers, and makes more emissions than

natural gas.

' Coal is the cheapest but };and]ing as fuel is troublesome due 1o the volume of

solid malerials, heavy emissions, and afier treatment of the burning ash,

makes it’s handling much more difﬁc_ult than the handling of natural gas.
Environmental Aspect

Natural gas conformity to environmental regulations is superior to other
tossil tuels.

The tollowing superiority will be expected.

" Nalural Gas Qil - Coal
CO, 57 83 100
NOx 29 71 100

SOy 0 68 100

~ Source; Natural Gas Prospect 10 2010: IEA

Content of sulfur and nitrogen in nalural gas are less than 6lhe_r fossil fuels.
Combustion control for natural gas is also easier. Using natural gas would
reduce the emissions of not only NOx and SOx but also CO» compared with

“other types of fuel.

1-13



The JICA Study on the Master Plan for the Developmenti of the City of Astana Supporting Report

13

13.1

132

Basic Concept for Gas Supply Development Plan

Natural ga-s is a clean source of energy and discharges less CO; than other fossil
fuels when burnt. As an alternative source of energy for the national capital,
natural gas has ample possibilities to improve the quality of life of the residents of

" Astana. In this Sub-section, the natural gas development plan is proposed.

Base of Planning
The following population data is used as the basis of this study.

The populahon pro_]cumn and spatial distribution mentioned in Sub section 3.2
and 3.7 are utilized and are summdrlzed below,

Arca _ Year 2000 2010 - 2020 2030
1. Ceniral Planning Region 175,500 190,800 - | 212,400 218,400
2. Northern Planning Region 16,310 9,034 - 9,034 9,034
3. Southeastern Planning Region 92,236 217,753 282,403 | 282,403
4. Southern Planning Region 16,012 41,759 ~ 97,396 186,788
5. Northwestern Planning Region 30,690 - 30,690 86,199 99,399
Tolal _ S 330,748 490,036 687,432 796,024

Nalura] Gas Dcmand Forecasl

As for demand tor c1ly gas as nalural gas, lhe following are expccted as promlsmg

* demands in consideration of both economical and environmental slandpomts.

" Users of natural gas can be categorized “Domestic use”, “Public use” and “Boiler

in City Area”. Refer to “1.2.4 (2)” for calculation of natural gas demand.
Domestlc Usc

Al presem LPG is w1de]y used in residential areas in Aslana due to its favorable
ener;,y cost compared to electric power. The cost of n_atural gas is lower than
LPG even if there will be cost fluctuation of LPG as Shown in “1.2.5 Effect of

_ Using Natural Gas”. Making the introduction of natural gas is economically

viab]e

-‘ _ _There are reponcd]y more than 300 units of undcr&,round LPG tanks (solely the

possession of A]autransgas) in lhe exlsllng cny on the ng,ht bank, most of which
are obsolete and pou.nha]ly hazardous.. The replacemenl of LPG to natural gas is
therefore advanlaé,_eous in the safety point of view as well Public Use.

As fuel to be used in urban areas, natural gas is the most suitable.  Although coal

is superior in the pure comparison of costs, environmental protection measures are

I-19
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required for the use within urbanized areas of the city. Considering the required
measures for coal, natural gas could be economically for small facilities.

The brick industry, for example, may become one of the most promising
~ consumers of natural gas, because locally available materials in Astana could be

used as raw materials, and quality bricks are imported at present. Natural gas

will make this industry more feasible. '

Mini Boilers
There are several existing mini boilers in the city, which burn heavy oi} or diesel

oil for fuel. Replacmé the heavy oil and diesel 011 to natural gas is economlcally
viable and environmentally preferable.

Forecasted Demand

Dcmand 1s torccaslcd based on ASTANA 2 ca!cu]ahon mclhods accordmu 10
" SNiP.

" The populatlon and resuienlml areas €ic., as specmed in “3 7 Dlslru.t Plannmg for
New Clly Area” are used as the basm information for this calculahon

Uml. Mlliion Nm'ly

, Year 2000 2000 | 2020 | 2030
ltem
Population (x 1000) . . . 330 490 690 . 800
Natural Gas Consumption . : o -
< Domestic Use > ' B M4 510 "71.5 | - 828
< Public Use > o 139 202 1 290 335
Laundries : 07 10 15 17
Batb-house 20 130 42 4.8
Catering Enterprise 2.4 35 4.9 5.7
Public Health Institute _ 0.2 0.3 04 [ 05
~ Bread-Baking plants _ 7.0 10.3 143 16.7
Services Enterprises | 1.7 S 21 38 4.1
{dressmaking, workshops, : : .
hairdressers', shops ete.) : :
<Independent Mini-boiler> S : - o507 103 ! 167
Subtotal Consumption = -~ . S 483 762 '1]0.8- - 1330

In addition to the above, lhere is a plan 1o mlroduw new mdlwdual heat centers
using natural gas tor fuel, as descnbed in “Scctmn 4 5 P]anmng ot Power and
Heat Supply Syslem ~The toregast demand is as tollows
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Hem Yearl 2000 2010 2020 2030
New HC (Nm’/h) - 27,300 56,100 90,500
New HC (Million Nm'/y) - 100.7 206.8 3337
Tutal Consumption 48.3 176.% 317.6 466.7
(Million Nm'/y) '

133

134

Sburce of Natural Gas

In Kazakhstan, the volume of imported natural gas is 3,100 million Nm’/y while
the exported volume is 2,300 Million Nm’/y, showing an overall balance of 800
million Nm*/y import in 1998,

~Natural gas can be produced in the western part of Kazakhsian but there is no gas

plpe]me between the western part and Aslana City.
Avallabmty of natural gas in Astana Clly depends on 1he to]lowmg factors:

. Plpclmc plan

. Producuon c,apac.lly developmem plan in Kamkhstan
. Supply avallablhly trom Russia |

There is a relatively high investment on the gas industry in Kazakhstan. This
could increase the production rate of natural gas as discussed in Sub-section “1.2.1

Natural Gas Availability”, which could make natural gas available for Astana City.
Proposed Natural Gas System for Astana City

Regarding the decennial development plan, the city gas network will be expanded
according to the growth of the city as indicated above.

The basic concept of the planned network is as follows:
(Refer to attached “FIGURE. 4.6.1 Plan for City Gas Network”)
*  The network will be connected with the planned Trans National Gas Pipeline.

* The pressure of the natural gas supplied {from the Trans National Gas Pipeline
w_i'l] p[dperly be a.djusled for high-pressure distribution (1.2 MPa).
Higﬁ-pressure networks (hereinatier called HP-network) are aligned along the
main road.

*  The HP-network will cover the areas of each development district of the city.

* The HP—nelwdrk shall be instailed underground, including the crossing of the
Ishim River. To reduce construction cost, lines crossing the Ishim River and

rail\\iays shall be minimized.

*  Since the required quantity for Heat Centers is enormous, HP-network is
planned close to the Heat Centers. '
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For the Heat Centers and some industries, the high pressure (1. ZMPa) will be
utilized without pressure reduction.

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

City gas adjusted to low pressure (below 0.6MPa) will be supplied to each
general consumer by low-pressure network (hereinafter called LP-network).

' Loop-type network is considered for stabilizing pressure at each point, but

this policy should be further studied at the design slag,c in consideration of
cosl reduction.

The nelwork system will be connecled o storagc tanks mslalled in the

cxlstmg LPG area. This LPG arca is close to the rallway nelwork and
already has the rcqulred facilities for supplymg LPG. In case of delay of
natural gas development, LPG could be supplied by using this new network.
Considering that LPG is presently supplied using undcrgfou_nd tank or LPG
coniainer, the new network is also supel_'ior'in the scn_sé of .s:a.t"cty.

[-22
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1.4.1

142

Gas Supply Development Plan
Rules and Procedures of Gas Supply to Astana City

The City Gas Operating (Distribution) Company will conclude the contract with
major consumers for gas purchase, and then will contract with Gas Transportation
Company, as present prachce The Gas Transporlauon Company will be CISC
“KazTransGas” or some joint cnlcrprlsc with Russia, because 30% of the
proposed pipeline from Ishim City will be in the Russian territory (150-160 km).

There is a Law of the Russian Federation about “Gas and Rules on gas supply”
approved by the Russmn Government, No.162, dated 5 February 1998.

_Wlthoul mtu;:,overnmenlal ageements for gas supply between Russia and

Kazakhslan this Law will be reterred lo as the contract of commcrual base for

gas supp]y

N -Thc quahly ot natural gas is specmed by Russian standard (OST 51. 40-93 Natural

fuel gases supplicd and lransporled by malor plpelme) which is dem,g.,ned by
VNIIGAS institute (Moscow). The technical terms can be also apphecl in
accordance with this standard - OST 51.40-93.

In the event that the contract will be on a commercial base (i.e, not
mlcrgovernmental agreement), terms and conditions should be approved by the
Local Government for the efficient and stable supply of natural gas.

Short Term Development Needs

For the introduction of city gas, a HP-network of natural gas shall be established
in the planned development area. Since a considerable number of new buildings
will be erected before the completion of the international main gas pipeline, the
design of new buildings shall 'comply with the possibilily of the future
introduction of natural gas. The key factor herein is to realize city gas being
readily available for the buildings, and for this purpose, the timely installation of
HP- network is crucial.

~ Close frioniloring of the progress of the international gas pipeline, therefore, is

important for this development.

In order to accelerate the eslabllshment of the g gas network, utilizing the existing
LPG g gas supplier Facilities is relevant.  These facilities will be useful not only for
support of the natural gas network by LPG, but also for peak saving of demand

- and storage.

Furthermore, a large qu:inlily' of natural gas is planned to be used for the

generation of electric power and heat as described in “Section 4.5 Power and Heat
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Supply”. Natural gas supply at high pressure is preferable for these consumers
(TETs-1 and 2), and to save procurement cosl, natural gas should be directly
connected from a natural gas transpoﬁcr, and not via the city gas network.

© Accordingly, the boundary of this pipeline between transporter and consumer

should be adjusted close 1o the international gas pipeline.

This p;pelmc route shall be as shorl as posmble posmoned a]ong main streets, and
connecting between 1he transporter and consumcrs

Long Term Development Needs

Aiter the completion of short-term development, introduced natural gas will

bec.,ome a popular source of energy, and will probably be accepted as useful

_ energy in Astana as is the case in Almaly The gas network will be expanded
accordmg ] the subsequent urban development.

The development plan itself shal] be adjusted according to the economic

availability of natural gas.
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Pre-Design Proposal for New City Center

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

follows.
(Refer to attached “FIGURE. 4.6.2 New City Center Gas Supply”)
(1) Domeslic use

The HP-network for this area will be installed as per “FIGURE. 4.6.1 Plan
for Cily Gas Network”. From the HP-network in this area, pressure is
adjusted to 300da Pa in the Gas Distribution Station for domestic use. The
LP-network does not cross the [shim River.

(2) Industrial use

Since there will be no special industries in this area, accordingly such
consumer usage is not considered.

(3) Mini boiler

Since the required heat for this area can be covered by Heat Center—1 (HC-1),
the introduction of mini boilers is not considered.
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11.2

Present Conditions of Telecommunication
Introduction

In this section an analysis of potential problems will be made by the study ol
present conditions of telecommunications in Astana and the telecommunication

requirements will be picked out on the basis of Master Plan perspective.

Analysis of Present Conditions of Telecommunications Services

In Astana the telecommunications services are offered by Astanatelecom, a
regional affiliate of the Open Stock Company Kazakhtelecom (hereinafier referred
o as Kazakhtelecom). Under the supervision of the Ministry of Transportation
and Communications, Kazakhtelecom provides the following kinds of services by

expanding and reinforcing the telecommunications network:

. B Local telephone communication

W Inter—city telephone communication

B International leléphonc communication
B Telegraph and telex communication

B Data transmission R

B Satellitc communication

' (1) i :‘Nelwor'_k- C_(_)nrfigﬁr':iiio_nt

Kazakhstan is divided into fourteen (14) Provinces {Oblasts), and each
province. is farther divided into rﬁu]lip]c _diStricls. 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.

4— : N

Primary Network

Secondary Network

" Current Network Ctml‘lgufﬂibh in the Répu.hli-c of Kazakhstan



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

(2) Telephone Services and Facilities

1)

2)

3)

4)

Tclephone Services

In Kazakhstan there are approximately 1,820,000 telephone lines.

- 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 Astana there are 64,544 telephone lines and average
telephone densiiy as of March 20()0 was 20.1 lines per 100 inhabilanls.

F1g J.1.1 shows the locatmn of present ldcphone cxchanues in Astdna

Swuchma Fauhlus

Digitalization of the switching system in Astana has been strongly

promoted in the last few years. The old analogue type swilches remain
37% of the total capacity of the 'exiSlin'g switches as of March 2000.
Table L1.1 indicates the state of the existing switching facilities in
Astana,

Transmission Fucilitics

The dlglld]]Zdl]Oﬂ of lranSmlssmn lines is in progress o cope with that
of telephone exchanﬂes in the existing uty area. In lhe urban area of
Astana, the main part of local Junc,llon network is SDH 0pucal cable
transmission ring with STM-4 Add- drop mulhp]excs and STM-1 level
SDH optical transmission lines are also employed as the branch lines.
Additionally, 140Mb/s and 34Mby/s radio transmission systems are also
adopted. The structure of optical fiber cable transmission network in

~Aslana is illustrated in Figure J.1.2 and the radlo links in Astana are

shown in Figure J.1.3.
Outside Plant Facilities

Subscriber Cable Network

The type of the subscriber cable distribution method adopted in
Kazakhstan is two kinds, which are' a cabinet method (Flexible

* Network) and a direct distribution method (Rigid Nelwork)' The

subscriber cable is categorized into a prlmary c.ab]e (main cable)
LOlmLChn“ a secnon between the MDF {main distribution frame) and
the cabinet, and a secondary Lab]c(dlslrlbuuon cable) connecling a
section between the cabinet and distribution box at a subscriber end.

~ Primary and secondary cabl_cs used are air-core type (pressurized with

dry air) installed in a duct system. The existing cables in Astana are
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)

conduit cables and aerial cables. Most of these underground cables are
paper insulated, lead sheathed cables installed more than 20 to 25 years
ago, and mainly these aged cables cause communication f{ailures.
Self—Suppon type acrial cable is also used based on the geographical
feature. The diameter of the conductor of subscriber cable used is
0.4mm and 0.5mm. For the number of pairs, a cable of 100 to 600 pairs
is used for the duct section, cable of 10 to 100 pairs is used for acrial
section. For the cabinet, three types are used. Their cnpacity is 300 pairs,

600 'p'arir_s and 1,200 pairs, respectively.
Civil Work

_ Manholes are generally made of reinforced concrete. The manholes that

~ were made in recent years have been fitted with hardware and the space
is sufficient. Manholes are built at a typical interval of 150m maximum.
Duct is bdsienlly used in“lhe primziry cable and secondary cable seciion.
The inside diameter of duct is classified into two types. They are
100mm and 50mm. The asbestos cement is used for the materia] of the
duct.

'Numbermg Plan

Presenlly, Kazakhslan has lwo kinds of own numbermg syblem which are
national numbermg system and inter-zones - numbering system.
Kazakhtelecom will change it 10 the ITU standard, including special service

numbers in the near future.
Signaling System

The signaling sysiem currently used here is a unique Sj(ste}n cornpalible_ with
the ITU-T_slandardized signaling systems of R1, R2 and No.5 method.

Taritf System E

The taritf system of main telecommunication service is applied with three

. user categories; individuals, government office and enterprises. Table J.1.2

©

_ shows Tariff System of Main Telecommunication Services.

Present Service Quality

Gencrally, lelephone service qtjality' is measured by the following indicalors;

le]ephone call eomplelmn rate, lelephone line favit rate, and fault clcarance

rate. ]n the telephone network in Astana, the old lype exehan;,es still remain
‘m operallon and most of underground cables are obsolele paper insulated
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and lead sheathed cables as mentioned above. In such situation the service
qualily of Astanatelecom in 1999 is explained in the following table.

Telephone Service quality of Astanatelecom in 1999

Indicators Results of Reflerence
Astanatclecom
Call Completion 45 % at inter-city | The percentage of call altempts which receive
Rate | & international answer. A rate above 60% can be achieved in
: | call conpection © | a good network.

Line Fault Rate - s The rate indicates as the number of faults a
month per 100 main lines. Users will not
always salisfy with a rate near 8 that occurs
nearly one fault a year.

Fanlt Clearance 96% The percentage of cleared faults within next

Rate _ one day. Astapatelecomn  has regulated an

: o s original Tule by the kind of faulis,
Waiting Applicants | - About 14,600 It is expected that the figure of wailing
(Telephone Density) (20.1%) applicants will be pearly ZCT0 as & Service in
: the capital. -

(7) Present Demand

Present demand in Astana is about 83,500 as indicated in the following table.

(As of January 1%, 2000)

Waiting Suppressed o )

1 o

Name DEL’s Apphicants | Demand (30%) Demand Total
Astana - 64,544 - 14,564 4370 - . B3478

DEL: Direct Exchange Line

Planned Improvements of fhc Telecommunication Network by Kazakhtelecom

The telecommunications development plan for the year 2000 of Aslanatelecom are
shown bellow:

- B Network development plan based on a perspective construction plan in Astana.

B Transfer 10 No.7 common signaling system belween digital exchanges.

(1) Commitied Projects

According to the Kazakhtelecom, “the telecommunication network
modernization and development plan for the year 2000~2002 in Astana is
approved with the necessary finance sources. - '

- Introduction of new Lechnology to subscriber line

- Arrangement of digital path for subscribers and provision of [SDN

- Usage of oplical ﬁbcr_'cablé commiinicalion sy's_lem"which is compaliblc
with FT1
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- Further development of WLL system

- Usage of TV coaxial cable system for the compatibility of digital

communication system
- Furlh.cl" devclopment of SDH transmission network
- Introduction of ATM network
- Development of IP and FR protocols for data transmission system
- Usage of ADSL technology

- Crcation of voice transmission in data transmission system, creation of

internet networks,

The investment plan includes the construction of digital lc]cphoné stations,
the construction of remote unit stations in some zones of the right bank of
Ishim river and Chubary seltlement construction of new ITS and the
' replacement of out of date analog,ue ATCs to the latest dlg,nal ATCs. The
total capacuy of new modcrmzed switching tau}mes will be 52 ,572 switch
lermmals and their inaugurations were scheduled from 2000 1o 2002. Five
thousand telephone termmais ot them are assembled and supphed by cables
for the installation of le]ephone lincs in Abilai-han strect and micro districts
of N1, 2, 2a, 3, 4, 5. The further development of the te]ccommumcahon
network will be made bya new capauly accessing on the existing ATC-21
and ATC-36. The following table shows the items of committed projects by
Kazakhtelecom. | |

1.5
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Updaling and Expansion Plan of Telecommunication Network
in Astana for 20002002

2001 | Jusction Circuit

Year Project Capacity Noles
2000 | ATC-75 12,000 | HOST station
2000 | ATC-77 8,000 | HOST station
2000 | ATC-337/338 2,500 | Expansion of RSU (8-12)
2000 | ATC-32 3,000 | Expansion (5-12)
2000 | ATC-34 6,000 | Copstruction of HOST station
2000 | ATC, Agrogorodok 1,000 | RSU
2000 ] ATC, Lesozavod 1,700 | RSU
2000 | AT Bascoof 1,300 | RSU
Logislics -
2000 | ATC, Chubary 4,000 | HOST station of RSU
2000 | Construction of ITS | 6,572 | New construction
2000 S\lpplemr-ul of SDH
ring
2001 | ATC, Agrogorodok Expansion SR
2000 | ATC-75, ATC-T7 Installation and asscmblmg access network cable
' ' - Closing down of ATC-28, and expansion of ATC-21{HOST)
2001 | ATC-28 6000 | for 6,000T (4,00041,00041,000) - (
: _ Installation and assembling access network cable in
2001 | Project, Okraina Karaotkel, Energetika villages, micro-districts 15,16 and
o o Tekstilshiky(numbering capaci!y from ATC-36)
2001 ATC, 500 | Installation of access ‘etwork and RSU
Promyshlenney

Installation of eptical fiber cable netwurk in SDH ring from
ATC-335 to ATC-34 :

New ATC on the

2002 | left bank of Ishym

Capacity wnl] be determined according to the development
pl_al_l _of the left bank. .

nver
2002 fﬂ'lféc}(‘“‘“’ Replacement of ATC expanding tel. lines behind the village
J1.4  Demand Analysis

Aslana is the new capital of Kazakhstan, havi'ng already more than 20% DEL

density. Therefore, the demand forecast of Astana will be estimated by a special

method.

(1) Telephone Demand Forecast

Aécording 1o the capital dcv'clopmcnt. plan by JICA Master Plan Team, the

zones to be newly developed until 2030 are known as the map of Phase-1
(up to the year 2010), Phase-2 (up to 2020) and Phase-3 (up to 2030). See

Figure J.1.4 Planncd Districts and Sﬁb—aning in Astana. Table J.1.3
Population Framework of the Planned Districts in Astana and Table J.1.4

Working Population Framework of the Planned Districts in Astana. The new

iclephone office arcas will be established, pr03pecling. coming 30 years and

according to the population framework of the new area development plan of

Astana. See Figure J.1.5 Location Plan of Telecommunication Center and
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Telecommunication Center Service Arca. Astana has already morc than 20%
DEL density, therefore the demand forecast of it will be cstimated by a
special method, in stead of commonly used macroscopic demand forecast
(ITU regression model, using statistical data of GDP per capita).

Considering that Astana is the new capital and a rapidly developing 'cily, the
penctration of DEL is assumed to be:

W 30DELs per 100 inhabitants for Phase-1 (2001~2010)

® 35DELSs per 100 inhabitants tor Phasc-2 (2011~2020)

® 40DELSs per 100 inhabitants for Phase-3 (2021~2030)

The telephone density of busy area like New City Center will be estimated
not only by‘ the volume of inhabitants but also by the number of working
pOpulaliQn/ﬂoor space and the kind of activitics there in the daylime;
activities of commercial, presidential, governmental, diplomatic, etc.. The
number of DELSs fOr'WOfking populalidh of the present Master Plan, however,
has been calculated by the to]lowmg method.
m 30DELs pcr 100 workmg populallon for the new develc:pment area

® 25DELs per 100 workmg population for the existing area
Table J.1.5 shows DEL Forecast of New Development Area in Astana up to
2030, Table J.1.6 shows DEL Forecast of the Existing Town Area in Astana
up to 2030 and the following table shows the DEL forecast of the whole city
of Aslana ' | ' '

DEL Forctasl of lhe Whnle Clly of AQTANA (up to 2030)

Area | Population " Phase-1(2001-2010) Phase-2(2011-2020) Phase-3(2021-2030)
‘ ~ Pop. DEL Pop. DEL Pop. DEL
| Residents 127386 | 38216 | 278,642 - | 97,525 368,034 | 147,215
NDA Working Pop. | 107,548 | 32,264 168,600 | 50,582 |208201 62,461

" " | Sub-total = 70,480 - 148,107 = 209,675

Residents 362,650 | 108,795 | 408,790 | 143,077 |427,990 | 171,196

ETA . | Working Pop. | 146558 | 36,640 | 205,142 = | 51,287  |228015 | 57,004

o Snb-lotal L= 145,435 — 194,364 — 228,200

Astana Total - 490036 | 215915 | 687432  |342471 | 796,024 | 437,875
Telepbone Densny(%) = ' 44.1 49.8 55.0

- NDA: New Development Area, DEL: Direct Exchange Line

ETA: Existing Town Area,

J1.5

Pop:  Population

3 Anaiysis of Issues in Present Condilions :

{1y " 'World Trend on Telecommumcahons Needs .

' Recent lcchnolnblcal developmenl m the helds ot telccommumcal:ons data
procu;smg,, lransporlallon and v.mous produclmn proccsses “allows us the
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worldwide social and economic aclivities. Consequently the international
economic relationship has been getting more complex and tighter day by day.
Under such circumstances, the volume of information transactions has much
increased, not only in the industrial and service sectors but aiso by
individuals. Furthermore, as a new trend of the world, Information

Technology (IT) is being introduced to the whole tields of the society. The
new attempt lo build a digital government (including local governments) is
one of them, which aims the realization of more efficiency of government
performance itself, to open govémrﬁenta] information to the public, better
access services to the inhabitanls/enlei’prises and a kind of digital democracy.
In order to support such information transaction needs, the increase of

c,onvenuond] telephony type service and the lnlroduc,llon of new tlype

telecommunications scrvices such as data communication service (including

 Internet service) and data/information-processing services are indispensable.

Accordingly the new type 'telecommunication network is an cssential

mtrastruclure for lhe recent socml and economlca] achvmes and for the
eihc:ency and welfare of mdmdual life.

Telecommunication Needs i in lhe Capnal “Aslana” ,

According to the document of “Program on Modernization and Development

- of Kazakhlelecom: from 1999 to 20037, issued by Kazakhtelecom in 1999,

the total amount of the project cost for 1999 to 2003 is estimated as about

300 million US$ The financing of the pm]ect wxll mainly depend on the
suppher s credit by almost 80% of the pm]ecl cost, comparing with 20% by
own asscls. The selection of suppliers will be made by tendering. Thls
supplier’s credit mlg,ht oppress the account balancc of the company as a
'relauvely heavy burden in future. The Tablc 117 shows Major Propecls of
Modernization and Development Program of Kazakhtelccom from 1999 to
2003, and the Table J.1.8 shows a Prospect on Mam Acllvmes of
Kddehtt‘.lCL()m from 1998 to 2003 Another issue concernmg, company
mana;,ement is how to 1nlr0duce the nme durauon char;,mg system 1o the
local call service. Kazakhtelecom says that the time duration charging
syslem is now under an experiment at two places including Karaganda City.
It is expected to be introduced to Astana City as early as possiblc.

The government of Kazakhstan has been ém‘phasizing the needs of adequate,
elficient and reliable mtrastruuurcs in the national devclopment policy, 10
realize a higher economic growih of the country and an 1mprovemem of the
pmplu s slandard 01 lwmU The telemmmumcal]on dcvulopmenl is placed
on the hlﬂhebl pnorliy, for the cthucncy of the whole sociely, for the

1-8
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industrial development, for the ctficiency and weltare of individual lile with
educational and clinic support by new telecommunication means, and also
for a solution to cope effectively with the severe nature during relatively
lang winter season in Astana. In this context, the telecommunication system
is vital and indispensable 1o perform the functions as the new capital of
Aslana, which represents Kazakhstan lntcrnalmna]]y and domestically. Until
2030 there will appear not only a new city center but also several new
residential areas on the both sides of Ishim river. For the daily activities in
newly designed commercial, presidential, governmental and diplomatic
buildings, the telecommunication system will be essentials and one of the
basic social infrastructures. The introduction of a new telecommunication

sysiem to Astana new capital is especially important.

Basic Concepts for Telecommunication Development Plan
Telecommunication Policy for Astana

The basic plan for the development of the telecommunications network in Astana

- aims to fullill the telephone demand in the new development area of Astana as

soon as possible, in accordance with the present Master Plan. The new
telecommunication network will be constructed 1o upgrade the network structure

1o more reliable and ellment one and also preparing for the introduction of new

type of le]ccommumcallon means, considering the increasing roll of the capital
"and its status. For the rcahzalmn of it, the latest digital technologies such as

‘optical fiber access network, digital switching systems, optical fiber transmission

systems, SDH, IP network and so on, will be used.
Te!e'cbmgmunicaiion Nelﬁvurk .P]an
(1) Basw Concept ot Network Plan

The basic concept of network plan will be framed in line with the following
1cleu0mmumcalmns policy. '
'1) The Tc]ecommumcalmns Pollcy

lTelecomm umcallons tauhlles shou]d be provadud to all the applicants,
at cost-based lantls

n Umven,a] surwu, should cover 1he wholu counlry s territory. This
' lmplles edsy access to basic telecommunications services 1o all users

at affordable and reasonable prices.

-9
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Y

B Acceptable quality of service should be attained for basic/
supplementary  services for  national and  international
communications.

® Waiting lists for telecommunication services should be eliminated.

W Prompt and effective attention should be focused on both customer
complaints and improvement of public relations.

Basic Concept of Network Plan

The Basic Concept of Network Plan will be tframed in line with the

above telecommunications policy and designed in consideration of:

B The basic lelephdne service is provided by the network, which is
economical not only in the installation but also in the operation;

B The network will be made up applying the latest lcchnologies. Targets
" of the telecommunications quality will be established;

®@ The network is capable to fulfill every new applicalion of basic
telephonc service within one year after its reg,lstrauon,

M Satistaction of customers is rcsponded by an effective operatlon and
maintenance.

B Adoption of the timed local charoé system will be assumed;
Telccommumcauon Po]lcy for lhe Ex1st1ng Town Area of Astana _

VdJ’]OUS 1mprovemcnl measures are progressmg m lhe CXlStll'lg town

~area of Astana under the control of Kazakhlelecom._ O_r; the long-term

development plan for the exis.ling town areé, the following policies will
be recommended to 'Kazakhle]ecom in harmony  with ‘the
telecommunication devclopmcnl of the new deve]opmcnl area of
Astana.

W A systematical local network expansibn' plan is necessary in order o
satisfy all the new telephone demands occurring in the area.

B A planned rr.placemeni from the old analogue type fauhlles to the
latest dw:lal type facilities is necessary 10 bc promoted wnh optical
fiber access network, dl},llal swnchmg systcms ete.

u To promolc a perapcclwc arrang,cmt.m 01 Iclephone office area.

lThe key smtlons like ITC and AMTC should be dlspcrsed by
unll/loc,dlmn in order to upgrade the rehabxhly of the capital

lulecommunltanon nelwork
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W Preparation for the diversitication of telecommunication measures; [P
network for data communication and telephone service, cellular
telephone service, cle.

(2) Fundamecntal Technical Plan

1)

2)

3)

Numbering Plan

The numbering plan should be studied carefully, considering the
following items.

B Numbering structure: country code, trunk code and local number

B Exchange code numbering plan in Astana

W Spccial service numbers

M Escape code

" Nurnbcring capacity

Signaling Plan

ITU-T Recommendations indicate the No.7 Signaling System protocols
which provide the signaling functions required to support services in a
le]ephone nelwork data communication nelwork as well as basic

bearer services and supp]cmenlary services for voice and non-voice

'appllcmlons in an compl:ance wnh the SpCLlflLall()nS defined by such

Recommmdahons

_ITU-T No.7 Slﬂna]mg Syslem is essential 1o introduce ISDN and other

- new services,

Synchrdnization Plan

The synchronwauon plan is progremng in Kazakhtelecom The master

clock shou]d have the accuracy of 10° l10 sausly the requirements on

'sllp rate recommcndcd by lTU T for mlemduonal digital links. It is
'rcwmmcnded that the hlgh au:uracy master (,Iock should be introduced

1o the digital international switch and all dlgllal swilches in Kazakhstan

should be synchmmzed 1o the master. The following hgurc shows the

national reference clock network.
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4)

2)

1sC Y. ISC Legend
[ A A
T —— = Regrular Operation
S ol P— - S.SC et Standby Clock Supply -

Nalional Reference
. Clock Network

Inter-Network Connection

In Astana there are several telecommunication networks besides

Kazakhtelecom network, ie. cellular telephone  network, data
' communrcallon network etc A new nelwork will be inter-connected

with the exlslmg network through a gate swrluh A number of gate

swnches or the connecuon points shall be necessary to increase in

- proportion to the growlh of mter-nelwork trafhc The signaling system

between the oale swuches should bc ITU-T No.7 s:gndhng system.
Charging Syslem Plan

The charging of calls in new network shall dépend on: duration, lirr)_e of
day and distance. The local exchange shall be capable of charging calls.
The new swuch equrpmenl will compnse IDD facilitics, and charging at
the booking ottlces/manual swrlchboards wﬂl be a]so possible.
Chargrng 1ntormauon will have to be stored on data processmg media
and the specmcatmn for the new swrlchlng lechno]ogy has to be

' (.ompauble wnh the exmlmg, data format

(3) Tmllu, Forecast

Inter-office telephone traffic in Astana is calculated according to the
following conditions.

1)

Calling Rale(erlang per subscriber)

On the baqrs of current data in Kazakhtc]ccom 0.06 Lrlang as

originating call CR is .lpphed Moreover the CR for calls ong:,matmg
and terminating are (o be equal 1o each other.
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2)

3)

4)

Traffic Distribution

The traffic will be distributed according to the following valucs on the
basis of current data in Kazakhtelecom,

W Intra-office call: 20%
B Local call; - 65%
B Toli call: 10%
B International call: 5%

Method of Tratlic Forecast

Mutual lnlhc between Jocal switching offices in Astana W111 be [orecast

' w:lh

vaily Mnde] Melhod Table 1.2.1, .122' J.2.3 indicates the traffic
matnx in Astana i in 2010 2020, 2030 respectively, calculated from the

abovc menhoncd LOHdIIlOIlS

Sign ot Extreme Traftic Growlh

[nter- oth(.e ldec.ommumcalmn traffic in Astana will be expected to
grow rapidly by the following factors.

®m Explosive traffic growth of lniernel multi media services; data flow
by file transter, down load of movie pictures, e-mail, retrieved

_ mtormalwn eu, in 1hc near 1ulure o
[ ] Tralhc g,rowlh by lhe increase of Lellular telephone subscribers.

) Trathc ,g,rowlh by the ir increase 0{ the number of lcased circuits.
elc.

(4) Calculauon of the Number of Cll’CUllS

1)

Loss Probablhly

: Accordmg lo the engineering standard, the Joss probabihty of 0.005 is
_ _a331gned per link.

Cll’CI.l]l Dla;,mm

Figure J 2.1 |]luslralcs Ihe circuit dlaﬂram plan of Aslana local network.

All ur(.uns are sel up wuh d)rect final route.

~ Table J.2. 4 J 2.5,1.2.6 mdlcatcs the circuit matrix in 2010, 2020, 2030

respu.,lwe]y, calcu]au.d under the abovc mentioned conditions.
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J.3

1.3.1

Telecommunication Development Plan
Telecommunication Development Plan

The telecommunication development plan for Astana aims to fulfill the telephone
demand in the new development area of Astana as soon as possible, in accordance
with the present Master Plan, The new telecommunication nctwork will be
constructed to upgrade the network structure 1o more reliable and efficient one and
also preparing for the mtrodumon of new type of telecommunication means,
considering the increasing roll of the capital and its status. For the realization of it,
the latest digital technologies such as optical fiber access network, digital
switching systems, optical fiber transmission systems, SDH, IP network and so on,

will be used. The facility plan to construcl a tc]ecommunication network in

- 'prospecnve arcas of Asiana w1}1 be made with the latest equ:pm ent, where the new
: :populallon is cxpwled to reach 150, 000 by 2010, 310 000 by 2020, 400,000 by

2030, respectively. Issues as to how the proposcd facility to be connected with the

existing network will also be considered.
(1) Switching Facilities
B The facilities to be introduced shall sahsty the demand planned tor 2010,
2020 and 2030 respectively in the prospective areas of Asiana

lD]glal switching systems shall excluswely bc adoptcd tor ncw installation.
The tollowmg table shows the work quanuty of swnchmg facilities.

Wurk Quanlily ul' Swilchmg Facllllles

ATS Switching Facilities (201() Switching Facilities (2020)
Type Capacity | Conlents Type Capacily Contents
ATC-A | Digital 29,400 | New Digital 53,800 | Expansion
ATC-B | Digital 22,100 | New Digital 29,400 - | Expansion
ATC.C | Digital 12,300 | New Digital 14,100 | Expansion
ATC-D — — - Digital 15,200 ¢ New
ATC-E - . - - Digital 17,600 | New
ATC.F - C— - Digital 18,200 | New
Total 63,800 - - 148,300 -
ATS Switching Facilitics (2030) Rémarks
Type Capacity | Contents
ATC-A | Digital 72,800 | Expansion
ATC-B | Digital 33,200 | Expansion | - -~ oo o -
ATC-C | Digital 15,900 | Expansion | RSU(HOST: ATC-B)
ATC-D | Digital | 26500 |Expavsion} '~ =~ " .~
ATC-E | Digital 19,800 | Expansion | RSU(HOST: ATC-B)
ATC-F | Digital 41,700 | Expansion
Total 209,900 -
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(2) Transmission Facilities

3

Considering the network reliability, the ring configuration as the SDH
ransmission network topology will be adopted at Phase-1 (~2010),
connecting three (3) new switching offices; ATS-A, ATS-B and ATS-C.
Other three new switching otfices, ATC-D, ATC-E and ATC-F will be added
to the ring configuration at Phase-2 (~2020).

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

W To be economical, some joinl' facilities will be installed between new ring
and the existing ring as long as no iniliction 1o the network independence
will occur. Main facilities of these rmgs are cable ducts between telephone
offices and DF (Dlslnhulron Frame) in the offices.

_Figure.J.B.l shows'Future__Configuralion of Astana Local SDH Ring
Transmission System (Phase-1), Figure.J.3.2 shows that of Phase-2 and

Figure.J.3.3 shows the Route Plan of Astana Local Junction Cable Ring.

Woark Quantity of Local Junction Network Facilitics

- Items Year Quanlity - Notes
STM-16 Phase-1 i Ring conliguration by SDH
ADM B (ATC-A~ATC-B—ATC-C—ATC-36—

ATC-21—ATC-A)

STM-16 Phase-2 Expansion | Ring configuration by SDH
ADM o : (ATC-A—ATC D—ATC-E—ATC-B— ATC-C

—ATC-36—ATC-21 —ATC-F—ATC-A)

DLC(Digilai Loop Carrier) Facilities

| Consrderm;_, the pOSSlbl]lly ot lnlroduung varlous new services, optical cable

lransmlssmn systems would be mlroduced in bubSCl’lbﬁl’ lines to nearby

_subscnbers as c,lose as poselble Speulu.ally, the introduction of FTTC
* (Fiber to the Curb) system will be p]anned in the residential district.

Introduction of FTTB (Flber to lhe Building g) sysiem will be planned mainly
in the New City Center, Business Area, Governmental Area and Presidential

Area, whu.h will be in ATC A office area. The to]lowm;:, table shows the

work quanmy ot DLC Fau]mes
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Work Quantity of DLC Facilitics

Telephone 2010 2020 . 2030 Notes
Office Cap. | Quant. | Cap. | Quant. | Cap. | Quant.

ATC-A: :
DLC Controller 4 6 . 8
Indoor DI.C 720 44 720 80 720 §08
Outdoor DLC 480 2 4 5
ATC-B:
DLC Controller 6 . 7 8
Ouwtdoor DLC 480 51 430 68 | 480 77
ATC-C:
DLC Controller 3 : : 4 : 4
Outdoor DL.C 480 29 480 33 480 37
ATC-D '
DLC Controller o= . 4 7
Outdoor DLC - - - 480 35 430 61
ATC-E ol g :
DLC Controller - 5 ' 5
Outdoor DLC - - 480 41 480 46
ATC-F : o '
DLC Controller - | ... - - - 5 : - 10
Outdoor DLC - - 480 42 480 96

Out51de Plant Facﬂmes

Tclecommumcatmn outside plant consists of cable tacmues and civil

facilities. Flourc }.3.4 shows the outside plant facilities to be considered in

~ the present Master Plan. The design criteria for them are as described below.

Subscriber Cable Network:

B Efficient construction of reliable subscriber cable network will be realized
with DLC (Digital Loop Carrier). In_this system, the cable from the
telephonc exchange o DLC (Ouldoor or Indoor Type) is called optic
feeder cable, while the metallic cable trom the DLC 10 DP (Distribution

| Poml) is called lhe sccondary cable. The apphcallon of DLC (Outdeor
Type/lndoor Type) in the new devclopment area is as tollows

Appllcalmn of DLC

pLC - C ' Area (o be applied

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

Outdoor Type (capacity:480 fines) - | All the residential district, Diplomatic arca of

the New City Center
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W Distribution of Oplic Feeder Cablc

In consideration of the security of the facilities, the duct system will be
used for optic feeder cable, which has 1o accommodate a large number of
subscribers. This system facilitates casy cable expansion to meet increased
demand and casy replacement of faull cables. This system can also protect
cables from damages duc to construction work for other underground

facilities. Cable conneciion will be done in manholes.
B Distribution of Secondary Cable

For secondary cables, the direct buricd cable method (steel tape armored
cables) in which cables are directly buried under the ground will be used in

pnnuple
B Caichment Area

A distribution area is an area used to achieve effective management of
outside plant facilities which' permit elficient utilization and proper
expansion of lacilities and once esléblished the area boundary may not be
changed casily. The area size will be so designed that approxlmdte 500
subscribers will be accommodalcd in each area. The area is usually
bounded by highways, rivers, railways, etc.

B Primary Cable and Séédndary:Cab]es. Installation
For primary cable 1o be installed into sub-duct, Opliéﬁ] Fiber Cable (OFC)
will be used. For secondary cable 10 be installed buried dircctly under the
ground, jelly-filled, polyethylene insulated and polyethylene sheathed

cable will be used, so that cable can be protected from faults due to water
penetration. By this method, the cable maintenance level can be raised

PVC pipe (¢ 100mm)

_ Optical Fiber Cable

l Sub-ducls (3 ways)

" Calculalmn 01 number ot DLCs at lhc. pns;nl Master P]an
Fol]owmﬂ calculalmn tormu]a shall be applled for this project. -
P = (Switching capacity x 1.1)/ Dlgllal loop carrier (DLC) capacity

B Calculation of number of pairs of secondary cable
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Following calculation formula shall be applied for this project
S = (Switching capacity x 1.1} x 1.3
a Typc of Cdbles

Optical fiber cable (pnmary wblc) core number, jelly-filled cabie
~ {sccondary cable) pair number and conductor diameter (o be used are listed

in the following table.

Type of Cables
Cables ; Contents Usage
Optical Fiber Cable} 12 cores, 24 cores . Primary cable
Armored Conductor Diameter | Cable Pairs L Secondary
lelly-Filled 0.4mm 200, 100, 50, 30,20, 10 | cable
Cable 0.5mm | 200, 100, 50, 30, 20, 10

Junction Cable Network:

lOpucal fiber cable is estabhshed by ullhzmg existing duct of
' Kazakhtelecom where available. :

» Composmon of Opuca] Flber J un(,lmn Cable System

The optical fiber cable syslem 1o be apphed for this project shall consist of

some sub—sySlcmS'and items such as:

- Su.b-ducl.syst.em B

- Conduit oplical ﬁber cable system

- Optical fiber cable jointing and terminating
le Work |
B Types of Conduit

For‘underground conduits, PVC (polyvinyl-chloride) pipes will be used in
general. Steel pipes_\iviil be used for cables installed along a bridge and a
railway, or for 1h§ section liable to dafnéges due to other conslnjction work,
or at the crossingiof- heavy 1r51’tic roads, etc., wherever necessary. '

B Sub-duct

Sub-duct p]pt.s shall be pulled into already mslalled 100 mm PVC pipes or

100 mm ;:alwmzed steel pxpcs for the accommodation of optical fiber
cab]t,s o L

® Type of Manholes
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Manholes will be installed at cable connection points or branching points,
or any other points necessary for ensuring proper cable installation and
maintenance. Sizes of manholes will be determined in view of the
following.
- Necessary number of conduits
- Required working space
- Existence/non-existence of cable joints

- Size to mect requirement of radius of curvature

B Manhole Section
Manhole section should be determined in consideration of locations of

cable branching and DLC, road configuration, etc. In any case, it should
not exceed 250m in consideration of workability in cable installation.

] Proleclion of Direct Buried Cables

“To protect direct buried cables from damages due 1o construction work for
underground structures of other authorities; a warning tape should be
buried between the direct buried cables and the ground surface.

S) ].’ow_érr Supply Fréc_:il_it_i‘es | _
B Receiving the general power supply at each office, the power supply

system shall allow automatic changeover (o a 'generalor al the time of

service interruption.

® The power supply capacity shall be p]anhed in consideration of the future
facilities expansion in addition to the exchange and transmission facilities
planned to be constructed in the project.

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

generator.

Work Quantity of Power Supply Facili!it:s

Telephone Power : co Air
: OII'I,'u:e Rective Rectificr Battery Generator Conditioner
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
ATCF " New New New New New
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(6)

7

Buildings
As for the new telephone office, the buildings that comply with the standard
of Kazakhtelecom will be built.

Waork Quantity of Buildings

Telephone Ofice State Noles
ATC-A New Standard type for 73,000 lines station
ATC-B New . | Standard type for 34,000 lines station
ATC-C New Standard RSU type for 16,000 lines station
ATC-D New Standard type for 27,000 lines station
ATC-E New Standard RSU type for 20,000 lines station
ATC-F New Standard type for 42,000 lines station

Administration Data Communication Network -

It will be urgently necessary to install an ‘Administration  Data

Commumwlmn Network which connects all categories of stale and

~ government communications among Government, Ministries, General

Administration Ot'l'_ices and Astana local government, in order to realize
more efficiency of ;,o\)ernmenl performance, improving the information
exchange speed and reliability greatly. The new network wiil be consisted of
Internet Protocol (IP) network. See F:g,ure 135 'Administration Data
Communication System by IP Network in Astana.

132 P._rojecl Implementation Plan’

M

Preliminary Cost Esllmallon

The project investment amount shall be calcu]aled accordmg to the basic

policy below.
W This project shall be implemented by the turn key basis.
W A consultant shall be hired for smooth project implementation.

B The investment amount shall be calculated for the fofeign and local
currencies.
1) Project investment amount by the facilities of Astana new local
lelecommunicaiion network. ' o '

The iollowm;, ldbl(. shows the project investment  amount by the

facilities of Astana new local lelccommumcalmn nelwork
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Project Investment Amomnt of Facilities-1
{Unit : thousand us$

Phase-1 Phase-2 Phase-3
Facilities Forcign | Local | Forcign i Local Forcign Laocal
' Portion | Portion | Portion | Portion | Porlion Portion
Swilching System 6,700 429 8,900 570 6,444 413
Transmission System 559 76 743 101 338 73
(§TM-16 ADM)
Digital Loop Carries | 13,776 1,572 | 18300 2,088 13,250 1,512
Equipment :
Outside Plant 10,230 4,651 | 13,590 6,179 9,839 4,473
Power Supply System 857 62 1,139 82 824 60
| Buildings 0 460 0 6l] 0 442
Training - 225 0 225 0 225 0
Sub-total 32347 7,250 | 42,897 9,631 3L120 6,973
Consultant Fee(7%) 2.264 507 3,002 674 2,178 488
Sub-total 2 34,611 7,757 | 45,899 1 10,305 33,298 . 7461
Grand Total 42367 56,204 40,759
2) Project Investment Amount of Administration Data Communication

Nelwork (1P Nuwork)

The followmg table shows lhe pm}ect mvestmem amount by the

'tacmlws ot Admmlslrahon Data Commumoahon Network  (IP
: Nuwork)

' This pro;ecl has bccn planed for phase -1 period.

Pro_]ecl lnveslmem Amount of Facllmes-Z )
' ' ' - (Unit : tbousand US$)

Facilitics Foreign Portion Local Portion

Capital Sub-Center Sysiem 7,526 489

IT Cenler System 795 52

Sub-1otal - - 8,321 541

Consultant Fee(7%) : 583 38

Sub-total2 . - 8,904 57%
" Grand Total ' 9,483

(2) Project Iﬁplcménlalion Plan

1y

Basic Policy

_The tol]owmg matters shall be takcn into c,onmderahon in lormu]atmg

| lhc 1mplementallon plan

- @ The turn- key melhod shall be adoplcd for 1mplemenlat|on of the

pl'o_]cc,l C :
A consullam shall be hlrcd for smooth project 1mplcmcnlal10n

The J()bS 1o be pertormed by the consultant are as follows:
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Wilnessing factory inspection of products

Preparing the detailed design, specification and tender documents

Examining bid documents and supporting ncgotiation for coniract

- Sup&.rvmn0 the construction work and Wlll"lt‘;&ln“ the acceplance test

The construction work bhd” be completed within three (3) years after

the contract of loan agreement.

2) lmplcmcnlalibn Schedule

The following 1able shows the implementation schedule of the project.

Pru]u.l lmplemenlauon "‘n.lu:dnle ._ _

Phase-l('-Zl)l(l)

1* Year

2*'Year

3" Year

Loan Agreement

Contract with Cousultant

Preparation of Tender Documents

Bidding and Contract with Supplier

Manufacturing aud Transporiation

Installation and Acceptance Test

Civil Works

- Phase-2 (~2020)

Phase-3 (~2030)

1* Year

2" Year

3" Year

1 Year

2™ Year

3 Year

PI’L -Design Propusals for NLW Clly Center Area

Cons:derlno the characlcr ol lhc area as the core dmlmt ot ihe new capxtal the

telecommunication network will be wnstruaed to make lhc network structure

more reliable and efficient and also preparing for the mlroduclum of new type of

telecommunication means. For this purpose, the latest digital lcchnoiogics such as

optical fiber access network, digital switching system, oplical liber transmission

~ system, SDH, IP network, and so on, will be adopted.
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The plans ordered and the construction works in progress in the existing villages
like old Prigorodonoye in the New City Arca will be given careful considerations.
The following table shows the teleccommunication facility plan for the New City
Center in 2010, and Figure. J.4.1 shows Telecommunication Facility Plan for New
City Center in 2010.

Telecommunication Facility Plan for New City Center(2016)

Facilitics Capacity, Type, ele, Conlents Remarks
Swilching Facilitics Total 26,500 lives, Digital New ATC-A, ATC-B, ATC-C
Trausmission System STM-16, Digital New ATC-2—ATC-A—-

ATC-B—ATC-C~
ATC-36 _
DLC Equipment [udoor Type, Cutdoor Type New ATC-A, ATC-B, ATC-C
Outside Plant Optical Fiber Access New ATC-A, ATC-B, ATC-C
Network
Power Supply System | Power Receive, Rectifier, New ATC-A, ATC-B, ATC-C
: Battery, Generator,
Air Conditioner :
Buildings Standard type for 68,000 L. New ATC-A, ATC-B, ATC-C
Standard type for 33,000 L.
Standard type for 16,000 L.

Nate. L.: Lines
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Table J.1.1 Existing Switching Facilities in Astana ( as of March, 2000)

. No. of
Exchange Type Style Capacity Lines Notes
ITC 5-12 Digital 1,500 International Swiich
AMTC/ATC- - 5,940 Inter-city Switch,
13 8-12 Digital in 1994ty
.. 8,192 Local Swiich
ATC-32 5-12 Digital 7,495 In 1994
ATC-33/ATTE | §-12 Digital 2,000 1,862 | In 1994
ATC-370 DTS-1100A Digital 500 326 | In 1998
ATC-390 DTS-3100 Digital 512 386 In 1997
ATC-391 ALCATEL, 4300L | Digital 2.500 944 In 1998
ATC-26 ATS-54A Decade-Step 7,000 6,321 In 1978
ATC-28 ATSKU Coordinate 4,000 3,634 | 1In1995
ATC-36 S-12 Digital 17,000 9743 | In1999
335/6 §-12 RSU Digital 1,952 1,883 | In 1995
345/6 S-12 RSU Digital 1,976 942 In 1995
ATC-34 S-12 Digital 3,840 3478 In 1995
33172 S-12 SSA Digital 1,960 900 In 1994
355/6 S$-12 RSU Digital 1,952 1,708 In 1995
337/8 S-12 RSU Digital 1,464 1,387 |1In 1994
ATC-24 ATS-54/54A Decade-Step 10,000 1,057 In 1972
ATC-77 ATSKU Coordinate 6,000 5,781 In 1989
ATC-75 ATS-54/54A Decade-Siep 10,000 - 9297 | In 1975
ATC-21 SESS(HOST) Digital 4,000 128 [ In1999
o SESS RAIU-1 Digital 40001 1625 | 2000
226/7 S5ESS RAIU-2 Digital 2,000 1,074 In 2000
221-3 SESS RAIU-3 Digital 3,000 1,568 In 1999
230 . . 4 000
237.9 SESS RAIU4 Digital ’ 382 | In1999
231-3 5ESS RAIU-5 Digital 3,000 1,560 In 1999
286 PSK-1000 Coordinate 1,000 951 in 1987
ATC-58 DEFINITY Digital 120 51 In 1999
Total 109,408 64,544




Table J.1.2 Tariff System of Main Telecommunication Services (with VAT)

Type of Service Individuals Go‘g&? g;ent Enterprises
1.Telegraph service
1) Telegrams within Kazakhstan
- Normal(tenge/word) 34 6.0 7.2
- Urgent(tenge/word) 8.5 10.2 12.24
2) International telegrams for CIS countries .
- Normal($/word) 038 0.38 0.38
- Urgent($/word) 0.77 0.77 0.77
3) International telegrams for other countries .
- Europe($/word) 1.1 l l 1. 1
- Asxa, Afnca America, Austraha(S/word) 1.23 1.23 1 23
2, Telephonc service
1) Inter-city call{tenge/minute) - R
- up to 100 km (1 zone) 5.8 8.88 1944
- 101—300 (2 zone) 73 9.96 21.72
- 301—600 (3 zone) 8.7 10.92 24.24
- 601—1,000 (4 zone) 10.3 12.96 29.04
- 1,001—3,000 (5 zone) 10.5 14,16 30
2) Intemational call($/minute) :
- 1 zone(CIS)
Caucasian counmes(except Azerbaijan) o
Central Asia(except Turkmenistan) 0.36 - 0.76 6.76
- 2 20one(CIS) S - :
Russia, Ukraine, Moldova, ; o o
Turkmenistan, Azerbaijan, 0.50 1.0 1.0
Beloruss:a Ba!nc: countries
-3 zone
Europe-1, America-1 - o
-4 zone 1.50 1.50 1.50
Asia-1, Europe-2, America-2 _
-5 zone 2.09 2,09 2.09
Europe-3, Australia, Asia-2 :
America-3 2.50 2.50 2.50
-6 free zone :
America-4, Asia-3, Africa
Australia-2(Outside territories) 3.22 322 322
Europe-4 :
-7 Free zone
Asia-4, Amenica-5, Oceanian countrics
-8 zone 4.13 413 4.13
INMARSAT A : ,
INMARSAT B 7.40 7.40 7.40
INMARSAT M, 6.80 6.80 6.80
INMARSAT AIRCOM 6.80 6.80 6.30
3) Locai call 7.40 7.40 . 7.40
-Installaiion Charge(tenge) . .
To digital station 12,000 51,600 51,600
To analogue slation 8,000 38,400 38.400
-Call Charge
Time chargc(tenge/mmute) 0.5 0.7 0.7

Flat charge(tenge/month)




Single telephone line 370 703.2 1,140
Coupled telephone line 290 558 912
-Connection to governmental line of
ATS in Astana(tenge/month) - 7,113.4 7,118.4
3. Radio Service . .
- For major radic connections(tenge/month) 1252 30.96 42.84
4. Dial-up Iniernet($/hour)
working time: hours and minutes
-Monday—Fniday
$:00-18:00 . 1.4 1.4 1.4
18:00-23:00 228 2.28 2.28
23:00-8:00 - 1.08 1.08 1.08
-Saturday — Sunday
£:00-23:00 1.08 1.08 1.08
23:00- 8:00 - 0.72 0.72 0.72

VAT: Value Added Tax




Table J.1.3 Population Framework of the Planned Districts in Astana

Population :
Planning Region Sub-Zonin Notes
greg | g 2010 | 2020 | 2030
Residential District 3 46,300 52,300 | - 58,300
1.Central Residential District 4A 63200 69600! 69,600
Planning : :
Region Residential District 5 39,000 43,900 43,900
Residential District 6 42300 46,600 | 46,600
Northern industrial ;
District 5,624 5,624 5,624
. Central industrial District 3,410 3,410 3,410
2.Northern . L
" Planning Planning District | 0 0 _0.
Region Pianning District Il 0 0 0
Planning District Ilf 0 0 0
Planning District IV 0 0 4
Residential District 7 78,891 81,891 81,891
Residential District 8 30,800 | 30,800 30,800
Residential District 9 29,174 | 29,174 29,174
3.South-Eastem Residential District 10 5,800 11,000 11,000
Elan_gl:g industrial District-Station 40 10,062 10,062 10,062
i N -
*d Residential District 17 59,131 69,2721 69,272
Residential District 18 ol 2839 28,391
Residential District 19 of 17918 17918
Planning District V 3,805 3,895 3,895
Residential District 11 3,940 7.080 | 54,156
Residential District 12 16,315 16,315 16,315
Residential District 13 8,825 8,825 8,826
4.Southem Residential District 14 9753| 26,758 | 45,821
Planning Residential District 15 0 15,470 18,006
Region . _
Residential District 16 426 20,448 41,165
Plannthg District VI ] .
{New Airport Planning Unit) 0 0 0
Planning District VIl 2,500 2,500 2,500
Planning District VIll 0 0 0
Residential District 1 4,500 9,000 13,500
5.Nor1hvyest Residential .Dis.t.rict 2 22,500 31 ,200 39,900
Planning West Industrial District 70 70 70
Region
Residential District 4B 3620{ 45929| 45929
Pianning District IX 0 0 0
Grand Total 490,036 | 687,432 | 796,024




Table J.1.4 Working Population Framework of the Planned Districts in Astana

Population

Planning Region Sub-Zoning 3010 2070 2030 Notes
Residential District 3 . 23,971 36,523 42,185
1. Central Pianning Residential District 4A 33,380 47,410 53,471
Region Residential District 5 5,338 6,478 6,841
Residential District 6 5144 6,121 6,494
Northern Industrial District 21,220 31,231 33,708
Centrai Industrial Zone 31,9231 45,133 48 455
.| Planning District| - - 0 0 o
- 1 (High Tech Industrial Park)
2. Northern Planning _('Eg"ﬁ"?e"‘cﬁ'ﬁfﬁﬁ‘sl'nm Park) 0 0 0
Region Planning District HI : ) 0 0
{High Tech Industrial Park) :
Planning District I 0 0 0
Planring Distict 1 ' -
| {Cargo Genters Services) 6o0) 1200/ 1,800
Residential District 7 9 595 10,757 11,412
Residential District 8 4 289 4,624 4,880
Residential District 9 - 4063]  4380] - 4623
3 Sd uth-éa stern . Resjdential District 10 - 808 1,6_51 1,743
.F’Ianning Region 7| Industrial Zone Station 40 3,624 4,402 4 496
- | Residential District 17 - 8235 10,399 10 978
Residential District 18 R ! 4,262 4 498
Residential District 19 -0 2690 2,839
Planning District V. 471 - 500 510
Residential District 11 549 1,063 8,581
Residential District 12 2,272 2449 - 2,585
Residential District 13 54,286 689,351 76,741
Residential District 14 - 33324 | 55612 - 72957
Residential District 15 - 0 2322 - 2,853
as uth " | Residential District 16 59 3,070 6.522
- Southern Planning District VI
Planning Region _(I_rpoﬂ?l’u[)rpg,t(:rét C\;tly) 2,500 2,500 2,500
- N R
lanning Di
(Univ erg%) ; _VH . -0 1,650 2,800
(internagonal ;Ec)t(hibitionj 483 180 867
Planning District Vil ‘0 g - 0
| Residential District 1 627 1,351 2,139
e Residential District 2 3,134 | .. 4,684 6,322
6. E;::}:‘;e;fg’?o - [Wester industrial Zone 3690 . 4467| 4919
S L Residential District 48 504 6,895 7,277
RIS Planning District 1X o} - 0 0
Grand Total . o 254,106 | 373,742

436,216
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Table J.1.6 Direct Exchange Lines Forecast of Existirig Town Area in ASTANA (up to 2030)

Phase-1(2001-2010)

Phase-2 (2011 -2020)

Phase-3 (2021-2030)

" ATC/Phase , : Remarks
' Population DEL | Population | DEL Population DEL (District No.)
- _ Residents 118,901 35670 127,101 44 486 | 127,101 | = 50,840 _
ATC-36 _ (7.8,10, Central Ind.}
‘ Working Population 47 214 11,803 | 63,365 15,842 68,290 17,072 | (m, v)
.| Residents 81,300 | 24,390 90,500| 31,675 90,500 | 36,200
ATC-21 N :
- | Working Population| - 10,482 2,621 12,599] - 3,150 13,335 3,334 | (5. 6)
L R'esideht:s. ' 83,455 | 25,037 | 92,985} 325649 | 92,995 37,198
ATC-32
. { Working Population | 36,211 9,053 60,9221 12,731 57,1189 14,280 | (4A, 11, 12)
o Residents ¥ 78,994 23,698 98,194 34,368| 117,394 46,958
ATC-27 — ‘ , | . (1, 2, 3, North ind.)
Working Population | .. 52,651 13,163 78,256 19,564 89,271 22,318 | (WestInd. I, )
Residents =~ '+ 362,650 108,795} 408,790 | 143,077 427990| 171,196 '
- ETA |
Total | Working Population 146,558 36,640 205142 51,2871 228,015 57,004
' : Sub-Total.. 145,'435 : 194,364 228,200
Telephone Density (%) - 40.1 47.5 53.3

ATC: Automatic Telecommunication Center
DEL: Direct Exchange Line
ETA: Existing Town Area .




Table J.1.7 Major Projects of Modernization and Development P

rogram from 1999 to 2003

A {mil. US$)
. . Cost’ | Imple. C:al:iad!}filg Volume of Investment
No Name of Project Capacity (mil USS) Term | Own Total
. : Funds | Credit | 1993 | 2000 | 2001 2002 | 2003
1 | Installation of Super Main Transmission Route
Shymkenl—Aktyubinsk—Atyrau—Russia 2,500 km | - 43.7¢ | 1995-2000 5.7 38 |17.53 | 26.17 4370
Akmola-Paviodar-Ust Kamenogorsk-Taldykorgan 2,100 km 36.80 | 2000-2002 48 32 12.27 | 1227 | 12.26 36.80
Almaty-Petropaviovsk 1,400 km 24.73 | 2000-2002 | © 3.23 21.5 824 | 824 823 2473
Atyrau-Aktay 500 km 863 | 20012003 | 113 75 288 | 288| 287] 576
Atyrau-Uralsk -~ - 500 km -8.63 | 20012003 |~ 1.13 7.5 288 | 288 2.87 5.76
Aktyubinsk-Kostanai-Akmola - 1,300 km 23.00 | 2001-2003 . 3 20 7671 767 7.66 1534
Aktyubinsk-Uralsk-Russia ' 500 km 8.63 | 20012003 { - 1.13 75 2881 2.88 2.87 5.76
Central RR Line, Zharkent-Almaty-Bishkek-Abai 020 1999 - 0.2 0 020 0.20
Central RR Line, Karaganda-Balkhash-Kapchagai 425 1999~ - 0.28 3971 425
2 Introducﬁon of Digital ATC 600,000 lines | 99.80. -1998.2001 | 3327 | 6653|3270 | 32.70| 32.70 98.10
3 | Installation of Equipment, Replacement of AMTS - - 16,890 lines 6.60 1.998-]999. B W] 51 6.60 6.60
4 | DAMA - ‘ 8.00 1998;2000 2| 59971 240 560 | 8.00
5 - | National Data Transmission Network 10,00 | 1999-2001 |~ 0 1071 3.33] 333! 334 10.00
-6 | Public telephones 10,000 lines 4,32 | 1998-1999 0.2 412} 432 4.32
7 | Multipiexing Equipment for Subscriber’s Lines: PCM ‘ 113 | 1999 o] 113| 113 1.13
8 | Others . - 10.40 1999 54 5 l.10.40 10.00{ 10.00 | 10.00 | 10.00 10.00
TOTAL © 298.82 63.07 23575 | 82.86 | 98.31 | 82.86 | 46.82 | 2627 | 276.20




Table J.1.8 Prospect on Main Activities of Kazakhtelecomn from 1998 to 2003

Activities Unit 1998 1999 2000 2001 2002 2003

1. The number of main telephone lines | thousand 1,785 1,813 1,881 1,959 1,964 1,965
Total resident lines thousand 1,430 1,430 1477 1,540 1,544 1,548
Residents lines in urban thousand 1,240 1,240 1,287 1,345 1,349 1,353
Resident lines in rural thousand 190 190 190 195 195 195
"Total organization lines thousand 355 383 404 419 420 421
Organization lines in urban thousand - 315 343 364 379 380 381
Organization lines in rural - - . thousand 40| 40 - 40 40 40 40
L v, comparison Wi e |  percont 99 102 104 104 100 100
| Telephone density - " percent 113 11.5 119 124 124 12.5
2. Revenues due to main activity total m},‘,‘,‘f{_ﬁﬁf 23,5000294) | ' 24.965(312) | 27.924(350) | 29,506(369) | '33,544(419) | 34,161(427)
e g comparion withthe | - orcent 106 12 105 114 102

3. Profit due to main activity - | (oacab | - 5547(69) | - 6128(77) | 11,533(144) | 13342(167) | 16870211) | 17.358(217)

- Crowth yatean companson WIththe | 1 ocent 188 16 | 126 103

| 4. Incomes per worker B oS 613(2.7) | 832104) | 1,119(14.0)| 14750184 | 1,677(21.0){ 1,708(21.4)
Growhrate I companison W 64¢ | - porcent 135 134 132 114 102

5. Profitability of Business- percent 12 12 23 26 30 31




Table J.2.1 Traffic Matrix in Astana(2010)

ATC36 ATC21 ATC32 ATC27 A B - C D E F ATTE ITS Total

ATC36 542.34 285.56 307.59 330.14 330.75 24554 190.07 1.08 52.51 19.36 271.17 135.59 2,711.7Q
ATC21 285.34 320.64 317.21 218.91 104.07 60.35 30.05 0.32 14.28 10.56 160.32 80.16 1,603.20
ATC32 307.13 316.99 397.02 353.67 157.34 74.32 36.48 0.43 18.50 20.45 198.51 99.25 1,985.10
ATCZ27 330.18 220.11 354.24 407.24 | - 198.37 110.19 45.58 065 27.88 36.33 203.62 101.81 2,036.22
330.45| -104.07 157.44 | . 198.17 33557 ] 186.99 60.75 1.12 35.35 16.27 167.78 83.89 1,677.84

B . - 245.39 60.36 79.39 110.10 187.04 25531 | . 71.83 1.40 67.06 7.20 12766 |  63.83 1,276.56

c 189.90 30.05 3850 . 4554 60.75 71.81. 138.66 0.24 13.05 2.81 66.33 3467 693.30
D 1.08 032 - 0.43 0.65 112 1.40 - 0.24 1.73 0.33 - 0.04 0.86 0.43 8.64

E - 52.49 1428 | - 18.52 27.87 3537 ~ 67.08 -13.06 0.33]. 70.99 1.72 35.50 17.75 354.56

F 1934 - 1055| - 2048 | 3628 = 16.26 7.19 - 281 0.04 172 35.28 17.64 8.82 176.40
ATTE 27117 | . 160.32 | = 198.51 20362} . 187.78 127.66 68.33 0.86 35.50 17.64 - - 1,252.39
ITS 135581 - 80.16| . 99.25 101.81 83.89 63.83 34.67 043 17.75 8.82 - - 626.20
Total “_2,710.38 1,603.41 | 1,986.57 | 2,035.01.| 1,678.32 1,276.67 693.54 8.64 | - 354.91 176.48 | 1,252.39 626.20 | 14,402.51




Table J.2.2 Traffic Matrix in Astana(2020)

: ll ATC36 | ATC21 | ATC32 | ATC27 A B c D E F ATTE ITS Total
ATC36 67800 | 309.59| 32798 364.08| 47278 227.94| 182.07 90.88 | 128.91 99.30 | 339.00| 16950] 3,390.00
ATC21 || 309.48| 41252 37498 268.85| 184.93 82.10 31.91 29.55 38.86 60.04 | 206.26| 103.13| 206262
ATc32 | 32768{ 37478 | 52162 42532| 24528 80.30 [  38.11 30.88 4952 | 11439 260.81| 130.40] 2,608.08
ATC27 36420 | 269.05| 42587 58225| 31971 11533 | 4923 61.64 7748 | 21011| 291.13| 14556 2,911.26

A | 47283| 16501| 24553| 31062| 5368 | 253.88 85.41| 13851 | 126.93| 12202 296.84| 14842} 296838

'B. || 22708 6214 8039| 11531] 253.90| 341.12 6534 | 11218] 15636 | . 3508| 170.56 8528 1,705.62

c 182.09 31.93 | . 3815 49.22 85.11 65.34 | 150.25 20.20 31.41 14.12 79.63 39.81 796.26
D 190.92 20.58 | 39.93 6165| 13856 11221 2021 | 178.93 68.96 19.52 89.47 44.73 894.66
E 12808 | -3889| -4860| 77.19| 126.99|  156.41 31.43 68.97 | 21559 | 2221| 107.80 53.90| 1,077.96
F 99.21 60.00{ 114.39| 200.84| 121.90| . 35.02 14.10 1049 | 2218| 21420 107.10 53.55| 1,071.00

ATTE 330.00| 206.26 | 260.81 | 291.13| 296.84| 17056 79.63 80.47| 10780} 107.10 - -1 194858

ITs | 16950 10343| 13040| 145.56| 14842 8528 | - 39.81 44.73 53.90 53.55 - . 974.29
Total ﬂ 1380.88 | 2,062.80 | 2,608.64 | 2,910.01 | 2,968.09 | 1,705.49 | 796.19| 894.43 | 1,077.60 | 1,071.62 | 1,948.58 | 974.20 | 22.408.71




Table J.2.3 Trallic Matrix in Astana(2030)

ATC36 | ATC21 | ATC32 | ATC27 A B c D E F ATTE TS Total

ATC36 755.16 308.99 325.64 386.42 54255 218.86 184.45 141.83 124,62 22091 377.58 188.79 3,775.80
ATC21 30891 | 468.08| 390.41| 29923 19847| 6253| 3390| 4837{ 3939| 14006| 234.04| 117.02] 234042
ATC32 || 325.43| 39026| 609.70| 471.01| 20368| 80.44] 4028| 6493 49.95| =26552| 30485 152.42] 304848
ATC27 || 386.60| 299.45| 47153| 75618| 409.14| 123.49| ss62| 10728| e3.20| s2127| 378.09| 189.04] 378090
542.75 198.59 293.97 409.10 793.33 293.95 103.97 260.67 |  147.897 327.36 396.67 198.33 3,966.66

B 21894 | 6257 | 8052 123.47| 20395| 38586| 6678| 176.62| 15249] 7869 19293| 9646| 1,929.30
c. 184.51 33.92| 4032| 5561{ 10397| - es78| 179.82| . 3356| 3232| 3343 £9.91 44.96 899.10

D 141.89| 4840| 6s500| 10728 26069| 17664| 3356 31199 10929 7120 15589| 78.00| 1,559.94
E 12470 3943  50.01 8321 | 14801 15254| 3234| 10932| 24300| 5020 12150 60.75| 1,215.00
F 22072 | 139.97| 26548 52058| 32696 7aeo| 3339  71.11 5012 | 525.20( 26260 131.30| 2.626.02
ATTE 37758 | 234.04 304.85 378.09 396.67 192.93 89.91 155.99 121.50 262.60 - 2,514.16
TS 188.79| 117.02| - 15242| 189.04| 198.33| 9646| 4496| 78.00 60.75 | 131.30 - -l 125708
Total || 8,775.98 | 2,340.73 | 3,040.85 | 3,779.23 | 3,965.77 | 192008 | 89898 1559.65| 1,214.60 | 2,627.74 | 2,514.16 | 1,257.08| 28,912.86




Table J.2.4 Circuit Matrix in Astana(2010)

SWNamaﬂ- Total ATC36 | ATC21 | ATC32 | ATC27 A B c D F ATC3201 | ATTE ITS
Total | - 21810 2355 1425 4995 1800 1500 2625 585 105 315 255 3900 1280 660
ATC36 2355 0 315 750 360 360 525 0 15 0 30 0 0 0
ATC21- 1425 315 0 585 240 120 120 o] . 15 0 30 0 0 0

ATC3201) - 4995 750 585 0 690 435 510} - 0 15 0 €0 1950 0 0
ATC27 1800 360 240 690 0 225 210 0 15 0 60 0 0 0

A 1500 . 360 120 435| 225 0 315 0 15 0 30 0 0 0

B 2625 525 120 510 210| - 315 0 585 15 315 30 0 0 0
S c 585] - o 0 0 0 0 585 .0 0 0 0 0 0 o}
D 105( - 15 15 15 15 15 15 0 0 0 15 c 0 0
E 315 0 o .0 0 -0 315 .0 0 0 0 o 0 0

F 255 30 30 60 60 30 30 0 15 0 0 o 0 0

ATC3201 3900 0 0 1850 0 0 0 0 0 0 0 o 1250 660
ATTE 12680 o 0 0 0 0 0 0 0 0 0 1200 o 0
TS 660 0 0 0 0 0 0 0 0 0 0 660 0 0




Table J.2.5 Circuit Matrix in Astana(2020}

SWName| Total ATC36 | ATC21 | ATC32 | ATC27 A B c D F ATC3201{ ATTE IS
Total 33630 2880 1815 7425 2520 2565 4080 660 840 885 1005 5970 1980 1005
ATC36 2880 0 330 870 390 495 570 0 105 0 120 0 0 0
ATC21 1815 330 0 720/ 300 195 150 0 45 0 75 0 0 0

ATC3201 7425 870 720 0 900 720 735 0 195 0 300 2985 0 0
ATC27 2520 390 300 800 0 345 270 0 75 0 240 0 0 0
A 2565 495 185 720]. 345 0 495 0 165 0 150 0 0 0

B 4080 570 150 735 270 495 0 660 225 885 80 0 0 0
c 660 0 0 0 0 o| 660 0 0 0 0 0 0 0
D 840 105 45 195 75 165 225 0| 0 0 30 0 0 0
E 885 0 0 0 0 .0l 885 0 0 0 0 0 ] 0
F 1005 120 75 300 240 150 90 o 30 0 0 0 0 0

ATC3201 5970 0 ol 2985 0 0 0 0 o| 0 0 0 1980 1005

ATTE 1980 0 0 0 0 0 0 0 0 0 0 1980 o 0
ITS 1005 0 0 0 0 .0 0 0 0 0 0 1005 0 c




Table J.2.6 Circuit Matrix in Astana(2030)

SWName] - Total (ATC36 ATC21 ATC32 ATC27 A B c D F ATC3201 ATTE ITS
Total -42780 3210 2055 9360 3225 3360 4635 735 1410 890 2280 7680 25850 1290
ATC38 3210 0 330 930 420 570 555 0 165 0 240 0 0 0
ATC21 2055 330 o 780 330 225 165 0 60 0 165 0 0 0
ATC3201 9360 230 780 Y 1065} 915 810} - 0 330 0 650 3840 o] 0
ATC27. 3225 420 3ao 1065 0 435 285 0 138 0 §55 0 0 o
A 3360 §70 225] . 915 435 0 §70 0 285| - 0 360 0 0 ]
B 4635 585 165 810 285 570 0 735 3451 . 290 180 0 0 0
c 735 0 0 0 0 0 735 0 o o 0 0 1] 0
D 1410|- 165 80 330 135 285 345 0 0 8] 90 0 C 0
E 2890 0]. 0 0 0 0 880 of- 0 o 0 0 0 0
F 2280 240 165 650 555 360 180 0 90 0 0 o C 0
ATC3201 7860 0 0 3840 0 o o 0 o o 0 0 2550 1280
ATTE 2550 0 0 0 0 ¢ 0 0 0 o ¢ 2550 0 0
ITS 1290 1] 0 0 0 0 0 0 ¢ o 0 1280 0 0
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