Republic of Tajikistan
Ministry of Energy and Water Resources (MoEWR)
Barki Tojik (BT)

Preparatory Survey Report
on the Project
for Improvement of Substations
in Dushanbe
in the Republic of Tajikistan

April 2017

Japan International Cooperation Agency

Asia Engineering Consultant Co., Ltd.

IL

JR

17-020







Summary






Summary

Q) Country Profile

The Republic of Tajikistan (hereinafter referred to as “Tajikistan”) is a mountainous,
landlocked country in Central Asia with an area of 143,100 km2 (approximately 40% of the
land area of Japan). It is located on the path of the ancient Silk Road and bordered by
Afghanistan to the south, the Republic of Uzbekistan to the west, the Kyrgyz Republic to the
north, and the People's Republic of China to the east. It is covered by mountains of the Pamir
range, and more than fifty percent of the country is over 3,000 meters above sea level.

Tajikistan declared independence in1991 after the collapse of the U.S.S.R. and celebrates the
25th anniversary of independence on 9th September, 2016. Meanwhile, despite the period of
sluggish economy due to the civil war, the expansion of economy has been robust with a mean
annual economic growth rate of 8.6% since the end of the civil war in 1997. Agriculture, most
notably cotton cultivation, is the largest sector of economy and employment, and 65% of the
working population is engaged in agriculture. The manufacturing industry sector primarily
consists of aluminum refining making use of the inexpensive electric power from abundant
hydropower generation. The aluminum thus produced is a main item of export along with cotton.

Although population has increased from 5.30 million in 1990 to 8.67 million in 2015, the
improvement of the standard of living has been slow after the devastation from the civil war,
and Tajikistan is regarded as having the lowest standard of living among the former U.S.S.R.

countries.

Tajikistan is a country with an exceptionally large hydropower potential, which is derived
from the abundant snowmelt in mountainous areas and rainfall in watersheds. As much as 94%
of the electric power supply capacity is generated at large and medium-sized hydropower
stations (11 units in 8 locations) and small hydropower stations (about 300), the rest comes
from three cogeneration thermal power stations. The annual output of hydropower generation
represents 64% of the primary energy supply in 2012, raising the rate of self-sufficiency in
primary energy to 74%.

However, the output of hydropower generation diminishes in winter because of the decrease
in snowmelt and the low flow rates resulting from the freezing of rivers in watersheds. Thermal
power generation cannot compensate for the decrease in hydro power generation to meet the
high demand from space heating in winter, and planned outage needs to be enforced in winter
in this situation.

Although the decrease in hydro power generation in winter used to be supplemented with the
power from thermal power generation in Uzbekistan using a scheme of regional power
interchange, the shortage of power in winter has been aggravating since the termination of
power exchange in 2009.

Furthermore, district heating systems depending on the supply of natural gas from

Uzbekistan, has been affected by the fact that the pipeline from Uzbekistan has not been



operated since 2013, resulting in the shift of energy sources to electric heating, coal, wood, etc.
In particular, the shift to electric heating, considered to be a result of the low pricing of electric
powers, is a cause of serious electric power shortage, combined with the low power generation

in winter.

On the other hand, there is a prospect that a new source of energy can be obtained through
the reduction of power loss, which currently is higher than that in Western countries. Various
actions have begun, including the effective use of the power grid and the renewal of inefficient
superannuated facilities, as well as the promotion of energy-saving and power-saving on the

side of users.

@ Profile of the Capital Dushanbe and Project Sites

As the capital city serving as the political, economic, and social center of the country, the
capital Dushanbe has been undergoing the development and reinforcement of metropolitan
functions. At the same time, rapid expansion of urbanization is also taking place as a result of
the inflow of population, causing various problems that must be addressed promptly.

The supply of electric power in Dushanbe is delivered to the residents and business buildings
in the four main urban blocks, the factories and individual houses in the industrial zone and the
suburbs, and some other users. The four main urban blocks feature the accumulation of
organizations and facilities that are important for administration, economy, and life in society,
such as the government, government agencies, educational and healthcare institutions, and
business enterprises. The capital has a population of 0.8 million in 2016 with the annual
population growth rate of about 2.5%.

Because of the large number of important users and the high density of electric power
demand, Dushanbe is given preferential treatment and is excluded from the target of planned
outage in winter. However, as urban becomes more and more dependent on electric power, the
unstable power supply inevitably fails to meet the peak demand in winter, which is three times

as high as that in summer.

@ Prevailing Circumstances and Issue of the Power Sector

The government department in charge of energy policies of Tajikistan, including electricity
services, is the Ministry of Energy and Water Resources, which proposes and develops energy
policies and related laws and implements these policies. This Ministry will be the government
organization responsible for this project.

Under the control of the Ministry of Energy and Water Resources, the electricity services in
Tajikistan are operated almost exclusively by Open Joint Stock Holding Company “Barki Tojik”
(hereinafter referred to as “BT”). BT will be the implementing body of this project.

This company is a joint-stock company that owns power generation facilities and power
transmission/distribution facilities (transmission, substation, and distribution), seamlessly
conducting the operation of facilities and the retailing of electric power. It also provides district

heating services using the energy from cogeneration thermal power stations. Shares are owned
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100% by the national government. As a holding company, BT is operating in a group of

subsidiary companies specializing in power distribution, maintenance services, etc.

Charged with the mission of serving for public interest, an electric power company must
strive for the stable supply of inexpensive electric power, the improvement of the quality of
electric power, the elimination of the areas without electricity, the improvement of energy use
efficiency, and the mitigation of environmental impacts as the indispensable prerequisites for
the development of economy and the improvement of life in society. However, BT is faced with
many problems in these fields. In addition, there are problems in financial standing, such as the
large amount of cumulative loss and the low collection rate of power charges, aggravating the
tight financial situation.

While BT is a company clearly separated from the state in financial and legal aspects, the
state requested BT to implement management reforms to solve its various problems. The
government decided in the fall of 2011 to implement the management reform plan with the
assistance of Asian Development Bank generally targeting at completion in 2018. The plan is

currently ongoing.

The electric power system of Tajikistan is formed by 500-kV and 220-kV trunk power
transmission lines. The 500-kV lines have been installed for the interconnection between the
northern system and the southern system, the power transmission from the large hydropower
sources in the southeast of Dushanbe to the vicinities of Dushanbe, and for the system
interconnection with Kyrgyzstan and Uzbekistan (“Central Asia Power System,” the regional
interconnection system constructed in the U.S.S.R. era).

The 220-kV power transmission lines are used for the power transmission from hydropower
stations and system interconnection (including interconnection with Afghanistan), similarly to
the 500-kV lines, and in addition, they form the skeleton of the power network for the purpose
of ensuring the reliability of supply.

For succeeding and building on Central Asia Power System, CASA-1000 (Central Asia
South Asia Electricity Transmission and Trade Project) was established.

The CASA-1000 Project aims to transmit the abundant hydropower of Kyrgyzstan and
Tajikistan to seriously undersupplied Pakistan via Afghanistan. The transmission from
Sangtuda in Tajikistan to Peshawar in Pakistan via Kabul in Afghanistan is planned to be
realized using 500-kV direct current transmission (HVDC: High Voltage DC Transmission
Line) with low transmission loss. This will be one of the largest project in the world with the
transmitted power of 1,300 MW.

Started in 2008, the project has been making great progress. It is currently in the stage of

bidding for the two AC-DC conversion facilities to be installed in Tajikistan and Pakistan.

In the electric power system of Tajikistan, the local systems supplying to demand areas are
composed of 110-kV and 35-kV systems carrying the power stepped down from the 220-kV



trunk network. Voltage is further stepped down at distribution substations for the supply to
pole transformers, roadside transformers, etc. at 10 kV and 6 kV.

The 220-kV transmission substations and distribution substations, as well as power
transmission lines and distribution lines connecting them, contain components that were

constructed in the U.S.S.R. era and have since not been renewed.

With respect to the stable supply of electric power, planned outage in winter to cope with
insufficient supply capacity has been enforced continuously in local areas. Even in urban areas,
sudden outages occur in winter when protective devices are tripped by facility overloading
resulting from the abrupt increase in demand. These outages are making considerable impacts
on economy and life in society.

In addition, the occurrence of outages, the maintenance of voltage and frequency, and other
aspects of the quality of electric power are strongly affected by the degree of reliability of
power transmission, substation, and distribution facilities. Outages, voltage fluctuations, and

other events resulting from facility troubles are taking place routinely throughout the year.

Investment in power transmission/distribution facilities has been made in several projects,
such as the construction of 220-kV transmission lines and the rehabilitation of transmission
substations, including those with the assistance of overseas donors. However, current efforts to
augment supply capacity and reliability are insufficient with respect to the improvement in the
central part of the capital Dushanbe, where construction of important facilities and
redevelopment are accelerating and demand is increasing rapidly. The rehabilitation and
capacity expansion of superannuated substations in the central part and the construction of new
substations in the areas with high demand density are, therefore, considered an issue requiring
urgent attention.

In addition, the enhancement of the supply capacity of distribution substations will also be
effective in that the reduction of the load on adjacent substations will facilitate the appropriate
planning of the renewal of adjacent facilities in the context of the mid- and long-term facility
rehabilitation and expansion of the extensively superannuated power transmission/distribution
facilities, which Tajikistan needs to promote in the future. It is also effective in terms of the

improvement of the skills in how to implement facility renewal.

@ Background and Overview of the Project

The government of Tajikistan, considering this situation, applied for the Japanese grant aid
project “The Project for Improvement of Substations in Dushanbe in the Republic of Tajikistan,”
which intends to conduct the facility rehabilitation and capacity expansion of a superannuated
substation and the construction of a new substation in the capital Dushanbe for the purpose of
the stable supply of electric power in the capital and the improvement of energy use efficiency,
thereby contributing to sustainable economic and social development.

In response to this request, JICA sent the Preparatory Survey Team to Tajikistan from June
2 to July 7, 2016 (First Field Survey), reconfirmed the details of request and discussed the
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details of implementation with relevant government departments and organizations
(responsible government department: Ministry of Energy and Water Resources, implementing
body: BT), and conducted a project site survey and the acquisition of related materials.

After returning to Japan, the Survey Team examined necessity, socioeconomic effects, and
appropriateness of the project based on the materials from the field survey, and compiled the
results in the Preparatory Survey Report (Draft). JICA sent the Outline Design Briefing Team
to Tajikistan from January 9 to January 20, 2017, conducted the briefing and discussion of the
Cooperation Project (Draft), and reached a basic agreement with the relevant persons in the

country.

The cooperation project decided according to the result of the survey consists of the total
facility replacement and capacity expansion of “Promyshlennaya Substation,” owned and
operated by BT in the southwestern part of Dushanbe, and the construction of new
“Radiostantsiya Substation” in the site obtained by BT in Radiostantsiya district, the eastern
part of the city with an accumulation of government agencies.

It should be noted that the original request included a plan for the construction of a new
substation (tentatively called Glavpochtampt Substation) in Glavpochtampt district adjoining
Radiostantsiya district. However, as a result of evaluation of short-term investment effect, total
project cost, and other factors, the cooperation project was decided to include the above-
mentioned two substations with higher priority.

In the rehabilitation and capacity expansion of existing Promyshlennaya Substation, two
main transformers will be upgraded from present 110/35/10 kV (capacity: 25/25/25 MVA) to
110/35/10 kV (40/20/40 MVA), and the components that directly affect the reliability of power
supply, such as switchgears, transformers, lightning arrestors, and protective relays, will be
replaced with the newest equipment with proven quality.

Because of the limited availability of empty spaces for renovation work in the substation,
new equipment needs to be installed after the removal of the existing equipment. Therefore,
procedures need to be developed so that the changeover new equipment can be achieved using
the existing bus lines, minimizing the interruption of the operation of existing equipment as
much as possible, and the ways to ensure safety and timely completion of work need to be
devised in various aspects of work. In this respect, the abundant experience in the renewal and

expansion of substations in Japan may be effective.

The location of new Radiostantsiya Substation is close to the Executive Office of the
President on the east bank of the Dushanbe River and the area along Rudaki Avenue, the main
street, and the site for the substation has been secured by BT in a part of the redevelopment
area. The permission to use this land has already been obtained.

In the areas planned to receive power from Radiostantsiya Substation, the supply from the
substations in the vicinities is unable to cover the increase in power demand arising from the

recent increases in population and the rapid proliferation of business and residential high-rise



buildings in the area. Furthermore, all these substations are considerably superannuated, and
the long distance of power distribution is compromising the quality of power supply to the
Executive Office of the President, government offices, administrative offices, and other
important organizations and facilities.

Therefore, based on the demand projection in this area, two 110/35/10 kV (40/20/20 MVA)
transformers will be installed, and other equipment will be configured similarly to that in

Promyshlennaya Substation.

® Project Term and Cost
Information will be publicly available after Procurement Contract Award. The project term

including Design Stage is approximately 24 months.

® Project Effect

As Available Power Transfer Capability to the Central Area of Dushanbe will be from
50MVA to 160MVA by this Project which is 3.2 times of the Existing Power Transfer Capability,
it can be supplied sufficient amount of Electricity which coincide with the growing Power
Consumption in this Area.

As the power supply to important areas will be provided by the supply from highly reliable
up-to-date facilities, outages due to troubles in superannuated facilities will decrease and the
reliability of power supply will be improved. This will contribute to the maintenance and
reinforcement of the functions of the capital, and also be advantageous in the evaluation of
infrastructure by the foreign companies considering business expansion into the country.

In addition, the project will make the future renewal of adjacent facilities easier, as it will
reduce the load on adjacent substations to be considered in the planning of mid- and long-term
facility rehabilitation and expansion of power transmission/distribution systems by BT.
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Bird’s Eye View of Promyshlennaya Substation
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Chapter 1 Background of the Project

1-1 Background and Overview of the Grand Aid Cooperation

1-1-1 Background

Tajikistan is located in a geopolitically important area connecting Asia and Europe to Russia
and Middle East, and the stability of this country is important for the stability of Central Asia and
by extension the entire Eurasia. It is also crucial to the actions of the international community
striving to achieve self-sustenance and stability of Afghanistan, a neighbor country of Tajikistan.

Although the civil war that continued from 1992 to 1997 caused the devastation of
socioeconomic infrastructure and the outflow of human resources, socioeconomic situations have
been improving since the peace agreement in 1997, and steady economic growth has been
achieved.

On the other hand, the country is poor in energy resources like oil and natural gas, and its
economy has been exhausted by the protracted civil war. Partly because of these reasons, the
country’s economic growth has been falling behind, and the income of people is ranked the lowest
among the countries of the Commonwealth of Independent States (CIS). Water supply, healthcare,
and other basic social services are underdeveloped, and the reduction of poverty in local areas is
a serious challenge. Furthermore, economic development is also impeded by the aging and
underdevelopment of infrastructure, which is needed as the foundation for economic
development. Given this situation, it is meaningful to provide assistance to Tajikistan through
ODA from the perspective of the expansion of bilateral relationship and “human security” and
also from the perspective of solving the problems in the country while contributing to the stability
of not only Tajikistan but also the entire region including its neighbor, Afghanistan.

Japan has been actively participating in the Consultative Group (CG) Meeting for Tajikistan
organized by the United Nations since 1994, and sponsored the CG Meetings in 1996 and 2001
in Tokyo. In addition, Japan held the Seminar on Democracy and Good Governance for Tajikistan
in Tokyo three times starting from March 1999, as an attempt to contribute to the peace building
in post-Civil War Tajikistan with the participation from both the government and antigovernment
sides.

In March 2003, Japan sent a Project Formation Study Team to Tajikistan, and based on the
result of study, four fields of assistance were selected: healthcare, education, vocational training,
and water supply. Following the opening of the JICA Tajikistan Office in August 2006, the
priority areas of assistance were expanded to include road improvement and promotion of

agriculture, and assistance has been provided using grant aid and technical cooperation schemes.!

The basic policy of the assistance to Tajikistan (high-level objective) is “the assistance in
nation-building that can support sustainable economic and social development,” and “the

implementation of assistance in the electric power sector aiming to improve the instable power

1 Quoted from: Country Data Book on the website of the Ministry of Foreign Affairs.

1-1



supply” is listed under the development of economic infrastructure (middle-level objective).
“Energy measures in harmony with the environment” was identified as a priority area from 2009
to 2010, and “The Project for Introduction of Clean Energy by Solar Electricity Generation
System” was implemented with the purpose of the procurement of solar power generation
equipment and the assistance in engineer training. The present grant aid cooperation is also in

line with these policies.

1-1-2 Overview
Based on the request from Tajikistan, the present grant aid cooperation aims to implement the
facility rehabilitation and capacity expansion at a superannuated substation and the construction
of a new substation in the capital city Dushanbe. These works are expected to contribute to the
sustainable development of economy and society through the reinforcement of the system for the
stable supply of power in the capital city and the improvement of energy use efficiency.
This project will also reduce the loads on adjacent substations, making the renewal of adjacent
facilities easier when BT will develop the mid- and long-term plans for the rehabilitation and

expansion of power transmission/distribution facilities.

The two substations included in the project are “Promyshlennaya Substation,” which is owned
and operated by BT in the southwestern part of Dushanbe, and “Radiostantsiya Substation (a
tentative name, which is used throughout this report),” which will be constructed in the site
obtained by BT in Radiostantsiya district, the eastern part of the city with an accumulation of
government agencies.

It should be noted that the original request included a plan for the construction of a new
substation (tentatively called Glavpochtampt Substation) in Glavpochtampt district adjoining
Radiostantsiya district. However, as a result of evaluation of short-term investment effect, total
project cost, and other factors, the cooperation project was decided to include the above-

mentioned two substations with higher priority.

(1) Overview of Promyshlennaya Substation Rehabilitation and Capacity Expansion Project
Promyshlennaya Substation was constructed in the 1960s during the U.S.S.R. era. It was
originally intended to cover the electric power demand of processing and manufacturing
factories dealing in valves, oil seed pressing, milk, confectionery, etc. and residences in some
districts of Dushanbe. At the present, the electric demand in winter has increased dramatically
as a result of the expansion of residential areas reflecting population growth, as well as the
construction of new factories, public service facilities, collective housing units, etc., beyond
the capacity of this substation. As transformers and distribution cables have already been
overloaded, outages from overloading are taking place, and reinforcement of facilities is needed.
On the other hand, because this substation and planned Radiostantsiya Substation are located

at a considerable distance across the river from each other, the construction of Radiostantsiya
Substation in itself will not easily take over some of the load on the existing substation and

reduce its responsibility as a key regional supply substation. Reinforcement of this substation
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itself is needed.

More than 60% of substation facilities are old facilities that have been operated for over 50
years, causing difficulties in operation and maintenance. Sudden outages due to facility troubles
are also taking place, indicating the need for the total renewal of superannuated main facilities.

Therefore, two main transformers will be replaced with an increase in capacity from present

110/35/10kV (capacity: 25/25/25 MVA) to 110/35/10 kV (40/20/40 MVA) based on the future
demand projection for the supply area of the substation, and the components that directly affect
the reliability of power supply, such as switches, transformers, lightning arrestors, and protective
relays, will be replaced with the newest equipment with proven quality. These facilities need to
comply with international standards.

Because of the limited availability of empty spaces for renovation work in the substation,
new equipment needs to be installed after the removal of the existing equipment. Therefore,
procedures need to be developed so that the changeover to new equipment can be achieved
using the existing bus lines, minimizing the interruption of the operation of existing equipment
as much as possible, and the ways to ensure safety and timely completion of work need to be
devised in various aspects of work. In this respect, the abundant experience in the renewal and

expansion of substations in Japan may be used effectively.

(2) Overview of New Radiostantsiya Substation

The location of new Radiostantsiya Substation is close to the Executive Office of the
President on the east bank of the Dushanbe River and the area along Rudaki Avenue, the main
road of the city. This area is undergoing rapid redevelopment, in which low-rise buildings form
the U.S.S.R. era are demolished to be replaced with government facilities and high-rise building
for business and residential use. The site for the substation has been secured by BT in a part of
the redevelopment area, and the permission to use this land has already been obtained.

While the areas planned to receive power from Radiostantsiya Substation is currently
supplied from Tekstilmash Substation, Vakhdat Substation, Centralnaya Substation, Karamova
Substation, etc., these substations have become unable to meet the growing demand for power
resulting from the recent rapid increase in population and business and residential buildings in
the area. Furthermore, all these substations are considerably superannuated, and the long
distance of power distribution is compromising the reliability of power supply to the Executive
Office of the President, government offices, administrative offices, and other important
organizations and facilities in the city.

Therefore, based on the demand projection in this area, two 110/35/10 kV (40/20/20 MVA)
transformers will be installed to cover approximately 30% of the existing substations, and a
substation with the specifications similar to those of Promyshlennaya Substation will be
constructed.

In addition, the project is considered to make it easier for BT to conduct future renewal of
existing superannuated substations, because Radiostantsiya Substation will take over some of

the loads on the existing superannuated substations.
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1-2 Natural Environment
(1) Topography and Geology

Tajikistan is located in the southwestern part of Central Asia, extending from 36° 40’ N to
41° 5’ N latitude and from 67° 31" E to 75° 14' E longitude, and bordering Afghanistan,
Uzbekistan, Kyrgyzstan, and China. Being close to India, Pakistan, Turkmenistan, and Iran, it
has long been a way station in the transport routes traversing the Eurasian Continent threaded
through highlands.

The country has an area of 143,000 km?, which is approximately 40% of the land area of
Japan. About 94% of the country is occupied by mountainous areas, more than half of which
exceeding 3,000 m in elevation. In the Pamir region in the eastern part of the country, the capital
of Gorno-Badakhshan Autonomous Province, Khorugh, is located at an elevation exceeding
2000 m. The Pamir Mountains extending to the border with China is called the roof of the world,
where Ismoil Somoni Peak (7,495 m), Lenin Peak (7,135 m), Peak Korzhenevskaya (7,105 m),
and other mountains exceeding 7,000 m stretch over more than 800 km long. These ranges were
formed one million years ago by the impact of the collision of the Indian continent into the
Eurasian plate.

On the other hand, the southwestern part of Tajikistan containing the capital Dushanbe is
called the Tajik Depression, where elevation is relatively low at 700-800 m. Fergana Basin in
the northwestern is the lowest part, where elevation is 300-500 m and the country shares

intricate border lines with Uzbekistan and Kyrgyzstan.

The geological structure of the country is diverse, consisting of rocks and sediments of
various geological ages. Quaternary, Neogene, and Paleogene strata are found in the areas from
the southwestern part to the northeastern part. The central part has Cambrian, Ordovician,
Jurassic, Cretaceous, and Permian strata. The Pamir Mountains in the western part contains
Precambrian, Jurassic, Cretaceous, and Triassic strata. The depression around Dushanbe has
widely distributed sedimentary rocks from the late Mesozoic to the Cenozoic.

Snowmelt from mountainous areas and rainfall are collected in main rivers, the Amu Darya,
Vakhsh River, Panj River, Bartang River and Zeravshan River, and drain to the southern region
along the Afghanistan border.

The capital city, Dushanbe, has its central part developed on the heights on the east of the
Dushanbe River, which flows from North to South. Elevation increases eastward, eventually
connecting to the hills. Roads and parks are covered with green trees, and spraying on roads
and trees with fountains and sprinkler trucks is performed routinely, making use of the abundant
water resources. The area on the west of the Dushanbe River spreads at the level of the foot of
the levee, and an industrial zone is formed there. Construction of apartment houses is also

increasing in this area in response to recent population growth.
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(2) Climate
The climate of Tajikistan is continental. In the plains, it is hot and dry from June to September
with the maximum temperature exceeding 35°C, while the mean temperature drops below 0°C
and snow falls from December to February.
Dushanbe has hot summers with temperatures from 27°C to 36°C, while winters are not so
harsh with temperatures from -2°C to 10°C and with little snow cover. Annual precipitation is
650 mm. In particular, summer has few rainy days and plenty of sunshine. Figure 1-1 shows

the data for temperature and precipitation in Dushanbe.
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Figure 1-1 Trends of Annual Temperature and Precipitation in Dushanbe
Source: Prepared by the Survey Team based on the information from BT

(3) Results of Topographic Surveys and Geologic Surveys

For the purpose of designing, topographic surveys and geologic surveys were conducted for
Promyshlennaya Substation, Radiostantsiya Substation, and Glavpochtampt Substation.

The items and outline of the surveys were as follows.

(D Topographic surveys: Plane surveying of the sites for new and existing substations

@ Geologic surveys: Boring, penetration tests, and laboratory tests in the sites for new and

existing substations

The geotechnical composition at Promyshlennaya Substation is 0.5-m thick topsoil (cohesive
soil containing gravel), an approximately 2.5-m thick layer of silty fine sand, and a gravel layer
underneath.

The silty fine sand layer is relatively firm, showing an N value of approximately 20, a unit
weight of 1.8 kN/m?, and an angle of internal friction of about 25 degrees. The long-term bearing
capacity of soil is about 100 kN/m?, which is sufficient for the purpose of supporting facility

foundations and buildings.
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The geotechnical composition at Radiostantsiya Substation is 0.3-m thick topsoil,
approximately 3-m thick layer of earth fill (firm cohesive soil containing gravel), a 13 m to 14-
m thick layer of silty fine sand, and a gravel layer underneath.

The earth fill layer is sand-gravel soil containing cobbles. The test holes produced during the
geologic survey, which were generally vertical down to the depth of 2 m, proved the firm quality
of soil.

The silty fine sand layer is relatively firm, showing an N value of about 15, a unit weight of
1.8 kKN/m?, and an angle of internal friction of about 25 degrees. The long-term bearing capacity
of soil is about 120 kN/m?, which is sufficient for the purpose of supporting facility foundations
and buildings.

The geotechnical composition at Glavpochtampt Substation is 0.3-m thick topsoil, an earth fill
layer (firm cohesive soil containing gravel), a 1.4 to 3-m thick layer of hard silt, and a gravel
layer underneath.

The earth fill layer and the silty fine sand layer show properties similar to those of
Radiostantsiya.

In planer surveying, the locations of land forms and features were measured in the planned
sites for substations, and the results were compiled in topographic maps.

Because Promyshlennaya Substation is an existing substation, the locations and shapes of
facilities and buildings were also shown in the map. Elevations were determined using the public

datum points of Dushanbe.

The results of topographic surveys are shown in Appendix 11, and the results of geologic

surveys are shown in Appendix 12.

(4) Earthquakes

Many earthquakes of 5 or greater magnitude occur mainly the central part and the
northeastern part of Tajikistan. A 6.8 magnitude earthquake occurred in 1978 near the border
between Gorno-Badakhshan Province and Kyrgyzstan, and a 5.7 magnitude earthquake hit
Obikhingou in the central part in May 2012, causing damage.

Figure 1-2 shows the locations of magnitude 5 or greater earthquakes occurring in and after
1970. All of these earthquakes were in the range of magnitude from 5.0 to 6.0, indicating that
the risk of earthquakes is low in this area.
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Taiikistan
Dushanbe

Note: Circles show earthquake locations, and colors indicate hypocentral depths. Purple
represents relatively shallow earthquakes.

Figure 1-2 Occurrence of Magnitude 5 or Greater Earthquakes in and after 1970
Source: IRIS (Incorporated Research Institutions for Seismology) “Seismic Monitor”

1-3 Environmental and Social Considerations
1-3-1 Environmental Impact Assessment

1-3-1-1 Overview of the Project Component that causes Environmental and Social Impacts
(1) Overview

Based on the initial request from the Tajikistan Government, this Initial Environmental
Examination was assumed to cover rehabilitation of an existing substation, construction of two
new substations and the installation of underground cables for power supply to a new substation.
Promyshlennaya Substation, which is planned to be rehabilitated, is located in the industrial area
to the west of the Dushanbe River, and the site is surrounded by roads on three sides. The proposed
site for the construction of Radiostantsiya Substation is on the heights to the east of the Dushanbe
River. The proposed site for the construction of Glavpochtampt Substation is in the lowland to
the east of the Dushanbe River and is adjacent to the horse race track. Table 1-1 shows the target
construction work of the project scope.
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Table 1-1 Project Scope

Item

Substation Name

Scope

Location

Address

Rehabilitation

of substation

Promyshlennaya

Site area: 8,322.20m?

List of existing equipment:
(DTransformers: 110/35/10kV
(25/25/25MVA) (manufactured in 1960, to
be replaced in this project) and 115/11kV
(16/16MVA) (manufactured in 2015)
@110kV circuit breakers (replacement of
2 units)

(®35kV and 10kV switchgear
@Switchgear Buildings: 2 buildings (to be
newly constructed in this project)
Structure: Concrete block structure

Plane area: Protective control panel and
10kV switchgear: 230m?

35kV switchgear: 48m?

Jabbor Rasulov
Avenue,

Sino district,
Dushanbe

Construction
of new

substation

Radiostantsiya

Site area: 1,401.0m?

List of main new equipment:

(D Transformers: 110/35/10kV
(40/20/20MVA), 2 units

@110kV circuit breakers, 2 units

(335kV and 10kV switchgear

@ Switchgear Building: 1 building (to be
constructed newly in this project)
Structure: Concrete block structure

Building area: 210m?

Habib Ahrori
Street,

Somoni district,
Dushanbe

Construction
of new

substation

Glavpochtampt

Site area: 1,582.7m?

List of main new equipment:

@O Transformers: 110/10/6kV
(25/12.5/12.5MVA), 2 units

® 110kV circuit breakers, 2 units

@ 10kV and 6kV switchgear

@ Switchgear Building: 1 building

Structure: Concrete block structure

Habibullo Nazarov
Street,

Somoni district,
Dushanbe

Installation
of

underground

Glavnaya

!
Glavpochtampt

+ Installation of transmission line for
power supply to newly constructed

Glavpochtampt Substation (110kV, 2
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cables circuits x 25MVA, 250mm-sq, installation

length 1.7km, underground cables)

(2) System and Organization related to Environmental and Social Considerations
Figure 1-3 shows the organization chart of CEP (Committee for Environmental Protection),
which is responsible for environmental management in the Government of Tajikistan.
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Figure 1-3 Organization Chart of CEP (Committee for Environmental Protection)

Organizational Chart of Committee for Environmental Protection of the republic of Tajikistan
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1-3-1-2 Scoping and TOR of Environmental and Social Considerations and Mitigation of

Climate Change

(1) Scoping

Classification

Potential
Environmental

Impact

Evaluation

Before
&
During

work

In

Operation

Rationale for Evaluation

Pollution

Control

Air Quality

During work: Temporary impact of dust and exhaust
gas on air quality is expected from the operation of
construction vehicles and equipment. However, the
scale of work is small, and the scope of impact is
limited.

In use: No operations that may deteriorate air quality

are expected.

Water Pollution

During work: There is a possibility of water pollution
resulting from the leak of insulating oil used in
transformers, the discharge of water from work site,
heavy machines, vehicles, and lodgings, etc.

In use: There is a possibility of water pollution
resulting from the leak of insulating oil used in

transformers.

Waste Management

During work: Generation of construction wastes,
earth materials, etc. is expected during work. It is
necessary to ensure appropriate disposal according to
the standards of the country.

It is necessary to confirm whether or not PCB is
contained in the transformers, capacitors, ballasts, etc.
at the substation to be rehabilitated (Promyshlennaya
Substation).

— If equipment contains PCB, it is necessary to
ensure appropriate storage and disposal after
separation into “PCB-containing wastes” and “non-
PCB-containing wastes” according to the standards of
the country.

In use: Generation of wastes that may affect

surrounding environment is not expected.
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Evaluation

Potential Before
Classification Environmental & In Rationale for Evaluation
Impact During |Operation
work
During work: There is a possibility of soil pollution
resulting from the leak of insulating oil used in
4 Soil Pollution B- B- | transformers, oils used for construction work, etc.
In use: There is a possibility of soil pollution resulting
from the leak of insulating oil used in transformers.
During work: Noise from construction work and noise
from construction equipment and vehicles are
5 Noise & Vibration B- C expected.
In use: The impact of the noise from transformers on
residents is expected.
) No operations that may cause land subsidence are
6 Ground Subsidence D D
expected.
7 Odor D D |No operations that may cause foul odor are expected.
) No operations that may affect bottom material are
8 Bottom Sediment D D
expected.
) There are no national parks, conservation areas, etc.
9 Protection Area D D ) ) )
in and around the project sites.
Because there are no rare animal or plant species in
10 Ecosystems D D |the project sites, the impact on ecosystems is
considered negligible.
Natural - - -
_ During work: No operations that may alter river flow
Environment | 11 Hydrology D D )
or cause riverbed changes are expected.
Foundation work and other operations in the sites of
o Topography & B D two proposed substations (Radiostantsiya Substation
Geology and Glavpochtampt Substation) may cause impact on
topography and geology.
Because applications for land use in the sites of two
proposed substations (Radiostantsiya Substation and
Involuntary )
13 D D |Glavpochtampt Substation) have been filed,
Resettlement . . )
nonvoluntary relocation of residents is not expected to
occur.
In use: The decrease in the occurrence of outages
14 Poverty Group D B+ |resulting from this project is expected to have positive

impact on poor people.
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Classification

Social

Environment

Evaluation

Potential Before
Environmental & In Rationale for Evaluation
Impact During |Operation
work
s Ethnic Minority & b b There are no ethnic minorities or indigenous people in
Indigenous People and around the project sites.
Local Economy The decrease in the occurrence of outages resulting
16 (Employment, D A+ | from this project is expected to have positive impact
Livelihood) on local economy.
The decrease in the occurrence of outages resulting
Land Use / Use of . .. L
17 ) D A+ | from this project is expected to have positive impact
Regional Resource
on local economy.
During work: If river or other water resources are
exploited around the project areas, there may be the
impact of water turbidity resulting from work.
18 Water Use C C ) )
In use: If river or other water resources are exploited
around the project sites, there may be the impact of
oil leak during rainfall.
During work: Traffic congestion during work is
Existing Social expected.
19 | Infrastructure and B- A+ |Inuse: The decrease in the occurrence of outages is
Social Services expected to have positive impact on existing social
infrastructure and social services.
Social Capital / The decrease in the occurrence of outages resulting
20 Local Social b Ar from this project is expected to have positive impact
Organizations for on social organizations such as social capital and local
Decision-making decision-making bodies.
Maldistribution of The decrease in the occurrence of outages resulting
21 Benefits and D D |from this project is hardly expected to cause unfair
Damage burdens and benefits in the surrounding areas.
) The decrease in the occurrence of outages resulting
Conflict of Interest ) o ) ]
22 ) ) D D |from this project is not considered to cause conflict of
in the Region ) )
interest in the area.
There are no cultural assets in and around the project
23 Cultural Heritage D D |[sites.
Because this project mainly consists of underground
24 Landscape D D

cables, the impact on scenery is considered negligible.
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Evaluation

Potential Before
Classification Environmental & In Rationale for Evaluation
Impact During |Operation
work
This project is not expected to have notable negative
25 Gender D D |, .
impact on gender issues.
) ] This project is not expected to have notable negative
26 Children’s Rights D D ) ) )
impact on children’s rights.
. Infections D D The possibility of the spread of infections is not
( HIV/AIDS, etc. ) expected.
Working During work: Attention must be paid to the working
Environment environment of construction workers.
28 (including B- D |Inuse: No operations that may cause negative impact
Occupational Safety on workers in the use stage are planned.
and Health)
The decrease in transformation loss is expected to
29 Fossil Fuel Use B- B+ |reduce the usage of fossil fuels at thermal power
o plants that are operated in winter.
Mitigation - - - -
. During work: SFs with a high global warming
of Climate i ) )
potential may be discharged inadvertently from gas
Changes Greenhouse Gas . ) )
30 o B- D |insulated switchgear, PT (Potential Transformer), and
Emission .
CT (Current Transformer) into atmosphere as a result
of inappropriate handling.
) During work: Measures must be taken to manage
31 | Traffic Congestion B- D )
traffic congestion.
) During work: Measures must be taken to manage
32 Accidents B- B- ) )
Others accidents during work.
Because project sites in Dushanbe are far from
Transboundary ) ] o
33 D D international borders and the scale of work is limited,
Impact

transboundary impact is considered to be negligible.

A+/-: Significant positive/negative impact is expected.

B+/-: Positive/negative impact is expected to some extent.

C+/-: Extent of positive/negative impact is unknown. (A further examination is needed, and the

impact could be clarified as the study progresses)

D: No impact is expected.
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(2) TOR

Impact Item

Survey Item

Method

L (D Underground cable routes (DProject cost, impact on river, impact on
Examination of ) ) ) .
. @ Methods of Laying of Underground | social environment, impact on traffic
alternatives ) ) )
Cable environment, impact on natural environment
Initial
Environmental @  Initial Environmental Examination | (DSurvey on relevant laws and systems
Examination @Assistance  in  application  for | @Understanding the details of instruction
and Obtaining environmental permission by the Ministry | from CEP
Environmental of Energy and Water Resources @ Field exploration
Permission

Acquisition of
land in the
proposed newly
construction site

for substation

(DSituation of the acquisition of land in

the proposed newly construction site for

Radiostantsiya Substation)

(@Requirements for land acquisition

D Ministry of Energy and Water Resources

Air Quality (@D Environmental Circumstances (DField exploration
(D Measures to prevent and control ) ) ) )
) ) (DUnderstanding the details of instruction
Water quality Water Pollution from the Wheel
from CEP
Wash
(@D Confirmation whether Transformers
Contain Polychlorinated Biphenyl
(PCB) or not
(DSurvey on relevant laws and systems,
Waste @ Treatment method of PCB-

®

Contaminated Transformers
Treatment method of construction

waste

interviews with related organizations

Soil Pollution

(DPrevention measure of oil leakage

under construction

(DConfirmation of the content and methods

(@Prevention measure of oil leakage of of work
transformer
@ Confirmation of the distance
Noise / between residential area the source
o (DField exploration and interviews
Vibration @ Examination of impact under
construction
(DTopographic and geologic surveys in the
Topography & | (O Examination of impact under premises of one substation to be rehabilitated
Geology construction (Promyshlennaya  Substation) and the

proposed construction sites for two new
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Impact Item

Survey Item

Method

substations (Radiostantsiya Substation and

Glavpochtampt Substation)

Land acquisition

and Involuntary

Confirmation whether Land
acquisition for Radiostantsiya
Substation has been done and
Involuntary Resettlement has not

been needed.

(DField exploration to confirm how the
acquired construction sites and underground

cable installation routes are located relative to

Resettlement GAP Analysis between JICA residents, etc.
Guidelines for Environmental and @Survey on relevant laws and systems
Social Considerations and Legal
system of Tajikistan

Working )

) Measures for Securing Safety and
environment
. ) Health
(including . o -
) reduce emissions from power | @ Interviews with related organizations

occupational ) )
generation have the greatest impact,

safety and
bo

health)

Greenhouse Gas
Emissions from

fossil fuel

Reduction of fossil fuel
consumption for thermal power

plants through upgrade of

@ Survey on the Transformer Loss
Reduction through Upgrade
Substations (GWh)

@ Survey on the Reduction of fossil fuel

combustion Substation consumption for thermal power plants
through upgrade of Substation
(D Organization of the stakeholder
consultation (3 Sites: Promyshlennaya,
Stakeholder Collecting opinions from affected . .
) . Radiostantsiya and Glavpochtampt)
Consultation people and affected communities

Schedule: October 2016

1-3-2 Results of Surveys on Environmental and Social Considerations (Including Predicted

Results)

1-3-2-1 Environmental Impact Survey and Environmental Permission

(1) The Framework Concerning Assessment and Mitigation of Environmental Impact

1) The Framework Concerning Environmental Impact Assessment and Mitigation

The framework concerning environmental impact assessment and mitigation is as shown in

Figure 1-4, based on the Law on Environmental Protection, No. 760: August 2, 2011, and the
Law on Ecological Expertise (the EE Law), No. 818: April 16, 2012, enacted under the
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http://ejje.weblio.jp/content/occupational+safety+and+health
http://ejje.weblio.jp/content/occupational+safety+and+health

Constitution of Tajikistan.

Constitution
of the Republic of Tajikistan

Law of the Republic of Tajikistan
“On environmental protection”
No760 from August 2, 2011

Law of the Republic of Tajikistan
“On ecological expertise” Ne818
from April 16, 2012

Decree of the government of the
Republic of Tajikistan “On conduction
of state ecological expertise
procedure” Ne697 from December 3,
2012

Decree of the government of the Republic of
Tajikistan “On list of facilities and types of
activity that must be accompanied with
development of materials on environmental
impact assessment” Ne253 fromJune 3, 2013

Decree of the government of the
Republic of Tajikistan “On Procedure
for arrangement and conduction of
Environmental Impact Assessment”
No509 from August 1, 2014

Figure 1-4 The Framework Concerning Environmental Impact Assessment and Mitigation

2) The EE Law and the Rules Concerning Environmental Impact Assessment

The Ecological Expertise (EE) Law (No. 818; enacted on April 16, 2012) is a law covering a
wide range of topics including environmental impact assessment (EIA), and the final objective

under this law is to obtain environmental permission for the implementation of the project. The

organization responsible for the enforcement of the EE Law is CEP.

Enacted under the EE Law, Decision No. 253 (enacted on June 3, 2013) classifies projects into
Categories I through IV according to the type of activity and the expected severity of impact on
environment. In addition, Decision No. 509 (enacted on August 1, 2014) stipulates the

requirements of environmental impact assessment for each category, as shown in Table 1-2.
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Table 1-2 Project Classification Based on Decision No. 253 and
Requirements of Environmental Impact Assessment Based on Decision No. 509

Section Environmental Statement of | Severity
EIA Program . Example
Protection EIA of Impact
) + Construction of an
I o) — — — High .
express highway
C
A .
. + Construction of a
T Il — o — — Medium
local road
E
G
0 + Construction of a
I — _ o — Low .
R grain storage
Y
v — — — o) Local + Bakery
Environmental o o} o} o)
Permission For 60 days For 30 days For 30 days For 30 days
Stakeholder
. ® - - -
Consultation
JICA Guidelines | category A Category B Category C
for
Environmental
and Social EIA IEE
Considerations

EIA : Environmental Impact Assessment
IEE : Initial Environmental Examination
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3) The Process of Obtaining Environmental Permission

Enacted under the EE Law, Decision No. 697 (enacted on December 3, 2012) stipulates the

process of obtaining environmental permission, as shown in Figure 1-5.

According to Law of the republic of Tajikistan Ne697 from 3.12.2012, the conduction of EE Procedure is following:

ion of materials for Environmental

| Expertise to CEP Project owner
I Study of Materials by CEP: cep
Negative in 5 days (if negative)

Examination of Materials by CEP:

| Category: till 60 days
IL I IV Categories: till 30davs | e cer
Environmental 00T 1 @ e CEP
conclusion by CEP
Negative
Cancellation of the Modification of Project | --eeeee Project owner
Project Documents
Construction Permission by architectural Submission of modified materials for
department of Dushanbe city Government Environmental Expertise to CEP -+ Project owner
Construction and Installation
Commencement
nduction of Environ for Environmental ission.

Figure 1-5 The Process of Obtaining Environmental Permission
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(2) Project Categories
1) Rehabilitation of a Substation and Construction of a New Substation
Category III (corresponding to JICA Category C)
2) Installation of 110 kV Underground Cables (between Glavnaya and Glavpochtampt,
Approximately 1,700m)
Category II (corresponding to JICA Category B)

This project falls under Category III, because the rehabilitation of Glavpochtampt
Substation and the installation of 110 kV underground cables are not implemented this time.

(3) Application for Environmental Permission

1) Date of Application for Environmental Permission: Application filed on September 13,
2016: Ne8-1797
Application was submitted by the Minister of Energy and Water Resources to CEP.

2) Submitted Documents
The submitted documents are shown in Table 1-3.
Table 1-3 List of Submitted Documents

No. File Name
1. Overview of the project Version04

2. Assessment of Underground Electric Cable Laying Route

3. Assessment of the Construction Work for Substations Version04
4. Summary of Trees Survey in Underground Cable Route Version03
5. Photo Trees Survey in Underground Cable Route Version03-1 5
6. Photo Trees Survey in Underground Cable Route Version03-2__ 5
7. Photo Trees Survey in Underground Cable Route Version03-3 5
8. Photo Trees Survey in Underground Cable Route Version03-4 5
9. Photo Trees Survey in Underground Cable Route Version03-5__ 5
10. Radiostantsiya Substation Site Version06

I1. Promyshlennaya Substation Version06-1_2

12. Promyshlennaya Substation Version06-2 2

13. Equipment and Material List to be removed from Promyshlennaya SS
14. Draft Implementation Schedule

15. Document List for Environment Permission Version06

16. Glavpochtampt SS Land Certificate

17. Glavpochtampt SS Land Plot Layout Drawing

18. Radiostantsiya SS Land Certificate

19. Radiostantsiya SS Land Plot Layout Drawing
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3) Coverage of the Application for Environmental Permission
* Rehabilitation of existing Promyshlennaya Substation
+ Construction of new Radiostantsiya Substation
* Construction of new Glavpochtampt Substation
+ Installation underground transmission line (between existing Glavnaya Substation and new
Glavpochtampt Substation)

4) Confirmation of the presence/absence of PCB-containing Equipment (Existing
Promyshlennaya Substation)

In relation to the rehabilitation of existing Promyshlennaya Substation, a survey was made on
whether or not there are PCB-containing items. The Republic of Tajikistan ratified the Stockholm
Convention on Persistent Organic Pollutants (POPs Convention) on February 8, 2007, and has
completed the inventory data survey on PCB (polychlorobiphenyl) and other substances in the
country. These inventory data provided a proof that the existing Promyshlennaya Substation has

no PCB-containing equipment. The certificate is shown in Figure 1-6.

Committee for Environmental Protection of the republic of Tajikistan

Ne 15/1 from 29.06.2016

Information about electrical equipments contained PCB in Dushanbe city.

According to the implemented inventory of equipments contained PCB in Dushanbe city, was
identified, that the transformers installed in J. Rasulov str, Sino district of Dushanbe city, do not
contain PCB.

Information report about PCB contain in electrical equipments in the republic of Tajikistan is
attached.

Director A. Juraev

Figure 1-6 Certificate of NO PCB Contaminated Equipment

* Stockholm Convention (Stockholm Convention on Persistent Organic Pollutants (POPs))
Coming into effect on May 17, 2004. The Republic of Tajikistan ratified the Convention on
February 8, 2007.

* POPs (Persistent Organic Pollutants)

These are the chemical substances characterized by strong toxicity, bioaccumulation, the
possibility of long-range transport in environment, and adverse effects on human health or
environment (dioxins, PCB (Poly Chlorinated Biphenyl), DDT, etc.)
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5) Appropriate Disposal of Wastes
The methods of appropriate disposal of wastes are shown in Table 1-4.
Table 1-4 Methods of Appropriate Disposal of Wastes

Type of waste material Disposal Method Waste disposal site

Excavated surplus soil Carry to the disposal site

- - Hard Disposal Stockyard
Asphalt paving waste material

Carry to the disposal site after | (Approx.15km East from the
Concrete, scrap

crushing process Center of Dushanbe)

Brick

6) Land Acquisition

The Land Permission needed for the use of the proposed construction site for new
Radiostantsiya Substation was issued by the Mayor of Dushanbe to BT on January 27, 2016.
The site for the substation has been secured and there is no need for the relocation of residents.

(1) Land Permission Issue Number: No.19
(2) Condition for Issuance of Land Permission

+ Land use is limited to the use for the substation.
* Construction must begin within 3 years (if not, the land must be returned).
* Vehicle tire washing during construction work.
Action: Each substation will be provided with a tire washing facility during the
construction period. Waste water will be passed through an oil-water
separator to remove oil, earth materials, etc. before it is discharged to the

sewer system.

The action plan concerning vehicle tire washing during construction work is shown in Table

1-5.
Table 1-5 Action Plan Concerning Wheel Wash during Construction Work
Person in Period of
No. Substation Environmental measures
charge implementation

Wheel Wash System
Oil separating system

1. Promyshlennaya 18 months
High-pressure washer
(Leased)
Wheel Wash System
Oil separating system

2. Radiostantsiya 18 months
High-pressure washer
(Leased)
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(2) Issuance of Environmental Permission
1) Date of Issuance: Issued on October 10, 2016
2) Conditions for Permission
* Construction work must be conducted strictly conforming to the environmental and health
regulations of Tajikistan.
+ An action plan concerning environmental conservation must be formulated according to
the format approved by the department in charge of environmental management.
+ The action plan concerning environmental conservation must be observed strictly, and

environmental conservation must be promoted.

Construction work must be conducted paying attention to environmental and ecological

aspects.

* Measures needed to prevent contamination of surface water and groundwater must be
implemented.

+ Wastes must be separated and treated appropriately.

+ In the event of an emergency, measures must be taken so that waste water may no flow
into water supply tanks or soil.

* The tires of construction vehicles must be washed to remove dirt.

* To minimize the environmental impact of noise and vibration during construction work,
detailed work plans must be developed and maintained, and standard construction
equipment with low environmental loads must be used.

* Necessary measures for hygiene management must be implemented.

* Substations must be operated and managed.

« If planted trees need to be moved for construction work, consult with the environmental

department of Dushanbe City.

* Tree planting and transplanting must be performed using appropriate methods.

With respect to the construction of new Radiostantsiya Substation, it is necessary that the
Tajikistan side (BT) provides for voltage upgrading from present 35 kV to 110 kV, and lead the
upgraded transmission line into the substation. According to the answer of CEP concerning the
environmental requirements for this work, the voltage upgrading work will consist of the
replacement of the insulators of the existing transmission line, and the work of connecting the
upgraded transmission line into the substation will be performed within the width under the
transmission line. Because these works are within the scope of routine maintenance, CEP

considers that they do not require environmental impact assessment.
1-3-3 Environmental Management Plan and Monitoring Plan

1-3-3-1 System for Implementation of Environmental Management
BT as the Executing Agency bears the overall responsibility for the implementation of the
project. BT will produce and implement safety and environmental action plans (included in the

work plan). The project implementation consultant (PIC) will confirm these plans, and ask BT to

1-23



make appropriate response to any problems occurring in the construction period.

During the construction period, any complaints from the residents of the project areas and any

occurrence of environmental and social problems will be handled by BT. The Ministry of Energy

and Water Resources as the responsible government agency will cooperate with BT toward the

solution of problems. On the other hand, any complaints from citizens received by the Ministry

will also be reported to BT, which will work for the solution of the problems.

1-3-3-2 Action Plan Regarding Environmental Management and Monitoring Plan

The action plan regarding environmental management and monitoring plan are shown in Table

1-6.

Table 1-6 Action Plan Regarding Environmental Management and Monitoring Plan

water flow

of substation

o Implementing
Measures Timing and
Item Location / Responsible
Parameters to be Monitored Frequency
Organization
Pre-Construction Stage
Submitted to the
environmental department of
Dushanbe
Detailed work plan to o
) ) ) Ministry  of
) ) reduce environmental impact At the time of draft
Action plan regarding Energy and
+ Emergency response plan detailed design and
environmental — Water
Measures for hygiene at the time of final
protection ) Resources /
management design
BT
+ If applicable, action plan
regarding tree planting
+ Substation operation and
management system
At the time of draft
) ) Ministry  of
detailed design, at
+ Installation Energy and
+ Wheel Wash System ] ) Each the time of final
. ) + Connection to sewer pipe . ) Water
* Oil Separating System substation design, and at the
+ Test operation ) Resources /
time of test
BT
operation
Construction Stage
Confirmation of dust and | Substation
Air, noise, vibration Once/day BT
noise conditions work site
Surface water
Visual confirmation of turbid
Water pollution in the vicinity | Once/day BT
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work site
Work site,
Confirmation of the situation Once/day
) ) field office,
Waste of waste separation, quantity, Once/week (waste | BT
and waste
and disposal ) ] disposal site)
disposal site
Confirmation of the
Work site and
Emergency response awareness of emergency Once/week BT
field office
response procedures
* Visual confirmation of the
+ Wheel Wash System | discharge into sewer pipe
Work site Once/day BT
+ Oil Separating System Appropriate disposal of
separated oil and sludge
+ Confirmation of driving
Vehicle for manners Work site and
) o Once/day BT
Construction Work * On-site confirmation during | vicinities
patrol
) ] Public  health,  working )
Public health, working ) Work site and
environment Once/day BT
environment, accident field office
Confirmation of situation
) ) If necessary, confirmation of | Work site and )
Actions regarding tree When tree planting
actions  concerning  tree | transplanting BT
planting takes place
planting site
Substation  operation ) ) Before the
Confirmation of operation
and management Substation substation is put | BT
and management system
system into use
Before the
Confirmation that signs are
Safety management Substation substation is put | BT
shown in hazardous places
into use
Use Stage
Confirmation that oil is not
Soil and water pollution ) Substation Once/day BT
leaking from transformers

1-3-4 Stakeholder Consultation

1-3-4-1 Promyshlennaya Substation (Rehabilitation)

1. Date

Friday, November 4, 2016

2. Place

Office of "District Electricity Power Networks of Sino District : DEPN”

3. Attendants

Organizer side

Mr. Yakhiyoev Parviz Jamolovich

(Presenter)

Chief Specialist, Department of Management,

Development and Implementation of Investment
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Projects in Energy and Water Resources,
Ministry of Energy and Water Resources of
RT(MEWR)

Deputy Director, Department of Distribution

Mr. Rahmatov Bakhtiyor Dodihudoevich | Networks, Open Stock Holding Company

“Barki Tojik”

Stakeholder side
Deputy Chief Engineer,

Mr. Ghiyosov A. M. Dushanbe City Electricity Power Network :
DCEPN”

Head of “District Electricity Power Networks of
Mr. Nurzoda O. A. ) o
Sino district”

Mr. Dodarov S. S. Head of DCEPN Left-River Bank SSs

Other participants See the List of Participants in Appendix

4.Main opinions | Because Promyshlennaya Substation is considerably superannuated and outages due to
overloading are taking place, participants desire prompt implementation of this project, which

will renew substation facilities with increased capacity.

5. Dissemination | Mr. Parviz Yahyoev of the Ministry of Energy and Water Resources made a phone call to a staff
of the holding of | member of “District Electricity Power Networks of Sino district (Sino DEPN),” which is
the stakeholder adjacent to and partly share the premises with Promyshlennaya Substation, 5 days before the

consultation stakeholder conference, notifying the holding of the stakeholder conference concerning the

rehabilitation of Promyshlennaya Substation and asking to make it known to people.

1-3-4-2 Radiostantsiya Substation (New Construction)

1. Date Friday, October 28, 2016
2. Place “Radiostantsiya Substation Site : Habib Ahrori Mahalla”
3. Attendants Organizer side

Head, Department of Management,

Development and Implementation of
Mr. Safarov Manuchehr Bahodurovich
Investment Projects in Energy and Water
(Presenter)
Resources, Ministry of Energy and Water

Resources of RT(IMEWR)

Chief Specialist, Department of Management,
Development and Implementation of

Mr. Yakhiyoev Parviz Jamolovich ) )
Investment Projects in Energy and Water

Resources, MEWR

Chief Specialist, Department of Management,

Development and Implementation of
Mr. Sandalov Sh.
Investment Projects in Energy and Water

Resources, MEWR
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Stakeholder side

Mr. Yusufov Ikrom Sadulloevich Head of Habib Ahrori Mahalla
Residents of Habib Ahrori Mahalla See the List of Participants in Appendix
district

4. Main opinions

Because the construction of Radiostantsiya Substation will improve the response to the
growing power demand in the urban areas of Dushanbe and the reliability of power supply,

participants desire early implementation of the project.

* Mr. Yusufov Ikrom Sadulloevich : Head of Habib Ahrori Mahalla
Requested the submission a copy of the Land Permission that was issued to the Ministry of
Energy and Water Resources by the Mayor of Dushanbe.

—A copy of the Land Permission has already been submitted.

5. Dissemination
of the holding of
the stakeholder

consultation

Mr. Parviz Yahyoev of the Ministry of Energy and Water Resources made a phone call to Mr.
Yusufov Ikrom Sadulloevich, “Head of Habib Ahrori Mahalla,” 5 days before the stakeholder
conference, notifying the holding of the stakeholder conference concerning the rehabilitation
of Promyshlennaya Substation.

On the same day, the “Head of Habib Ahrori Mahalla” visited all residents of Habib Ahrori
Mahalla district, ensuring that people know about the holding of the stakeholder conference.
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1-3-5 Environmental Laws and Regulations

Table 1-7 shows related environmental laws and regulations of Tajikistan.

Table 1-7 Related Environmental Laws and Regulations

Title No. Enacted Date
Constitution of the Republic of Tajikistan — November 6, 1994
“Technical Regulation” Law
The law stipulating the change from the standards used in the former No.522 May 19, 2009
U.S.S.R. era to “International Standards”
“Environmental Protection” Law No.760 August 2, 2011
“Ecological Expertise” Law No.818 April 16,2012
“State Ecological Expertise Procedure” Decree No.697 December 3, 2012
“List of facilities and types of activities on Environmental Impact

No.253 June 3, 2013
Assessment” Decree
“Procedure for arrangement and conduction of Environmental Impact
No.509 August 1, 2014

Assessment” Decree
“Air Protection” Law No.915 December 28, 2012
“Air Code of Tajikistan” No.720 November 13, 1988
“Water Code of Tajikistan” No.11 November 29, 2000
“Ensuring Sanitary and Epidemiological Safety of Population Law” No.49 December 8, 2003
“Industrial and Consumer Wastes” Law No.44 May 10, 2002
“Procedure, Conditions and Methods of Collection, Use, Neutralization,
Transportation, Storage and Disposal of Industrial and Consumer Wastes” No.279 June 2, 2011
approved under Decree
“Criteria of Referring Hazardous Wastes to Classes of Danger for
Environment” adopted under the Order of the Chairman of Committee on No.810 March 7, 2008

Environmental Protection
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1-3-6 Climate Change Mitigation

Although Tajikistan has many glaciers, including the Fedchenko Glacier boasting the largest
size in Central Asia, approximately 30% of their mass has been lost in the past 70 years, and the
country is committed to taking measures against global warming. The Republic of Tajikistan
submitted the Intended Nationally Determined Contribution describing the country’s post-2020
climate actions to the UNFCCC (United Nations Framework Convention on Climate Change) on
September 30, 2015. Tajikistan intends to achieve a greenhouse gas emissions reduction target of
65-75% of the 1990 level by 2030 subject to new substantial international funding and technology

transfer.

1-3-6-1 Thermal Power Plants in Tajikistan and CO, Emissions

While there are three thermal power plants in Tajikistan, the only ones operating at the present
are TPP-1 (Thermal Power Plant) and TPP-2, which are both cogeneration plants.

TPP-1 (198 MW) has been operated since the 1960s and has become considerably
superannuated. This led to the construction of TPP-2, and TPP-2 Phase I (100 MW) started
operation in January 2014. In addition, the thermal power plant TPP-2 Phase 11 (300 MW) is now
in the stage of final confirmation test run, aiming at the start of operation in December 2016. After
the completion of Phase II, it will become TPP-2 (400 MW) and operated as a cogeneration plant
for the purpose of improving the power supply situation in winter. The amount of CO, emission
is approximately 65,000 ton-CO,/year for TPP-1 burning Mazut (black oil) and approximately
428,000 ton-CO»/year for TTP-2 burning domestic coal. Table 1-8 shows the data for TPP-1 and
TPP-2.

Table 1-8 Data for TPP-1 and TPP-2

TPP-1 TTP-2 Phase |
(1962, operated since 1965) (Operated since January 2014)
Capacity 198MW (4 units) 100MW (2 units)
Power Generation 57,456 501,65
(MWh/year) (Annual average in 2013-2015) (2015)
FON-YAGNOB
Fuel Type Mazut (Black Oil) COKE-COAL Diesel
(Domestic coal)
Net Calorific Values
(NCVs) (Glton) 41.06 28.2 43.0
CO2 Emission Factors
for Combustion 0.07737 0.0946 0.0741
(ton-CO2/GJ)
Emission Factor 1.140 0.853
(ton-CO2/MWh) (Annual average in 2013-2015) (2015)
CO2 Emissions 65,482 427,816
(ton-CO2) (Annual average in 2013-2015) (2015)
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* NCVs, CO; Emission Factors
Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 2 Energy
http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html

: TUV SUD Climate and Energy https://www.netinform.de/KE/
Landfill gas data table  https://www.netinform.de/KE/files/pdf/Annex3 (Landfill).pdf

(1) Contribution to the Greenhouse Gas Emissions Reduction

1) Because newly constructed Radiostantsiya Substation will take over approximately 30% of the
loads on superannuated existing substation, such as Tekstilmash Substation, Vakhdat Substation,
Centralnaya Substation, and Karamova Substation, the improved transformation efficiency of
Radiostantsiya Substation will result in the improvement of the transformation loss corresponding
to the part of electric energy that will be taken over by the new substation (MWh/year).

2) The extent of CO; emission reduction resulting from the improvement of transformation loss
was calculated assuming that the transformation efficiency of the new substation will be 1% better

than that of the existing substations.

3) With respect to the emission factor, TPP-1 (198 MW) has a higher emission factor than TTP-2
Phase [ (100 MW) in a comparison between the two thermal power plants operating in Dushanbe.
If the improvement of transformation loss translates into the reduction of power generation at
TPP-1 (198 MW), the amount of the avoided loss of electric energy will be equivalent to the
reduction of CO, emission by 2,037 ton-CO». The details of this calculation are shown in Table
1-9.

Table 1-9 Reduction of CO; Emission Achieved by the Construction of Radiostantsiya

Substation
Item Improvement resulting from
reduction of Transformer Loss
with upgrade Transformer

Transformer (MVA) 40
Assumed power factor 0.95
Active power (MW) 38
Annual mean load factor (%) 60
Annual electric energy supplied 178,704
(MWh)

Load loss at 40MVA (MW) 0.219
Load loss at power factor 0.95 0.1976475
(MW)

No-load loss (MW) 0.0205
Transformer efficiency (%) 99.43
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Power loss improvement rate (%) 1
Avoided energy loss (MWh/year) 1,787
Emission factor (ton-CO2/MWh) 1.14
CO2 emission reduction 2,037
(ton-COy)

1-31




Power loss improvement rate (%) 1
Avoided energy loss (MWh/year) 1,787
Emission factor (ton-CO2/MWh) 1.14
CO2 emission reduction 2,037
(ton-CO2)
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Chapter 2 Contents of the Project
2-1 Basic Concept of the Project
2-1-1 Overarching Goals and Project Goals

(1) Overarching Goals

Tajikistan has set the National Development Strategy (NDS) as its top level national goal, in
which the development of the energy sector is considered to be vital to further development of
the national economy and a subsequent increase in the level of happiness of the people.

The Government of Tajikistan cites three priority sectors under the NDS, which are a) energy,
b) transport and transportation, and c) food security.

Moreover, the Living Standard Improvement Strategy of Tajikistan (LSIS) states that making
energy sources usable safely and stably is a prerequisite for poverty reduction.

The Government of Tajikistan has formulated a series of development plans for the energy
sector, including refurbishment of the existing facilities and transmission network, and considers
the improvement of substations and development of new infrastructures in Dushanbe to be its

top priority.

(2) Project Goals
The project objective is to improve the electricity supply to the industrial and other civilian
sectors in Dushanbe, thereby contributing to the promotion of economic and social development,

and improvement in the living standards.
2-1-2 Overview of the Project

The Project aims to improve the electricity stable supply to the industrial and other civilian
sectors in Dushanbe without power outage caused by facility overload or failure throughout the
year, by rehabilitating and enhancing the 110kV Promyshlennaya Substation for power
distribution, and constructing new substations to achieve the objective mentioned above,
thereby contributing to the promotion of economic and social development, and improvement in

the living standards.

(1) Requests from the Recipient Country
The Tajikistan side has requested the following three components, which are listed in order
of their priority.
(i) (Rehabilitation of) Promyshlennaya Substation
For increasing of the 110/35/10kV transformer capacity, the two existing 25MVA
units will be replaced by two 40M VA units.

(i1) (New construction of) Radiostantsiya Substation
For the 110/35/10kV transformer, two 40MVA units will be installed.
(iii) (New construction of) Glavpochtampt Substation

For the 110/10/6kV transformer, two 25MVA units will be installed.
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(2) Proposed Project Coverage
The electricity system that supply electricity to Dushanbe has several urgent issues, such as
response to a sharp increase in power demand, improvement in the reliability of the electricity
supply system essential for maintenance and enhancement of the capital’s functions, and
systematic rehabilitation of the existing facilities that are fairly aged as a whole. However,
taking short-term investment effects, total project cost and other factors into account, we have

to select two out of the three components requested by the recipient country.

To narrow down to two components, the Survey Team has considered the priority order of
the recipient country, and thus proposes the (rehabilitation of) Promyshlennaya Substation
and the (new construction of) Radiostantsiya Substation.

Even if the number of target substations has been reduced, the total substation capacity has
been increased from 144MVA of the initial request to 160M VA of the two components.

1) Promyshlennaya Substation (rehabilitation)

110kV bay unit equipment, transformers, and 35kV and 10kV distribution switchgears,
among other things, were manufactured in the 1960s, and thus are fairly aged and have
frequent problems. The personnel concerned have difficulty operating and maintaining these
facilities, so that main equipment will be replaced by latest equipment, while bus bars that are
still usable will continue to be used. While these facilities are replaced, the capacity of
transformer will be enlarged from the current 25MVA to 40MVA for a likely increase in the

power demand.

As for the sharing between the secondary (35kV) and tertiary (10kV) sides, there is a gap
in peak time: a peak at daytime for supply to factory areas on the 35kV side and a peak at
night for supply to residential areas on the 10kV side. Thus, their capacities will be made
20MVA and 40MVA, respectively.

2) Radiostantsiya Substation (new construction)
This new substation will cover some 30% of the load of the existing substations, including

Tekstilmash, Vakhdat, Centralnaya, and Karamova Substations.

The substation will consist of two 40MVA transformer units with the capacity of S0OMVA to
be connected to four 35kV transmission cables and 20 10kV distribution cables.
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2-2 Outline Design of the Japanese Assistance
2-2-1 Design Policy
2-2-1-1 Basic Policy

The basic matters including the final components, theadequate capacity of the substations,
and the number of distribution feeders to be connected have been determined in consideration of
the results of the Preliminary Field Survey, subsequent discussions with the counterpart,
revisions to the initial requests (additional requests), evaluation of the relevance of the revisions,
and technical considerations.

The revisions to the initial requests, evaluation of their relevance, selection of components
and other basic matters are described below.

(1) Requests of the Recipient Country
Tables 2-1 to 2-3 list the initial requests and finalized requests in consideration of the
additional requests.

Table 2-1 Revisions in relation to Promyshlennaya Substation

Present specifications Requests Revisions to the requests

110kV and 35kV outdoor air | + 110kV and 35kV outdoor air | * 110kV outdoor air insulation

insulation systems (AIS) insulation systems (AIS) system (AIS)
+ 110/35/10kV +110/35/10kV + 110/35/10kV
25/25/25MV A 40/20/20MVA 40/20/40MV A
Main transformers x 2 Main transformers X2 Main transformers x 2
* 10kV indoor switchgears + 10kV indoor switchgears  35kViindoor switchgears

+ 10kV indoor switchgears

Table 2-2 Revisions in relation to Radiostantsiya Substation

Requests Revisions to the requests
+ 110kV gas insulated switchgear (GIS) + 110kV outdoor air insulation systems (AIS)
+ 110/6kV 16MV A main transformers x 2 + 110/35/10kV 40/20/20MV A main transformers x 2
* 6kV outdoor switchgears + 35kV and 10kV indoor switchgears

Table 2-3 Revisions in relation to Glavpochtampt and Glavnaya Substations

Requests Revisions to the requests
* 110kV gas insulated switchgear (GIS) + 110kV outdoor air insulation systems (AIS)
*+ 110/6kV 16MV A main transformers x 2 + 110/6/10kV 25/12.5/12.5MV A main transformers x 2
* 6kV outdoor switchgears + 10kV and 6kV indoor switchgears

+ 110kVXLPE underground cable, 2 lines, 120mm?2 x 3, 1.7km
(GlavnayaSS—Glavpochtampt SS)

+ 110kV transmission end switchgear in GlavnayaSS
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(2) Consideration of Relevance and Appropriateness of the Transformer Capacity
Requested by the Recipient Country

1) Results of Consideration of Relevance and Appropriateness of the Transformer
Capacity at Promyshlennaya Substation
With regard to consideration of relevancy, Table 2-4 shows estimated maximum power
demand for Promyshlennaya Substation, and Table 2-5 shows changes in the power demand
from 2011 to 2013 and estimated demand until 2020 on the assumption that the demand
grows from 2013 on at the rate recorded in 2013.

Table 2-4 Estimated Maximum Power Demand for Promyshlennaya Substation
(Unit: MW)

2017 2018 2019 2020 2025

Summer | Winter Summer | Winter Summer Winter Summer Winter Summer | Winter

48.0 54.0 49.2 55.9 50.4 57.9 59.2 59.9 66.3 70.4

Note: The figures are the sum of 2 banks.

Source: prepared by the Survey Team based on materials of BT.

Table 2-5 Changes in Power Demand and Estimated Demand

Customers 2011 2012 2013 2020
Power Demand Power Demand Power Demand Power Demand
Industrial and
business use (kWh) 26,393,039 34,493,669 38,977,845 91,699,856
y/y growth rate (%) 31 13 13
Public facilities and
social services 3,897,774 8,999,029 10,438,873 12,400,091
(kWh)
y/y growth rate (%) 131 16 16
Pump and other
electric power 1,521,897 3,521,497 4,049,721 10,772,338
(kWh)
y/y growth rate (%) 131 15 15
General use (kWh) 121,215,041 137,415,617 160,776,335 482.528,708
y/y growth rate (%) 17 17 17

Source: prepared by the Survey Team based on materials of BT.

Currently, two transformers supply electricity to the industrial sector including pulp
factories and high-rise condominiums and other residential buildings in Ibn Sina district, but
these sectors and district suffer from frequent power outages because of breakdown of aged
facilities and, in winter when the power demand is high, tripping of these facilities due to
overload.

As for the sharing between the secondary and tertiary sides of the transformer, the recipient
country has requested that they will be designed to have an enough capacity of 100% (the
capacities of the primary, secondary and third sides to be 40, 20 and 20 MVA, respectively).
This is because of different peak times between the 35kV transformer, which has a peak at
daytime in factory areas, and the 10kV transformer, which has a peak time at night in
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residential areas. The Survey Team has conducted hearings to find out actual supply and
demand in detail, and agreed with the counterpart that the project will procure two
transformers of the capacity of 110/35/10kV 40/20/40MVA.

2) Results of Consideration of Relevance and Appropriateness of the Transformer
Capacity at Radiostantsiya Substation

With regard to consideration of relevancy, Table 2-6 shows estimated maximum power
demand for Radiostantsiya Substation, and Table 2-7 shows trends in the number of
customers of and the power demand (kWh) to substations to be connected to Radiostantsiya

Substation.

Table 2-6 Estimated Maximum Power Demand for Radiostantsiya Substation

(Unit: MW)
2019 2020 2025
Summer Winter Summer Winter Summer Winter
55.2 76.8 56.7 79.5 58.3 82.3

Note: The figures are the sum of 2 banks.
Source: prepared by the Survey Team based on materials of BT.

Table 2-7 Trends in the Number of Customers of and Power Demand to Substations to
be Connected to Radiostantsiya Substation

Substations to be 2011 2012 2013
connected
No. of Power No. of Power No. of Power
customers Demand customers Demand customers Demand

Tekstilmash (kWh) 8,311 92,420,074 8,978 99,655,558 9,120 101,414,440
y/y growth rate (%) 8 8 2 13
Vakhdat (kWh) 6,345 61,262,751 7,123 68,772,565 7,968 88,604,160
y/y growth rate (%) 12 12 12 29
Centralnaya (kWh) 5,652 76,860,019 6,135 83,428,205 6,865 89,245,031
y/y growth rate (%) 9 9 12 7
Karamova (kWh) 103 1,219,712 189 2,238,112 235 2,667,250
y/y growth rate (%) 83 83 24 19

Source: prepared by the Survey Team based on materials of BT.

Radiostantsiya Substation supplies electricity to the central part of Dushanbe, where many
important facilities including the Presidential Palace are located. It covers some 30% of the
load of the existing substations, including Tekstilmash, Vakhdat, Centralnaya, and Karamova
Substations.

The capacity of transformers to be procured has been calculated in accordance with the
estimated demand in the table above. It is relevant to newly built transformers of SOMVA
(two 40MVA transformers) to be connected to two 35kV transmission cables and 20 10kV

distribution cables.
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Meanwhile, an overhead transmission line (35kV) that passes above the project site will be
segmented to take in the power source after the voltage is increased to 110kV. This work will
be conducted by BT.

3) Results of Consideration of Relevance and Appropriateness of the Transformer
Capacity at Glavpochtampt Substation

With regard to consideration of relevancy, Table 2-8 shows estimated maximum power
demand for Glavpochtampt Substation, and Table 2-9 shows trends in the number of
customers of and the power demand (kWh) to substations to be connected to Glavpochtampt

Substation.

Table 2-8 Estimated Maximum Power Demand for Glavpochtampt Substation

2019 2020 2025

Summer Winter Summer Winter Summer Winter

14.4 21.7 14.8 225 17.0 26.4

Note: The figures are the sum of 2 banks.
Source: prepared by the Survey Team based on materials of BT.

Table 2-9 Trends in the Number of Customers of and Power Demand to Substations to
be Connected to Glavpochtampt Substation

Substations to be 2011 2012 2013
No. of Power No. of Power No. of Power
connected customers Demand customers Demand customers Demand

Glavnaya (kWh) 2345 | 22,181,621 3,612 | 34,166,317 4,720 45,071,280
y/y growth rate (%) 54 54 31 32
Centralnaya (kWh) 5,652 | 76,860,019 6,135 | 83,428,205 6,865 89,245,031
y/y growth rate (%) 9 9 12 7

Vakhdat (kWh) 6,345 61,262,751 7,123 68,772,565 7,968 88,604,160
y/y growth rate (%) 12 12 12 29
Tekstilmash (kWh) 8,311 | 92,420,074 8,978 | 99,655,558 9,120 101,414,440
y/y growth rate (%) 8 8 2 13

Source: prepared by the Survey Team based on materials of BT.

The substation equipment will be enhanced to increase the electricity supply to the Ismail
Somoni district (residential area) in Dushanbe, where the power demand is sharply increasing.
The capacity of the facilities is considered to be relevant because the power demand is

expected to increase sharply.

(3) The Necessity of the Target Substations and the Priority Order from the Perspective of
the Electricity System
The electricity system that supplies electricity to Dushanbe has the following urgent issues.

Response to a sharp increase in power demand;
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Improvement in the reliability of the electricity supply system essential for
maintaining and enhancement of the capital’s functions;

Systematic rehabilitation of the existing facilities that are fairly aged as a
whole, etc.

It is considered that the plans to build new substations, and rehabilitate and increase the
capacity of the existing Promyshlennaya Substation are both effective to solve the issues
listed above.

From the viewpoint of investment effects, at the same time, the construction of two
substations will have long-term effects as they will alleviate the load of the surrounding aged
substations and pave the way to systematic rehabilitation and enhancement of the electricity
system as a whole.

However, the candidate construction sites of the two new substations are located across the
river from the existing Promyshlennaya Substation, and have difficulty alleviating the burden
on the existing substation by serving as important regional substations. Thus, the
Promyshlennaya Substation itself needs to be rehabilitated and enhanced, too.

Radiostantsiya Substation, one of the new substations to be constructed, will supply
electricity to the Presidential Palace and other important governmental facilities.
Enhancement of the stable electricity supply will be of great significance.

Accordingly, the priority order of the counterpart — that is, (1) rehabilitation and capacity
expansion of the existing Promyshlennaya Substation; (2) new construction of Radiostantsiya
Substation; and (3) new construction of Glavpochtampt Substation — is considered to be
relevant, while, from the viewpoint of short-term investment effects, total project costs and
other factors, priority should be given to rehabilitation and capacity expansion of the existing

Promyshlennaya Substation, and new construction of Radiostantsiya Substation.
2-2-1-2 Policy on Natural Conditions

The following natural conditions should be taken into account in relation to designing of
substation facilities.

+ The surrounding temperature is under 40°C, the design condition of ordinary electrical
products. Direct sunlight and ultraviolet radiation increase the temperature inside electrical
products above 40°C, having negative effects on operations and lifespan of semiconductors
and other electronic parts.

Therefore, distribution switchgears, control panels and other electronic parts should not be

installed under direct sunlight, but placed indoors to be kept away from direct sunlight.

To avoid direct lightning stroke to air insulation parts of busbars and equipment, lightning
rods or overhead grounding wires must be installed. In preparation for the intrusion of
surges into special high-voltage transmission lines and towers, and overhead distribution
lines and towers as a result of lightning stroke, lightning arrestors must be installed at

entrances of transmission and distribution lines.
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+ Earthquakes in the past have been taken into account, so that the structural design will be
made with the seismic coefficient, k=0.2, so that the structures can be resistant to

earthquakes of magnitude 6.
2-2-1-3 Policy on Social and Economic Conditions

With regard to rehabilitation of the existing Promyshlennaya Substation, the following
matters will be considered in detail so as to avoid negative impacts of outages on society as a
result of long-term suspension of the facilities, and secure safety of workers.

- Examining if it is necessary to construct temporary facilities, and securing its construction

site

+ Establishing the procedure to replace facilities to minimize the outage period

+ Securing the safety of construction work

+ Establishing the procedures to transport facilities to be removes, and safety and

environmental measures while the facilities are provisionally stored on the premises

2-2-1-4 Policy on Construction Work

The project area is the capital of Tajikistan, where governmental facilities, and many
large commercial facilities and office buildings are located. Construction projects of large
facilities are also in progress. These projects include electricity work. And there are multiple
businesses capable of engaging in electricity work in Dushanbe, which is good for construction

work for the Project.
2-2-1-5 Policy on Usage of Local Contractors, Equipment and Materials

According to hearings to local contractors in Tajikistan and records of the implementing
agency on project order placement, it is relatively easy to hire construction workers, leasing
vehicles, construction equipment and materials in the country. It is also possible to place orders
for electrical, civil engineering and construction works involved in the rehabilitation of the
substation. Thus, the construction plan will be formulated to take advantage of local contractors

hiring local skilled and ordinary workers.
2-2-1-6 Policy on the Operation and Maintenance Capacity of the Implementing Agency

BT, which is in charge of O&M after the implementation of the Project, has a certain
technological standard and stably engages in operations, management and maintenance of
substation facilities across the country. Thus, it is considered to have the O&M capaility for

substation facilities to be procured under the Project.

The Survey Team will make a proposal for the operation and maintenance system after the
facilities to be supplied start operations. More specifically, the Survey Team proposes that
Japanese engineers will conduct training on operations and maintenance inspections of the

facilities during the construction period, and that the Project will also supply maintenance tools
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and O&M manuals related to equipment to be procured under the Project.

2-2-1-7 Policy on the Determination of the Coverage and Grades of Facilities and
Equipment

In consideration of the conditions described above, the coverage of materials and equipment
to be procured and installed under the Project, and the technological level will be determined as

basic policy.

(1) Policy on the Coverage of Facilities and Equipment
The Project will rehabilitate and newly construct substation facilities so that they can start
to stably supply electricity to governmental facilities, commercial facilities, factories and

residential buildings by the target year of 2025.

The Japanese side will procure and install facilities, and local contractors will install and
adjust equipment to be procured under the Project in the manner of facilitating the Tajikistan
side themselves to operate and manage these electricity facilities. Moreover, for economic
efficiency, the Project will use as many standard materials and equipment meeting
international standards as possible, and adopt minimum necessary facility components and

specifications.

(2) Policy on Setting of Grades
The substation facilities to be constructed and procured under the Project will be designed
in conformity with the structure of the existing facilities, technological standards, work
manuals and other factors of BT. Any facilities and equipment beyond the technological level
of BT, which is in charge of O&M after the delivery, should be avoided.

2-2-1-8 Policy on Work and Procurement Methods, and Work Schedule

The Project will be implemented according to the Japanese Grant Aid Cooperation
scheme, and thus the installation needs to be completed within two years after the conclusion of
G/A. At the same time, to complete the construction work within a predetermined schedule and
generate expected effects, the work processes on the Japanese and Tajikistan sides need to be
well coordinated. The entire process must be planned in consideration of inland transportation
routes, method, period and procedures.

The Project requires simultaneous construction of two substations. Thus, the work
process will be planned so that efficient work can be conducted under an appropriate
implementation system. At the same time, work methods familiar to local contractors and
engineers will be adopted, and an instruction and supervising system will be established so that

the construction work will be carried out safely and swiftly.

Promyshlennaya Substation tends to cause outages due to excessive load particularly in

winter. Thus, the process plan will be formulated to avoid winter.
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2-2-2 Basic Plan (Facility Plan/Equipment Plan)
2-2-2-1 Prerequisites for the Plan

In any project to construct a substation of this kind, the systematic location of the
substation and its distribution coverage must be determined normally after confirmation is made
on the relevance of the electricity supply system and amount based on expected power demand
and system analysis, and cooperation with other development projects including those for other
power generation facilities. In this Project, however, the project sites, voltages and capacities

have been determined in accordance with Tajikistan’s system enhancement plan.

Therefore, to simply satisfy the requests of the Tajikistan side, it would be enough to
provide hard and soft infrastructure in line with thee requests. But it is doubtful if this will
guarantee the enhancement of the electricity supply system, which the Tajikistan side actually
looks for.

As the basic plan of the Project, the following matters must be considered.

(1) Necessity of Demand Estimation
This survey will collect and analyze the following information, and examine the

consistency with the requests of the counterpart, and the relevance of facilities to be procured.

(i) Examining the relevance of estimated demand for the electricity in the distribution area of
the substation concerned. Estimated data will be presented by the counterpart, and
examined from economic and social perspectives.

(See section 2-2-1-1 “Basic Policy™)

(i1) Examining the feasibility of electricity supply from the upper electricity transmission
system of the substation concerned, geographical location and transmission system.

(iii) Following the results of the examinations above, discussing the requests of the

counterpart and recommendations of the Survey Team.

(iv) Examining whether the requests (including requests to facility manufacturers, etc.) are

appropriate in terms of facility operations and maintenance.

(2) Target Year of the Project
The Project aims to fulfill highly urgent requests of the counterpart. In consideration of the
consistency with similar Grant Aid Cooperation projects, the target year of the facility plan
has been set to 2025.
The target year of the project evaluation including evaluation of beneficiary effects has

been set to three years after the commencement of services.
2-2-2-2 Electricity System Analysis
To confirm the relevance and effectiveness of the project components, the Survey Team has
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analyzed the electricity system. Appendices 6 and 8 show the result of detailed analysis and data

used.

(1) Basic Policy on the Electricity System Analysis in This Survey

Table 2-10 shows the basic policy on the electricity system analysis. The analysis has used

the supply system model in Dushanbe taken from the system diagram of the entire country, as

well as data on the power demand, which was provided by BT.

Table 2-10 Basic Policy on the Electricity System Analysis

Item Basic policy
o Examining the relevance and necessity of the capacities of major components
Objective o ) )
(circuit breaker and transformer) to be supplied under the Project
Coverage The electricity supply system in Dushanbe

Short circuit current

Confirming the breaking capacities of the substations to be rehabilitated and newly

constructed
Confirming the relevance of the capacities of transformers of the substations to be
Load flow .
rehabilitated and newly constructed
Vol Calculating the voltage sensitivity of the present system, and confirming if phase
oltage

modifying equipment will be needed in future

Transient stability

Confirming any disturbance of the generator of the power station due to an accident
at one electricity supply cable of the power station, though it is less likely to have an
impact on the transient stability of the substations to be rehabilitated and newly

constructed

Major cross-section

For short circuit current, expected cross-sections before and after the
rehabilitation/new construction in FY2018 will be used.

For voltage and electricity system analysis, expected cross-sections each fiscal year
up to FY2020, and in FY2025 will be used.

Evaluation method

Confirming that the rated breaking capacity of the breakers at the substations are
within short circuit current values.

Confirming that the transformer flow is within the capacity, and that the transformer
has a relevant load flow in recent fiscal years

Confirming that the present voltage fluctuation range has no particular problem in
line with the voltage sensitivity calculated, and confirming if phase modifying

equipment will be needed in case the voltage lowers in future.

Prerequisites

Conducting system analysis with data provided by BT

(2) Confirmation of the Analysis Results, and Relevance and Effectiveness of the Project

1) Short Circuit Current

Prior to the rehabilitation of Promyshlennaya Substation and new construction of

Radiostantsiya Substation, the Survey Team has checked the necessary breaking capacity of

their incoming circuit breakers, and confirmed that there will be no problem with the design
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specification of 31.5kA. The team has also confirmed that the present short circuit current

will not increase at other substations.

Table 2-11 shows the result of calculation of short circuit currents before and after the

rehabilitation and new construction.

Table 2-11 Results of Calculations of Short Circuit Currents

) Before rehabilitation After rehabilitation/new
Substation Voltage class (kV) )

(kA) construction (kA)

110 24,15 24,05

Promyshlennaya 35 7,35 5,88

10 11,99 1119

110 -- 25,50

Radiostantsiya 35 -- 6,10

10 -- 5,33

2) Load Flow

BT’s estimated values of load flows before and after the rehabilitation of Promyshlennaya
Substation, and at the time of the new construction of Radiostantsiya Substation suggest the
necessity of this Project. The Survey Team has confirmed the future situation of the electricity
system, including loads on other substations when conducting analytical calculation of load
flows.

Table 2-12 shows estimated load flows of Karamova and Sebernaya Substations near
Radiostantsiya Substation, both of which have heavy loads but will see considerable
decreases in load flows if Radiostantsiya Substation is constructed. Estimated cross-sections
for 2025 indicate that the availability factor of Promyshlennaya Substation is 88% and that of
Radiostantsiya Substation is 103%. BT estimates, on the other hand, that the load of
Promyshlennaya Substation will increase at 3.5% per year after 2020, and that the load of
Radiostantsiya Substation will increase at 2.8% per year after 2020. Taking into account the
fact that the neighboring Karamova and Sebernaya Substations have spare capacities in their
banks, the Survey Team finds it economically effective to enhance the interconnection of
distribution lines in the entire areas of the city, average out the availability factors of these
substations via redistribution of supply areas, and delay the construction of new substation as
much as possible. The two substations to be newly constructed are expected to supply
electricity to the central part of the city, and have load flows in preparation for a sharp
increase in loads as a result of future re-development of the city, so the actual availability
factor will considerably depend on the progress of such re-development. Thus, to avoid a
specific substation from having a high availability factor, it is desirable to enhance the

interconnection of distribution lines as stated above. If an ideal load distribution is realized,
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each substation will see an increase in load flow by 5% per year of the average load flow in

the entire city. Table 2-12 indicates that the availability factors of Promyshlennaya and
Radiostantsiya Substations will be 88% and 103%, respectively, in 2025 if the average growth

rate of the city is set at 5% per year.

Table 2-12 Estimated Load Flows of Promyshlennaya and Radiostantsiya, and

Neighboring Substations

Name of Facility 2017 2018
substation capacity Summ Availa ‘Winter Availa Summ Availa ‘Winter Availa Change of Winter Availa
er bility (MW) bility er bility Before works bility facility After works bility
(MW) factor factor (MW) factor (MW) factor capacity (MW) factor
PROMY 66MVA 48% 96% 54 108% 49.2 58% 55.9 112% | 96MVA 55.9 70%
SHLEN (25MVAx 2, (40MVA x 2,
NAYA 16MVA x 1) 16MVA x 1)
RADIOS OMVA SOMVA 63.5 79%
TANTSI (40MVA  x
YA 2)
KARAM S0MVA 312 62% 54.8 110% 33.6 67% 57.6 115% | SOMVA 242 48%
OVA (25MVA x 2) (25MVA  x
2)
SEBER S0MVA 19 38% 38.8 78% 21 42% 41.2 82% | SOMVA 11.4 23%
NAYA (25MVA x 2) (25MVA  x
2)
Name of Facility 2019 2020 2025
substation capacity Summer Availa Winter Availabili Summ Availa Winter Availa Summ Availa Winter Availa
(MW) bility (MW) ty factor er bility (MW) bility er bility (MW) bility
factor (MW) factor factor (MW) factor factor
PROMY 96MVA 50.4 63% 57.9 72% 59.2 74% 59.9 75% 66.3 83% 70.4 88%
SHLEN (40MVA x 2,
NAYA 16MVAx 1)
RADIOS 8OMVA 55.2 69% 76.8 96% 56.7 70% 79.5 99% 583 73% 823 103%
TANTSI (40MVA x 2)
YA
KARAM 50MVA 184 37% 31.2 62% 19.2 38% 32.8 66% 24.6 49% 42 84%
OVA (25MVA x 2)
SEBER S0MVA 2.8 6% 10 20% 32 6% 10.8 22% 6.2 12% 16 32%
NAYA (25MVA x 2)

Note: The numerals in parentheses of 2025 lower line show the case of 5%/year current consumption increase

Source: prepared by the Survey Team based on materials of BT.

3) Voltage

Table 2-13 shows the voltage sensitivity calculation results, that is, changes in voltage

when the reactive power of 1Mvar is input in the 35kV bus bar of each substation. It shows

that the voltage changes by a mere 0.048% on average in response to an increase in the
reactive power by 1Mvar (0.02kV at the 35kV bus). Thus, if the voltage adjustment ranges
from -10% to 10% (£3kV at the 35kV bus) due to operation of tap changer, there will be no
problem for the time being.
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Table 2-13 Calculation Results of Voltage Sensitivity
Sensitivity calculation Result(6V/6Q) at 35kV Bus (Sl Whar)

CEBEPHAHA

(SEBERMAYA S/5) 0.003%
HAFPAMOB A

(KARAMOWA 5/5) 0.077%
MPOMBILLNEHHAA 0,083
(PROMYSHEMMEY A S/3) :
average 0.043%

0.02k0 A1 War 35k base)
Result

0 2kv/1OMvar 35k\Vbase)

Source: prepared by the Survey Team based on materials of BT.

4) Transient Stability

The rehabilitation and new construction under the Project will not involve any change in
power sources and transmission cables, so no particular problem will rise in relation to the
transient stability of the generators in case of an accident of the transmission lines. But
because the Project will cause changes in load flows of these substations, the Survey Team
has conducted simulation of disturbance of the generator in case of an accident where
lightning or other factor interrupts one of the two transmission lines. The simulation has been
addressed to the power plant near the accident site, 'DC-1 (GES1), and adopted the
cross-sections after the rehabilitation and new construction in winter 2018. It has confirmed
that the circuit breaker opens in 200ms after the accident (breakdown continues for 200ms),

but the disturbance ceased in a short period time, causing no problem at all.
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2-2-2-3 Distribution System in Dushanbe

(1) Present Distribution System in Dushanbe

The distribution system in Dushanbe consists of 35kV, 10kV and 6kV transmission lines to
supply electricity. The total capacity of the transformer is approximately 910MVA, of which
120MVA is supplied via the 35kV transmission lines to large factories. The 10kV and 6kV
lines are chiefly for general households, and the power demand is the highest at night in
winter, when they use heating systems. The authorities intend to upgrade the 6kV lines to
10kV lines to respond to the recent increase in the power demand, so the present distribution
system has a mixture of different voltages.

(2) Issues of the Distribution System and Recommendations for Improving the Situation
1) Distribution Poles and Electric Wires
The present distribution poles are made of concrete and installed at the depth of about two
meters, which are bound with wooden poles by bind wires. Most electric wires of distribution
lines are uncovered. Thus, these poles need replacement, and wires need to be covered.

2) Measures against Grounding Fault
Even if a grounding fault occurs to one of the 35kV lines, the line cannot be blocked
because the protection relay is an old model, but arc-suppression coil is used to deal with such

a problem. Thus, the protection relay needs to be upgraded.

3) Remote Supervisory Control of Distribution lines Using the Supervisory Control and
Data Acquisition System (SCADA)

The section switch of distribution lines cannot be remotely controlled, so it takes time to
recover the system once an accident occurs. Currently, SCADA has been systematically
applied to the upper system, but it is necessary to apply it also to the distribution system for

swift operations and energy-saving.

4) Introduction of Automatic Voltage Adjustment

Currently, the voltage of the upper system is not systematically controlled, so if the voltage
of the 110/35/10kV transformer is adjusted automatically, the tapping becomes frequent. To
avoid this, voltage adjustment is made manually, which causes the voltage fluctuation to be

large. An automatic voltage adjustment system needs to be introduced.
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2-2-2-4 Situation of the Project Sites

(1) Promyshlennaya Substation (existing facility)

Promyshlennaya Substation is an air insulated substation and there is relatively room to spare
around the equipment. However, it will be difficult to install the replacing equipment at a
different location in the substation, and shift the operations from the existing to the new
substation. Thus, one of the two systems will be gradually halted, while the substation itself
continues to be operated. Then, the existing equipment will be removed, and the new facility
will be installed at the same place. It is possible to secure a space for temporary storage of the
equipment to be removed and new equipment.

The distribution switchgears are cubicle-type, combined facilities. Because they cannot be
replaced by new ones at the same location, and also because both the switchgear control and
protection units and DC supply system are located indoors to avoid high temperature and
sunlight in summer, an indoor space of housing will be needed to store these facilities. In order
to construct building, the transformer secondary and tertiary busbar conductor to distribution
switchgears and support steel structures are all obstacles, these will be removed by the use of
temporary installed power cables instead of busbars. Figure 2-1 shows the state of the facilities

at Promyshlennaya Substation.

25MVA transformer 25MVA transformer and busbar conductor to
10KV distribution switchgear building

10kV indoor distribution switchgear

10KV distribution switchgears
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10kV busbar conductor

Temporary storage for removed equipment

35kV switchgears and support structure

Figure 2-1 The State of Facilities at Promyshlennaya Substation
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(2) Radiostantsiya Substation
BT has already secured almost flat land in a re-development area, for which a land use permit
was issued as of January 27, 2016.

Some walls that no longer exist are left in the project site and need to be removed, and the site
also needs land preparation before the commencement of the construction work at the expenses
of the Tajikistan side. At the same time, road work for the delivery of the transformers, and
securing and preparation of land for the lead-in line tower of 110kV transmission lines are

needed. Figure 2-2 shows the state of the project site and surrounding areas of Radiostantsiya
Substation.

35KV transmission tower

Transmission wires to be removed

\

Relation between the site for Radiostantsiya Substation (in red box) and transmission tower for which
the voltage is raised to 110kV

110KV transmission tower

Project site Neighboring area

Figure 2-2 The State of Construction Site for Radiostantsiya Substation and

Neighboring Area
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2-2-2-5 Project Overview in line with the Design Policy

(1) Position of Substations in the Network
The power network in Dushanbe, electricity first transmits from the 220kV overhead
transmission lines near the city and then, via 110kV overhead transmission lines, to the
distribution substation located in the central part of the Dushanbe. Electricity is then
distributed via 35kV, 10kV and 6kV distribution network. The 35kV distribution network are
for the electricity supply to large customers and distribution substations to lower the voltage
to 10kV and 6kV for smaller beneficiaries.
Promyshlennaya and Radiostantsiya Substations are located in areas where the demand
density is high, and distribute electricity to 35kV and 10kV distribution network.

(2) Type of Substations
Both substations are outdoor air insulated type, which receive electricity from two 110kV
transmission lines and lower voltage with two three-winding transformers (each can steps
down the voltage to two different levels). The total capacity is SOMVA (40MVA x 2).
The 35kV and 10kV distribution switchgears are an indoor cubicle type.

(3) Substation Arrangement and Protection Methods

The circuit arrangement of the substation is typical of BT’s distribution substations, which
are economically efficient with no circuit breaker in the side of 110kV bay unit and in the
transfer bus between two bay units. The connecting operation of facilities consisting of two
systems will be made with disconnectors in the transfer bus. The combination of two systems
35kV and 10kV distribution switchgears will be made with a circuit breaker in the transfer
bus.

As for the system grounding, direct grounding will be adopted for the primary, and
non-grounding for the secondary and tertiary systems.

With regard to the protection system for equipment (incoming facilities, transformers and
distribution switchgears) and distribution lines, the current-limiting reactor of the
arc-suppressing method, which has been used for the secondary non-grounding winding (and
needs retuning when the system is changed), will be replaced by a simple but
high-performance system. Power receiving transmission lines will be protected on the side of

transmission substations.

(4) Design Conditions
1) Climatic and Other Service Conditions
Table 2-14 shows the climatic conditions of Dushanbe, which will apply to the designing
of equipment, steel structures, foundations and other components, and which need to be
confirmed if they are applicable for the Project. As the conditions are above the ordinary
service range of the standards of equipment (under the elevation of 1,000m within the

ambient temperature range of -20 and +40°C), care must be taken.
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Table 2-14 Climate and Other Usage Conditions

Elevation 800m
Max +45.0°C
Ambient
Min 27C
temperature
Ave 15.0C
Maximum wind speed 34m/sec
Precipitation 644mm/y
Seismic coefficient 0.2G
Soil bearing capacity 100kN/m2

Source: prepared by the Survey Team based on materials of BT.

2) Applicable Standards and Units

Standards applicable to equipment will be basically the International Electrotechnical
Commission (IEC) Standards, the Japanese Electrotechnical Committee (JEC) Standards, and
others designed in accordance with these standards (IEC Standards, etc.).

(5) Facility Plan
1) Approach to Selection of Equipment Specifications
Technical considerations have been made for specifications of equipment, and equipment
conforming to IEC Standards, etc. have been selected.

a) Voltage Rating
The nominal voltages of the system are 100kV, 35kV and 19kV. The rated voltage of

equipment has been selected from among IEC standard values.

b) Rated Current
The rated continuous and temporally over loading current of equipment has been

determined in accordance with the calculation of the maximum current requirement on the
assumptions that a transfer bus is used for while one of two transmission lines or bay units is
stopped, and that a transformer allows 120% over loading for a short period time.

The power flow analysis has been conducted, and the rated short circuit withstand current
has been determined in accordance with BT s data on the system and operation plans.

¢) Insulation Level

The insulation level against the withstand overvoltage, such as short-time AC overvoltage,
lightning surge and switching surge, has been determined in accordance with the insulation
coordination philosophy that lighting arrestors are installed at the incoming of transmission
lines and transformer terminals.

Moreover, as conditions for electrical insulation design, the insulation level in the air
insulated bus structure, external creepage distance of porcelain against contamination
adhesion, spacing clearance between live parts and construction machines, required and other
factors have been taken into account.
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d) Voltage Control
On-load tap changer will be installed on the primary side of the transformer, for remote

electrical operation and for automatic control, so that the voltage can be controlled within the
range of 115kV+9x1.78%. On the secondary side, the off-load tap changer will be installed,
the secondary voltage can controlled within the range of 38.5kV+2x2.5%.

e) Earthing System

The earthing system of the substations will be earthing mat or mesh of bare copper wire
buried 75¢cm deep. The bare copper wire and grounding rods will be buried so that the earth
resistance value is 1Q or below.

f) Monitoring and Control System

The monitoring and control system will be designed so that monitoring and controlling
operations can be conducted directly from the control panels for the 110kV bay units and
distribution switchgears of the substations. The system will be considered so that these
operations can be remotely in future. Optical ground wire (OPGW) will also be installed to

transmit the data and voice for control and monitoring.

g) LV(AC and DC) Supply System

The AC supply system for control of equipment, auxiliary facilities and lighting systems
comprise two auxiliary transformers of the 10kV distribution switchgears, where the voltage
step down to 220V and 110V. The 110VDC supply system for the switchgear control and

protection units comprise battery and battery charger unit.

h) Disaster Resistance

As for disaster resistance measures, other than those against lightning and damage
described in Section “Current Overload and Electrical Insulation Capacities”, there is no need
to set any special load conditions in the course of designing steel structure and equipment
against strong winds because of the expected maximum wind speed. As for aseismic
resistance, no particular measure needs to be incorporated in the specification of equipment,
any of which satisfies the aseismic design standards of the country.

2) Specifications of Main Equipment

Table 2-15 lists the specifications and components of main equipment. This section
outlines the characteristics of main equipment.

The quantities of power cables and other materials necessary for the installation work have
been calculated based on the physical layout drawings of equipment and steel structural

drawings.

a) 110kV Switchyard

In the 110kV switchyard, a gas (SFe) circuit breaker, disconnector switches (with earthing
switches), a current transformer, a voltage transformer, and lightning arrestors are installed as
for the 110kV bay unit, that is the one of the BT’s air insulated distribution substation
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standard.

b) 110kV Transformer

Three-winding transformers have been selected, which have been little used other than in
former Soviet Union countries, but are still standard at BT. Three-winding transformers
becomes less efficient if the load sharing among the secondary and third windings is not
systematic enough, but is flexible to changes in future plans when it is difficult to estimate the
future power demand.

For the capacity expansion of Promyshlennaya Substation, 40MV A will be allocated to the
primary winding, 20MVA to the secondary and 40MVA to the third in consideration of the
gap in peak times between customers of the 35kV distribution system (large consumers such
as factories) and those of the 10kV distribution system (chiefly general households), and for
the purpose of maximizing the supply to the 10kV distribution system .

Equipment related to Transformer No.3 (110/10kV,16MVA) of Promyshlennaya
Substation, which supplies electricity to the leased customer, will not be included in the
Project.

¢) 110kV Busbars and Structures
The busbars and support structures currently in use will continue to be used for

Promyshlennaya Substation.

Radiostantsiya Substation, on the other hand, consists of transfer bus between bay unit
Nos.1 and 2, in which two disconnector switches are installed. The overhead transmission
lines entry into the switchyard through the terminal point in the gate-type steel structures. The
transfer busbar will be supported by another gate-type steel structures. To protect the busbars
from direct lightning strokes, overhead grounding wires will be installed to cover the upper

part of equipment, by using the steel structures and poles installed on the transformer sides.

d) 35kV and 10kV Distribution Switchgears

Indoor, layered cubicle type switchgears have been selected because they can be efficiently
installed in a limited space of the substations, and save the construction cost of substation
building.

The 35kV and 10kV distribution switchgears are the complex facility of cubicles, in which
circuit breaker, current transformer, lightning arrestor and other facilities are installed. It has a
disconnecting function of circuit, for which movable parts, like drawers, can be pulled out of
the fixed part.

The fixed part consists of bus bar and the reception side of disconnector, having
two-layered movable parts. Promyshlennaya Substation uses as many as 40 feeders, which

will be divided into two portions, laid on a plane, and connected with cables.

e) Protection Relay and Control Panels
Protection relays detect all faults occurred in the 110kV bay units, transformers and
distribution switchgears.
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Control panels are provided for control, displaying measuring, indication and annunciation
data.
These data will be able to transmit to the remote monitoring system of the substations.

f) 35kV and 10kV Cables

As for power cable system, connecting the transformers and distribution switchgears,
XLPE insulated cables will be use. The conductor size has been determined in consideration
of the rated current and cable layer configuration,

With regard to cable terminations on the side of the distribution switchgears, slip on
termination will be used, which is easily installed and handled in case of accident. Cable
heads will be provided at the termination of air distribution cables on the 35kV steel

structures and towers.

g) DC Service Equipment

The DC service equipment, battery and battery charger are installed to provide high
availability, reliable supply to control, protection, alarm and indication devices, tripping and
closing circuit, emergency power and emergency lighting. The capacity of batteries are
designed as a minimum necessary backup power source in case of substation operation

temporary suspension.

2-23



Table 2-15 List of Main Equipment

P: Promyshlennaya Substation
R: Radiostantsiya Substation

) Quantity
Equipment | Country
Major specifications or components
name of origin
Rated voltage: 110/35/10kV
Rated capacity: 40/20/40MVA
Rated frequency: SO0Hz
110kv Connection configuration: Star, direct neutral grounding]
Japan 2 units —
transformer / star, neutral ungrounded / delta, ungrounded
Cooling  method:  Oil-immersed  self-cooled /
oil-immersed forced air-cooled
Tap location: primary and secondary side
Rated voltage: 110/35/10kV
Rated capacity: 40/20/20MVA
Rated frequency: SO0Hz
110kV Connection configuration: Star, direct neutral grounding
Japan — 2 units
transformer / star, neutral ungrounded / delta, ungrounded
Cooling  method:  Oil-immersed  self-cooled /
oil-immersed forced air-cooled
Tap location: primary side
Type: SF¢ gas live tank type, 3-pole, outdoor use
Rated voltage: 126kV
110kV  circuit]
Japan  [Rated current: 1250A 2 units 2 units
breaker
Rated braking current: 31.5kA
Control voltage: DC110V
Type: 3-phase, outdoor
Rated voltage: 126kV
110kV
Rated current: 1250A
Disconnector
Rated short circuit withstand current: 31.5kA (1sec.)
Switch  with|{Japan 6 units 6 units
Lightning impulse withstand voltage: 550kV
Grounding
Power frequency withstand voltage: 230kV
Switch
Type: 3-phase, outdoor
Rated voltage: 110kV
Type: 3-phase, outdoor
110kV voltage]
Japan  [Rated voltage: 110kV/220V 2 units 2 units
transformer
Rated frequency: SO0Hz
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Type: single-phase, outdoor
Rated voltage: 126kV

12 units 12 units
110kV current| Rated primary current: 400A ) )
Japan (single phase)  |(single phase)
transformer Rated secondary current: 1A
Rated short circuit withstand current: 31.5kA (1sec.)
Rated burden: 30VA or each or higher
110kV Type: outdoor Use, zinc oxide gapless type, single phase
) ) 6 units 12 units
lightning Japan  [Rated voltage: 144kV
(single phase) |(single phase)
arrestor [Nominal discharge current: 10kA
Type: indoor cubicle type 1 set 1 set
Components: circuit breaker, disconnector switch,Incoming: 2 Incoming: 2
grounding switchgear, lightning arrestor, currentjbus bar bus bar
35kV
transformer, voltage transformer (VT), and switchgearjcommunication: |communication:
distribution  |Japan
) control and protection unit 1 1
switchgear
Rated voltage: 38.5kV Distribution Distribution
Rated current: 600A cable: 4 cable: 4
Rated Interrupting Current: 25kA VT: 2 VT: 2
Type: indoor cubicle type 1 set 1 set
Components: circuit breaker, disconnector switch,[Incoming: 2 Incoming: 2
grounding switchgear, lightning arrestor, current{bus bar bus bar
10kV transformer, voltage transformer (VT), transmitter foricommunication: [communication:
distribution  |Japan  |SCADA, and switchgear control and protection unit 1 1
switchgear Rated voltage: 12kV Distribution Distribution
Rated current: 2000A cable: 40 cable: 16
Rated Interrupting Current: 12.5kA Station service: 2|Station service: 2
Current transformer: 2000/1A VT: 2 VT: 2
1 set 1 set
Type: digital with protection relay Incoming Incoming
Protection & ] ) ) )
Japan Components: incoming control panel and transformerjprotection  andfprotection  and
Control Device
protection panel transformer transformer
protection protection
DC Facilities
(battery Rate (charger): AC440V/DC220V
Japan 1 set 1 set
charger and| Rate (battery): 200Ah/Shrs
battery)
35kv  power| Type: CV and CVT
Japan 300m 170mm
cable Rate: 36kV
10kv  power| Type: CV and CVT
Japan 3,750m 300
cable Rate: 12kV
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3) Housing

a) Housing Design for Distribution Switchgears and Control and Protection Panels etc.

The distribution switchgears, control and protection panels and DC supply unit are
vulnerable to high temperatures and intense strong sunlight in summer, these shall be stored
in a housing under condition of air-conditioning and partitioned by walls. At the same time,
cable channels are installed at the semi-basement level for easier cable handling.

Radiostantsiya Substation will have a space for sanitary facilities in a housing.

b) Attached Facilities of Substation
Radiostantsiya Substation will be equipped with annex facilities necessary for securing the
public safety, maintenance work and facility maintenance itself. These facilities will include

gate doors, walls, paths on the premises, fire extinguishers.
4) Equipment/Facility Layout Design

a) Promyshlennaya Substation
Since the 110kV bay units use the existing busbars and support structures, the equipment

layout will be designed more or less the same as the layout prior to the replacement. The
35kV and 10kV distribution switchgears will be place in two housing, respectively, to be
constructed in a vacant space.

The housing to store the 35kV distribution switchgears will be built in a vacant space near
the existing 35kV air insulated switchgear yard, which will avoid the existing No.2. 35kV
busbar conductor and support structure, which will be used while the construction is in
progress.

The housing for the 10kV distribution switchgears will be built near the existing 10kV
switchgears housing. However, the obstacle air insulated busbar conductor and support
structure are in the way, and thus will be removed before the construction of the housing but
after temporary installed power cables are laid in a place that does not interfere with the

construction work.

b) Radiostantsiya Substation

The 110kv transmission lines will be led in from the supporting steel structure via a lead-in
transmission steel tower to be built near the substation in accordance with the segmentation of
the 35kV overhead transmission line adjacent to the substation construction site and the
sharing of the work to raise the voltage to 110kV with C/P.

The basic layout of the 110kV bay units and transformers has been designed in
consideration of the easiness of the construction work, necessary electric insulation distance,
separation distance necessary for operations after the commencement of services, carrying in
and out of equipment at the time of any facility accident, and other factors. The physical
layout will be standard and more or less the same as that of Promyshlennaya Substation.
However, the project site is smaller and unable to secure a path to carry in the transformers

and carry out equipment at the time of any failures. Thus, the substation will be designed so
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that equipment and materials have to be carried in or out directly from the roads on the both
side of the premises.

The distribution switchgear, switchgear control and protection unit and other equipment
will be placed in one housing, where the equipment will be placed on two-layered racks to
make maximum use of limited space.

A lead-in pit for the 30kV and 10kV distribution cables from the housing to the road, and
another two-line lead-in pit for distribution cables to the existing 35kV transmission tower will

be installed.

5) Boundary with the Existing Facilities

a) Promyshlennaya Substation

The boundary of the Project with the existing 110kV bay units (demarcation point of
facilities subject to the construction work) is the air insulated busbar clamps and connectors
of equipment. Any equipment relating to the Transformer No.3, including the transformer
itself and disconnector switch will be outside the scope of the Project.

The Project will cover equipment from the cable head at the outlet steel tower up to the
connecting point of the insulator unit for the 35kV distribution transmission lines, and up to
the intermediate cable joint with the existing distribution cables for the 10kV distribution

cables.

b) Radiostantsiya Substation

At the 110kV bay units, the Project will cover facilities up to the connecting point
(insulator unit) with the transmission steel tower adjacent to the lead-in steel tower to lead in
the transmission lines to the substation. For the 35kV distribution cables, the Project will
cover facilities from the cable head to connect with the existing transmission steel tower to
the connection of cables to the insulator unit. However, the outlet work of the 10kV
distribution cables will be borne by C/P.

6) Considerations with Regard to the Rehabilitation and Capacity Expansion Work of
Promyshlennaya Substation

a) Considerations in terms of Construction Method, Process and Period

The availability factor of the facilities is high throughout the year at this substation, so it is
impossible to suspend the entire operations to upgrade the facilities. It is also impossible to
newly build facilities somewhere else to replace the aged facilities because there is neither
space nor cost for such an idea. Thus, the Project has to stop one of the two bay units and
transformers at a time, and replace the system suspended with a new one.

Because the construction is carried out while one of the two facilities is in operation, it is
necessary to continue using a part of the existing bus and undergo the process of removing
equipment to be upgraded, control cables, and equipment racks and foundations; leveling
ground; laying grounding wires; installing equipment racks and foundations; moving and

installing new equipment; and assembling, adjusting and testing the equipment.

2-27



A problem is that the construction site of the housing for distribution switchgear,
switchgear control and protection unit, and DC accessories overlaps the existing facilities, so
it is necessary to construct a temporary structure to move the existing facilities provisionally
before the construction of the housing. Thus, the contractor, once selected, will have to start
the temporary work forthwith.

Promyshlennaya Substation is short of the capacity in its facilities to meet a surge in the
power demand in winter, having planned, and unplanned and abrupt outages because of
overload. Thus, it is desirable to suspend the operations of one transformer in April or
afterwards when the demand drops. However, because the two systems need to be suspended
in series within the Grant Aid Cooperation project period (24 months after the contract
agreement), the schedule will be fairly tight and the operations of one transformer will have
to be suspended in February or so in winter. Thus, it is necessary (for C/P) to shift a part of
the load to other substations by using the 10kV interconnected distribution lines until the
power demand drops. Once the first transformer is upgraded, the capacity will increase and

thus the restriction on the replacement work will be eased.

b) Considerations in terms of the Sharing and Cooperation of Facility Operation and
Management
To minimize the suspension period of the distribution lines and Transformer No.3 for

specific beneficiaries, it is necessary to conduct temporary works, consider the scope of
facility suspension, ensure the changeover procedure, and simultaneously use the existing and
new distribution switchgears. All this increases and makes complicated the operations of the
switchgears and safety measures. Thus, a close liaison and supervision must be established
among the contractor, personnel responsible for the O&M of the facilities, and resident
operators and maintenance staff at the substations, who are also required to constantly
commit themselves to the operations throughout the construction work. It is also necessary to
determine the sharing of obligations among the operators and those in charge of the
construction work in accordance with operational procedures and rules, and operations

(locking of operation, attaching earthing devices, setting of safety zones, etc.).

Promyshlennaya Substation has frequent outages in winter, and abrupt outages due to
failures with its facilities throughout the year. In preparation for possible facility problems or
outages during the construction work, it is necessary to consider and make adjustment,
revisions and confirmation of the work in accordance with its progress.

The existing facilities include many aged facilities manufactured in the Soviet era, and
their repair records are unlikely to be kept, so surveys, confirmation and adjustment of these

facilities may be friendly required at the time of their removal and upgrading.

¢) Considerations in terms of Safety Measures during Construction
The existing facilities are the air insulated type, in which there are many energized parts
such as busbar conductors and terminal of equipment. Some energized parts of the facilities
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are close to the construction work area. Thus, particularly careful attention must be paid to
safety of personnel electric shock.

The construction work involves operations using high elevation work vehicles or
scaffolding because the busbars and steel structures are high. When the equipment to be
removed is transferred from the site to the temporary storage area and new equipment is
transferred from the temporary storage area to the installation site, there are quite a few heavy
facilities, including the transformers and circuit breakers, on their way. (C/P requests the
existing equipment to be transferred to the storage as it is, because it intends to use some
units.) In addition, because the existing busbars continue to be used, the operation of cranes is
limited. In relation to all these high elevation work, transfer of heavy equipment on the

premises, and restriction on the use of heavy machines, safety must be particularly secured.

7) Approach to Equipment Procurement

Equipment to be procured under the Project has specifications complying with the IEC
standards, and can be manufactured in Japan. Thus, all items will be procured in Japan,
except aggregates, reinforcing steels, cement, and other construction materials for housing
and foundations of equipment, which will be procured in Tajikistan. On the other hand,
three-winding transformers are hardly used by Japanese power companies, and it would cost
to design and transport them from Japan. Thus, they may be procured in a third country,
where high quality products of overseas factories of Japanese manufacturers are available. In
addition, IEC standard 110kV circuit breakers, disconnector switches, and voltage
transformers are produced in many countries, so they may be procured in third countries,

where high quality and cost effectiveness can be gained.
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2-2-3 Outline Design Drawings

Outline design drawings of the Project are presented below. The list of drawings is given in

Table 2-16.
Table 2-16 List of Outline Design Drawings
No. Title Scale

1 Layout Drawing of Promyshlennaya SS 1:400

2 Singleline Diagram of Promyshlennaya SS (1) -

3 Singleline Diagram of Promyshlennaya SS (2) -

4 Building Layout Drawing of Promyshlennaya SS 1: 150
10kV Switchgear Room

5 Building Layout Drawing of Promyshlennaya SS - 150
35kV Switchgear Room
Layout Drawing of Radiostantsiya SS 1:400
Singleline Diagram of Promyshlennaya SS -
Building Layout Drawing of Radiostantsiya SS 1+ 150

Switchgear Room
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Building Layout Drawing of Promyshlennaya SS 10kV Switchgear Room  Scale 1:150
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Building Layout Drawing of Promyshlennaya SS 35kV Switchgear Room  Scale 1:150
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2-2-4 Implementation Plan

2-2-4-1 Implementation Policy

As the Project will be implemented based on the Japanese Grant Aid framework, it will be
approved by the Japanese Government and commence after an Exchange of Notes (E/N)
between the two countries and a Grant Agreement (G/A) between JICA and Tajikistan are
exchanged. Basic policy and special conditions needed if the Project is implemented are given

below.

(1) Project Implementing Body

The organization responsible for supervising the project implementation is the Ministry of
Energy and Water Resources (MoEWR). The Project implementing body responsible for
O&M after the facilities go into service is Barki Tojik (BT). For the smooth implementation,
MoEWR and BT must appoint project representatives to stay in close contact and negotiate
with the Japanese consultant and contractor.

The appointed BT project representatives must explain the project details sufficiently to
MoEWR and BT project staff and project area residents so that they will cooperate with

Project implementation.

(2) Consultant

Japanese consultants will enter a design and supervision agreement with BT to procure and
install equipment for the Project, and produce detailed design and supervise construction
work related to the Project. Along with drafting tender documents, consultants will handle
bidding on behalf of BT, the Project implementing body.

The Project requires particular considerations in terms of safety and quality assurance as it
includes the rehabilitation work of equipment while the existing facilities of the substation is
in operation. Thus, the Consultant is required to play a positive role in the supervision so that
BT project representatives, facility operators, and contractor can closely cooperate with each

other.

(3) Contractor

In accordance with Japanese Grant Aid framework, independent Japanese contractors
selected by Tajikistan through open bidding will build, procure and install equipment for the
Project.

Contractors will need to continue supplying spare parts, support for failures, and other
services after the Project is completed, and as such must give due consideration to a

post-delivery communication and coordination for equipment and facilities.
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(4) Necessity of Dispatching Engineers

The Project is a combination of the rehabilitation and capacity expansion work for one
substation, and the new construction work for the other substation. The former includes the
removal of aged facilities of the existing substation, and the civil engineering and
construction works in ration to the installation of substation facilities. The latter includes the
installation work for substation facilities and lead-in steel towers on a new project site,
together with the related civil engineering and construction works. Thus, the two sides of the
Project must be implemented in a well-coordinated manner. Moreover, most of the works
involved are carried out in parallel. For the management of the process, quality, volume
completed and safety, it is essential for the Japanese side to dispatch Japanese engineers
including foremen, who are familiar with the Japanese Grant Aid Cooperation scheme and

capable of managing and supervising the entire course of the works.

2-2-4-2 Implementation Conditions

(1) Construction Situation in Tajikistan and Technological Transfer

There are several of general contractors and electric contractors in Dushanbe. It is possible
to employ workers and procure transportation vehicles, construction heavy duty machines,
and construction materials in Tajikistan. It is also possible to order to local contractors the
construction work for new building the Project. Japanese engineers need to supervise in

Tajikistan for process plan, quality, and safety.

(2) Use of Local Materials and Equipment

Aggregates, cement, reinforcing bars and other materials for the equipment foundation and
building construction are available in Tajikistan. In fact, projects in the past took advantage of
locally procured materials, though it is necessary to manage the quality and delivery period.
Thus, the construction plan will be formulated in the manner that local materials and
equipment will be adopted as possible while the promotion of local industries is taken into

account.

(3) Safety

Security concern is relatively low in Tajikistan. The project area is located at the center of
Dushanbe, accessible from anywhere, and it is easy to conduct monitoring the project. It is
still necessary to avoid operations after sunset and pay careful attention to prevent theft

material and security of workers and involved project..

(4) Tax Exemption

Local contractor involved the project will be exempt tax without income and pension tax.
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When this contractor exempt tax, firstly this project shall be listed in Project of national
Investment and authorized by National Assembly, secondly the list of subcontractor involved

the project shall be submitted. Table 2-17 shows taxes in Tajikistan by type.

Table 2-17 Taxation in Tajikistan

Item Name

Income tax

Corporate income tax

Value added tax

National Consumption tax

Social tax

Natural resources tax

Automobile road user tax

Automobile tax

Local
Property tax

Source: MoEWR

2-2-4-3 Scope of Works in Construction/Procurement and Installation

Table 2-18 shows the scope of works between the Japanese and Tajikistan sides, respectively.

Table 2-18 Scope of Works to be Borne by the Japanese and Tajikistan Sides

Borne by
No. Items Remarks
Japan| Tajikistan

1 |New Substation Radiostantsiya

(1) Securing of the land to build the substation @)

(2) Ground leveling on the site O

(3) Securing of the path to carry in equipment and access road O
2 |110kV lead-in transmission tower for the new substation

(1) Securing of the site for the steel tower O

(2) Construction of the lead-in steel tower @)
3 |Auxiliary facilities of the new substation

(1) Construction of building including sanitary facilities O

(2) Exterior work/ gate doors, walls, parking O

(3) Water supply and drainage work O

(4) Water supply and drainage works O

(5) Road and rainwater drainage work @)

2-41



(6) Installation of OPGW for information telecommunicationg

O
and telephones
4 |Facilities of the existing substation /Promyshlennaya
excluded sanitary facility
(1) Construction of building (the existing one to be
used)
(2) Telephone work connecting to the existing control room
5 |For materials and equipment, transportation, import customs,|
and tax handling
(1) Transportation from origin to Tajikistan
(2) Procedures for tax exemption and import customs O
Temporary yard for
materials and equipment
(3) Transportation in Tajikistan
will be installed in
substation.
Exemption from value added tax on materials and equipment]
° procured in third countries ©
7 [Measures necessary to obtain entry permits to Tajikistan @)
8 |Appropriate operation and maintenance of facilities O
9 |Payment not included by grant aid cooperation @)
10 |[Payment of the following fees based on B/A:
(1) Authorized commission for A/P @)
(2) Commission for remit @)
11 [Proposal for Monitoring, Securing budget for authorization and|
enforcement Monitoring ©
12 [Measures necessary to obtain the following permits Permits to be obtained, if
Permit for installation work O necessary, prior to the
Permit for entry to restricted areas Project
13 |Construction of temporary fences and gates for storage yard
14 [Securing of parking during the construction O
15 For businesses to procure
Office for the construction work materials and equipment,
and the Consultant
16 |Appropriate storage of materials and equipment, and safety] The construction work for

imanagement

temporary storage is in
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[preparation.

17 [Provision of disposal site of surplus soil and miscellaneous|

wastewater X
18 [Production and procurement of equipment O
19 [Installation work of equipment and commissioning O
20 [Temporary offline work during the construction O
21 |Guidance for operation and maintenance on equipment O
22 [Safety management of workers involved Project O
23 |Response to and compensation for customers with respect to|

necessary shutdown during the construction ©
24 |Communication to customers about offline work plan and

Safety method during construction ©

Note: The party in charge is indicated by symbol “O”.
B/A denotes “Banking Arrangement”, and A/P denotes “Authorization to Pay”.

2-2-4-4 Construction Supervision Plan/Procurement Supervision Plan

The Consultant comprehend outline design, organize project team for detailed design and
supervision, and proceed the project smoothly according to Japan Grant aid scheme policy.
Because the project includes rehabilitation, constructing substation, also modification.
Consultant shall supervise on the site while closely communicating with MoEWR and BT.

Especially, rehabilitation in Promyshlennaya substation, the Consultant shall dispatch more
than two engineers which work for residential supervisor and construction management, and
checking overall progress of work, quality control, volume of construction and safety.

Consultant shall dispatch specialists who supervise installation, commissioning and test
according to progress of work. In addition, Consultant shall inspect equipment procured by

Contractor in factory and pre-shipment to prevent trouble after transportation.

(1) Basic Policy on Procurement Supervision
The Consultant will supervise the progress of the construction work so that it will be
completed in the scheduled period; ensure the quality, volume completed and delivery of
materials and equipment as specified in the contract agreement; and supervise and give
guidance to the Contractor so that the construction work is implemented safely. Major points

to consider with regard to the supervision are as follows.

(2) Process Management
The Consultant will compare the implementation process planned at the time of the

contract agreement with the actual process on a monthly or weekly basis. If any delay is
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expected, the Consultant give guidance to the Contractor by promoting awareness of the
delay and requesting remedies and execution so that the construction work and delivery of
materials and equipment will be completed within the contract period. The comparison
between the planned process and actual progress will be made chiefly by confirming the
following items.
+ The construction volume completed (volume of equipment manufactured at factories, and
volume of construction works completed)
The actual volume of materials and equipment delivered to the site (materials and
equipment, and those for the construction work)
The progress of the temporary work and preparation of construction machinery

Check for Unit man-hours and actual man hours of engineers and workers

(3) Safety Management
The Consultant will engage in safety management in collaboration with the Contractor to

prevent accidents involving third parties on the project site during the construction. Major
points to consider with regard to the on-site safety management are as follows.
- Establishing safety management rules, and selecting personnel in charge
+ Preventing disasters through regular inspections of construction machinery
+ Selecting operation routes of construction vehicles and transportation machinery, and
ensuring safety driving

+ Providing workers with a welfare program, and facilitating them to take days-off
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(4) Overall Relations of the Parties Concerned in the Project Implementation
Figure 2-3 shows the relations of the parties concerned with the Project including the

project supervision stage

‘/’4 MoEWR
Japanese "

Government
A
v
h 4
BT
JICA -
7 ¥
Consultancy v
agreement Construction
agreement
A
Japanese Consultant I
Preparation of implementation Japanese Contractor

design drawings

Preparation of bidding documents o
Bidding procedureson behalf of 5/ rehabilitation work

BT Procurement of construction

Construction management materials

Equipment procurement

A 4

Construction
supervision

F

Figure 2-3 Relationship for Project Implementation

(5) Construction Supervisor
The Contractor procure and deliver materials and equipment for the existing substation

and the substation to be newly constructed, and implement the electrical, civil and
construction works. To this end, the Contractor subcontract these works to local contractors
in Tajikistan.

To make them thoroughly comply with the process, quality volume completed set forth in
the construction agreement, as well as safety measures, the Contractor dispatch Japanese
engineers having experience of any similar overseas projects. These engineers supervise and

advice to local contractors on site.

In light of the scale and nature of the substation works under the Project, the Contractor is

required to station desirably at least the engineers in Table 2-19 on a full time basis.

Contractor shall arrange engineers who supervise residentially on site according to content

of project. Table 2-19 shows part of engineers, number, description and period.
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Table 2-19 Detail of Residential Engineers

Duty Number Work descriptions Period
Management of entire work
Discussion and coordination with the
parties concerned
Personnel in charge of local Supervision  of  procurement  of . .
. . During  equipment
procurement management 1 materials and equipment .
: work period
(equipment) Customs clearance
Labor and accounting affairs
Overall  supervision  of  safety
management
Personnel  responsible  for 1 Electrical work management During  equipment
electrical work Supervision of equipment procurement work period
Engineers in charge of 9 Electrical work management at | During  equipment
electrical work management SUBSTATION work period
Personnel in charge of safety ) Overall safety management During . equipment
management work period
Personnel in charge of Construction work management . .
. . During construction
construction work 1 Steel structure construction .
work period
management management
- . Supervision of facility work for steel | During facility work
Facility engineer 1 .
structures period

2-2-4-5 Quality Control Plan
Supervisors of Consultant check actual quality and volume of work which are procured

equipment and constructed building and foundation, contract included technical specification
and shop drawing by the Contractor. Detail check points are following below.

+  Checking shop drawings and specifications of materials and equipment

+ Witnessing factory inspections, or checking the results of factory inspections

+ Checking the methods of packing, transportation and on-site temporary storage

+ Checking shop drawings and installation method

+  Checking method on commissioning and inspection of materials and equipment

+ Supervising the on-site installation work of equipment, and commissioning and inspection

+ Cross-checking the volume completed against equipment installation and manufacture

drawings

+ Cross-checking the volume completed against civil , building work shop drawings

2-2-4-6 Procurement Plan

Materials and equipment to be procured and installed under the Project are not manufactured
in Tajikistan. BT’s transformation facilities have been introducing main equipment such as
transformers and switchgears chiefly from Russia and other former CIS countries, and also in
recent years from Turkey, Germany and other countries. But there are not so many
manufacturers in these countries, which provide after-delivery services of response to accidents,
repair and supply of spare parts for special high voltage transformation equipment. Thus, in the
selection of suppliers of materials and equipment for the substations, it is necessary to consider

the local situation, and the easiness of operation and maintenance for local engineers and the
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availability of spare parts, response to breakdown and other after-delivery services.

2-2-4-7 Operational Guidance Plan

As for Operational Guidance Plan, hereinafter O&M, instructors of manufactures shall
provide on the job training, hereinafter OJT, with manuals compiled by manufacture before the
completion of the project. For the smooth implementation of the guidance plans, BT shall select
engineers participating OJT, and closely communicate consultant and Contractor to progress
guidance smoothly. This Engineers shall report the knowledge and skills learned to other who
do not participate in the guidance, and devote themselves to the enhancement of O&M capacity
of BT.

Because operation for equipment and commissioning shall be assigned engineers who have
specific skills, it is difficult to subcontract local contractor. Therefore Contractor need to

dispatch engineers who supervise quality, advice skill and progress to local worker.

2-2-4-8 Implementation Schedule

In accordance with Japan’s Grant Aid Cooperation scheme, Figure 2-4 shows the project

implementation process.
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Year 2017 2018 2019

Month 4 5 6 7 8 9 10 | 11 | 12 1 2 3 4 5 6 7 8 9 10 11 | 12 | 1 2

Passed time 1 2 3 4 5 6 7 8 9 | 10| 11| 12 | 13| 14| 15| 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
Detailed Design| | | | [ [}
| | | Wiiting Tender Document
Tender Tender Evaluation

L

ubisaq

[Procurement]
(Decision of Design and Specification)
(Equipment Manufacture)

(Shipment)

[ Construction]
(Preparation for the Construction)
(Connecting Change)
(Building Construction) Pro SNIEVE Completion
(Building Construction)[SIRELISENISIE
(Setting up the Equipment)

uo1onIIsu0) pue Juswaindold

(Test and Adjustment, and Training)

[Leveling for Radiostantsiya)

By Tajikistan Side [ Boost up the transmlssmn Imes mcomlng to Rad|ostant3|ya SS and removal of the existing transmission wires]

I

Figure 2-4 Project Implementation Process

2-48



2-3 Obligations of Tajikistan
Table 2-20 outlines obligations of the Tajikistan side.

Table 2-20 Obligations of Tajikistan
(P: Promyshlennaya Substation)
(R: Radiostantsiya Substation)

No. Obligations
1
@) Removal of the existing transformers outside the site
2 Communications to consumers about planned outages and safety
(P) measures during the construction , and related compensation
3 (1) Securing of the project site
(R) (2) Ground leveling and removal of obstacles on the project site
4 The step-up voltage work for the 110kV transmission line to be
(R) conducted by BT
For the new substation construction work:
5 (1) Ground leveling
R) (2) Access roads to the project site
(3) Replacement of, if any, drainage on the project site
6 For the auxiliary facility work in the new substation:
(1) Water supply work: to lead in the main pipe to the site
® (2) Drainage work: to drain wastewater to the outside
Customs clearance and taxation procedures for materials and
equipment
(1) At Dushanbe Station 2
® aZd R) (2) Provision of storage for materials and equipment, and payment of
the cost incurred, if the tax exemption and customs clearance
procedures take time at the station due to reasons on the Tajikistan
side
8 Exemption from value added tax on locally procured materials and
(P and R) equipment
9
Measures necessary to obtain entry permits to Tajikistan
(P and R)
10 Electricity and water supply for the construction work, and payment
(P and R) of the cost incurred
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No. Obligations
" Payment of the following fees based on Bank Arrangement B/A:
(1) Fee for Authorization to Pay
(P and R) o )
(2) Commission to remit
. Securing and implementation of budget of application for and
acquisition of approval for environmental and social considerations
(P and R) )
for the Project
Measures necessary to obtain the following permits
13
Permit for installation work
(P and R)
Permit for entry to restricted areas
14 Temporary yard for materials and equipment in SUBSTATION will
(P and R) be secured on the site of Promyshlennaya Substation
15
Securing of parking during the construction work
(P and R)
6 Transfer of the existing overhead/underground cables and pipes, and
acquisition of necessary permits (electricity, telephone, water supply
(P and R) )
and drainage, etc.)
17 Provision of disposal site of surplus soil and miscellaneous
(P and R) wastewater
18 The Contractor and BT agree with off-line work plan and BT will
(P and R) conduct necessary actions for the off-line work.
19 All member involved the Project share with safety information
(P and R) around project site
20 .
Provision of office room for the Consultant
(P and R)
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2-4. Project Operation and Maintenance Plans
2-4-1 Basic Policy

In order to improve the reliability of the electricity supply among consumers in the project
area, and stably operate the electricity supply system, the transmission and transformation
facilities must be appropriately operated and maintained. The surroundings must be preserved,
too. To this end, C/P is desirably required to reduce the accident rates of the facilities, and
conduct appropriate accident prevention and maintenance measures with an eye to the higher
reliability, safety and efficiency. Figure 2-5 shows the concept of O&M for transmission and
transformation facilities. Accordingly, the O&M of the equipment to be procured and installed,
and facilities to be constructed under the Project will focus on preventive maintenance for
accident and fault.

Appropriate O&M of transmission and transformation facilities

Higher reliability Higher safety Higher efficiency
Improved electricity quality + Protection from natural + Improved efficiency of
+ Prevention of accidents disaster and man-made disaster maintenance and work

+ Minimized impact of accident
Speedy recovery
Control of aging

Figure 2-5 O&M of Transmission and Transformation Facilities

The engineers of the Contractor will implement OJT about O&M for transformation and
transformation facilities during installation work and commissioning. In addition the Japan side
will provide maintenance tools and manuals for O&M, and propose O&M system after hand
over. These actions will expect fully promising.

2-4-2 Daily and Regular Inspection Items
Table 2-21 lists regular inspection items for transformation facilities to be procured and
installed in the Project.
As the table indicates, these items are classified into three categories:
(1) “daily inspection” is daily inspections that relies on the five senses of humans to detect
abnormal high temperature and noise of equipment.
(i1) “Normal inspection” includes checking whether bolts are fastened, insulation is clean,
and charging parts not checked in daily.
(iii) “Detailed inspection” includes checking mechanical and control function of equipment

interlock between equipment and accuracy of gauges and instruments.
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Actually Normal inspection is conducted once a year or every two years. Detailed inspection
is conducted once every several years.

In nominal or detailed inspection, it is recommended that Parts of distribution panel
included fuses, gauges, instruments and parts deteriorated over time included relay and
insulation when performance of parts is deteriorated by checking characteristic and frequency
in use.

Table 2-21 Standard Inspection Items of Equipment for Transformation Facilities

Daily )
Item Contents Normal Detailed

O

Indicator of equipment

Abnormal noise and odor

Discolor terminal by heating

Appearanc | Crack, damage and stain on bushings

e Rust on stage and frame

Abnormal rise in temperatures

Whether bushing terminals are fastened by mechanical

check with torque wrench

Gas pressure of circuit breaker

Ol O |[O|0|0|0|0 |0

Display units of gauges and instruments

Checking humidity, rust and stain  in control unit and

O O] O |[O|0|0|0]|0

panels

Checking whether fuel is fully refueling and panels is kept

Control
clean

unit A
Whether cable terminals are securely fastened O

Operation ] : ] )
Confirmation of display units of switchgears

device and
Leakage of air and oil

control

I Checking pressures ,such as SF¢ gas, before/after
pane

operations

Checking operation of gauges and instruments

Rust, deformation damage of springs O

Checking operation of auxiliary switchgears and relays

Checking operation of DC control supply

o000 l0] O [O|O0|0] O

Measuring of insulation resistance

Measuring | Measuring of contact resistance

O

and test Checking breaking of Heater wire

O|00jO0 0000 O |JOlO|O] O

Checking operation of relays O
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2-4-3 Procurement of Spare Parts

2-4-3-1 Scope of Spare Parts

The spare parts define that parts are deteriorated in daily operation and running and need to
be replaced at fixed intervals. The survey team suppose that spare parts of procured equipment not
need to be prepared because it is not necessary to replace parts from handover for a year. Plan of

Spare Parts

2-4-3-2 Procurement Plan of Spare Parts

As a general rule of Japan Grant Aid Cooperation, the recipient country is required to
have the capacity of operating and managing provided facilities. The Preparatory Survey has
concluded that BT has the capability. As previous section, the Project will not provide any spare
parts that need to be replaced by new ones within one year after the commencement of services.
From the second year on, however, the Tajikistan side shall basically procure any spare parts as
part of its O&M, except packings, grease and other items, which are attached to equipment and
need to be replaced at the time of the initial regular inspection.
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2-5 Project Cost Estimation

2-5-1 Estimated Cost of the Project

The total project costs required for the implementation of the Project are estimated
at . Tables 2-22 and 23 show the breakdown of the costs to be borne by the
Japanese and Tajikistan sides, respectively, based on the scope of works, according to section

(3) “Estimation Conditions” below. However, the figure does not show the Amount of Grant in

the E/N.

(1) Cost to be Borne by the Japanese Side

Estimated Total Project Cost

Table 2-22 Costs to be Borne by the Japanese Side

Item Estimated project cost

Buildings for Switchgears and control rooms
110kV Main Transformer

35kV distribution switchgear

10kV distribution switchgear

Equipment | Other  Transformation facilities, including

Protection Panel and Control panel

Power Cables

Construction work for towers for the lead-in of
electricity to Radiostantsiya Substation

Detailed design and supervision of procurement

(2) Cost to be Borne by the Tajikistan Side

Table 2-23 Costs to be Borne by the Tajikistan Side

Estimated

No. Item
amount

Estimated
amount

At Radiostantsiya Substation
1 Ground leveling on the site

Construction of access road for transportation equipment

At Radiostantsiya Substation
2 The voltage stepped up work from the 35kV to 110kV

transmission line to secure power supply

At Radiostantsiya Substation

Connection to water supply and drainage with main system

4 | Concessions for Bank Arrangement

Total
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(3) Estimation Conditions
(i) Time of estimation: July 2016
(i1) Exchange rate:
The exchange rate has been used average from April to June 2016.

American Dollar, hereinafter USD, and Euro, hereinafter EUR are adopted
Telegraphic Transfer Selling, hereinafter T.T.S rate, of the Bank of
Tokyo-Mitsubishi UF]J .

Tajikistan Somoni, hereinafter TJS, is adopted the rate of the National Bank of
Tajikistan.
Adopted exchange rate are following below
1USD =JPY 109.04
1EUR =JPY 123.38
ITIS=JPY 13.74
(ii1) Procurement period: Detailed design and procurement period are as shown in Figure
3-4 “Project Implementation Process”.
(iv) Others: The cost estimation are carried out in accordance with the Japanese Grant Aid

scheme.

2-5-2 Operation and Maintenance Costs
BT operates and maintain at existing substation near project site. Also New substation is
operated and maintain by BT after handover. In contrast, no addition worker is employed
because BT has assigned existing staff and operator in Promyshlennaya Substation.
New facility procured by the project enables to reduce once every four years than
semiannually owing to old facility, and significantly maintenance and total cost.
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Chapter 3 Project Evaluation






3-1 Preconditions for the Project Implementation

Acquisition of land, environmental permit, and other necessary permits and approvals are
prerequisites for the project implementation.

The counterpart in Tajikistan has already started necessary procedures, formulated a task team
consisting of persons responsible and experts at MoOEWR and BT, and established a project
promotion system including persons concerned such as members of the CEP. Thus, there is no

particular concern about the Tajikistan side.
(1) Land Acquisition

Land acquisition is required (no resettlement is required) for Radiostantsiya Substation,
and BT already has land permission dated January 27, 2016. The secondary Field Survey in
January 2017 has confirmed that boundary stakes have been installed on the site, and that a
cadastral map based on survey work is available.

The counterpart is required to conduct site preparation and consider consistency with other
re-development projects nearby in line with the schedule of the Project.

(2) Environmental Permit
CEP has already issued environmental permits for the target two substations to MoEWR.

3-2 Necessary Inputs by Tajikistan to Realize the Project
(1) Prior to the Construction Work

BT will remove walls left behind and completed land preparation on the site for
Radiostantsiya Substation, and obtain specific information about re-development
projects that may affect the Project until the meeting on bidding documents so that it can
incorporate the information in the bidding documents.

BT will lead in a power source for construction work to the site for Radiostantsiya
Substation.

(2) During Construction

If any planned disconnection of distribution cables is unavoidable for construction of
Promyshlennaya Substation, the interconnection with distribution cables of other
substations will be utilized to avoid outages for the benefit of consumers. If an outage is
still inevitable, notification will be made in advance to local citizens.

Similarly, if one of the two transformers is suspended, the interconnection with
distribution cables of other substations will be utilized to avoid outages due to excess
load and disperse the loads as much as possible.

After the work to replace one of the two bay units and distribution switchgears of

3-1



Promyshlennaya Substation, interim completion test & inspection and necessary
procedures for facility management so that the replaced equipment can operate.

The 35kV transmission lines will be upgraded to 110kV ones so that a on site withstand
voltage test can be conducted on the commercial electricity supply from upgraded
transmission lines promptly after completion of the installation work at Radiostantsiya
substation.

+ The 10kV distribution cable lead-in work will be conducted so that transformer load
(heat run) test can be conducted.

Water supply and drainage works will be conducted on the road side so that the water
supply and drainage system can be led in to the premises of the Radiostantsiya
Substation.

Telephone lines for security and maintenance purposes and telecommunication lines for

monitoring information will be led in to the premises of the Radiostantsiya Substation.
(3) After Construction and Commencement of Services
* After commencement of services at Radiostantsiya Substation, a 10kV distribution cable
lead-in work will be conducted.
3-3 Important Assumptions

External conditions that are prerequisites for development and maintenance of the project
effects are as follows.

(1) In relation to Higher Goal

+ The governmental policy on electricity development is not changed.
* The political and economic situations are stable.

(2) In relation to Project Objective

* O&M is sustainably conducted.
Toll collection and financial support continue.

* Security of the facilities is secured.
(3) In relation to expected output
* The upper transformer and lower distribution facilities sufficiently operate.
O&M plans for the facilities are put into operation.
3-4 Project Evaluation

As described below, the Project contributes to the fulfillment of energy and electricity policies
of Tajikistan, and benefits residents including those in poverty and public facilities in the target
areas, and thus the relevance as a cooperation project is considered to be high.
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3-4-1 Relevance
(1) Urgency and Relevance of the Facility Capacity

The facility plan for the electricity distribution network is put into operation chiefly from the
following perspectives:
(i) Securing the supply capacity in response to the power demand
(i) Enhancing the reliability of the electricity supply (reducing the outage period, etc.) by
securing the supply backup capacity
(ii1) Improving the electricity quality by enhancing the electricity distribution facilities

In particular, perspective (i) of securing the supply capacity in response to the power demand
is the top priority and highly urgent for stable supply of electricity that supports the social and

economic systems as basic infrastructure.

Dushanbe, the capital city of Tajikistan, plays the central role of the country’s political,
economic and social activities. The functions as the capital have been developed and enhanced,
and the city has been rapidly expanding as more and more people flow in. The central part of
the city, in particular, has seen quite a lot of projects to construct public facilities, business
buildings, commercial facilities and high-rise condominiums at a fast pace as a part of regional
re-development policy. Substations supplying electricity to this area are obliged to operate
beyond their capacities, not chronically, but in winter when the power demand is high. In
addition, the demand is beyond the supply capacity in some distribution cables, causing the

suspension to protect these facilities.

Thus, it is considered to be highly urgent to increase the supply capacity in the central area by
conducting the rehabilitation of the existing Promyshlennaya Substation and newly constructing
Radiostantsiya Substation at the heart of the area where the load density is high.

Based on estimated maximum power demand (at the annual growth rate of about 5%), the
facilities are capable of supplying electricity until 2025, and seem to be able to meet the demand
if the interconnection of distribution cables of neighboring substations that still have enough

capacities is conducted, even if the power demand grows more than estimated.

Alleviating the burden on the neighboring substations will make certain of the upgrading of
these neighboring facilities under mid- and long-term facility rehabilitation and enhancement

plans, which the country has to press ahead with for aged electricity distribution facilities.

As the electricity distribution facilities are aged, abrupt outages are frequent. This reduces the
reliability of the electricity supply and causes direct economic losses. Thus, it is highly urgently
needed to recover the credibility of the electricity supply by upgrading the aged facilities as a

whole at Promyshlennaya Substation and installing latest facilities at a new substation.

If latest facilities with low loss replace the aged facilities with high electricity loss, and if
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Radiostantsiya Substation is constructed in the area where the load density is high, the total
length of distribution cables will be shortened, alleviating the electricity transmission loss that
has occurred because of the long-distance transmission from the neighboring substations to the

area where the demand is high.

As described in the assessment of demand estimation, it has been confirmed that the facilities
to be provided under the Project will satisfy the power demand even in the target year (2025). In
other words, the timing of project implementation and project size are considered to be relevant

from the mid- and long-term perspectives of the Project.
(2) Benefit

Electricity is a form of energy essential to self-reliant, sustainable social and economic
development. Projects contributing to establishment of a reliable and efficient electricity
distribution network in the capital, which plays a core role in political, economic and social

activities, are considered to be of paramount importance for infrastructure development.

The central part of Dushanbe has many challenges related to electricity, including supply
shortage, and frequent outages and unstable voltage due to accidents of the aged facilities. All
this lowers the reliability and quality of electricity, leading to a rise in opportunity cost in
economic and social activities for higher living standards.

The Project will be a fundamental solution to these issues, contribute to maintenance and
enhancement of the functions of the capital, and make the city favorable in infrastructure
assessments by businesses intending to do overseas business operations. Thus, the Project is

highly beneficial.
(3) O&M Capacity

BT has long engaged in O&M of many electricity facilities, and its O&M capacity is
considered to be highly relevant.

The models of protection relays and switchgears for the distribution system to be procured
under the Project have been little used in Tajikistan. But they are not considerably beyond the

country’s technological standards.

Therefore, there will be no particular problem with BT’s O&M capacity for equipment to be
procured, so long as technological transfer is made through initial operation guidance and
operation guidance in line with the characteristics, features and specifications of the equipment.

Moreover, the rehabilitation work of Promyshlennaya Substation will be based on work
methods and procedures that incorporate Japan’s rich experience. In other words, the existing
substation will be rehabilitated safely while it is in operation and the necessary outage is
minimized. Thus, the Project will contribute to an improvement in technologies of Tajikistan,

which will have to upgrade more and more distribution substations in future.
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(4) Project Contributing to Higher Plan.

The highest ranked plan in relation to the Project is NDS, which states that the development
of the energy sector is considered to be vital to further development of the national economy
and a subsequent increase in the level of happiness of the people. The term “development of the
energy sector” includes enhancement of the transmission and transforming facilities and

upgrading of aged facilities.

The project objective is to improve the electricity supply to the industrial sector and citizens
in Dushanbe, thereby contributing to the promotion of economic and social development, and
improvement in the living standards. To this end, the Project will rehabilitate and increase the
capacity of the existing Promyshlennaya Substation, and newly construct Radiostantsiya
Substation. This is consistent with the development plan in the energy sector in Tajikistan, and

is considered to be essential to realization of the higher plan.
(5) Consistency with Japan’s Assistance Policy

The Japan's Assistance Policy for Tajikistan cites “assistance to nation building that enables
sustainable economic and social development” as the basic principles of the assistance (major
objective). In line with this, Japan will assist Tajikistan to strive for development of regions with
many people in poverty and sustainable development focusing on economic infrastructures.

As for priority areas (medium objectives), the Japan's Assistance Policy cites “development
of economic infrastructure”. Accordingly, Japan will provide assistance to the electricity sector
for the purpose of improving the unstable electricity supply.

The Project literally assists the electricity sector to improve the unstable supply. The
assistance through procurement of high quality equipment that is utilized for Japan’s highly
reliable electricity supply system, and system design technologies, is considered to be highly
relevant as a grant aid cooperation project on the grounds that the Project facilitates technology
assistance to infrastructure and non-infrastructure aspects, where Japan has superiority, and that

it helps Tajikistan to enhance electricity facilities that are important infrastructures.

3-4-2 Effectiveness
3-4-2-1 Quantitative Effects

(1) Reduction in Electricity Loss

Rehabilitation and expansion of the capacity of Promyshlennaya Substation, and construction
of Radiostantsiya Substation are expected to increase the electricity amount that can be
transmitted, and reduce electricity loss due to overload outages. Table 3-1 shows the quantitative
effects.
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Table 3-1 Quantitative Effects

Indicator Benchmark (2016) Target (2020)

An increase in the electricity amount that can be transmitted as a

result of rehabilitation of Promyshlennaya Substation 332,880 520,125

(MWh/year) (25MVAX 2 units) (40MVAX2 units)

(Increase in the capacity of the transforming facilities)
An increase in the electricity amount that can be transmitted as a 432744
result of construction of Radiostantsiya Substation (MWh/year) -- (40MV, A’x 2 units)

(Increase in the capacity of the transforming facilities)

Electricity loss due to overload outages (MWh) 4,081 0

(2) Reduction in Greenhouse Gas Emissions

Radiostantsiya Substation to be newly constructed will shoulder some 30% of the load of
aged substations, including Tekstilmash, Vakhdat, Centralnaya, and Karamova Substations. This
will improve the efficiency of Radiostantsiya Substation and thus reduce the electricity loss out

of the electricity amount to be shouldered (MWh/year).

The amount of CO, emissions reductions as a result of the improvement in electricity loss in
the course of transformation has been calculated on the assumption that the transforming
efficiency will rise by 1% in comparison with the existing aged substations.

As for the coefficient of emissions, the reduction in the electricity loss in the transforming
facilities is equal to the amount of electricity generated by TPP-1 (198MW) with a higher
coefficient of emissions, compared to another thermal power plant in Dushanbe, TPP-2 Phase 1
(100MW). The amount of electricity loss corresponds to the amount of CO, emissions
reductions, 2,037 ton-CO,. Table 3-2 shows the details.
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Table 3-2 CO; Emissions Reductions due to Construction of Radiostantsiya Substation

Effects of improvement in electricity
transforming efficiency
Transformer (MVA) 40
Estimated power factor 0.95
Effective power (MW) 38
Annual average load factor (%) 60
Annual electricity supply amount (MWh) 178,704
Load loss at 40MVA (MW) 0.219
Load loss at power factor of 0.95 (MW) 0.1976475
No-load loss (MW) 0.0205
Transformer efficiency (%) 99.43
Improvement rate of electricity loss (%) 1
Electricity loss avoided (MWh/year) 1,787
Coefficient of emissions (ton-CO,/MWh) 1.14
CO; Emissions reductions (ton-CO5) 2,037

3-4-2-2 Qualitative Effects (Entire Project)

Table 3-3 shows qualitative effects of the Project.

Table 3-3 Qualitative Effects of the Project

Present state and issues

Effects of the Project

(1) Poor quality of electricity

Because the voltage control is not automatic, the
fluctuation of voltage is big. This shortens the
service lives of electrical products. Small PV
systems are not interconnected, and stop frequently.

The automatic tap control of transformers
enables fine adjustment of voltage, reducing
the fluctuation of voltage.

(2) Outages due to overload occur about 200 times
each year. This causes heaters, elevators and other
electrical devices to stop, affecting people’s daily
lives. Outages also lower the productivity of
factories and service lives of electrical products.

No outage due to overload occurs. This
contributes to improvements in daily lives and
security, and a rise in the productivity of
factories.

(3) Supervisory Control and Data Acquisition
System (SCADA) is not adopted. Basic data
necessary for the stable electricity supply is hardly
collected.

Digital protection relays satisfying the new
international standards are installed, making it
easier to collect data on operations and control
of the substations, and build a SCADA.

(4) Increased inspections and maintenance cost
because of aged facilities

The following units are inspected once in every six
months.

1. Transformer: 5 persons

2. Breaker: 5 persons

3. Disconnector switch: 5 persons

4. Protection relay unit: 4 persons

5. Measuring units (PT and CT): 5 persons

Repair of oil leakage from transformer is conducted
about three times each year: 5 persons

The reliability of equipment is improved,
reducing the frequency of inspections to once
in every six years or so. This also considerably
reduces the maintenance cost.

As new equipment is provided, repair of oil
leakage is no longer needed.
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Appendix 1: Member List of the Survey Team
(1) The 1st Field Survey = Main survey: June 2 — July 7, 2016
= Supplementary survey: July 28 — September 16, 2016 and
October 17 — 21, 2016

Name Duty Affiliation
Kazunari
Oshima Team Leader JICA Expert
Takeshi . Energy Team I, Industrial Development and Public Policy
Naito Planning Management Department, JICA
Kazuyoshi Chief
Moriy Consultant/Electricity Asia Engineering Consultant Co., Ltd
Planning
Hideo . . . . .
Fukui Substation Planning Asia Engineering Consultant Co., Ltd
Mineo Facility Planning, Natural
Conditions, Cost Asia Engineering Consultant Co., Ltd
Motoyama .
Estimation
Kazuyoshi . . . .
Yoshida Power System Analysis  |Asia Engineering Consultant Co., Ltd
Tetsuo o . . . .
Transmission Planning Asia Engineering Consultant Co., Ltd
Okumura
Noboru Distribution Planning Asia Engineering Consultant Co., Ltd
Nakamura
. . |Environmental and Social
Shigenari . . . . .
Considerations/Natural Asia Engineering Consultant Co., Ltd
Yamamoto ..
Conditions
Makoto Procurement Planning, . . .
Hanamura |Cost Estimation Asia Engineering Consultant Co., Ltd
Satoru Procurement planning, . . .
Suzuki Cost Estimation Asia Engineering Consultant Co., Ltd
Kazuaki . . . . . .
Nemoto Civil Engineering Asia Engineering Consultant Co., Ltd
gﬁgml Project Coordinator Asia Engineering Consultant Co., Ltd

(2) The 2nd Field Survey (January 9 — 20, 2017)

Name Duty Affiliation
Kazunari
Oshima Team Leader JICA Expert
Takeshi . Energy Team I, Industrial Development and Public Policy
Naito Planning Management Department, JICA
Makoto Chief Consultant Asia Engineering Consultant Co., Ltd
Hanamura
Kazuyoshi . . . .
Yoshida Power System Analysis  |Asia Engineering Consultant Co., Ltd
Shigenari EnV1r.0nmept and Social Asia Engineering Consultant Co., Ltd
Yamamoto |Considerations
gﬁgml Project Coordinator Asia Engineering Consultant Co., Ltd
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Appendix 2: Study Schedule
(1) The 1st Field Survey (Main survey: June 2 — July 7, 2016)

Date Activity Location Major interviewee
2016/5/31 Departing Japan Narita/Kansai
(Tue) P £7ap Airport
6/1(Wed) Traveling
JICA Tajikistan: Mr. Ishii (Office Head), Mr. Konohara
(coordinator)
e JICA Tajikistan
f}IICA Tajikistan: briefing on MoEWR: Mr. Jamshed Shoimzoda (Deputy Minister)
6/2(Thu) B"igsclll\l;[ve]zjlWR MoEWR: Mr. Parviz Atoev (Head of Int’l Dept)
VIO N MoEWR: Mr. Parviz Yakhyoev (Chief Specialist)
Project C/P determined MoEWR . )
0 BT: Mr. Sharipov Rezvon (Planning Manager)
BT: Mr. Giosov Abduvarob (Dushanbe City Electric Deputy
Chief Engineer)
Glavpochtamt, MoEWR: Mr. Parviz Atoev (Head of Int’l Dept)
6/3(Fri) Site visits with BT & Glavnaya, MoEWR: Mr. Parviz Yakhyoev (Chief Specialist)
MoEWR Radiostantsiya, BT: Mr. Sharipov Rezvon (Planning Manager)
Promyshlennaya BT: Mr. Giosov (Dushanbe City Electric Deputy Chief Engineer)
Team meeting, sorting
6/4(Sat) materials and documents
6/5(Sun)
JICA Tajikistan: briefi o o .
the surjjel 1stan- brieling on JICA Tajikistan: Mr. Ishii (Director), Mr. Konohara (coordinator)
Y JICA: Mr. Oshima (general manager), Mr. Naito
6/6(Mon) AM: JICA MoEWR: Mr. Manuecher Safasov (Head of Investment Dept)
PM: MoEWR MoEWR: Mr. Parviz Atoev (Head of Int’1 Dept)
BT&MoEWR MoEWR: Mr: Parviz Yakhyoev (Chlef Specialist)
Briefine on the proiect and BT: Mr. Sharipov Rezvon (Planning Manager)
.g P .J BT: Mr. Giosov (Dushanbe City Electric Deputy Chief Engineer)
grant aid cooperation scheme
Site visits Glavpochtamt S/S
isti g
glxals lgcglitamt and Mr. Tojiddin
Ra d\i/gstantsiya /S JICA: Mr. Oshima (general manager), Mr. Naito
tructi .
(new construction) MoEWR: Mr. Parviz Atoev (Head of Int’l Dept)
MoEWR: Mr. Parviz Yakhyoev (Chief Specialist)
6/7(Tue) MoEWR BT: Mr, Sharipov Rezvgn (Plal?ning Manager)
BT Mr. Giosov (Deputy Chief Engineer)
Avtostrada: Mr. Usmon Sidiko (Director)
Eurasian Consulting & Engineering Services Mr. Abdurashid
huk Di Mr. Akhlidin Davlatbekov (Proj
Information gathering from Avtostrada Shukurov(Director), Mr. idin Davlatbekov (Project
Manager)
local contractors
Services
AM: team meeting
6/8(Wed) PM: sorting materials and
documents
PM: Japanese Embassy in Japanese Embassy EolJ: Ms. Chie Tamura, second secretary
6/9(Thu) Tajikistan in Tajikistan,

Drafting (proposed) M/D

MoEWR

MoEWR: Mr. Parviz Atoev (Head of Int’l Dept)
MoEWR: Mr. Parviz Yakhyoev (Chief Specialist)
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BT: Mr. Sharipov Rezvon (Planning Manager)
BT: Mr. Giosov (Dushanbe City Electric Network, Deputy Chief
Engineer)

AM: information gathering ADB ADB: Mr. Bouadokpheng Chansavat (Portfolio Management
from other donor Specialist)
organizations MoEWR MoEWR: Mr. Parviz Atoev (Head of Int’1 Dept)
6/10(Fri) MoEWR: Mr. Parviz Yakhyoev (Chief Specialist)
BT&MoEWR: discussion on BT: Mr. Sharipov Rezvon (Planning Manager)
and signing M/D Dushanbe City Electric Network: Mr.Ghiyosov Abduvarob
(Deputy Chief Engineer)
AM: field survey Transmission route | Integral LLC
6/11(Sat) Zgg;fg:ni:;g materials and between Glavnaya Mr. Shamsudino Shambe (General Director)
and Glavpochtamt Mr. Aliev Mahmadvazir (Chief Engineer)
Mr. Sabzov Rasul (Group Leader)
6/12(Sun) i(())zt;nmi Irlr;':terlals and
Information gathering from MoEWR MoEWR: Mr. Parviz Yakhyoev (Chief Specialist)
6/13(Mon) cp BT: Mr. Behruz Misbohov (Duty Manager)
BT
Information gathering from MoEWR MoEWR: Mr. Parviz Yakhyoev (Chief Specialist)
c/p Dushanbe City Dushanbe City Electric Network: Mr.Ghiyosov Abduvarob
Electric Network (Deputy Chief Engineer)
6/14(Tue)
Information gathering from Bark Sokhtmon Loihakash: Mr. Ibragimov Komiljon
engineering consultant Holmurodov (General Director)
Information gathering from Committee for Committee for Environmental Protection: Mr. Sudurov
c/p Environmental Saidismon (Head of Ecological Expertise Department)
6/15(Wed) Information gathering from Protection é{{ALjNI?RU: Mugzaffari l\./lukhridd.in (Director).
engineering consultant obalink: Mr. Masrur Kasimov (Fright Forwarding Manager)
Information gathering from ABM: Mr. Abdulloev Bakhtyot (Commercial Director)
carriers
Committee for Mr. Sudurov Saidismon (Head of Ecological Expertise
Information gathering from Environmental Department)
crp Protection
Information gathering from Integral LLC Mr. Shamsudino Shambe (General Director)
engineering consultant
6/16(Thu)
Information gathering from
carrers M&M Mr. Aziz Sharipov (Managing Director)
Information gathering from
sales distributers of
transformers TLM Mr. Sheraliev Tohir (Director)
Mr. Cao Yadong (Director)
gﬁ;)rmation gathering from MoEWR Mr. Parviz Yakhyoev (Chief Specialist)
6/17(Fri) Committee for

Information gathering from

Environmental

Mr.Sudurov Saidismon(Head of Atmosphere)
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sales distributers of
transformers

Protection
Tol Sokhtmon

Mr. Darlatov Azam (Director)

Information gathering from
C/P

Committee for

Mr. Sudurov Saidismon (Head of Ecological Expertise

6/18(Sat) Environmental Department)
Protection
6/19(Sun) i(())zt;nmi Irlr;astterlals and
In/formation gathering from MoEWR Mr. Parviz Yakhyoev (Chief Specialist)
C/P
6/20(Mon)
Information gathering from
engineering consultant ENERGOSETPRO | Mr.Makhamdamin Aminov (Director)
EKT
Information gathering from Committee for Mr. Sudurov Saidismon (Head of Ecological Expertise
c/p Environmental Department)
6/21(Tue) Protection
MoEWR Mr. Parviz Yakhyoev (Chief Specialist)
Obtaining quotation from COLIBRILAW
6/22(Wed) consultant on environmental
and social considerations
Information gathering from MOoEWR Dushanbe | Mr. Parviz Yakhyoev (Chief Specialist)
6/23(Thu) c/p Thermal Power Mr. Murod:Dushanbe Thermal Power Plant-2 Deputy Head
Plant-2
1. Information gathering from | 1.BT 1.B.T. Mr.Kharimov Mirovich (First Executive Director)
¢/ P, . 2.Dushanbe 2.D.P.P.2 Mr.Sayfulloev Kiyomidir(Chief Engineer)
2. Visiting Dushanbe Thermal Thermal
Power Plant
6/24(Fri) 3. Visiting Nurek Plant
Hydropower Plant 3.Nurek Power 3.B.T. Abduvahob Ghiyosov
4. Contacting an electric Plant
engineering company, 4.Mr.Makhmandamin Aminov
NERGOSETPROEKT
6/25(Sat) i(())zt;nmi Irlr;':terlals and
Sorting materials and
6/26(Sun) documents, creating outline of
the report on the field survey
TV team meeting Atlas Hotel
@® Confirming the
contents of M/D
6/27(Mon) @) Checking on
quotations from 3 companies
® Technical meeting
Information gathering from MoEW Mr. Parrviz Yakhiev (Chief Specialist)
6/28(Tue) C/P CEP Mr. Sudurov Saidismon(Head of Atmosphere)
Information gathering from MoEW Mr. Parrviz Yakhiev (Chief Specialist)
6/29(Wed) C/P CEP Mr.Sudurov Saidismon(Head of Atmosphere)
Information gathering from 1.MoEW 1.Mr.Sudurov Saidismon (Head of Atmosphere)
6/30(Thw) 2B.T. 2.Mr.Ghiyosov Abduvarob (Deputy Chief Engineer)
Mr.Sharipov
7/1(Fri) Joint survey with BT on PromyshlennayaSS | Mr.Kharimov Mirovich (First Executive Director)
Promyshlennaya S/S Mr.Ghiyosov Abduvarob (Deputy Chief Engineer)
Agreement on enironmental Atlas Hotel Colibri Law Firm LLC : Mr. Khujanazar Aslamshoev
7/2(Sat) and social considerations

survey
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Sorting materials and
documents, preparing for

e reporting after returning to

Japan

Information gathering from MoEW Mr.Parviz Yakoev (Chief Specialist)
7/4(Mon) c/p CEP Mr.Sudurov Saidismon(Head of Atmosphere)

Colibri Law Mr. Alisher Khosimov

1. Information gathering from | BT Mr.Kharimov Mirovich (First Executive Director)

7/5(Tue) g/ II){ . Mr. Sharipov,
. Report after r.eturmng to JICA

Japan (TV meeting)

Sorting materials and
7/6(Wed) docun;gents

Obtaining signatures from BT Mr.Kharimov Mirovich (First Executive Director)
7/7(Thu) CNN Mr. Sharipov Rezvon (Planning Manager)

. Sorting materials and

7/7(Fri) docun;gents
7/7(Sat) Departing to Japan

@)

The 1st Field Survey (Supplementary surve

y-1: July 28 — September 16, 2016)

Date Activity Location Major interviewee
7/27(Wed) | Departing Japan Narita
Information gathering from Colibri Law Firm M. Alisher Khoshimov (Senior Associate)
c/p LLC Mr. Shirinbek Milibekov (Senior Associate)
MoEWR Mr. Parviz Yakhiev (Chief Specialist)
Mr. Shukurov Isfandiyor (Head of Ecological
7/28(Thu) Expertise Department)
CEP Mr. Sudurov Saidismon(Head of Atmosphere)
Visiting JICA Tajikistan
Office JICA Tajikistan Mr. Konohara
Office
, Visiting Colibri Law Firm Colibri Law Firm | Mr. Shirinbek Milibekov, ~Senior Associate
Sorting materials and
UBEE docuni:nts
Sorting materials and
oL i) docun;gents
Information gathering from MoEWR Mr. Parviz Yakhiev  (Chief Specialist)
8/1(Mon) C/p
CEP Mr. Shukurov Isfandiyor
Visiting Colibri Law Firm Colibri Law Firm Mr. Shirinbek Milibekov(Senior Associate)
gl/g)rmatlon gathering from MoEWR Mr. Parviz Yakhiev (Chief Specialist)
8/2(Tue)
Survey on impact of Underground cable
underground cable route on route (Route I:
the environment along River
Dushanbe)
Meeting on the 110kV power | Hotel ATLAS Mr. Farohob Nurkhahob (interpreter)
source underground cable
8/3(Wed) route from the existing
Glavnaya S/S to
Glavpochtampt S/S
Creating picture map of the Hotel ATLAS
8/4(Thu) 110kV power source

underground cable route from
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the existing Glavnaya S/S to
Glavpochtampt S/S

Information gathering from MoEWR Mr. Parviz Yakhiev (Chief Specialist)
C/P
8/5(Fri) CEP Mr. Shukurov Isfandiyor (Head of Ecological
Expertise Department)
Mr. Sudurov Saidismon(Head of Atmosphere)
Sorting materials and
sitel) documents
Sorting materials and
ey documents
* Survey on impact of Underground cable
underground cable route on routes (Route I:
the environment along River
Dushanbe, Route II:
8/8(Mon) route through green
belt)
Mr Khujanazar Aslamshoev (General Director)
Visiting Colibri Law Firm | Colibri Law Firm Mr. Alisher Khoshimov (Senior Associate)
LLC LLC Mr. Shirinbek Milibekov
Information gathering from CEP Mr. Shukurov Isfandiyor
8/9(Tue) C/P
Information gathering from MoEWR Mr. Parviz Yakhiev (Chief Specialist)
8/10(Wed) C/P
Visiting Colibri Law Firm Colibri Law Firm Mr Khujanazar Aslamshoev:(General Director)
8/11(Thu) LLC LLC Mr. Alisher Khoshimov (Senior Associate)
Mr. Shirinbek Milibekov
. Visiting JICA Tajikistan JICA Tajikistan Mr. Ishii (Director), Mr. Inoue, Mr. Konohara
8/12(Fri) Office Office
Sorting materials and
8/13(Sat) docunints
Sorting materials and
) docun;gents
Information gathering from MoEWR Mr. Parviz Yakhiev (Chief Specialist)
8/15(Mon) C/P
Visiting Colibri Law Firm Colibri Law Firm Mr. Khujanazar Aslamshoev (General Director)
LLC LLC Mr. Alisher Khoshimov (Senior Associate)
8/16(Tue) Mr. Shirinbek Milibekov (Senior Associate)
Information gathering from
C/p CEP Mr. Shukurov Isfandiyor (Head of Ecological
Expertise Department)
Information gathering from MoEWR Mr. Parviz Yakhiev (Chief Specialist)
8/17(Wed) C/P
Liaison meeting on safety EoJ Mr. Kitaoka (Ambassador), Mr. Minesaki (Second Secretary,
%/18(Th measures Consul), Ms. Tamura (Second secretary), Mr. Kashiwazaki (in
(Thu) charge of risk management)
JICA: Mr. Ishii (Director), Mr. Inoue
Visiting GIINTIZ GIINTIZ Mr. Saidov R Sfarovich (Director)
Visiting Colibri Law Firm Colibri Law Firm
8/19(Fri) LLC LLC Mr. Khujanazar Aslamshoev (General Director)
Mr. Alisher Khoshimov (Senior Associate)
Mr. Shirinbek Milibekov (Senior Associate)
8/20(Sat) Sorting materials and
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documents

Sorting materials and

8/21(Sun) d
ocuments
Information gathering from BT Mr. Sharipov Rezvon (Planning Manager)
8/22(Mon) C/p Mr. Rahmatov
Site survey Glavnaya Mr.Ghiyosov Abduvarob (Deputy Chief Engineer)
Glavpochtampt
8/23(Tuc) Radiostantsiya
Promyshlennaya
8/24(Wed) gﬁ;)rmation gathering from MoEWR Mr. Parviz Yakhiev (Chief Specialist)
Visiting Colibri Law Firm Mr. Khujanazar Aslamshoev (General Director)
8/25(Thu) LLC Mr. Alisher Khoshimov (Senior Associate)
Mr. Shirinbek Milibekov (Senior Associate)
DiSPUSSiQU on priority and BT Mr.Kharimov Mirovich (First Executive Director)
8/26(Fri) basic design Mr. Sharipov Rezvon (Planning Manager)
8/27(Sat) Sorting materials and
documents
8/28 (Sun) | Sorting materials and
documents
8/29 Obtaining quotation and Giintiz
(Mon) related information
8/30 (Tue) | Obtaining quotation and Giintiz
related information Cable Route Mr. Sharipov Rezvon (Planning Manager)
Site survey BT Mr. Manuecher Safasov (Head of Investment Department)
Hearing to C/P MoEWR Mr. Parviz Atoev (Head of International Department)
DCEN Mr. Parviz Yakhyoev (Chief Specialist of International
Department
Mr.Ghiyosov Abduvarob (Deputy Chief Engineer)
8/31 Obtaining quotation and PMK-14
(Wed) related information
9/1 (Thu) Obtaining quotation and Global Group
related information
9/2 (Fri) Obtaining quotation and Barksoftmon
related information Cable Route Mr. Sharipov Rezvon (Planning Manager)
Site survey BT
Hearing to C/P MoEWR Mr.Ghiyosov Abduvarob (Deputy Chief Engineer)
DCEN
9/3 (Sat) Sorting materials and
documents
9/4 (Sun) Sorting materials and
documents
9/5 (Mon) | Obtaining quotation and Asfalt Betcon
related information
9/6 (Tue) Obtaining quotation and Integral
related information Cable Route Mr. Sharipov Rezvon (Planning Manager)
Site survey BT
Hearing to C/P MoEWR Mr.Ghiyosov Abduvarob (Deputy Chief Engineer)
DCEN
9/7 (Wed) | Obtaining quotation and Poyanda

related information
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9/8 (Thu) Obtaining quotation and Romsar
related information
9/9 (Fri) Obtaining quotation and Dilshod-N
related information
9/10 (Sat) | Sorting materials and
documents
9/11 (Sun) | Sorting materials and
documents
9/12 Obtaining quotation and Anushico
(Mon) related information
9/13 (Tue) | Obtaining quotation and Tajikgidroelectro
related information montaj
9/14 Obtaining quotation and Integral
(Wed) related information
9/15 (Thu) | Obtaining quotation and Barksoftmon
related information
9/16 (Fri) Obtaining quotation and
related information
9/17 (Sat) | Departing to Japan
(2) The 1st Field Survey (Supplementary survey-2: October 17 — 21, 2016)
Date Activity Location Major interviewee
10/15 Departing Japan
(Sat)
10/16 Sorting materials and
(Sun) documents
10/17 Briefing on purpose of MoEWR
(Mon) visit CEP Mr. Sharipov Rezvon (Planning Manager)
BT
DCEN Mr.Ghiyosov Abduvarob (Deputy Chief Engineer)
10/18 Discussion MoEWR
(Tue) Briefing on purpose of BT Mr. Sharipov Rezvon (Planning Manager)
visit DCEN Mr.Ghiyosov Abduvarob (Deputy Chief Engineer)
JICA Tajikistan
Office
10/19 Site discussion 3S/S
(Wed)
10/20 . . BT Mr. Sharipov Rezvon (Planning Manager)
(Thu) Discussion on CN MoEWR
10/21 Signing CN BT Mr. Sharipov Rezvon (Planning Manager)
(Fri) MoEWR
10/22 Sorting materials and
(Sat) documents

Departing to Japan
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(2) The 2nd Field Survey

Date

Activity

Location

Major interviewee

2017/1/6
(Fri.)

Departing Japan

2017/1/7
(Sat.)

2017/1/8
(Sun.)

* Team meeting

1/9(Mon)

Explaining the Project

MoEWR

BT

CEP

Mr. Manuecher Safasov (Head of Investment Department)
Mr. Parviz Atoev (Head of International Department)

Mr. Parviz Yakhyoev (Chief Specialist of International
Department)

Mr. Sharipov Rezvon (Planning Manager)

Mr. Shukurov Isfandiyor (Head of Ecological

Expertise Department)

Mr. Sudurov Saidismon (Head of Atmosphere)

1/10(Tue)

Discussion on M/D

MoEWR
JICA Tajikistan
Offfice

Mr. Usmonali Usmonzoda (Minister)

Mr. Jamshed Shoimzoda (Deputy Minister)

Mr.Asozoda Mahmadumar (First Deputy Chairman)

Mr. Manuecher Safasov (Head of Investment Department)
Mr. Parviz Atoev (Head of International Department)

Mr. Parviz Yakhyoev (Chief Specialist of International
Department)

Mr.Kazunari Oshima

Mr.Takeshi Naito

1/11(Wed)

Discussion on M/D

MoEWR

Mr. Usmonali Usmonzoda (Minister)

Mr. Jamshed Shoimzoda (Deputy Minister)

Mr.Asozoda Mahmadumar (First Deputy Chairman )

Mr. Manuecher Safasov (Head of Investment Department)
Mr. Parviz Atoev (Head of International Department)

Mr. Parviz Yakhyoev (Chief Specialist of International
Department)

Mr.Kazunari Oshima

Mr.Takeshi Naito

1/12(Thu)

Items subject to tax
exemption, and procedures

Discussion on (proposed)
report

Ministry of
Finance
BT

Mr. Latifov Umed Barotovich

Mr. Sharipov Rezvon (Planning Manager)

1/13(Fri)

Confirming
information

company

Tajikgidroelectr
omantaji

Mr. Muhammadiev Tulkin Rahmatjonovich

1/14(Sat)

Confirming
report
Final confirmation of the
contents of M/D

Signing M/D

(proposed)

BT
MoEWR
MoEWR

Mr. Sharipov Rezvon (Planning Manager)

Mr. Usmonali Usmonzoda (Minister)

Mr. Jamshed Shoimzoda (Deputy Minister)

Mr.Mirzo Ismoilzoda (Chairman)

Mr.Asozoda Mahmadumar (First Deputy Chairman )

Mr. Manuecher Safasov (Head of Investment Department)
Mr. Parviz Atoev (Head of International Department)

Mr. Parviz Yakhyoev (Chief Specialist of International
Department)

Mr. Ken Inoue

Mr.Kazunari Oshima

Mr.Takeshi Naito

1/15(Sun)

Team meeting

1/16(Mon)

Field survey

BT

Mr. Giosov Abduvahob

1/17(Tue)

Final confirmation on

BT

Mr. Sharipov Rezvon (Planning Manager)
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(proposed) report MoEWR Mr. Manuecher Safasov (Head of Investment Department)
Confirming matters to be
borne by the recipient
country
ey | Tomstmeeing [ opw | M Sa (el man Depatnen)
Signing (proposed) report | BT ’ p & &
g:ai)l:tgs z)icortlltlream;flrve Barksoftmon Mr. Ibragimov Komiljon Holmurodov (General Director)
1/19(Thu) reslfn ) Y| JICA Tajikistan
Office Mr. Ken Inoue
1/20(Fri) Survey on transformer
transportation route
1/21(Sat) Departing to Japan
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Appendix 3: List of Parties Concerned in Tajikistan
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Appendix 3: List of Parties Concerned in Tajikistan

Ministry of Energy and Water Resources of the Republic of Tajikistan (MoEWR)

Mr. Usmonali Usmonzoda Minister

Mr. Jamshed Shoimzoda Deputy Minister

Mr. Manuecher Safasov Head of Investment Department

Mr. Parviz Atoev Head of International Department

Mr. Parviz Yakhyoev Chief Specialist of International Department
Barki Tojik

Mr.Mirzo Ismoilzoda Chair man

Mr.Asozoda Mahmadumar First Duputy Chairman

Mr. Kharimov Mirovich First Executive Director

Mr. Sharipov Rezvon Planning Manager

Dushanbe City Electric Network
Mr. Ghiyosov Abduvahob Deputy Chief Engineer

Committee for Environmental Protection

Mr. Sudurov Saidismon Head of Ecological Expertise Department

Mnistry of Finance

Mr. Latifov Umed Barotovich Deputy Minister

Asian Development Bank

Mr. Bouadokpheng Chansavat Portfolio Management Specialist

Embassy of Japan in the Republic of Tajikistan

Mr.Hazime Kitaoka Ambassador Extraordinary and Plenipotentiary
Mr.Futoshi Minezaki Second Secretary Consul
Ms.Chie Tamura Second Secretary
Mr.Takashi Okimoto Third Secretary
JICA Tajikistan Office
Mr. Kiyoshi Ishii Resident Representative
Mr. Ken Inoue Representative
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Ms. Makiko Konohara Project Formulation Advisor

Private companies

* Engineering

Integral LLC
Mr. Shamsudino Shambe General Director
Mr. Aliev Mahmadvazir Chief Engineer
Mr. Sabzov Rasul Group Leader

Bark Sokhtmon Loihakash
Mr. Ibragimov Komiljon Holmurodov

General Director

Aral-Neru
Muzaftari Mukhriddin Director
Energosetproekt
Mr.Makhamdamin Aminov Director
Tol Sokhtmon
Mr. Darlatov Azam Director
PMK-14
Mr. Halimov Murodbeg Director
Global Group
Mr.Saylona Saidmuradova Commercial Director

Tojikhidroelektromontaj
Mr. Muhammadiev Tulkin Rahmatjonovich

Deputy General Director

« Environmental consultant

COLIBRILAW
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Mr.Khujanazar Aslamshoev
Mr.Alisher Khoshimov

+ Construction consultant
Giintiz
Mr.Rahmatull Saidov

Mr.Kamolov Ravshan

« Carriers
Globalink

Mr. Masrur Kasimov

ABM Trans Service
Mr. Abdulloev Bakhtyot

M&M Tajikistan LLC
Mr. Aziz Sharipov

+ Sales distributors
TLM
Mr. Sheraliev Tohir
Mr. Cao Yadong

Poyanda
Mr. Bekir Bayoglu

Romsar
Mr. Umed

Dilshod-N
Mr. Zokirov Narzullo

Anushico
Mr. Murodov Shodi Kuvatovich

General Director

Senior Associate

General Director

Technical Director

Fright Forwarding Manager

Commercial Director

Managing Director

Director

Director

Director

Administrator

General Director

General Director
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Appendix 4: Minutes of Discussions (M/D)
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Appendix 4: Minutes of Discussions (M/D)
4-1. Minutes of Discussions (M/D1)
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4-2. Minutes of Discussions (M/D2)
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Appendix 5: Confirmation Note (C/N)
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Appendix 5: Confirmation Note (C/N)
5-1 Confirmation Note (C/N1)
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Annex List

Annex 1. Layout DWG Promishlenaya
Annex 2. Single Line DWG Promishlenaya A
Annex 3. Single Line DWG Promishlenaya B
Annex 4. Layout DWG Glavpochtamt
Annex 5. Single Line DWG Glavpochtamt
Annex 6. Layout DWG Glavnaya

Annex 7. “Single Line DWG Glavnaya
Annex 8. Layout DWG Radiostansiya
Annex 9. Single Line DWG Radiostansiya
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5-2 Confirmation Note (C/N2)
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Appendix List
Appendix 1: 110kV UNDER GROUND ELECTRIC CABLE ROUTE
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Appendix 1: UNDERGROUND ELECTRIC CABLE
ROUTE

Appendix-97



Appendix-98



5-3 Confirmation Note (C/N3)
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Appendix 6: Analytical Data on Electric Power Systems

Appendix-113



Appendix-114



Appendix 6: Analytical Data on Electric Power Systems

6-1 Data on Power Generating Plants

Technical Parameters of Generating Units Nel and Ne2 of Hydropower Plant-2 (GES-2)

Texauueckue napameTpsl ruapoarperatoB Nel u Ne2 I'DC-2

Ne Parameter Value
Ne n/mn [Tapamerp 3HaueHue
1 Installed Capacity of Generating Unit, MW 7.2

‘YcTaHoBIeHHas MOLIHOCTB arperara, MBT

2 Available Capacity of Generating Unit, MW 3

Pacnonaraemas mMomHocTs arperara, MBt

3 Maximum Permissible Active Power of Generating Unit, MW 7.2

MakcumanbHO-A0YCTUMAsl aKTUBHAs MOLTHOCTh, MBT

4 Minimum Permissible Active Power of Generating Unit, MW

MuHMManbHO-A0IyCTUMAs! aKTUBHASI MOLHOCTh, MBT

5 Maximum Reactive Power, MVAr

MakcumanbHasi peakTUBHas MOIHOCTb, MBT

6 Minimum Reactive Power, MVAr

MuHumaneHas peakTuBHasi MOUIHOCTb, MBT

7 MWSs/MVA Inertia Constant

p-u. mocrosiuHOM nHepuun MBT cex/MBA

8 rap.u. MW/ Rate of Attenuation per unit. Attenuation Parameter Typical
Range, 0.8-1.0, for Steam-Generating Unit. Measure of Inaccuracy = 1.
Koadpduuuent dactoTel 3aTyxaHusi arperara. TuUIOBbBIE AWana3oHbl MapaMETPOB

3aryxanus 0.8-1.0 anst maporeneparopHoit ycranoBku. [lorpemmnocts — 1.

9 Connection of Generating Unit to Automatic Load-Frequency Control (ALFC),
Yes — No

HOZ[KIIIO‘{CHHG arperara K aBTOMaTU4€CKOMY PEryjInpOBaHUIO YaCTOTBL U MOMIHOCTHU

(da — Her)
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10

Connection of Generating Unit to Automatic Voltage Control (AVC), Yes — No
INopxmrouenne arperara K aBTOMAaTHYECKOMY PETYIHpOBaHHIO HampspkeHus ([a —

Her)

11

Automatic Load-Frequency Control (ALFC) Range, MAX & MIN

Ipenemnst perymuposanus APUM (MakcuManbHBIA 1 MHHIMAITBHBIN)

12

Permissible Active Load Rate of Increase in Normal Operation, MW/min
JlomycTiMasi CKOPOCTb YBEIMYCHUS AKTUBHOI HArpy3kKd B HOPMAaJIbHOM DEXHME,

MBT1/MuH

13

Permissible Active Load Rate of Decrease in Normal Operation, MW/min
JlomycTimMasi CKOpPOCTb YMEHBILIECHHSI aKTUBHOM HAarpy3KH B HOPMallbHOM DEKHME,

MBT1/MuH

14

Permissible Active Load Rate of Increase in Emergency Operation, MW/min
JonyctuMas CKOpPOCTh YBEIMYEHMsI AKTUBHOW HAarpy3ku B aBapUHHBIX PEXHUMaX,

MBT1/MuH

15

Permissible Active Load Rate of Decrease in Emergency Operation, MW/min
JonyctuMas CKOpOCTb YMEHBLIEHMsI aKTMBHON HAarpy3ku B aBapUIHBIX pEXHUMAX,

MBT1/MuH

16

Prohibited Ranges of Generating Unit Operation (MW min — MW max)

3anpertHble 30HbI paboThl rereparopoB (MBT min — MBT max)

17

Transient Reactance used to calculate the Short-Circuit Current

ITepexoaHOE peakTUBHOE CONMPOTUBIICHHE, HCIIOIb3yeMOe I pacuéra ToKa K. 3.

18

Sub-Transient Reactance used to calculate the Short-Circuit Current
CBepXxmepexoHOe PEaKTHBHOE COMPOTHBIICHHE, HCIIOIB3YeMOe IS pacuéra Toka K.

3.

19

Zero Phase Sequence of Reactance

HyneBa;{ NOCJIEA0BATCIIbHOCTE PEAKTUBHOI'O COIIPOTHUBIICHUS

20

Economic Operation Mode Range (MAX & MIN) — only for Turbo-Generating
Units

Jluama3zoH SKOHOMHYHOTO peXuMma paboTel (Makc. M MHH.) — TONBKO JUIS
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TypOOTeHepaTopoB

HYDROPOWER PLANT-2 (GES-2)

GENERATING UNIT Nel

Type

Tun

Vertically Suspended

Beprukanbnblii nogsecHon

Manufacturer’s Plant England
3aBoJ M3rOTOBUTENA AHrus
Capacity 9000 kVA
MorHOCTb 9000 xkBA
Power Factor 0.8
Koadpduuuent momuoctu 0.8
Voltage 6300 V
Hanpsoxkenue 6300 B
Stator Current 825A
Tok craropa 825 A

Number of Revolutions

428 rev./min.

Uwucio 060poToB 428 06/MuH

Rotor Current 450 A

Tok poropa 450 A

Type of Exciter EG-342/8 Shunt Exciter

Tumn Bo3OymuTesst

EG-342/8 lllynroBsrit

Capacity 87.7 kW
MoHoCTE 87.7 xBt
Voltage 156 V
Hanpsoxenue 156 B
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Sub-Exciter EG-192
TTonBo3oynuTens EG-192

Capacity 3.8 kW

MoHoCTE 3.8 kBT

Voltage 230V

Hanpsoxenue 230B

Type of Regulator VS-4

Tun perynsatopa VS-4

Cooling System Closed Cooling System
Cucrema OXJIaKICHUS 3aMKHyTas

Hydropower Plant-1 (GES-1)

Generators 1 and 2 Hydro Turbines 1 and 2

1 | Type BB-654 1 Type Francis
Tun Tun Turbine,

Vertical

2 | Capacity 4.65 MVA X?4=0.274 2 Wheel Diameter 1.034/1.256 m
MomHocTb X4 =03 Juamerp kxoneca

3 Power Factor 0.8 Xa=125 3 Wheel Height 0.586 m
Koadpdpumment X 5 = 0436 Beicota koneca
MOIITHOCTH

4 | Voltage 6.3 kV 4 Number of Blades 15
Hanpsoxenue Hucio nomarox

5 Stator Current, I | 426 A 5 Design Head H=49m
¢ Tox craropa Pacuérnslii Hatiop

6 | Rotor Current, I | 250A 6 Design Flow Rate Q =95
p Tox poropa
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Pacuérnslii pacxon

/sec

Number of | 375 rev/min 7 Rated Capacity 3.9 MW
Revolutions HomunanbHast MOIITHOCTE
Uucio 060poToB
Efficiency 95.8% 8 Available Capacity 3.6 MW
Ko daxTuyecKasi MOLTHOCTD
9 Number of Revolutions | 375 rev/min
Yucno 060poToB
10 | Efficiency 87.6%
K.m.a.
EXCITER
Boz6ynurens
Type 6-300
Tun
Capacity 29 kW
MomHoCTh
Voltage 115V
Hanpsoxenue
Excitation Control | Compound
PerynupoBanue Exciter
BO30YXKICHHS
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Hydropower Plant-3 (GES-3)

Generators 1 and 2

Hydro Turbines 1 and 2

1 | Type BCI-325/29-24 1 Type PO-123-BB-140,
Tun Tun Francis Turbine

2 | Capacity 2.2MVA X”4=10.36 2 Wheel Diameter 1.4m
MouHocTh X'a=03 Juametp xoseca

3 | Power Factor 0.8 Xa=12 3 Number of Blades 14
Koadpduuunent X 3 = 0.45 Yucio nonarox
MOIL[HOCTH

4 | Voltage 6.3kV 4 Design Head H=19.7m
Hanpsxenue Pacuérnelii Hanop

5 | Stator Current, I | 202A 5 Max. Flow Rate Q=12.6 m’ /sec
¢ Tok craropa Makec. pacxon

6 | Rotor Current, | 385 A 6 Capacity 2.02 MW
I p Tok poropa MOIIIHO CTh

7 Number of
Revolutions

Yucno 060poToB

250 rev/min

7 Number of Revolutions

Yucno 060poToB

250 rev/min

EXCITER

Bo3zoynurens

1 Type

Tun

BBC-74/19-6

2 | Capacity

MorHocTh

47 kW

3 | Voltage

115V
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Hanpsoxenue

4 | Excitation Control
PerynupoBanue

BO30YXKIICHUS

Compound

Exciter

Dushanbe Thermal Power Plant (DTEC) — Phase 1

Generators 1,2 and 3 Turbines 1, 2 and 3
1 | Type 4H-5466/2 Type P-6-90,
Tun Tun I1-6-35.5;
P-4,5-35/6
2 | Capacity 7.5 MVA X7q4=0.122 Capacity 6 MW
Momnocth Xy = 0235 — Momnocth
for G1 & G2
3 Power Factor 0.8 Effective Pressure | 35 at
Koadpdpumment X d4=2.38 before Stop Valve
MOIITHOCTH X,=015 Pabouee naBnenue mepen
CTOTIOPHBIM KJIAITAHOM
4 | Voltage 6.3 kV Condenser 0.05 at
Hanpsoxenue Backpressure
Jasnenue B
KOHJICHCATope
5 | Stator Current, 688 A X”4=0.12 Operating T°C before | 435°C
¢ Tok craropa Xa=0.17 StOp Valve
Pabouas T°C  mepen
X ¢=1.65 — for
CTOTIOPHBIM KJIAITAHOM
G3
6 Rotor Current, 158 A X 5 =0.147 Specific Steam | 4.28 kg/kW x
p Toxk potopa Consumption in | hour
Condensing Mode
Vn. pacxon mapa B
KOHJICHCAIINOHHOM
pexume
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Number of | 3000 rev/min 7 The same, with Max. | 8.85 kg/kW x
Revolutions Take-Off &  Rated | hour
Uncno 060poToB Capacity
To e, mpu Makc. orGope
" HOMMHAJIBHON
MOIIHOCTH
8 Max. Steam Rate 98 tons/hour
Makc. pacxon mapa
EXCITER
Boz6ynurens
Type E-3031/4
Tun
Capacity 50 kW
MouHocTh
Voltage 220V
Hanpsixenue
Current 227A
Tox

Dushanbe Thermal Power Plant (DTEC) — Phase 2

Generators 4 and 5

Turbines 4 and 5

Type TBC-30 1 Type I1T-35-90/10
Tun Tun

Capacity 37.5 MVA X74=0.152 2 Capacity 35 MW
MouHocTh X4 = 0257 MouHocTh

Power Factor 0.8 X 4=2.453 3 Overload Capacitance 20%
Kospduuunent X 2=0.185 Ileperpy3ounas

MOILHOCTH CIOCOOHOCTH
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Voltage 6.3 kV 4 Number of Revolutions | 3000 rev/min
Hampsoxenne Yucno 060poToB
Stator Current, I | 3440A 6 Effective Pressure | 95 at
¢ Tok cratopa before Stop Valve
Pabouee namnenue nepen
CTOIIOPHBIM KJIaIIaHOM
Rotor Current, | 460 A 7 Operating T°C before | 535°C
T p Tox poropa Stop Valve
Pabouas T°C  mepen
CTOHOPHBIM KJIANaHOM
Number of | 3000 rev/min 8 Condenser 0.05 at
Revolutions Backpressure
Yucno 06opoToB Japnenue B
KOHZIEHCATope
Efficiency 98.2% 9 Number of Turbine | 24
K.z Stages
Yucno CTymneHel
TypOHHBI
10 | Number of Governed | 2/8/13;0,7/2,5
rev/min
Yucno peryaMpyemsix
000poTOB
EXCITER 11 | Critical Speed 1750 rev/min
Boz6ynurens Kpuruueckoe 4HCII0
000poTOB
Type BT-170-3000 12 | Number of Turbine | 16
Tun Disks (integrally with
shaft)
Uwuciao TUCKOB (320IHO C
BaJIOM)
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2 | Capacity 150 kW 13 | Number of Capped | 8
MomHoCTh Turbine Disks
Yucso HaCaIHBIX JUCKOB
3 | Voltage 250V 14 | Specific Steam | 3.96 kg/kW x
Hampsoxenne Consumption in | hour
Condensing Mode
Vn. pacxon mapa B
KOHJICHCAIIHOHHOM
pexume
4 | Current 600 A 15 | Max. Steam Rate 240 tons/hour
Tox Makc. pacxoa nmapa
5 | Excitation Shunted
Bo30yxnenue Excitation
6 | Excitation Control | Compound
PerynupoBanue Exciter
BO30Y)XICHUS
Dushanbe Thermal Power Plant (DTEC) — Phase 2
Generator 6 Turbine 6
1 | Type TB-60-2 1 Type K-50-90
Tun Tun
2 | Capacity 60 MVA X7q4=0.157 2 Capacity 50 MW
M M
OLIHOCTH g = 0.242 OLIHOCTh
3 Power Factor 0.8 Xd4=2.0 3 Overload Capacitance 10%
Koadpdpumment X >=0.191 Ileperpyzounas
MOIITHOCTH CIIOCOOHOCTB
4 | Voltage 10.5kV 4 Number of Revolutions 3000 rev/min
Hampsoxenne Uuco 060poToB
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Stator Current, 1 | 4125A Effective Pressure | 90 at

¢ Tok craropa before StOp Valve
Pabouee naBnenue mepen
CTOIIOPHBIM KJIaIIaHOM

Rotor Current, I | 700A Operating T°C before | 535°C

p Toxk potopa StOp Valve
Pabouas T°C  mepen
CTOIIOPHBIM KJIaIIaHOM

Cooling System Hydrogen Condenser 0.035 at

Cucrema Cooling, Backpressure

OXJIAXKICHUS 2 kgfom? JlaBnenue B
KOHZIEHCATope

Number of | 3000 rev/min Critical Speed 1755 rev/min

Revolutions Kputnueckoe YHUCIIO

Yucno 060poToB 00opoToB

9 Max. Steam Rate 205 tons/hour

Makc. pacxon nmapa

EXCITER

Boz6ynutens

Type BT-170

Tun

Capacity 190 kW

MomHoCTh

Voltage 250V

Hanpsoxenue

Current 760 A

Tox

Appendix-125




Dushanbe Thermal Power Plant (DTEC) — Phase 2

Generator 7

Turbine 7

Type TBF-100-2 Type K-100-90-6M
Tun Tun
Capacity 100 MVA X74=0.18 Capacity 100 MW
M
OILIHOCTb X4 =028 MouHocTh
Power Factor 0.85 Xa=181 Overload Capacitance 10%
Kospduuunent X 22022 [eperpy3ounas
MOIIIHOCTH CMOCOOHOCTH
Voltage 10.5kV Number of Revolutions | 3000 rev/min
Hanpsoxenue Yucno 060poToB
Stator Current, 1 | 6880 A, T=20°C Effective Pressure | 90 at
¢ Tox craropa 6480 A, T=33°C before Stop Valve
Pabouee maBnenue mepen
CTOHOPHBIM KJIAIlaHOM
Rotor Current, I | 1680A Operating T°C before | 535°C
p Toxk poropa StOp Valve
Pabouas T°C  mepen
CTOIIOPHBIM KJIaIIaHOM
Number of | 3000 rev/min Condenser 0.035 at
Revolutions Backpressure
Uucio 060poToB Japnenue B
KOHJICHCAaTope
Cooling System Hydrogen Cooling Max. Steam Rate 408 tons/hour

Cucrema

OXJIAXKACHUA

Makc. pacxon napa
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EXCITER

Bos0ynurens

Type

Tun

BT-450

Capacity

Mo1HoCTh

470 kW

Voltage

Hanpsoxenue

280V

Current

Tok
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6-2 Data on Substations
Document 2: Transformers Data

Please check Transformers Data as below

Winding
Cap
No. Substation Voltage (kV) Impedance Tap Connection
(MVA)
Scheme
#1220/110/10 125 10,00% 17 YA
@) OPK-ABAI-2
#2 220/10 125 10,00% 13 YA
@ IYPCAN #1 110/10 10 10,00% 13 YA
#1 110/6 32 10,00% 13 YA
©) BAXIIAT #2 110/6 25 10,00% 13 YA
#3 110/6 25 10,00% 13 YA
#1 110/6 16 10,00% 13 YA
@ AH30B
#2 110/6 16 10,00% 13 YA
P-S  10.00%
#1 110/35/10 25 S-T 44.00% 13 YYA
P-T 28.00%
® AKAJJEMI'OPOJIOK
P-S 10.00%
#2 110/35/10 25 S-T 44.00% 13 YYA
P-T 28.00%
P-S 10.00%
#1 110/35/10? 25 S-T 44.00% 13 YYA
P-T 28.00%
® BOCTOYHAA
P-S 10.00%
#2 110/35/10? 25 S-T 44.00% 13 YYA
P-T 28.00%
#135/10 1,6 10,00% 13 YA
@ POXATHU
#2 35/10 6,3 10,00% 13 YA
#1 35/6 10 10,00% 13 YA
BUH3ABOJ
#2 35/6 10 10,00% 13 YA
P-S 10.00%
© yryc #1 110/35/10 10 S-T 44.00% 13 YYA
P-T 28.00%
XOII’KA ObU TAPM #1 35/6 6,3 10,00% YA
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#2 35/6 1,6 10,00% YA
#3 6/10 1,6 10,00% AN
#1 35/10 2,5 10,00% YA
@ | TAKOB
#2 35/6 2,5 10,00% YA
#135/10 2,5 10,00% 13 YA
@ | CA®EJIOPAK
#2 35/10 4 10,00% 13 YA
P-S 10.00%
#1 110/35/6 16 S-T 44.00% 13 YYA
P-T 28.00%
@ | KB3
P-S 10.00%
#1 110/35/6 16 S-T 44.00% 13 YYA
P-T 28.00%
CEBEPHbBIN
#1 110/6 6,3 10,00% 13 YA
TIOPTAJI
FOXKHBIN
® #1 110/6 6,3 10,00% 13 YA
TIOPTAJI
BAP30B #1 110/10 2,5 10,00% YA
@ | KOHIAPA #1 10/6 1 10,00% YA
MAMXVYPA #1 110/10 2,5 10,00% 13 YA
VIJIOBAS #1 35/0.4 0,56 10,00% YA
@ | KOMUHTEPH #1 35/6 2,5 10,00% YA
@ | TIPOXOJIHAS #1 35/0.4 0,56 10,00% YA
@ | I3C-1 (PII-6) #1 35/6 2.5? 10,00% YA
@ | TOUMKUCTOH #1 35/6 2.5? 10,00% YA
#1 35/6 2,5 10,00% YA
@ | IOTPY3KA
#2 35/6 1,6 10,00% YA
@ | KAXOPOB #1 110/10 20 10,00% 13 YA
#1 110/10 16 10,00% 13 YA
@® | ®UPIABCU
#2 110/10 6,3 10,00% 13 YA
#1 35/6 10 10,00% 13 YA
@ COOPYXEHU S P-S 10.00%
OUYUCTHBIE #2 110/6/6 25 S-T 44.00% 13 YAA
P-T 28.00%
P-S 10.71%
JDKAHTAJL #1 220/110/10 200 13 YYA
S-T 44.25%
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P-T 28.14%
P-S 10.88%
#2 220/110/10 200 S-T 44.28% 13 YYA
P-T 24.11%
P-S 10.00%
#1 110/35/10 6,3 S-T 44.00% 13 YYA
P-T 28.00%
@ | )XYKOBA
P-S 10.00%
#2 110/35/10 16 S-T 44.00% 13 YYA
P-T 28.00%
#1 110/10 16 10,00% 13 YA
HABBAXOP
#2 110/10 16 10,00% 13 YA
® IOFO-3AHA,Z[HI)H71 #1 110/6 10 10,00% 13 YA
BOJIO3ABOP #2 110/6 10 10,00% 13 YA
P-S 10.00%
#1 110/35/10 25 S-T 44.00% 13 YYA
P-T 28.00%
@ | 3ABOJCKAMA
P-S 10.00%
#2 110/35/10 25 S-T 44.00% 13 YYA
P-T 28.00%
#1 35/10 5,6 10,00% 13 YA
@ ITAMUP
#2 35/10 5,6 10,00% YA
PO3 #1 35/6 6,3 10,00% YA
® 3ATTAJITHASA #1 35/10 10 10,00% 13 YA
KOTEJIBHAA #2 35/10 10 10,00% 13 YA
VN/SN RPN/PBV - see
T1 -110/35/10 25 Y/Y/ [OF11
Footnote
TTPOMBIIIJIEHHA A VN/SN RPN/RPBYV - see
T2 -110/35/10 25 Y/Y/ [OF11
Footnote
T3-110/10 16 VN RPN - see Footnote Y~/ HI
#1 110/35?/10 16 10,00% 13 YYA
@ | BYCTOH
#2 110/10 16 10,00% 13 YA
P-S 10.00%
BAXOP #1 110/10?/10 25 13 YYA
S-T 44.00%
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P-T 28.00%

#2 110/10 16 10,00% 13 YA
#1 110/10 10 10,00% 13 YA
BOTAHUYECKAS
#2 110/10 6,3 10,00% 13 YA
P-S 10.00%
#1 110/10/10 25 S-T 44.00% 13 YAA
IAXPU P-T 28.00%
#2 110/10 16 10,00% 13 YA
P-S 10.62%
#1
200 S-T 44.34% 13 YYA
220/110/10
P-T 28.18%
HOBAS P-S 10.66%
#2
200 S-T 44.17% 13 YYA
220/110/10
P-T 28.02%
110/6 PS % 13 YA
P-S 10.00%
#1220/110/10? 200 S-T 44.00% 13 YYA
JIIVIIAHBIHCKAS P-T 28.00%
@
TDII-2 P-S 10.00%
#2 220/110/10? 200 S-T 44.00% 13 YYA
P-T 28.00%
P-S 10.00%
#1 110/35/10 25 S-T 44.00% 13 YYA
P-T 28.00%
CEBEPHAM
P-S 10.00%
#2 110/35/10 25 S-T 44.00% 13 YYA
P-T 28.00%
KOCATAPOIII #135/10 2,5 10,00% YA
#135/10 4 10,00% YA
@® | 3UPAKU
#235/10 4 10,00% YA
BOJIOHACOCHAS #135/10 10 10,00% YA
P-S 10.00%
JIVUOB #1 110/10/10 40 S-T 30.00%°? 13 Y AN

P-T 30.00%?
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P-S 10.00%
#2 110/10/10 40 S-T 30.00%? 13 YAA
P-T 30.00%?
P-S 10.00%
#1 110/35/10 25 S-T 44.00% 13 YYA
P-T 28.00%
KAPAMOBA
P-S 10.00%
#2 110/35/6 25 S-T 44.00% 13 YYA
P-T 28.00%
#1 35/6 10 10,00% YA
NCTHKIION
#2 35/6 10 10,00% YA
#1 35/0.4 2,5 10,00% YA
G | AKBA
#2 35/0.4 2,5 10,00% YA
#1 35/6 15 10,00% 13 YA
51 | LIEM3ABOJ
#2 35/6 15 10,00% 13 YA
52 | CUM-CUM #1 35/6? 2,5 10,00% YA
#1 35/6 16 10,00% 13 YA
53 | HEHTPAJIBHAS
#2 35/6 16 10,00% 13 YA
#1 110/10/10 25 10,00% YA
54 | CLHOPTUBHAS
#2 110/10/10 25 10,00% YA
P-S 10.00%
#1 110/35/6 25 S-T 44.00% 13 YYA
P-T 28.00%
55 | TVIABHAS
P-S 10.00%
#2 110/35/6 40 S-T 44.00% 13 YYA
P-T 28.00%
#2 35/6 10 10,00% YA
56 | KAPAMOBA
#535/6 10 10,00% YA
P-S 10.00%
#1 110/352/6 31,5 S-T 44.00% 13 YYA
P-T 28.00%
57 | OATAL
P-S 10.00%
#2 110/352/6 40,5 S-T 44.00% 13 YYA
P-T 28.00%
58 | TTM #1 110/6/6 25 P-S 10.00% 13 YANA
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S-T 44.00%
P-T 28.00%
P-S 10.00%
#2 110/6/6 25 S-T 44.00% 13 Y AN
P-T 28.00%
59 | ABUATOP #1110/6 16 10,00% 13 YA
P-S 10.00%
#1 110/35/10 40 S-T 44.00% 13 YYA
P-T 28.00%
60 | XBK-110
P-S 10.00%
#2 110/35/10 20 S-T 44.00% 13 YYA
P-T 28.00%
#1 35/6 6,3 10,00% YA
61 | TOPIMALII
#2 35/6 6,3 10,00% YA
P-S 10.00%
#1110/10/10 25 S-T 44.00% 13 YAA
P-T 28.00%
62 | KACPY MUJUIAT
P-S 10.00%
#2110/10/10 25 S-T 44.00% 13 YAA
P-T 28.00%
#135/6 16 10,00% YA
63 | XBK-35
#235/6 16 10,00% YA
P-S 10.00%
#1 110/10/10 25 S-T 44.00% 13 YAA
P-T 28.00%
64 | COXWIN
P-S 10.00%
#2 110/10/10 25 S-T 44.00% 13 YAA
P-T 28.00%
#1110/10 20 10,00% 13 YA
P-S 10.00%
65 | COBETCKAS
#2 110/352/10 40 S-T 44.00% 13 YYA
P-T 28.00%
3054,22
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Footnote:

VN/SN RPN/PBV High-Voltage/Medium-Voltage On-Load Tap-Changer/Off-Circuit Tap-Changer
VN/SN RPN/RPBV | High-Voltage/Medium-Voltage On-Load Tap-Changer/? Off-Circuit Tap-Changer
VN RPN High-Voltage On-Load Tap-Changer
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6-3 Load Prediction for the Substations

Document 3: Load Prediction for the Substations

Please show us Power Load at each Substation (with peak load 1800MW in winter

period of 2017 in Dushanbe)

LOAD SUBSTATION P (MW) Q (Mvar) SC Capacity (MVA)
English Substation Active Power Reactive Power Shunt Capacitor
AKTHBHAS PeaxruBnas | Shunt Capacitor (SC)
MOIIHOCTb mormtHocTh | (There are no devices for
MB Msap compensation of Reactive Power at
these substations)
Japan Substation Effective power Reactive power Shunt Capacitor
@ OPJI’K-ABA/I-2 156 40
ITVPCAN 10,5 4,5
® BAXJIAT 38,6 12
@ AH30b 18,8 4
® AKAJIEMI'OPOJIOK 22 7
® BOCTOYHAA 36 10
Does not belong to substation of
@ POXATHU 2,6 1,1
Dushanbe City
BUH3ABO]I 19 5
Does not belong to substation of
©) Imyryc 42 2,2
Dushanbe City
Does not belong to substation of
XOII’)KA ObU TAPM 4,6 1,2
Dushanbe City
Does not belong to substation of
@ TAKOB 2,5 1,1
Dushanbe City
Does not belong to substation of
@ CADEJIOPAK 2,2 1
Dushanbe City
@ KB3 14 5
CEBEPHBII1 Does not belong to substation of
2,1 1
IIOPTAJL Dushanbe City
FOXKHBINA Does not belong to substation of
® 2,0 1
ITOPTAJI Dushanbe City
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Does not belong to substation of
BAP30b 6,5 2
Dushanbe City
Does not belong to substation of
@ KOHJIAPA 0,8 0,2
Dushanbe City
. Does not belong to substation of
MAUNXYPA 1,2 0,5
Dushanbe City
Does not belong to substation of
YITIOBAA 0,3 0,1
Dushanbe City
KOMUMHTEPH 4 2
Does not belong to substation of
@ [TPOXO/THAS 0,5 0,1
Dushanbe City
@ I'3C-1 (PII-6) 5 2
® TOUYUKUCTOH 2 1
@ [IOI'PY3KA 3 1
® KAXOPOB 6 2
@® ®UPJIABCU 21 55
COOPYXEHUA
@ 21 7,4
OUYNCTHBIE
JDKAHTAJ 320 80
VD) KYKOBA 18 5
HABBAXOP 24,5 6,8
FOTO-3ATIAJIHBIN
@D 2 1
BOJIO3ABOP
@ 3ABOJICKAS 42 11,5
@ I[TAMUP 2,5 1,2
P23 5,2 1,6
3ATIAZTHASA
@® 12,2 3.2
KOTEJIbHAA
[TPOMBILIJIEHHASA 52,9 18,5
€]) BYCTOH 214 6,5
BAXOP 29,5 7,4
BOTAHUYECKAS 18,2 3.6
TAXPH 29,5 6,2
HOBAJ 336 85
@ JOYUIAHBMHCKAS - -
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TOL-2
CEBEPHAA 38,4 8,1
Does not belong to substation of
KOCATAPOIIL 2,1 1,0
Dushanbe City
Does not belong to substation of
3UPAKU 52 2,2
Dushanbe City
BOJIOHACOCHAS 5,4 2,1
@ JIYYOB 435 10,5
KAPAMOBA 28,5 7,5
NCTUKJIIOJN 18,4 7,2
) AKBA 45 1,7
51 HEM3ABO/] 242 11,4
52 CHUM-CHM 1,6 0,2
53 HEHTPAJIbHAA 26,5 7,2
54 CIIOPTUBHAA 36,1 10,9
55 ITTABHAS 28,4 5,7
56 KAPAMOBA See above
57 higae)il 15,2 6,1
58 TT™ 43,4 11,2
59 ABHATOP 12,5 6,4
60 XBK-110 26,5 9,4
61 TOPTMAII 8,6 3,5
62 KACPU MUJIJTIAT 32,5 7,2
63 XBK-35 20,1 7,6
64 COXWJIN 38,8 10,1
65 COBETCKAA 36,9 12,7
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Appendix 7: Report on Topographical Survey Results

Appendix-139



Appendix-140



Appendix 7: Report on Topographical Survey Results
7-1 Topographical Survey Results for Promyshlennaya S/S

o : boring location
749.70 : Elevation

O
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7-2 Topographical Survey Results for Radiostantsiya S/S

o : boring location
846.33 : elevation
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7-3 Topographical Survey Results for Glavpochtampt S/S

o : boring location
750.60 : elevation
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Appendix 8: Report on Geological Survey Results
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Appendix 8: Report on Geological Survey Results
8-1 Geological Survey Results for Promyshlennaya S/S
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8-2 Geological Survey Results for Radiostantsiya S/S
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8-3 Geological Survey Results for Glavpochtampt S/S
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