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About the Project

Master Hydro Private Limited (MHL) intends to construct the 99.0 megawatt (MW)
Arkari Gol Hydropower Project (the Arkari Gol HPP or the “Project”) on the Arkari Gol
(tributary). The dam and intake structure will be located 8 km upstream of the confluence
of Arkari Gol and Lutkho River, near the village of Ucchatur in Chitral District, KP. The
powerhouse will be located 7.5 km downstream of the dam on the right bank of Arkari
Gol, near the village of Andakht. The Project area is accessible via road, at a distance of
460 km from Islamabad and 370 km from Peshawar, the capital of KP province.

This document introduces the Project and its environmental and social impacts in a non-
technical language.

What is the Project?

The proposed Arkari Gol HPP is a run-of-river hydroelectric power project to produce
electricity from the flow of water in Arkari Gol. The Project, once complete, will have
two major components:

1. A concrete dam on Arkari Gol with a maximum height of 20 m from the bed of
the river.

2. The Surface-type powerhouse to generate 99.0 MW of electric power.
How much water will be diverted?

The diversion of the water will depend on flow in the
Arkari Gol. Running the Project as a true run of river
hydropower project will minimize negative impacts on

aquatic ecology downstream. However, as this is not
economically feasible a modified form of peaking is
recommended in which the peak is gradually ramped up
and then ramped down. This buffers the impact of a full
peaking operation.

Cumec is the short form
of cubic meter per
second. It is a unit of flow
which equals 35.5 cubic
foot per second (cusecs).

Where will the electricity go?

Electricity produced at the powerhouse will be transferred to NTDC, the national
company for transmission of electric power, for onward transmission and distribution to
consumers.

Who is developing the Project?

Under a contract with the Government of Pakistan, the Project is being developed by the
Master Hydro Private Limited (MHL). MHL, a special purpose corporate vehicle
established by Master Group of Industries, is responsible to implement the Project.

Exactly, where is the Project site?

Exhibit 1 shows the location of the Project. The dam intake structure will be located
8 km upstream of the confluence of Arkari Gol and Lutkho River, near the village of

Hagler Bailly Pakistan About the Project
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Ucchatur in Chitral District, KP. The powerhouse will be located 7.5 km downstream of
the dam on the right bank of Arkari Gol, near the village of Andakht.

What is this document?

Any development project—a power plant, a factory, a road, or a canal—requires land and
modifies whatever is there on the land. Although the development project itself may be
beneficial to the overall economy or the people, the modification of the land and what is
on it, can have negative impact for some people, particularly those living on or near the
land, and the ecology.

The Environmental and Social Impact Assessment (ESIA) is a predictive study
undertaken prior to the development of the project. It has essentially two aims:

1. ldentify the potential environmental and social impact of the proposed projects;

2. Design measures to minimize any anticipated adverse impact of the proposed
Project and enhance the benefits for the environment and the people.

This document is a non-technical summary of the ESIA report of the Project. The ESIA
report was prepared by Hagler Bailly Pakistan (Pvt.) Limited, a leading consultancy firm
of the country.

Who will approve the ESIA report?

Preparation of the ESIA report is a legal requirement in Pakistan and in KP. The law
requires that all proponents of development projects must assess the anticipated
environmental impact of their projects and submit and environmental assessment report
to the Environmental Protection Agency (EPA) of KP.

The EPA will evaluate the ESIA against the environmental law and good environmental
practices. They will determine whether the ESIA presents enough information to assure
that the proposed project design complies with the environmental laws. They will review
the potential air pollution, water pollution and noise from the proposed project and judge
whether the health and well-being of the people will be protected. The EPA will also
determine whether the ecology—the vegetation, fish in the water, the wild animals on the
land and the birds—are not going to be destroyed.

A key requirement of ESIA is stakeholder consultation. In it the ESIA team talks to
people who are likely to be affected by the Project, provides them with information
regarding the Project and seeks their opinion on it. The EPA will also assess whether or
not sufficient consultation has been undertaken.

Hagler Bailly Pakistan About the Project
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Exhibit 1: Arkari Gol Hydropower Project Location
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As part of the evaluation, the EPA will also conduct public hearings. This event will be
open to all in which any person can go and express his or her opinion on the proposed
Project. In the end, if the EPA is satisfied they will approve the Project. The construction
of the Project will start only after the approval of the ESIA by the EPA.

The International Finance Corporation (IFC). IFC, a member of the World Bank Group,
is the largest global development institution focused exclusively on the private sector in
developing countries. The IFC is financing a number of HPPs in Pakistan. MHL is
following IFC guidelines as best practices to guide its own ESIA.

The ESIA has been developed keeping in consideration the legal requirements as well as
guidelines of the IFC.

What will it take to construct this Project?

Construction of the Project will require about 112.9 acres of land. The land will be
utilized for construction of permanent facilities such as the dam, power house, and for
temporary facilities required only during construction.

The Project will require aggregate and other construction material which will be obtained
locally. The total construction period of the Project will be 4 years (48 months).

If consultation is mandatory, how many people were consulted?
Different types of consultation were undertaken for this project.

» More than 55 families from the land acquired for the Project (those who will be
displaced due to the Project) were consulted;

» 8 communities along the Arkari Gol were consulted;
» 8 government and non-government organization (4 of each) were consulted.
Why this Project?

KP and Pakistan are going through an acute power shortage. The gap between supply and
demand has crossed 7,000 MW. The proposed Project will supply the much needed
power to reduce the current gap without relying on import of fuels at the cost of foreign
exchange to the country.

The alternatives to the proposed hydropower project include power generation from
LNG/imported natural gas based plants, coal fired steam plants, and fuel oil based diesel
engines. Cost of power generation for the proposed hydropower project is comparable to
that for LNG and coal based options, and lower than that for wind energy and solar PV
projects where power generation is intermittent and weather dependent.

The Arkari Gol Hydropower Project can be completed in four years and is an attractive
option amongst currently available alternatives for power generation.

Hagler Bailly Pakistan About the Project
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About the Environment

A key component of any ESIA is the environmental and social baseline. This is a
description of the environment of the area and includes the land, the people living on it—
their social, environmental and cultural conditions—the vegetation and wildlife, and the
water resources, the air quality, noise, and the traffic. A comprehensive description of the
environmental conditions is presented in the ESIA report grouped in three chapters, the
physical, social and the ecological baseline. A brief description of the environment
follows.

The area over which the description is provided is called the Study Area. The Study for
the Project is shown in Exhibit 2.

How is the air quality and water resources in the area?

Air quality in the Project area complies with international guideline limits at all locations
as well as National Environmental Quality Standards (NEQS) with the exception of fine

particulate matter (PM2.5) concentrations that exceed NEQS at two of the three locations

tested.

There are low levels of human sources of noise in the area, and very low levels of traffic.

Water resources in the area consist of surface water including rivers and nullahs and
groundwater including springs. A census was carried out to map the community water
resources for villages near Project facilities. Water quality samples from the Arkari Gol
and community springs were collected and analyzed. All parameters are within
permissible levels of NEQS for drinking water and the spring water tested excellent for
drinking as there was no bacterial contamination.

What wildlife is found in the area?

The main aspects of the aquatic biodiversity in the Aquatic Study Area include the fish
fauna, macro-invertebrates, periphyton biomass, and riparian vegetation. A total of three
fish species are reported in the Aquatic Study Area (area of impact of the Project).
Amongst them the Snow Trout is of conservation importance as it is listed as Vulnerable
on the IUCN Red List.

Highest number of species were observed in Lutkho River where a total three fish species
were captured. The only fish species of commercial importance found in the area is the
Snow Trout.

Hagler Bailly Pakistan About the Environment
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Exhibit 2: Study Areas
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The land area is not too disturbed because of low human population, low grazing of
livestock and low levels of extraction of forest resources. The diversity of terrestrial
wildlife species is generally low but is of conservation importance. A total of five
mammal species were observed during the surveys carried out as part of the ESIA,
namely Snow Leopard, Grey Wolf, Asiatic Jackal, Red Fox and Flare-horned Markhor.
The Snow Leopard is listed as Vulnerable while the Flare-horned Markhor is listed as
Near Threatened on the IUCN Red List. Based on the survey a total of 19 species of birds
and four species of herpetofauna were observed during the surveys. Of the bird species
reported from the area, only Ferruginous Pochard and Lammergeier are listed as Near
Threatened in the IUCN Red List.

What about the people?

Rural settlement surveys were undertaken in all the settlements with river dependence or
within 1 km of Project facilities. Interviews were conducted with key informants to
gather information on settlement’s social and economic setup, with focus on
infrastructure and livelihoods. Key physical and socioeconomic features of the Study
Area are illustrated in the photographs shown in Exhibit 3.

Exhibit 3: Photographs of the Study Area
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. A e =iy |
Government primary school at Uchhtar settlement University of Chitral

Unsealed road in the Study Area

Small shop in the Study Area Water channel supplied from Arkari Gol

The settlements situated on both sides of Arkari Gol in the Socioeconomic Study Area
are connected to main towns and cities through Arkari road which links settlements to
Chitral Garam Chashma road on one side and to Arkari town on other side. Arkari road is
an unsealed road in poor condition. It is a landslide-prone area and occasionally land
sliding damages the road. A traffic survey was undertaken to evaluate the current traffic
conditions on routes that could be used for the transportation of equipment, material, and
staff to the Project site during construction and operation.

All surveyed settlements reported having access to a public potable water supply system
consisting of a central water storage system, where water collects from a mountain spring
and is supplied to the community via a pipeline up to a central point in the community.
Distances of the settlements to sources of water ranges from 1 km to 4 km. Almost all
surveyed settlements reported having access to spring water at relatively short distances.

None of the settlements in the Socioeconomic Study Area are connected to a municipal
sewage system. Most human waste is disposed of in septic tanks and all other wastewater

Hagler Bailly Pakistan About the Environment
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eventually runs off into the Arkari Gol, resulting in a deterioration of water quality. The
problem is more severe during the winter when river flow is reduced and does not flush
contaminants out as effectively.

The three major fuel sources in the Socioeconomic Study Area include electricity,
fuelwood and liquefied petroleum gas (LPG). Natural gas is not supplied in the area.

All settlements in the Socioeconomic Study Area are connected to the local micro hydro
power project located at settlement Mumi provided by Aga Khan Rural Support
Programme. Electricity is mainly used for lighting purposes and running household
electrical appliances. For cooking, water and space heating purposes, fuelwood is used in
almost all the households. Communities source fuelwood from privately-owned lands,
government-owned land and communal forests, paying only for the transportation cost.

The main river-dependent socioeconomic activity is the irrigation of agricultural lands.
As reported by the local communities and observed by the survey team more than 150
acres of land is being irrigated by Arkari Gol in the Socioeconomic Study Area.
Moreover, four water flour mills and one micro hydro power plant at settlement Mumi
are also working using water channels from the river.

The major sources of income are private jobs (23%), agriculture (22%) government
services (21%) and labor (19%). For women major sources of income are private jobs
(33%), government services (33%), agriculture (24%) and livestock (10%) Moreover,
amongst males average income is highest in the business sector followed by private sector
and government services sector. Amongst women average income is highest in the private
services sector followed by government services and agriculture.

The Socioeconomic Study Area and surroundings are generally peaceful, and there are no
major law and order problems are reported. Most of the Socioeconomic Study Area has
police presence in the form of police stations or check posts on major roads.

There is limited fishing activity in the Socioeconomic Study Area. Some of the fish
caught is self-consumed. The fishing season lasts around five months through the year,
depending on the fish species caught. Most of fishing is practiced without permits from
government departments.

Hunting of migratory birds is quite common throughout the entire stretch of the
Socioeconomic Study Area. The hunting season lasts around five months through the
year. Large-sized artificial ponds have been constructed near the banks of the river and
decoy ducks are used to attract migratory ducks. A small hunting hide, built from large
stones, is used for hunting purposes.

No Indigenous Peoples reside in the Socioeconomic Study Area. More than 90% of the
population of the Socioeconomic Study Area belongs to the Ismaili sect of Islam and others
belong to the Ahl-e-Sunat sect.

Hagler Bailly Pakistan About the Environment
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The Environmental and Social Impacts

What environmental issues were studied?

The ESIA team undertook an extensive assessment exercise to identify and evaluate
various environmental issues. The issues that were evaluated included:

» Aquatic ecology—Ioss of riverine ecosystem due to inundation by Arkari Gol
reservoir; degradation of the river ecosystem in the low flow segment

» Terrestrial ecology—terrestrial habitat loss and impacts of on biodiversity due to
construction and operation activities

» Ambient air quality—degradation of air quality due to emission of dust and other
gases from construction activities

» Water availability and quality—water resource depletion; changes to groundwater
patterns; contamination of water resources; Alterations of natural passage of
springs due to tunnel construction may disrupt the water availability at mountain
springs for local community.

» Noise and vibration—construction equipment noise and vibration from blasting
» Soil, topography, land stability—impact on soil quality and soil erosion

» Livelihood and well-being—employment; training and skill development;
enhancement of subsistence and recreational fishing; sand and gravel mining; and
land acquisition

» Socio-cultural impacts—pressure on social infrastructure and services; conflicts
due to provision of employment to outsiders; conflicting socio-cultural norms;
and graveyard management

» Aesthetics and tourism—degradation of aesthetic value of the area due to
construction activities; and permanent change in visual character during plant
operations

» Traffic and road—impact on highway and community roads
» Climate change—greenhouse gas emissions and climate risk

» Cumulative impact assessment—cumulative impact of the all the hydropower
project under construction or planned in the District Chitral

The study of these issues resulted in a series of mitigation measures that are now
incorporated in the design and operation plan of the Project to ensure that the project
impacts are within acceptable limits.

What are the key issues?

The purpose of the ESIA is to identify all potential environmental impacts and to propose
a comprehensive set of measures to address the concerns associated with them.

Hagler Bailly Pakistan The Environmental and Social Impacts
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Nevertheless the two issues are considered as sensitive requiring particular attention to
avert any potential adverse impact.

The cumulative impact of hydropower projects in District Chitral: Cumulative
impacts are those that result from the incremental impact of a project or developments
when assessed in combination with other existing or planned projects. The study area
selected for this assessment includes the rivers on which hydropower projects are panned
in the Chitral Valley including mainly the Mastuj River, Lutkho River, Arkari Gol and
other tributaries of the Mastuj River on which hydropower projects are planned. A total
of ten hydropower projects were considered.

Basin-wide hydropower development will impact migratory fish species, in this case the
Snow Trout. Loss of connectivity will confine the population of this fish mainly to
reaches in tributaries of the main stem Mastuj/Chitral River where dams are not
constructed. Isolation will increase in-breeding. Other non-migratory fish species adapted
to life in riverine conditions will be impacted due to conversion of part of the river into a
lentic or lake habitat. Peaking flows from power houses will substantially reduce the
extent of riverbed and will result in loss of habitat for the loaches that survive in cobbles

and boulders in shallow waters.

) ) ] Environmental Flow (EFlow)
Unlike other basins such as those in Jhelum
and Poonch, impacts on socioeconomic aspects
are limited in the Chitral Basin as river-
dependent socioeconomic activities are
limited. The Project is expected to improve

infrastructure and employment conditions in
the area.

Environmental flows describe the
quantity, timing, and quality of
water flows required to sustain
freshwater and estuarine
ecosystems and the human
livelihoods and well-being that
This CIA recommends good practice measures depend on these ecosystems

that are important for the protection of
biodiversity in the long term. These include assessing the feasibility of fish ladders on a
case by case basis, release from other dams at levels higher than that for Arkari Gol HPP
to account for habitats that are more productive as compared to that in Arkari Gol,
avoiding overlapping peaking from multiple hydropower projects, and holistic
environmental flow assessments based on World Bank Guidelines.

The CIA also recommends basin-wide management. This includes standardization of
assessment methods using World Bank Guidelines, active regulation by the KP EPA
using World Bank Guidelines, increased support to the government departments involved
in protection of biodiversity and habitat, greater coordination between developers for
achieving synergistic benefits and a balance between environmental and energy
requirements in the basin, and support to research for understanding of river ecology and
improvement of management practices.

Land Acquisition: Construction of the Project will require about 45.7 hectares

(112.9 acres) of land. This land will be permanently acquired for the project by the
government. Acquisition of the land will affect 48 families. Part of the land is cropped.
There around 1,800 fruit trees and more than 5,300 non-fruit trees on the private land.
The land acquisition will also affect roads, bridges, schools, and mosques.

Hagler Bailly Pakistan The Environmental and Social Impacts
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A resettlement action plan (RAP) has been prepared as a tool to acquire the land and
resettle the families living on it in a socially responsible manner. The main objective of
the RAP is to identify social impacts of the project and to plan measures to mitigate
adverse social impacts resulting from loss of assets due to construction of the several
project facilities as reservoir, powerhouse, construction camp and offices, access roads
etc. The RAP is based on the findings of the census survey, field visits, meetings and
consultations with various project-affected persons in the Project area. Compensation for
all land, houses, and other assets will be made by the relevant government authorities
keeping in view market prices and other considerations in accordance with applicable
laws.

How it will be ensured that all mitigation measures are implemented?

An Environmental Management Plan has been prepared which details the measures that
are required to implement the mitigation measures. Responsibilities have been defined for
implementation and for monitoring the implementation. Specialized tools such as Site-
Specific Environmental Management Plan will be developed to ensure that no all
measures are implemented at the project level.

Hagler Bailly Pakistan The Environmental and Social Impacts
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ESIA of Arkari Gol Hydropower Project

Executive Summary

Master Hydro (Pvt.) Ltd. (MHL or Company) intends to develop the 99 megawatt (MW)
Arkari Gol Hydropower Project (the Arkari HPP or the “Project”) on the Arkari Gol,
about 8 kilometer (km) upstream of the confluence of Arkari Gol with Lutkho River in
the Chitral District of Khyber Pakhtunkhwa (KP). The dam is located 370 km from
Peshawar. The location of the Project is shown in Exhibit 1.

Project Background

The Government of Khyber Pakhtunkhwa (KP), through the Pakhtunkhwa Energy
Development Organization (PEDO) is involved in development of hydropower projects
in KP. Within the inventory of hydropower projects of the Chitral District of KP a project
site was identified on Arkari Gol, a tributary of the Lutkho River. The site is located

37 km from Chitral Town. A Feasibility Study for a hydropower project at this site was
carried out in 2013-2014 and released in 2014. As part of this the most favorable design
solution was established.

The Company contracted the services of Hagler Bailly Pakistan (Pvt.) Ltd. (HBP) to
prepare an Environmental and Social Impact Assessment (ESIA) required in line with the
applicable national and international laws. HBP was also asked to prepare a new
Resettlement Action Plan (RAP) for the land required for the Project. It was required that
both the ESIA and the RAP shall be prepared in accordance with a) the national legal
environmental requirements including that of the KP; and b) International Finance
Corporation’s (IFC) Environmental and Social Performance Standards on Social and
Environmental Sustainability (PS) as required by the Overseas Private Investment
Corporation (OPIC).

Study Area

The selection of the Study Area for the ESIA took into account environmentally sensitive
receptors that are most likely to be impacted by the Project’s development activities
during construction and operation. For assessment of cumulative impacts, the Study Area
was selected to be large enough to allow the assessment of the Valued Ecosystem
Components (VECSs) that may be affected by the Project activities. The Study Area
defined for the baseline studies and impact assessment is shown in Exhibit I1.

Policy and Legal Framework

The ESIA process and the environmental and social performance of the Project will be
governed by the policies of the GoP, the laws of the Government of KP, and international
environmental agreements to which Pakistan is a party. The Project is following IFC’s
Performance Standards and guidelines.

Hagler Bailly Pakistan Executive Summary
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Exhibit I: Arkari Gol Hydropower Project Location
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Exhibit I1: Study Areas

ESIA of Arkari Gol Hydropower Project
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KP Environmental Laws

The KP Environmental Protection Agency was established in 1989. The KP
Environmental Protection Act 2014 is applicable to a broad range of issues and extends to
air, water, industrial liquid effluent, and noise pollution, as well as to the handling of
hazardous wastes.

OPIC Guidelines and IFC’s PS on Social and Environmental Sustainability

The IFC’s PSs are applied to manage social and environmental risks and impacts and to
enhance development opportunities in private sector financing in IFC member countries
eligible for financing. OPIC uses IFC Guidelines as a standard for environmental and
social sustainability. Together, the eight PSs establish standards that the client is required
to meet throughout the project life by IFC or other relevant financial institution. Master
Hydro (Pvt.) Ltd. will follow PSs of IFC for this project and will ensure that the
contractors/ subcontracts (subcontractors of the contracts) appointed by it follow the
IFC’s PS on environmental and social sustainability.

Project Description

The Arkari Gol HPP is a run-of-the-river hydropower project to be constructed on the
Arkari Gol, a tributary of the Lutkho River. The catchment area of Arkari Gol at the
proposed dam site is 1,036 square kilometer (km?). Arkari Gol HPP Dam is located near
the village of Ucchatur and the Powerhouse is located near the village of Andakht.

Power Generation Capacity

The proposed Project is designed to operate with the reservoir at Full Supply Level (FSL)
of 2,190 m above mean sea level (amsl) with a reservoir capacity of 1.06 million m3. At
these conditions, the total installed capacity of the hydropower station will be 99 MW.

Land Requirement

The Project will involve acquisition of land for various components. A total of

140.0 acres of land will be required of which 26.5 acres is cultivated land, 4.0 acres is
residential land and 109.5 acres is barren land or river bed. This will include 19.0 acres
for Powerhouse, 5.6 acres for Surge tank, 5.4 acres for Warehouse, 45.15 acres for Dam
and Intake structure, 25.9 acres for Reservoir and 38.96 acres for Temporary facilities.

Main Components of the Project
Dam and Reservoir

The dam will be a concrete-faced, rock-filled structure with a height of 20 m. The small
live operating storage will be 0.489 million m®. The reservoir will have a length of
approximately 1.3 km' and an area of 0.101 km? (10.143 hectare).

1 Pakhtunkhwa Hydel Development Organization (PHYDO), Government of Khyber Pakhtunkhwa, not
dated, Feasibility Study for the Arkari Gol Hydropower Project, District Chitral, (Lower), Khyber
Pakhtunkhwa, Volume 1, Main Report

Hagler Bailly Pakistan Executive Summary
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Reservoir Sediment Flushing

Mean annual suspended sediment load at the weir site is about 0.259 million m*. Mean
annual bed load at the weir site is about 0.039 million m3. Mean annual total sediment
inflow to the Arkari reservoir is about 0.297 million m2.

Based on information from the developers the reservoir will reach equilibrium seven
years after construction. Flushing will be carried out annually over a period of 3-7 days
during July (high flow season) depending on the sediment inflow.

Intake Structure

The intake structure will comprise two bays fitted with vertical gates to regulate inflow
from the reservoir. On each bay a trash rack will be provided upstream of the gates to
check the entry of floating debris into the power waterway. The intake structure is
proposed along the right bank of the river as close to the embankment of the dam as
possible. This will facilitate flushing of sediment and maintenance of maximum
submergence. A lateral structure is proposed to minimize head losses and accelerate flow
uniformly for the trash rack to the gate downstream. The intake structure is designed to
be capable of discharging the total design discharge for the turbines plus 20% of the
design discharge for flushing of the sediments settled in the de-sanding chambers. Total
design discharge of the intakes will be about 36 m®/s.

Headrace Tunnel from Intake to Surge Tank

The headrace tunnel will run from the intake to the surge structure. The optimal internal
tunnel diameter is 4.4 m to give a rated discharge of 36 m®/s for the Pelton turbines. The
resulting flow will be approximately 3 m/s which is within the range allowed for
concrete-lined tunnels.

Pressure Shaft, Pressure Tunnel and Tailrace

The powerhouse and the pressure shaft will be connected by a pressure tunnel with a
vertical length of 296 m. The total length of the pressure tunnel will be 700-900 m
including a length of 300 m for the pressure shaft. The total length of the tailrace channel
to the outlet structure will be 100 m.

Surge Tank

The surge structure branches at an elevation of 2,165.96 masl & 2,209.6 masl. The surge
shaft is of an internal diameter of 4.5 m and is of 71.18 m high. A three-chamber surge
tank has been selected. The final dimensioning of the surge structures will need detail of
basic requirements of the manufacturers for the hydro-mechanical equipment.

Powerhouse

Studies have shown a clear superiority of an external type powerhouse, located on the
right bank of Arkari Gol near Andakht Village at the confluence of Arkari Gol and
Lutkho River. The power station comprises following main structures:

» Turbine shaft for installation of three Pelton wheel turbines.
» Surface machine hall and operation building.
» Tailrace channel.
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Three vertical shaft Pelton turbines are proposed. Each unit will be designed for a rated
flow of 12 m®/s producing a discharge of 36 m®/s. This will result in a net head of 318 m
and a rated mechanical turbine power of 33 MW. Therefore, total capacity will be

99 MW.

The gross head will be 335.33 m and net head 318 m. Maximum reservoir level will be
2,190 masl and tail water level will be 1,854.7 masl.

Construction Material and Waste
Material Requirement

The total amount of material for the main works and temporary construction of the
project is about 240,000 tonnes of concrete, 27,500 tonnes of fill material and 8,000
tonnes of steel.

Spoils Disposal

Excavation of tunnels, desanders, and forebay will result in the production of huge
quantities of muck comprising various rock types. In the weir area the rocks expected
from the excavation of desanders and the portion of headrace tunnel comprise of granitic
gneisses and amphibolites. Based on the indicative bill of quantities it is assumed that the
total quantity of spoil material from dam site, tunnel and powerhouse will be between
300,000m? and 500,000m3.

MHL have suggested that the material be used to provide terraces that can be used by the
local population.

Construction Timeline

The construction will require 4 years (48 months).

Stakeholder Consultation

The consultation process was designed to be consistent with the relevant national
legislation and the IFC’s PS on social and environmental sustainability. Consultations
with the Project stakeholders were undertaken in late April, 2018. A Background
Information Document (BID) prepared in English and Urdu that informed the
stakeholders about the ESIA process and provided a background about the Project was
shared with the stakeholders. The feedback from the communities and institutions was
recorded and detailed logs of consultations were prepared. A total number of 8
communities were consulted along the Arkari Gol. Local government and officials were
also consulted.

Summary of Consultation
Following is a summary of concerns expressed by the communities:
» Project development will increase job availability which is a positive outcome.

» The Project should invest in improvements for the local communities including
education, healthcare, safe drinking water.

» Land sliding is a serious risk in the area. The Project should invest in reducing the
risk of land sliding and also in construction of new roads.
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» The Project should supply LPG (Liquid Petroleum Gas) to the local communities
at subsidized rates so that they no longer need to use forest wood for fuel.

» Priority in jobs should be given to those who are most affected.
» Electricity should be provided to the affectees free of cost.

» Irrigation systems depend on river water and the construction of a dam will result
in interruption in this water supply. This will impact agriculture, and in turn, the
livelihoods of the local communities.

» Increased traffic especially heavy traffic will result in an increase in air and noise
pollution as well as increase in traffic.

» If any graveyards and places of worship are affected, the Project should provide
them with newly constructed places of worship.

» People’s homes are very important to them and hold value in terms of family ties.
Affected households should be properly compensated for the loss of land and
property. The government should build homes for them.

» Land acquisition should be minimized. Those affected should be properly
compensated. This should be done for all assets, not just land.

» Project developers should build a colony for affectees and provide alternative
land.

» Springs may dry up due to construction activities
» Construction of the tunnel may result in instability and an increase in landslides.
» Due to influx of outsiders mobility of women will be affected.
The following is a summary of concerns expressed by the institutional stakeholders:
» Job opportunities will increase and infrastructure will improve.
Electricity should be provided free of cost.
Springs may become dry due to construction activities.
Land sliding is a major issue in the area.
Fish may be affected and their populations may decrease due to dam construction.

vV v v v Vv

River as well as the major tributaries which support breeding of fish will be
impacted due to dam construction

Overview of the Physical Environment

The physical baseline includes a description of the topography, land use, geomorphology,
visual character, climate, air quality, water resources, noise levels, and traffic.
Topography

The area in the catchment of the Arkari Gol, upstream of the Project ranges between
1,830 m and 6,956 m. The majority (~90%) of this catchment is below 5,000 m amsl,
resulting in limited permanent snow and glacial cover within the catchment, relative to

Hagler Bailly Pakistan Executive Summary
D8ES3AGH: 06/11/18 viii



ESIA of Arkari Gol Hydropower Project

other catchments of the higher Himalaya and Karakorum in Pakistan to the east and north
east of the Arkari Gol catchment respectively.

Land Use and Cover

Based on the land cover and land use classification in the GlobalLand30 dataset, the land
cover upstream of the Project includes only minor forest (0.9%) and agricultural land
(0.7%). The majority of land cover is barren land (63.1%), followed by shrub land
(16.8%), snow and ice (9.8%), and grassland (8.8%). The western side of the Arkari Gol
contains most of the shrub land while grasses are mostly found in eastern side. Most of
the available snow and ice fraction has been found above 4500 m elevation.

Geology, Soils and Hazards
Tectonics

The Project area is part of the continental collision zones between Eurasian and Indian
plates. The intercontinental collision between the Eurasian and Indian plates has resulted
in intense deformation with complex folding accompanied by a continental subduction
process. The Indian plate is under thrusted and the Eurasian plate is upper thrusted. Both
the plates are separated by the Main Karakoram Thrust (MKT) which trends in NE-SW
direction, through Shishi valley, Rizhun Gol and passes through Harchin from Chitral
district.

The Chitral district has three main mountain ranges, known as Hindu Kush, Karakoram
and Kohistan. The Hindu Kush and Karakoram ranges are located on the Eurasian plate
while the Kohistan range is part of Indian plate.

Seismic Hazard

The Northern Areas of Pakistan are extensive zones of high seismicity and contain
several seismo-tectonic features generated by an integrated network of active faults. A
telemeter seismic network which operated from 1973 to 1977 has recorded data from
approximately 10,000 earthquakes covering the area between longitudes 69° and 75° and
latitudes 30° and 35°.

Seismic Hazard Analysis in the Feasibility Study

Seismic hazards may be analyzed deterministically, as when a particular earthquake
scenario is assumed, or probabilistically in which uncertainties in earthquakes size,
location and time of occurrence are explicitly considered. Both approaches were adopted
in the Feasibility Study for the Project. A summary of the results of these studies,
together with a brief description is provided below:

A summary of the results calculated for the Feasibility Study, together with a brief
description of is provided below:

» The Maximum Credible Earthquake (MCE) is the largest reasonably conceivable
earthquake that appears possible along a recognized fault or within a
geographically defined tectonic province, under the specific tectonic framework
governing the region of interest. The value for Peak Ground Acceleration (PGA)
for MCE was calculated to be 0.61 g.
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» The Maximum Design Earthquake (MDE) is the maximum level of ground
motion for which a structure is designed. The MDE value recommended in the
Feasibility study is 0.305 g based on a reduction factor of 2 with respect to MCE.

» The Operation Basis Earthquake (OBE) is the level of ground motion the dam
shall be capable of resisting, remain operational, and not require extensive repairs.
All structural components, which are part of or built within the main dam body,
are designed to remain functional during and after an OBE event. For OBE; a
value of 0.305 g was recommended. The OBE has probability of 10% of being
exceeded in 50 years. However, as the Building Code of Pakistan prescribes a
value of 0.34 g the OBE was increased to 0.34g to comply with the building code.

The peak ground acceleration (PGA) with 10% probability of exceedance in 50 years
(475 year average return interval) by the Global Seismic Hazard Assessment Project, is
reported and is between 4.01 meter per second squared (m/s?) and 4.80 m/s? (0.41g to
0.49 g) at the Project site.

Lithology

The rocks at Power house area are gneissic type and phyllite, well bedded, medium to
thick bedded, medium to hard, and splintery. As powerhouse is located at confluence of
Arkari Gol and Lutkho river the quaternary deposits like scree and alluvium are present.
The whole terrace is covered by cultivated land. The bed rock is covered under these
deposits.

The dam is located in a granitic outcrop. The granite body intrudes along the strike of the
Wakhan formation which consists of slate, gneiss and quartzite. Tirich Mir granite also
has similar origin and may have normal igneous contact with the Wakhan formation in
the Project area.

From dam to the powerhouse, the tunnel crosses metamorphic and igneous rocks
including phyllite, schist, gneisses, quartzite, and granite.

Climate

The Chitral weather station, 27 km southeast of the Dam site was used to categorize the
climate of the area. The climate analysis of Study Area was carried out by classifying it
into different seasons as follows:

» Spring (mid-March to mid-June): characterized by high temperatures, and high
rainfall with moderate humidity and high speed-winds. Summer (mid-June to
mid-September)

» Summer (Mid-June — mid-September): hot and dry weather, with temperatures
reaching highs of 35 C in July and average precipitation of 6-7mm per month.

» Autumn (mid-September to mid-November): characterized by moderate
temperatures and low rainfalls. Daily minimum reaches 5 C in November with
moderate humidity, as the humidity again reduces after monsoon and low speed-
winds.
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» Winter (mid-November to mid-March):characterized by very low temperatures,
with an average daily maximum of 10 C, moderate rainfalls, with an increasing
amount of rainfall at the end of the winter.

Most of the stations operated by the Pakistan Meteorological Department (PMD) in high
altitudes are not representative of the Project catchment, as these are located in the
valleys. Therefore, the spatial WorldClim 2.0 dataset is also presented in the main report.
The WorldClim 2.0 dataset shows a good match with the data at the Chitral Station and
can therefore be used to gauge the climate patterns at the Project site.

Ambient Air Quality

The Ambient Air Quality was measured for respirable particulate matter (PM) including
both PM1o and PM2s. The air quality was tested at 3 locations and found to be within IFC
EHS interim target 1 values at all locations of measurement.

Noise Levels

The noise levels were measured at three locations for 24 hours each, using portable
Cirrus Research plc.’s sound level meter, Model CR:1720. Noise levels were within
NEQS at all three locations during the daytime. During the night they exceeded NEQS at
2 of the 3 locations. Low levels of anthropogenic noise sources were observed as low
levels of fluctuation were observed during the night and day and the current noise levels
are likely all from natural sources.

Traffic

Traffic counts were conducted at two locations on the transport route, T1 near the
Powerhouse site and T2 closer to Chitral. The key findings are:

» Almost all traffic consisted of light transport vehicles (94%).The remaining 6 %
traffic was heavy transport vehicles which consists of buses and two axle trucks.

» At T-2, an early morning traffic peak was observed from Garam Chashma to
Chitral, whereas an afternoon peak was observed in the opposite direction. This
may indicate that people travel into Chitral for work in the morning and return in
the afternoon.

» At T-1 the Arkari to Chitral and Garam Chashma to Chitral routes show similar
early morning peaks as observed at T2. The remaining routes have minimal traffic
on them.

Visual Character

The mountainous landscape, deep gorges restricts visibility to a maximum of 0.5 to
1.5 km at receptor locations. However, the lack of vegetation and distance between
mountains allows for clear visibility within the valley.

Water Resources and Sediment

Water resources in the area consist of surface water including rivers and nullahs and
groundwater including mountain springs, dug wells, and boreholes.

The Project reservoir and dam are located on the Arkari Gol, a left bank tributary of the
Lutkho River. The Lutkho River drains into the Mastuj River. The Arkari Gol flows at a
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much higher elevation than both the Lutkho and Mastuj rivers. After passing Chitral, the
Mastuj River is known as the Chitral River, which on entering Afghanistan is known as
the Kunar River, a left bank tributary of the Kabul River. The Kabul River reenters
Pakistan near Peshawar, where it combines with the Swat River, and then flows into the
Indus River downstream of the Tarbela Dam near Attock City.

The hydrology at the dam site is characterized by:

» Peak flows in the month of July and August associated with melting of snow and
ice at higher elevations in the catchment

» Dry or low flow winter season typically extends from December through March
when the flows are reduced to the order of one sixth of peak in the month of
August.

May, June, July, August and September are months of significant amounts of suspended
sediment in the Arkari Gol. In August suspended sediment at the site peaks at 81,605
tons, whereas January has the lowest suspended sediment load at 791 tons. There is little
vegetation cover in the watershed as it remains covered with glaciers and snow during the
winter. Consequently, the river is fed mostly by snow and glacial melt and flows steadily
throughout the year. On an annual basis the Chitral River carries 435 times more
sediment but only 17 times more water than the Arkari Gol. The high value of suspended
sediment at low elevation (Chitral) is mainly owing to high rainfall runoff erosion and
increased sediment transport.

Community Water Resources

A census was carried out to map the community water resources for villages near Project
facilities. A 500 m buffer around the Project facilities that may need excavation
(including the dam and underground tunnels) was demarcated for the survey to account
for the distance to which the impact on ground water might possibly extend.

A total of 13 water resource infrastructure points (9 mountain springs and 4 water supply
schemes) were identified and characterized within the hydrocensus area. 74 households
depend on the springs, whereas 487 households depend on the water supply schemes in
the area covered by the hydro-census. Mountain springs in the area are largely
undeveloped and have no associated infrastructure. These springs are a major sole
potable water supply for the majority of households. 90% of active water sources are
used to supply drinking water to humans and all water sources are used for livestock
drinking as well. Residents of the area also use the Arkari Gol for drinking, other uses,
and for their livestock. The physical and chemical parameters are within standards and no
bacterial contamination was found in the mountain spring water that was tested and was
classified as excellent for drinking based on its microbiology.

There are four main water channels that are diverting river water for irrigation from near
the dam site. These channels have been constructed by the community using locally
quarried stone and materials. Approximately 202 acres of land is irrigated from water
diverted by these channels.
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Water Quality

Water quality samples from Arkari Gol, Luktho River, and community springs were
collected and analyzed for establishing baseline conditions for surface and groundwater.
The key results are discussed below:

» No bacterial contamination was found in the mountain spring water that was
tested and was classified as excellent for drinking based on its microbiology.

» All parameters tested were below the NEQS limits and the water quality is
uncontaminated in the area.

» The Lutkho River has lower conductivity and higher pH than the Arkari Gol and
the mountain spring water in the Arkari Gol catchment.

Overview of Biodiversity Values
Aquatic Biodiversity

The main aspects of the aquatic biodiversity in the Aquatic Study Area include the fish
fauna, macro-invertebrates, and riparian vegetation.

Overview of Fish Fauna in Chitral River

The Chitral River, which is the principal river of the Chitral Valley, is formed by the
union of two sub rivers, the Lutkho River from the north-west and the Mastuj River from
the north-east. Summer temperature range between 14 to 19°C, while winter temperature
range between 2 to 6°C. Tributaries of Chitral River include the Barum Gol, Turikho Gol,
Yarkhun Gol, Arkari Gol, Lutkho Gol, Bomboret Gol, Rambur Gol, Birir Gol, Shishi Gol
and Ayun Gol. A total of six species of fish have been reported from Chitral River and its
tributaries, including Snow Trout Schizothorax plagiostmous (richadsonii), Kunar Snow
Trout Schizothorax labiatus, Chirruh Snow Trout Schizopyge esocinus, Chitral Loach
Triplophysa choprai, Himalayan Catfish Glyptosternum reticulatum and Khyber Loach
Schistura prashari. Chirruh Snow Trout is very rare, and only one or two specimens have
been reported from the lower reaches of the river.?

The Arkari Gol, where the Project is located, mainly originates from the Arkari Glacier at
an altitude of 5,065 m. Many smaller tributaries connect with the Arkari Gol including
Parpuni Gol, Shul Gol, Mazhigram Gol, and Easi Gol. A total of four fish species have
been reported from the Arkari Gol i.e. Snow Trout, Himalayan Catfish, Chitral Loach and
Khyber Loach.

The main Chitral River in some upstream area is flat and open, dividing into many
channels with plenty of vegetation on the banks. The river in this stretch provides ideal
breeding habitats for fish, especially for Snow Trout, Chitral Loach and Himalayan
Catfish. In the summer season, Chitral River is very turbid and torrential during due to
rainfall and rapid melting of snow. The summer season is also the breeding period for the
fish. However, due the high turbidity and torrential flows, it becomes difficult for the fish
to breed in the main river. In contrast, the tributaries have physical conditions favorable

2 Hora, S. L., (1934). The fish of Chitral. Rec. Ind. Mus., (36): 279-320.
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for fish (turbidity, flow, food availably), therefore, many species depend mainly on the
tributaries for breeding and feeding.

During the March 2018 surveys a total of three fish species Snow Trout, Chitral Loach
and Himalayan Catfish were recorded from the Aquatic Study Area. The most abundant
and widely distribution fish species was Chitral Loach followed by Snow Trout and
Himalayan Catfish.

Migratory Fish Species

Based on the surveys carried out in March 2018, the Aquatic Study Area contains only
one long distance migratory species, the Snow Trout. The Snow Trout is of conservation
importance based on the IUCN Red List 2018 as it is listed as Vulnerable.®

In order to avoid the low temperature during winter in the upper section of the Aquatic
Study Area, the Snow Trout migrates to lower parts of the Chitral River during the winter
period. At the start of the spring season (mid of April) the Snow Trout migrates back to
the upper reaches of Lutkho River and Arkaro Gol. In the Arkari Gol the Snow Trout
migrates upstream 5.2 km of the confluence. At this point the elevation of the river
increases. Also there is a waterfall of about 5 feet (2.5 km downstream of the proposed
dam site) which restricts the fish from upstream migration. No fish specimen of any
species was captured at any location upstream of this waterfall. Locals of the area also
stated that the presence of the natural waterfall in the area restricts the Snow Trout from
upstream migration.

A total of 25 specimens of the Snow Trout were observed during the March 2018 surveys
in the Aquatic Study Area.

Macro-invertebrates

Based on surveys carried out for the ESIA the most abundant macro-invertebrate taxa
reported include Baetis sp. followed by Chironomidae Most of pollution intolerant genera
of macro-invertebrates were observed indicating good water quality. One moderately
pollution tolerant genus i.e. Hydropsyche sp was also observed.

Riparian Vegetation

The dominant species included Salix viminalis, Artemisia maritima. Robinia
pseudoacacia, Salix acmophylla and Rumex hastatus. VVegetation cover was reported as
ranging between 1.36% and 2.60%, average plant count was 15 and floral diversity was
reported as 4 species per Sampling Location.

Periphyton Biomass

Periphyton is attached algae on the sediment deposited on stones. It is a source of food
for benthos and small fish species. During the March 2018 survey, sampling for
periphyton biomass was carried out at a total 3 sampling locations but no periphyton
biomass was collected from any sampling location. This is because of the fast flow of the

3 Vishwanath, W. 2010. Schizothorax richardsonii. The IUCN Red List of Threatened Species 2010:
e.T166525A6228314. http://dx.doi.org/10.2305/IUCN.UK.2010-
4.RLTS.T166525A6228314.en. Downloaded on 18 April 2018.
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river in the surveys season, which erodes and washes out periphyton biomass from the
cobble stones.

Terrestrial Biodiversity
Terrestrial Flora

A total of 14 plant species were identified in the surveys carried out. None of the species
observed are on the IUCN Red List or are globally/nationally threatened species, endemic
species or protected species. The locals are dependent on the plants for numerous uses,
some of which include food sources, medicinal products, fodder and fuel.

Mammals

A number of mammal species have been reported within the wider area of the Project.
These include the Common Leopard Panthera pardus, Snow Leopard Panthera uncia,
Pallas Cat Otocolobus manul, Leopard Cat Prionailurus bergalensis, Grey Wolf Canis
lupus, Red Fox Vulpes vulpes, Asiatic Jackal Canis aureus, Himalayan Brown Bear
Ursus arctos, Asiatic Black Bear Ursus thibetanus, Stone Marten Martes foina, Yellow
Throated Marten Martes flavigula, Flare-horned Markhor Capra falconeri, Himalayan
Ibex Capra ibex, Long Tailed Marmot Marmota caudata.

During the March 2018 Survey only Snow Leopard and Flare-horned Markhor observed
in the Study Area are of conservation importance as these species are listed as Vulnerable
and Near Threatened respectively in the IUCN Red List.

Avifauna

A total of 19 species of birds were observed during surveys carried out as part of the
ESIA. Highest abundance and species diversity were found at Sampling Locations
located in Vegetation Cluster habitat type. Abundant bird species include the Mallard
Anas platyrhynchos, Ferruginous Pochard Aythya nyroca, Black-billed Magpie Pica
hudsonia, and White Wagtail Motacilla alba.

Ferruginous Pochard and Lammergeier Gypaetus barbatus are listed as Near Threatened
in the IUCN Red List of Species.

Herpetofauna

A total of four species of herpetofauna were observed during the surveys carried out as
part of the ESIA. The highest reptile abundance and density was observed in Barren Land
habitat type, while diversity in the Vegetation Cluster habitat was higher than that of
Barren Land. None of the herpetofauna species observed are of conservation importance
based on the IUCN Red List of Species.

Overview of Socioeconomic Environment

Rural settlement surveys were undertaken in all settlements with river dependence or
within 1 km of Project facilities. Detailed interviews were conducted with key informants
to gather information on each settlement’s social and economic setup, with focus on
infrastructure and livelihoods. Key physical and socioeconomic features of the Study
Area are illustrated by the photographs in Exhibit I11.
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Exhibit 111: Physical and Socioeconomic Features of the Study Area
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Wheat crop in Mumi settlement

Artificial pond for migratory birds and ducks hunting
near Uchhtar

There are a total of 8 settlements in the Socioeconomic Study Area. All the settlements in
the area are located along the river within a radius of 300 meter from the center of the
river. All the settlements are small in terms of number of households (HHSs) raining from
5 to 70 HHs. The average household size in the Socioeconomic Study Area is 6.67
individuals, with a minimum average of 5.63 individuals at settlement Raughnik and a
maximum average of 7.5 individuals at settlement Mumyun.

People in the pastoral communities within the Socioeconomic Study Area have a trend of
seasonal migration, with one home close to the river and one at higher elevations. These
communities move their livestock herds to higher elevations in the mountains for grazing
during the summer.
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Migration into and out of the Socioeconomic Study Area was found to be insignificant
over the past 7 years. Very little out migration was recorded, whereas no in-migration
was recorded in any settlement.

Main castes in the Socioeconomic Study Area are Zondray, Khuja Alanjas and Raees.
The predominant language in the Socioeconomic Study Area is Khowar (100%), with
Urdu as the main secondary language.

School enrolment for both boys and girls was found to be comparable at all levels.

Most parts of the Socioeconomic Study Area have access to basic health facilities, such
as pharmacies, lady health visitors/workers and dispensaries. No disease was reported as
an epidemic, and as expected, the most common illness reported in the adult male and
female populations was flu/fever. Other illnesses reported included dysentery, diabetes
and jaundice.

The settlements situated on both side of Arkari Gol in the Socioeconomic Study Area are
connected to main towns and cities through Arkari Road which links settlements to
Chitral Garam Chashma road on one side and to Arkari town to other side. Arkari Road is
an unsealed road in poor condition moreover, it is a landslide area and occasionally land
sliding also damages the road.

Most surveyed settlements reported having access to a public potable water supply
system consisting of a central water storage system, where water collects from a
mountain spring and is supplied to the community via a pipeline up to a central point in
the community. Almost all surveyed settlements also reported having access to spring
water at relatively short distances.

None of the settlements surveyed in the Socioeconomic Study Area are connected to a
municipal sewage system. Most human waste is disposed of in septic tanks and all other
wastewater eventually runs off into the Arkari Gol River. Most settlements surveyed
reported access to pit latrines of some type, although a significant number of households
are still using open latrines.

The three major fuel sources in the Socioeconomic Study Area include electricity,
fuelwood and liquefied petroleum gas (LPG). Natural gas is not supplied in the area.
None of the settlements are connected to the country’s landline telephone network,
however most of the area does receive a mobile phone signal.

All settlements of the Socioeconomic Study Area are connected to the local micro hydro
power project located at settlement Mumi provided by a NGO working in the area known
as Aga Khan Rural Support Programme (AKRSP).

The Socioeconomic Study Area and surroundings are generally peaceful, and there are no
major law and order problems reported. Police presence in the entire area is quite low.

There are no banks or markets within the Study Area. For major purchases the surveyed
settlements depend on nearby towns and cities, which include Shaghor, Garam Chashma
and Chitral city.

The major sources of income are private jobs (23%), agriculture (22%) government
services (21%) and labor (19%). For women major sources of income are private jobs
(33%), government services (33%), agriculture (24%) and livestock (10%). A significant
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portion (30%) of households in the Socioeconomic Study Area earn less than
PKR 20,000, and can therefore be considered impoverished.

The average landholding in all settlements ranges from 2 to 7 kanals

(0.101 to 0.354 hectares) per household. The main winter crop in all settlements is wheat
and the main summer crop is maize, vegetables are also grown in the Socioeconomic
Study Area. Although the area is mountainous and land holdings are small, people have
made water channels up to a length of 3-4 km to irrigate their lands. Therefore, crop
yields are good in the Socioeconomic Study Area. Due to small land holdings quantity of
crop production is limited and not even sufficient for the households themselves and no
crops are sold in the market.

People keep cows and goats for milk production and chicken for eggs and meat. A small
number of buffalos and sheep were also reported in the Socioeconomic Study Area.
Trends in livestock rearing were found to be consistent across the settlements, and
animals commonly owned include bullocks/buffalos, cows, goats. Livestock owners often
engage herders to rear goats, whereas poultry, cows and buffalo are reared at home.

The socioeconomic activities investigated in detail included sediment mining from the
river, irrigation, migratory birds hunting, fishing and recreation and tourism. River
dependent socioeconomic activities in the Socioeconomic Study Area were found to be
limited.

As observed during the field survey and consultation with the local communities,
sediment mining and fishing in the Socioeconomic Study Area is limited and
insignificant. There is very little tourism in the Socioeconomic Study Area and
recreational dependence on the river was reportedly low in all the settlements.

Main river dependent socioeconomic activity is the irrigation of agricultural lands. As
reported by the local communities and observed by the survey team more than 150 acres
of land is being irrigated by the Arkari Gol in Socioeconomic Study Area. Moreover, four
water flour mills and one micro hydro power plant at settlement Mumi are also operating
on these water channels.

Hunting of migratory birds is quite common throughout the entire stretch of the
Socioeconomic Study Area. Large size artificial ponds have been constructed near the
bank of the river in the Socioeconomic Study Area and decoys ducks are used to attract
migratory ducks.

No Indigenous Peoples reside in the Socioeconomic Study Area. More than 90% of the
population of the Socioeconomic Study Area belongs to the Ismaili sect of Islam and others
belong to the Ahl-e-Sunat sect.

Environmental Flow Assessment and Impacts on Aquatic Ecology

The assessment of impact on aquatic ecology presented in the report provides predictions
for changes in fish populations due to the Project related change in flow conditions in the
Arkari Gol and Lutkho River.

There is no trans-basin diversion, and ecosystems other than river such as estuaries and
wetlands are not affected. There is no significant dependence on the river ecosystem, and
the Project is not located in Critical Habitat as per IFC PS6. It is, however, located in
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Natural Habitat (not Modified Habitat) therefore a ‘Medium Resolution’ EFlow
assessment would suffice. Connectivity assessment is not considered as important as the
natural steep gradient of the Arkari Gol and the resultant waterfalls provide a natural
barrier to connectivity. The Snow Trout is not found upstream of a waterfall located

2.5 km downstream of the dam. The dam therefore does not present a barrier to fish
migration.

The requirement for ‘Medium Resolution” notwithstanding, holistic high resolution
models developed for similar rivers in the region with comparable biodiversity including
presence of the migratory Snow Trout were adapted for use in the EFlow assessment for
the Project. Results of EFlow assessments conducted for hydropower projects located in
the Jhelum Basin and for Trishuli River in Nepal using the Downstream Response to
Instream Flow Transformations (DRIFT) model were used.

Predictions for impact on fish populations and macroinvertebrates, which are part of the
food chain of the fish found in Arkari Gol, the Snow Trout, the Himalayan Catfish, and
the Chitral Loach.

Environmental Flow Release and Peaking Scenario

Environmental flow (EFlow), or flow that must be released from the dam to meet the
requirements of the aquatic ecosystem, is of concern in the 7.3 km stretch of the river
downstream of the dam before the confluence with the Lutkho River EFlow defined in
the Feasibility Study was modelled which ranges from 0.8 m%/s in the dry season to

2 m¥/s in the flood season.

Three peaking scenarios were considered for this study as described below:

» Scenario A: Four hours of peaking at 36 m*/s corresponding to design capacity of
powerhouse,

» Scenario B: Four hours of peaking at moderated peak of 24 m®/s with two hours
of ramp up and ramp down to peak discharge, and

» Scenario C: Baseload or true Run of River operation.
Results and Conclusions

The environmental flow release proposed in the Project Feasibility Study can be justified
as the diversity and abundance of fish in the section of the Arkari Gol subjected to low
flow is low. The Vulnerable and long distance migratory Snow Trout is either not present
in this section, or its abundance is relatively low compared to that in the Lutkho River in
the sub-basin.

A fish ladder is not required as fish were not observed upstream of the natural fall in the
river located about 2.5 km downstream of the dam.

Downstream of the tailrace the impacts on aquatic ecology depend on the operational
scenario selected (see Exhibit 1V). Under true run of river conditions (Scenario C) where
no peaking is carried out populations of the Snow Trout and Chitral Loach will not
decline due to the Project. However, under peaking conditions (Scenario A) their
populations will decline to 40% and 50% of present day baseline levels, respectively,
over a period of 31 years. A modified peaking scenario (Scenario B) is an option in
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which the operational peak is reduced to 24 m3/s and flow is gradually ramped up to peak
level and is then ramped down towards the end of the peaking period. This will buffer the
impact of a peaking operation. Under this operational scenario the Snow Trout will
decline to 70% of baseline while the Chitral Loach will not be significantly impacted. An
approach to power generation that provides a balance between economic value of peaking
power and impacts of the Project on river ecology and can be justified to result in “No
Net Loss Where Feasible” in a Natural Habitat as defined in PS6 will be selected in
consultation with the power purchaser.

Exhibit IV: Predicted Populations in 31 Years as Percentage of 2018 Baseline

Population
Indicator Low Flow Section Downstream of Tailrace Subjected to Peaking Flows
Feasibility EFlow Scenario A Scenario B Scenario C
Scenario
EPT Abundance 56% NA NA NA
Snow Trout 58% 40% 70% 100%
Chitral Loach 20% 50% Negligible change, less 100%
than 5% decline

Note: NA — Not Assessed

Study of Alternatives
No Project Option

Pakistan is going through an acute power shortage. The gap between supply and demand
has crossed 7,000 MW. The proposed Project will supply the much needed power to
reduce the current gap. Environmentally, this Project will contribute towards improving
the air quality as in the long run it will displace fossil fuels used in power generation. The
Project also aims to protect fish fauna in the Chitral Valley, especially fish species of
conservation importance. The Project will support government departments in providing
protection to fish habitat more effectively.

Alternative Technologies and Scale for Power Generation

The alternatives to the proposed run-of-the-river (RoR) hydropower project include
power generation from LNG/imported natural gas based combined cycle gas turbines
(CCGTs), coal fired steam plants, and fuel oil based diesel engines. In addition, other
technologies such as nuclear, and wind and solar renewable energy power plants could
also be considered as alternatives. An analysis of the life cycle average cost of generation
shows that cost of power generation for the proposed large size run of river (RoR)
hydropower project is presently comparable to that for LNG and coal based options. Cost
of power generation for the large hydropower projects is also presently lower than that
for wind energy and solar PV projects where power generation is intermittent and
weather dependent.
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Project Impacts

During the scoping stage of the ESIA process, several potential environmental and social
impacts of the project were identified. The baseline surveys were conducted keeping in
consideration the potential impacts. The potential environmental and social impacts were
evaluated based on consideration. A summary of Project impacts is presented in

Exhibit V.
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Exhibit V: Summary of Significant Impacts

ESIA of Arkari Gol Hydropower Project

ID Aspect Impact Phase | Stage | Magnitude Timeframe Spatial Scale | Consequence Probability Significance | +/-

1 |Aquatic Loss of Aquatic Biodiversity due to C,O0 Init Moderate Small Moderate Medium -
Ecology Creation of a Low Flow Section Res Moderate Small Moderate Medium -

Downstream of the Dam

2 |Aquatic Loss of Aquatic Biodiversity due to C,0 Init Moderate Small Moderate Medium -

Ecology Changes in Ecological Conditions Res Moderate Small Moderate Medium )
Downstream of the Powerhouse as a
Result of Release of Water

5 |Terrestrial  Project operation leading to animal (0] Init Minor Small Medium Possible Medium -
Ecology dlstu_rbance, displacement and Res Minor Small Low Possible Low -

decline.

6 |Ambient Air ' Increase in ambient concentration of C Init Moderate . Short Term . Intermediate Medium Possible Medium -
Quality ar pp[lutants ”O”? construction Res Minor Short Term | Intermediate Low Possible Low -

activities and vehicular movement
may cause health impacts on the
community.

8 |Hazards of Blasting may pose a safety hazard C Init Moderate : Short Term | Intermediate Medium Possible Medium -
Eg’mROCk due to flying debris Res Minor Short Term Small Low Possible Low -
Blasting

9 |Construction  Increase in ambient noise levels due C Init Moderate . Short Term | Intermediate Medium Possible Medium -
Nosie to the operation of construction Res Minor Short Term Small Low Possible Low -

equipment, movement of construction
traffic and blasting may create a
nuisance for nearby communities and
visiting tourists.

10 |(Water Alterations of natural passage of C Init — Intermediate - Possible - -
Avallablllt_y Springs due to tunnel cons_truc_:t_lon Res Minor Medium Intermediate Low Possible Low -
and Quality :may disrupt the water availability at Term

mountain springs for local community.

11 |Water Damage to community irrigation C Init — Intermediate - Possible - -
Availability - ichannels may occur during . Res Minor Medium  Intermediate Low Possible Low -
and Quality :construction especially during blasting Term

of the headrace tunnel
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ID Aspect Impact Phase | Stage | Magnitude | Timeframe | Spatial Scale | Consequence @ Probability | Significance | +/-

12 |Water Use of local water resources for C Init Moderate = Short Term : Intermediate Medium Possible Medium -
Availability construction activities may reduce the Res Minor S e | e Unlikely Les )
and Quality water availability for local

communities.

14 |Saoll, Contamination of soil as a result of C Init Moderate Medium Small Medium Possible Medium -
Topography :accidental release of solvents, ails, Res Ve Medium Small L Unlikely L )
and Land and lubricants can degrade soil
Stability fertility and agricultural productivity.

15 |Sall, Land clearing, excavation, tunnel C Init Moderate Medium Intermediate Medium Medium -
Topography : boring and other construction Term
and I.‘f'md activities may loosen the top soil in Res Minor Short Term Small Low Possible Low -
Stability the Project area resulting in loss of

soil and possible acceleration of soil
erosion and land sliding, especially in
the wet season.

16 |Saill, Increased erosion and sedimentload | C, O Init Moderate — Intermediate - Possible - -
Topography entering the river frqm bunds and Res Moderate Medium Intermediate Medium Unlikely Low -
and Land sediment ponds during the Term
Stability construction phase and as a

consequence of the failure of spoil
dumping sites.

21 |Trafficand Increased risk to community safety C Init — Short Term Small Medium Possible Medium -
Road due to |nqreased traffic during the_ . Res Minor Short Term Small Low Possible Low -

construction phase near communities.

23 |Seismic and ' A potential flood and seismic hazard C Unlikely Medium -
Flood under natural extreme conditions for .

Res Moderate : Short Term Unlikel Low -
Hazard which the dam is not designed, albeit y 0
very unlikely, has potential to cause
loss of life and damage to property.

25 |Livelihood Direct, indirect and induced (oo} Init Minor Medium Possible Medium
anq Well- emplc_)ymgn_t at the local Ievel,_ Res Moderate
being resulting in increased prosperity and

wellbeing due to higher and more
stable incomes of people.
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ID Aspect Impact Phase | Stage | Magnitude Timeframe Spatial Scale | Consequence | Probability | Significance | +/-

26 |Livelihood Increase in the stock of skilled human | C, O Init Minor Intermediate Medium Possible Medium
an_d Well- capltal_due to transfer pf knowle(_jge_ Res Moderate E Possible
being and skill under the Project resulting in

enhanced productivity of local labor.

27 |Livelihood Decrease in productivity of agricultural (0] Init
and Well- fields due to unavailability of water for Res """"""
being irrigation

28 |Livelihood Loss of assets and livelihood as a D,C Init
Eg%gVell- result of land acquired for the Project. Res Minor T Small L Sosefne L )

29 |Livelihood Increase in population due to in- C Init Moderate Medium Intermediate Medium Possible Medium -
anq well- migration of job seekers (!n-.mlgran.ts) Res Minor Medium Intermediate Low Possible Low -
being leading to pressure on existing social

infrastructure and services in the
Study Area.

30 |Livelihood Disputes over the distribution of C Init Moderate Medium Intermediate Medium Possible Medium -
anq Well- Project employment \(wthm'and Res Minor Medium Intermediate Medium Possible Medium -
being between Study Area inhabitants and

the in-migrants resulting in social
unrest.

31 |Livelihood Potential social unrestin the Study C Init Minor Short term Small Low Possible Low -
and Well- Area due to conflicting socio-cultural
being norms amongst the inhabitants and

in-migrants.

32 |Livelihood Religious conflicts due to different C Init Moderate Medium Intermediate Medium Possible Medium -

Szgn;ve”_ religious beliefs of workers and locals. Res Minor Short term  Intermediate Low Possible Low -

C: Construction (and pre-Construction); O: Operation; Init: Initial; Res: Residual; Duration: Short (less than four years),

Frequency:
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Cumulative Impact Assessment

The methodology used for the CIA of Arkari Gol HPP has been adapted from the
guidelines of the International Finance Corporation. The study area selected for the CIA
(CIA Study Area) includes the rivers in the Chitral Valley on which hydropower projects
are planned mainly the Mastuj River, Lutkho River, Arkari Gol and other tributaries on
which hydropower projects are planned. The temporal scope of the CIA spans a period of
31 years up till the year 2050.

Unlike in other basins such as those in Jhelum and Poonch, impacts on socioeconomic
aspects are limited in the Chitral Basin as river-dependent socioeconomic activities are
limited. The Project is expected to improve infrastructure and employment conditions in
the area.

Impact on Fish Fauna

Basin-wide hydropower development will impact migratory fish species, in this case the
Snow Trout. Loss of connectivity will confine the population of this fish mainly to
reaches in tributaries of the main stem Mastuj/Chitral River where dams are not
constructed. The fragmented populations will be under stress due to their inability to
migrate downstream in winters to avoid colder waters upstream in the basin. Isolation
will also increase in-breeding. Other non-migratory fish species adapted to life in riverine
conditions will be impacted due to conversion of part of the river into a lentic or lake
habitat. Peaking flows from power houses will substantially reduce the extent of riverbed
and will result in loss of habitat for the loaches that survive in cobbles and boulders in
shallow waters.

Management Strategy and Measures

This CIA recommends good practice measures that are important for the protection of
biodiversity in the long term. These include:

» Assessing the feasibility of fish ladders on a case by case basis

» Release from other dams at levels higher than that for Arkari Gol HPP to account
for more productive habitats

» Auvoiding overlapping peaking and
» Holistic environmental flow assessments based on World Bank Guidelines
The CIA also recommends basin-wide management. This includes the following actions:
» Standardization of assessment methods using IFC Guidelines,
» Active regulation by the KP EPA using World Bank Guidelines,

» Increased support to the government departments involved in protection of
biodiversity and habitat,

» Greater coordination between developers for achieving synergistic benefits and a
balance between environmental and energy requirements in the basin and

» Support to research in the basin for advances in understanding of river ecology
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Cost Estimate for Environmental Management

The total cost for pre-construction phase is estimated as USD 5,715,686/. The total cost
for Environmental Management has been estimated as USD 624,829/ for the
construction phase and USD 127,457/- annually for the operation phase.

Conclusion

The Project will have impacts on the physical, socioeconomic and ecological
environment. Aspects of the physical environment that will be most affected include
water availability, water quality, soil, topography and land stability. Socioeconomically
the most significant impact will be on those directly affected by the Project due to land
acquisition. Ecologically the Project will have most impact on river biodiversity. The
ESIA has taken fish species as the main indicator of aquatic biodiversity. In the Project-
affected stretch of the river the fish species impacted will be the Snow Trout, Himalayan
Catfish and Chitral Loach. The Snow Trout is listed as Vulnerable on the IUCN Red List
and is a long-distance migratory species. As the Project is following the IFC’s guidelines,
biodiversity impacts were assessed using IFC PS6. Under this PS the Project is not
located in Critical Habitat, therefore, it does not need to show Net Gain in Biodiversity
Values. It is located in Natural Habitat, therefore, it needs to result in No Net Loss in
biodiversity. Based on the EFlow Assessment, the Project is not causing a net loss in
biodiversity. Overall, although the impacts on fish fauna are unavoidable, it is not
impacting any Critically Endangered or Endangered fish species. The Project, on its own,
has limited impacts on aquatic biodiversity, but with other developments in the basin, the
cumulative impacts will mainly impact fish fauna, especially long-distance migratory
species, namely the Snow Trout.

The ESIA recommends mitigation measures to reduce the impacts of the Project to within
acceptable levels. These mitigation measures are consolidated in the environmental
management plan (EMP). The EMP provides details of implementation, monitoring and
reporting responsibilities for all mitigation measures. In addition a resettlement action
plan (RAP) has been prepared in accordance with IFC guidelines, specifically IFC PS5,
which provides details of the compensation methods for the affected households.
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