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PREFACE

Luhri Hydro-electric project proposed by Satluj Jal Vidyut Nigam (SJVN) Ltd. (A
Joint Venture of Government of India & the State Government of Himachal Pradesh) aims at
harnessing power potential of the waters of Satluj river. The catchment and project activities
of the proposed project are located in Shimla, Kullu and Mandi districts of Himachal
Pradesh. The scheme proposes to generate 775 MW of power by constructing a 86 m high
concrete gravity dam on Satluj river near Nirath village and diversion of water through a
38.138 km long Head Race Tunnel with an underground power house located on right bank
of Satluj river near Marola village. The project would affect nearly 24 Revenue villages and
submerge nearly 153.05 ha of land. It is envisaged that a total of 2337 land owners would be
affected, directly or indirectly, due to acquisition of land for various project activities and

components including displacement of 37 families.

The report has been prepared in two volumes; the first volume essentially covers
environmental aspects dealing with the description of the project area as well as entire
catchment area up to the power house site. It also covers probable environmental impacts of
various project activities to be undertaken during the construction of the proposed project.
The second volume concentrates on the management aspects covering issues of biodiversity
management, catchment area treatment, resettlement and rehabilitation of the project affected
families/ persons, package for economic development of the area including human health
facilities, etc. A separate disaster management plan has also been given, in case of
eventuality of the dam failure. All the mitigation measures to be undertaken by the project
developer have been dealt with in detail along with the cost estimates for each proposed plan.
The two volumes, therefore, completely cover various aspects of the existing environment
resource base and the projected impacts by the proposed project and also the management

plans to mitigate/reduce any negative impacts.

al—

October, 2011 Principal Investigator
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Executive Summary CISMHE

EXECUTIVE SUMMARY

Environmental Impact Assessment (EIA) study of the proposed Luhri H.E. project (775 MW)
was conducted in detail. The study has been carried out according to the terms of reference (TOR)
defined by the Environmental Appraisal Committee (EAC) of MoEF, Government of India at the
time of scoping of the said project (April 18, 2007). The entire report has been compiled in two

parts, Environmental Impact Assessment (EIA) and Environmental Management Plan (EMP).

Part one, EIA, contains the base line information about the project, project area and project
catchment. The volume is divided into 14 chapters which deal with environmental aspects like
physiology, hydrology, air environment, aquatic biology, socio-economic status, etc. There is a
separate chapter on envisaged impacts due to the proposed project on different aspects of

environment. Downstream impacts of the project are also discussed separately.

The second part, EMP, deals with various management plans and mitigation measures. There are 12
management plans including biodiversity management plan, catchment area treatment plan (for free
draining catchment), dam break modeling and disaster management plan, etc. The total cost of the
management plan is Rs. 31281.748 lakh, which is approximately 7.39 per cent of the total project
cost if it is single tunnel (for twin tunnel scheme the cost of the EMP is around 6.52 % of the total
project cost).

The Environmental Management Plan (EMP) also includes cost of the forest land Rs. 2600.00 lakhs.
Excluding the cost of the forest land the total budget of the EMP will be around Rs. 28681.748 lakh
which is around 6.77% of the total cost of the project in case of single tunnel scheme and 5.98% of

the total project cost in case of twin tunnel scheme.
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A. ENVIRONMENTAL IMPACT ASSESSMENT

This part contains the base line information about the project and project area collected from
primary as well as secondary sources. The study area is divided into two parts, one of direct impact
called project area within 10 km radius from different project components like dam, powerhouse,
etc. and area of indirect impact like catchment area, etc. The collected information is compiled in the

following 14 chapters.

1. INTRODUCTION

Himachal Pradesh, a mountainous state, gained statehood on January 25, 1971. The geographic
boundaries of the state begin from the Siwaliks and go up to Trans-Himalayan heights of Zanskar
range with altitudes varying from 350 m to 7000 m above the mean sea level. There is a general
increase in elevation from west to east and from south to north. The State is bound between 30°22’ to
33°12’ N latitude and 75°47° to 79°04° E longitude. To the east and northeast the State forms India's
border with Tibet, to the north lies the State of Jammu & Kashmir, in the south-east lies Uttarakhand,
Haryana lies in the south and Punjab in the west. The total geographical area of Himachal Pradesh is
55,673 sq km. Lahul and Spiti is the largest district of the State with a total area of 13,835 sq km. Total
population of the State is 60,77,900 (Census, 2001) with an average population density of 109 per sq
km (Census, 2001). The proposed Luhri HE project, falls in three districts, Shimla, Kullu and Mandi of
Himachal Pradesh. Shimla is the capital of the state located at 100 km south of the project area.

1.1 Luhri H.E. Project

The proposed project envisages generation of 775 MW of electricity utilizing waters of Satluj
river. The project consists of 86 m high concrete gravity dam at Nirath covering areas between
Shimla and Kullu districts (Fig. 1). An underground powerhouse at Marola in Mandi district is
located around 40 km downstream of the dam site. The water will be diverted by a 38.138 km long
head race tunnel. The submergence area is around 153.05 ha and the length of the reservoir will be
6.8 km. The number of affected land owners is 2337 and out of these, 37 families will be displaced
due the project. The total population of the affected families is 9674 and the project is likely to affect
around 24 villages directly and there are around 168 villages in the vicinity (within 10 km radius of
dam and powerhouse). The total land required for various activities in the proposed project will be

around 368.6867 ha (290-69-67 ha land will be acquired for these activities and 77.99 ha of the river
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bed will constitute submergence area which is not included in the physical land acquisition). The
physically acquired 290.6967 ha area of land includes forest land (181.5369 ha), private land
(109.1598 ha) and 89-62-08 ha of notional land for underground components of the project. The
total submergence area is around 153.05 ha. The salient features of the project are given in Table 1
and shown in Fig.2. The proposed project will be completed within 7-8 years time period with
expenditure of Rs.4232 crores (single tunnel option) to Rs.4795 crores (twin tunnel option). The

income generation from the project will be around Rs.800 crores annually.

Table 1 Salient Features of the proposed Luhri H.E. project in Himachal Pradesh.

LOCATION
State
Districts
River

Vicinity

HYDROLOGY
Catchment area at dam site
Design Flood
Percent availability corresponding to
design discharge of 480 cumec
RIVER DIVERSION WORKS
Diversion Tunnel
Dia
Length
No. of tunnels
Coffer Dams
Type
Upstream
Downstream
Cut-off for Coffer Dams
DIVERSION DAM
Type
Top of dam

Height from deepest foundation level

Himachal Pradesh

Kullu, Mandi and Shimla

Satluj

Dam near village Nirath on NH-22 and

Powerhouse near village Marola on right bank

of Satluj river

51600 sq km
8000 cumec
28%

10.0 m
2680 m (Average)
2

Rock fill with cut-off wall
12.0 m high
9.0 m high

Soil — Cement — Bentonite core walls

Concrete Gravity
EL 866.00 m
86 m
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Total length at top

No. of blocks

Minimum river bed level at dam axis

Deepest foundation level

Full Reservoir Level (FRL)

Minimum Draw Down Level (MDDL)

Gross Reservoir Capacity
MAIN SPILLWAY (SLUICES)

Location

No. of bays

Size of each sluice

Sluice crest elevation

Thickness of intermediate piers

Type of gates

Ski-jump bucket lip elevation

Discharge capacity of Sluices
REGULATING SPILLWAY

Location

No. of bays

Width of bay

Crest elevation

Size of opening

Maximum discharge capacity

Ski-jump bucket lip elevation
INTAKE

No. of intake bays

Inclination of Trash rack with

Horizontal

Crest level

Minimum Drawdown Level (MDDL)

Discharge capacity of each intake bay

Number of intake gates

Size of opening

Size of intake tunnels

231.5m
17

El1811.20 m
El 780.00 m
EL 862.90 m
EL 855.0 m
35 Million m’

Block nos. 5 to 11 of Dam

7

7.5m (W) x 10 m (H)

El. 822.00 m

4m

Radial Gates (top sealing type)
El. 816.00 m

8000 cumec

Block No. 4 of Dam

1

I1m

El. 860.50 m

11.0m (W) x 5.5 m (H)
73 cumec

El 816.00 m

2
63°

El 836.00 m

El 855.00 m

276 cumec (15% additional capacity)
2

9.0 m (W) x 9.0 m (H)

9.0 m Circular
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SEDIMENTATION ARRANGEMENTS
Particle size to be excluded

Type of arrangement

Flushing discharge
HEADRACE TUNNELS
Size & Type

Length
Velocity through tunnel

Invert of tunnel at inlet end
Invert of tunnel at junction with
surge shaft/tunnel

Design discharge

Slope

Adits

Intermediate adit 1
Intermediate adit 2
Intermediate adit 3
Intermediate adit 4
Intermediate adit 5
Intermediate adit 6
Intermediate adit 7
Intermediate adit 8
U/S SURGE TUNNEL
Type
Diameter
Elevation of the Invert
Top elevation
PRESSURE SHAFTS
No. and type
Diameter

Length of each penstock

+ 0.1 mm
Reservoir sedimentation with bye pass tunnels
(diversion-cum-desilting tunnels)

500 cumces - 1500 cumecs

9.0 m dia circular (twin tunnels) or 11.75 m dia
circular (Single)

38.138 km

3.77 m/s (9 m dia twin) or 4.43 m/s

(11.75 m dia single)

El 836 m
El. 700 m
480 cumecs
1V:281H
Chainage from intake axis Length
(m) (m)
3571 623
7780 529
12368 710
17059 494
22649 637
27080 592
30928 196
35863 380

Inclined surge tunnels with expansion galleries
9.0 m

El1819.0 m and 839.0 m

EL 900.0 m

4 Nos. steel lined
50m
173.5m
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Type of steel for penstock liners
PENSTOCK VALVE CHAMBER

Location

Type of valves

Diameter of each valve

E.O.T. Crane

POWER STATION COMPLEX
POWER HOUSE / TRANSFORMER CAVITY
Type
Installed capacity
Size of machine hall
Size of transformer hall
Main Access Tunnel to machine hall
Average gross head
TAIL RACE TUNNEL
Size & Type
Length
Invert level of tailrace tunnel at outfall
Maximum tail water level
TOTAL LAND REQUIREMENT
Forest land
Private land
Affected Land owners
Displaced families
COST
i) Single tunnel option
ii) Twin tunnel option
SCHEDULE
i) Single tunnel option
ii) Twin tunnel option

INCOME FROM THE PROJECT

Pressure vessel grade steel

Downstream of surge tunnel
Butterfly valves

5000 mm

150 t

Underground

775 MW (4 x 193.75 MW)

156.4m (L) x23.5m (W) x44 m (H)
120 m (L) x 19 m (W) x 21 m (H)

8 m D-shaped 530 m long

2209 m

9.0 m dia Circular shape
454 m (Average)

641.0 m

642.0 m

290.6967 ha (around 77.99 ha land river bed is not included)

181.5369 ha
109.1598 ha
2337

37

Rs.4,232 crores
Rs. 4795.0 crore

7 years (84 months)
7 years 6 months (90 months)

Rs.800 crores annual
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2. METHODOLOGY

Standard methodologies of Environment Impact Assessment were followed in the EIA study
of Luhri H.E. Project. The present study has been based on the guidelines for EIA reported by
several workers and institutions including CISMHE. All the methods were structured for the
identification, collection and organization of environmental impact data. The information thus
gathered has been analysed and presented in the form of a number of visual formats for easy

interpretation and decision-making.

Primary surveys were conducted in different seasons from 2006 to 2010 to collect data on flora,
fauna, forest types and ecological parameters, geological and soil features. A comprehensive door to door
socio-economic survey of the project affected villages and families were conducted. During these socio-
economic surveys location of historical/ archaeological sites, if any, are also recorded. In addition,
people’s perception was about the project also recorded.. Primary surveys in the entire catchment area
were also conducted for the purpose of ground truthing and augmenting the remotely sensed data.
For this purpose various attributes such as land features, rivers, forest and vegetation types were

recorded on the ground in the catchment area.

Following the TOR, first draft report was submitted to SJVNL in April 2008 containing
primary data gathered in 2006 and 2007. In order to take up the queries from project proponent the
survey team continued its survey for primary data. The submitted report was subjected to various
agency i.e. World Bank for the review and a separate study for CAT plan was planned by the project
proponent. For this reason the finalization of report got delayed. After including all queries and
completing CAT plan study the report could be finalized in February 2010. Meanwhile, MoEF
issued a fresh office memorandum (No. J-11013/41/2006-1A.1I(I) dated March 22, 2010 regarding
the EIA study. In order to follow the conditions of same memorandum, the primary data gathered
during 2006 — 2007 was replaced with the data gathered during 2008 — 2010. The Earlier data has

also been appended in the report.

Spatial database on physiographic features were taken from various sources including Survey
of India (SOI) topographic sheets, satellite data and analysed with Geographic Information System
(GIS) tools. In addition, gradient profiles from the origin of the river to dam site, a slope model for

entire Luhri H.E. project area, a digital elevation model (DEM) for the project area as well as its sub-
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watersheds of the free draining catchment of the project thematic maps for elevation-relief and
aspect were generated (AIS& LUS). Percent area under various slope categories namely gently
sloping, moderately sloping, strongly sloping, moderately steep, steep, very steep and escarpments
were calculated for the entire catchment. The slope categories were based on percent slope of an area
viz. gently sloping (up to 2%), moderately sloping (2-8%), strongly sloping (8-15%), moderately steep
(15-30%), steep (30-50%), very steep (50-70%) and escarpment (> 70%).

The regional geology around the project area highlighting geomorphology, stratigraphy and
structural features were based on the existing information on these aspects contained in detailed
Project Report (DPR) of the project and substantiated by primary surveys in the project area. In
addition the important parameters of seismicity were assessed using published literature on seismic
history and seismo-tectonic nature of the regional rock types in the area. The data on water discharge
of Satluj river are available at 2 gauge sites for 28 years (1975-2004) at Rampur and Karcham
obtained to carry out investigations on hydrology. Land use and land cover mapping was carried out
by standard methods of analysis of remotely sensed data and followed by ground truth collection and
interpretation of satellite data.For vegetation mapping standard methodology of digital image
processing was adopted which included the use of image elements like tone, texture, shape, location,
association, pattern, etc. and ancillary information like elevation and landforms. In order to ground

truthing, a reconnaissance survey was carried out in the Satluj river catchment for four seasons.

The details on forest types and forest cover in the catchment area were based on our primary
surveys in the area supplemented with the working plans and records of Kotgarh, Narkanda and
Kumarsein ranges of Kotgarh Forest Division and Rampur and Sarahan ranges of Rampur Forest
Division. The detailed account of flora, floristic ecology and plant communities has been described
based on the primary surveys in the catchment area of the project. These surveys were undertaken
during different seasons (Winter — February 2008; Pre-monsoon — May 2009; Monsoon — August
2009) of the year to account for most of the floral elements found in the project area. The data on
vegetation were quantitatively analysed for density, frequency and basal area. Since observations of
fauna and wildlife take long time, primary surveys were limited to field visits and direct and indirect
sightings of animals. A total of 6 surveys in different years were carried out in the study area, which
were grouped under three seasons. The presence of wildlife was also confirmed from the local

inhabitants depending on the animal sightings and the frequency of their visits in the catchment area.
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The soil samples were collected from upstream and downstream of the proposed dam site at
the right bank of Satluj river, proposed dumping sites and proposed powerhouse site at the right bank
of the river. For different physio-chemical analysis the methods outlined in standard manuals and
published literatures were followed. Water quality was described from the influence zone and project
area. The primary study was carried out in Satluj river and its major tributaries, viz. Machhad Khad,
Behna Khad and Chainra Khad from the proposed dam site to the power house site for three seasons.
In Satluj river three sites, viz. proposed dam site (S1) (dam site), middle stretch (S2) and the
proposed power house site (S3) were selected for sampling. Sampling was carried out for three
seasons, viz., winter, pre-monsoon and monsoon. In addition to surface water, ground water samples
from 24 locations and spring water from 6 locations in influence and project areas were collected to
analyze the water quality. About 19 physico-chemical and 5 biological parameters were selected for
the surface water, while 10 chemical parameters were analysed for the ground water. The primary
data on fish were compiled on the basis of detailed surveys conducted in the Satluj and its tributaries
for three seasons in the project area with the help of local fishermen. In order to strengthen the data
fishermen were interviewed on the fish composition and fisheries. Cast nets and hooks were main
gear to land the fish in Satlyj river, while caste net and damming of a part of stream channel were
used in small rivers like Macchad Khad, Behna Khad, etc. For understanding the status of fish
species inhabiting river Satluj and its tributaries and the threat perception, we sourced the data from
Conservation Assessment Management Plan of Biodiversity Conservation Prioritization Project
Workshop (CAMP-BCPP, 1997). Samplings for air quality parameters were carried out for three
seasons. Air quality parameters were sampled at Nirath, Lunsu, Sunni and Sainj while sound level

were measured at Nirath, Lunsu, Sunni, Marola, Sainj and Rampur.

Detailed socio-economic door-to-door surveys are being conducted in all the affected
villages due to the proposed project. Collection of data was completed at two levels - at village/
block and individual household level. The socio-economic survey at the village/ block level was
aimed at finding out the status and extent of amenities and resources at the disposal of villages/
blocks. The household surveys are being conducted with the main aim of evolving and preparing
compensatory and rehabilitation packages for families who would be rendered houseless, landless
and whose part of land would be acquired for various project activities. The aim of household survey
is also to understand the aspirations of the local people from the proposed project and also their

willingness to accept the hydro-electric project.
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Prediction of impacts were based on a broad matrix group ‘ecosystem’ constituted by physical
and biological components. The vulnerability of an ecosystem to various impacts resulting from an
activity or multiple activities was identified and accordingly impacts predicted. We have also followed

the Leopold UD Matrix for preparation of Impact Assessment.

3. PHYSIOGRAPHY

The physiography of a river basin refers to the topographic features like hills, mountains,
peaks, slopes and their geographical disposition as well as drainage network. It also includes glacier
cover, recent depositional and erosional landforms. The river Satluj, on which the present project is
proposed, crosses many geological regions from its origin in Kailash Mansrovar area to its
confluence with Indus (Sindhu) river at Mithankot. During its course, the river Satluj crosses Tibetan
plateau, various Himalayan ranges, Siwalik hills and the Punjab plains. In Himachal Pradesh, the
Satluj valley, upstream of Bilaspur is spread in three geographic sectors — Trans Himalaya, Greater

Himalaya and Lesser Himalaya.

3.1. Satluj drainage system

Satluj originates from the Rakshas Tal, which receives the waters from the Mansarovar lake
(Fig.3). The important right bank streams of Satluj in the Tibet region are Iwang Chu, Chowak,
Sumna and Trapa. The major left bank tributaries are Largchin and Manglantransu. In Tibet, Satluj
flows 640 km and enters India at Shipkila. The gradient of Satluj from its source in Tibet to the
plains of Punjab is uniform and averages about 6 m per km. The riverbed elevation of Satluj is 4572
m at the Rakshas Tal, 3048 m near Shipkila, 914 m at Rampur, 500 m at Bilaspur and less than 300
m where it enters the plains of Punjab. In Himachal Pradesh the river traverses a total length of about
320 km. The catchment area of Satluj including the portion of Parechu river is 51,600 sq km. In
India, up to the Rampur HE project, the Satluj catchment covers 13,787.07 sq km. From Rampur HE
project to the tailrace outfall of the proposed Luhri HE project the catchment is 1920.53 sq km. The
free draining area between the tailrace outfall of Rampur HE project and the proposed dam site of

Luhri HE project is 797 sq km.

A number of glaciers contribute their waters river Satluj at various points of its course and
also into its tributary streams. The important glaciers in the Tibet region are Ganglung Gangri, east

of Mansarovar, the glaciers along the southern slope of the Kailas Mountain draining into the
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Rakshas Tal and the northern glaciers of peak Kamet (7756 m). Further downstream, entering the
Himachal Himalaya, the glaciers draining from peak of Leo Pargial flow into the Satluj. There are
also glaciers draining into the major tributaries of Satluj, namely the Spiti and Baspa. The annual
mean flow of Satluj is 16,755.33 MCM. The upper tracts of the Satluj valley are under permanent
snow cover. In the Satluj catchment, about 50,140 sq. km area is located above the permanent snow
line at altitudes above 4,500 m. There are about 27 streams which join river Satluj between Shipkila
and the tail water outfall of Nathpa HE Project. The important rivers are Spiti and Baspa. Four
perennial streams join Satlyj river in the downstream of Tailrace outfall of Rampur HE Project and
upstream of the proposed dam site of Luhri H.E. project. These streams are Sumun Gad, Nogli Gad
and Machhad Gad on the left Bank, and Kurpan Khad and Nahru Nal on the right bank. These
streams have catchment areas of 16.92, 263.18, 141.51, 262.49 and 18.84 sq km., respectively.
Between the proposed dam site and the tailrace outfall of the proposed Luhri HE project, several
perennial streams join the Satluj river on either bank. Among these streams, the Bhera Khad, Sainj

Khad, Kiongal Ki Khad, Beha Khad and Chainra Khad have large catchments (Fig.4).

3.2 Relief

The relief in the catchment varies from 620 to 5240 m. The total elevational range of 4620 m
of the catchment was divided into twenty-two equal elevational bands of 200 m each. We observed
that the elevational band between 1600 and 1800 m has the maximum land coverage area (23,164

ha) in the catchment.

33 Slope

The slopes in nearly half of the catchment area under study (50.23%) are moderately steep.
Steep slopes cover 30.4% of the catchment, while strongly sloping and gently sloping areas cover
7.45% and 7.10% of the catchment area, respectively. Moderately sloping areas cover 4.54% of the

catchment, while very steep slopes cover only 0.28% of the catchment.

3.4  Aspect
The flat areas in the catchment mostly occur alongside the Satluj river channel where large
terraces have developed as well as at the mountain tops, particularly in the Guma Khad catchment.

These flat areas cover only 4.59% of the total land area in the catchment. The slopes with SW-W-
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NW aspect have minimal coverage constituting only 3.35% of the catchment area. The slopes with

NE-E-SE aspect are predominant in the catchment, which cover 32.40% of the catchment area.

4. HYDRO-METEOROLOGY

Hydro-meteorological conditions of a river basin determine the success of a hydroelectric
project. Parameters like rainfall, temperature, wind direction, evapo-transpiration, drainage network,
vegetation cover, soil cover and geology of the basin and the river channel control the water
discharge as well as the sediment flux in a river channel, thereby affect the prevalent environment
alongside the river. Moreover, the biotic diversity in a basin is mostly guided by the hydro-
meteorological conditions that prevail in it. The east to west flowing Satluj river in Himachal
Pradesh has a huge catchment with varied eco-climatic conditions. The river is snow fed in the upper
reaches in Tibet, where the slopes are mostly barren and flows through morainic terrain. Several
landslips characterize its slopes in the upper catchment which has sparse vegetation cover. In the
middle and lower reaches, the river receives water mostly in the form of rainfall and the seasonal

snow melt.

The highest rainfall (2291 mm) in the catchment occurs at Fancha (2071 m), which gradually
decreases towards the upstream. The rainfall is high (813 to 1974 mm) downstream of Fancha,
between Rampur and Theog. Further downstream, in the stretch between Shimla and Sunni, the
regions at higher elevations receive lesser precipitation while the lower elevations receive higher
precipitation. The region downstream of Sunni receives high (1104 to 1228 mm) precipitation. Luhri
H.E. project area and its vicinity receives maximum rainfall during the monsoon period (May-Sep)
like other parts of the Himalaya. The available data indicates that in the Rampur region, the rainfall
is much higher compared to the upstream stretch near Wangtu. In Rampur about 50% of the annual
precipitation (1412 mm) is received during July and August. The average summer temperature is
around 18°C at 2,000 m elevation and at 4,500 m and above, it is rarely above 0°C. In the valleys,
summer temperatures range between 32°C and 38°C. The temperature and humidity data for Rampur
and Karcham sites indicate that during July to Sept the maximum air temperature rises above 20°C;
the minimum temperature at Rampur have been recorded up to 1-2°C. Relative humidity is low

during April and early May and high in the months of July-Aug.
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The intensity of wind in the region is usually not high. However, the wind intensity is severe
in the afternoon. In June, the wind direction is generally westerly and southerly at Karcham with a
speed of 11-20 km/hr, while at Wangtu it is northerly with a speed of 6-10 km/hr (EIA, KWHP,
2005). The dominant wind directions in the valley are W, SW, NE and occasionally N. When
accompanied by pre-monsoon thunderstorms the wind intensity becomes very high in the proposed

dam site area.

The water discharge in Satluj river gradually increases from May to July and declines
between August and November. At Sunni, for the lean period, the mean 10-daily average discharge
varies from 94.26 cumec in the beginning of February to 239.40 cumec at the end of April. For the
monsoon period the mean 10-daily average discharge varies from 323.80 cumec in the beginning of
May to 1210 cumec in the mid of July. Kasol G&D site is situated 40 km downstream of Sunni Site.
At this site, for the lean period, the mean 10-daily average discharge varies from 101.26 cumec at the
beginning of February to 256.72 cumec at the end of April, while for the monsoon period the mean
10-daily average flow varies from 344.61 cumec in the beginning of May to 1186.64 cumec at the
end of July. At Nirath, for the lean period, the mean of 10-daily average discharge varies from 90.53
cumec at the end of January to 219.23 cumec at the beginning of October, and for the monsoon

period it varies from 296.37 cumec at the beginning of May to 984 cumec at the end of July.

For the 90% dependable year (1965-66), the average 10-daily water discharge in Satluj at
Nirath varies from 62 cumec in the end of February to 793 cumec in the beginning of July, and that
for the 50% dependable year (1995-96) varies from 103 cumec in February to 906 cumec in the mid
of June. In the 50% dependable year the discharge ranged from 275 to 906 cumec in the monsoon
months (May-Sep) and 103 to 350 cumec in the non-monsoon months (Jan-Apr, Oct-Dec). For the
90% dependable year the discharge at Nirath site ranged from 236 to 793 cumec in the monsoon
months and 62 to 194 cumec in the non-monsoon months. The monsoon months for 90% and 50%

dependable year accounted for 79% and 76% of the total annual inflow, respectively.

In case of Bhakra Dam, the Indian Meteorological Department (IMD) has given the probable
maximum precipitation (PMP) for 1-day, 2-day and 3-day storms as 325, 490 and 655 mm,
respectively. These PMP values were derived with an assumption that out of the total catchment area

of 56,875 km? at Bhakra dam, only the lower 6700 km? receive rainfall. Based on these data sets and
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assuming that the area receiving rainfall is 3105 km® Water and Power Consultancy Services
(WAPCOS) used a synthetic hydrograph to convert rainfall to runoff, and estimated the Probable
Maximum Flood (PMF) for Kol dam to be 15,705 m’/s. Similarly the PMF for Nirath is estimated to
be 15,071 m’/s.

The concept paper on silt content in Satluj river indicates that the suspended sediment load in
the river may vary from 10 ppm in the lean season to 13,000 ppm during the flood season (SJVNL,
2005). However, this sediment load increased up to 151,000 ppm at Nathpa after the breaching of
the Pare Chhu blockage in August, 2005. The measurement of flow and suspended sediment data by
SIVNL for the Nirath site is limited to the period from 14™ March 2005 to 30" June, 2006 (DPR
LHEP, 2007) and the measurements at this site are obviously influenced by the operation of the
Nathpa-Jhakri reservoir. However, using flow-sedimentation diagram and best fit trend line, the
estimated total sediment during a 12 month period (from 1 April 2005 to 30 March 2006) is 65
million m’. Since the catchment of Luhri HEP up to the dam site is 51600 sq km, the sedimentation

rate at the dam site in Nirath is 0.126 ha-m/ km?/ year.

5. SOIL

An area approximately 3,19,525 ha was considered for the description of different types of
soils. The soils of proposed Luhri H.E project are comprised mainly of three soil families (Dystric
Eutrochrepts, Typic Udorthents and Typic Udifluvents) having 16 soil units. The Dystric
Eutrochrepts and Typic Udorthents are predominant families, in which units 11, 10 and 9 cover
54.6% area of the project sites. These families are characterized by the loamy - course loamy and
fine loamy — loamy skeletal soils. The proposed power house is located in the area, which is covered
by the same types of soil families while proposed dam and reservoir is covered by the Typic
Udorthents and Typic Udifluvents families (Soil Unit 14). The nature of soils is characterized by the
coarse loamy and calcareous, covering 0.49% area of the vicinity. The Head race tunnel passes
through right bank of the river, covered by the Dystric Eutrochrepts and Typic Udorthents soil
families (Soil units 6, 8 and 13).

In the soil texture, the highest percentage of boulders, pebbles and gravels were recorded
from the soils alongside the river. It was followed by the very fine sand. Proportion of silt ranged

from 2.56% to 17.59% with maximum at dam site in pre-monsoon season. In the village areas,
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where agricultural terraces were pre-dominants the soils comprised mainly of very fine sand,
medium sand and gravels. The soils collected from proposed dumping and adit sites were dominated
with boulders, pebbles and gravels. Generally, the soils from villages composed of relatively higher
percentage of silt with clay in comparison to other areas. The highest moisture contents were
recorded from the soils collected alongside the rivers. In most of the soils bulk density was recorded
to be more than 1 cc/gm. In the river sites water holding capacity (WHC) were found to range from
39.56 to 52.31% with maximum at proposed power house site. The top soils generally had high water
holding capacity. WHC ranged from 32.48— 46.37% and 32.58— 42.91% in the soils collected from

villages and dumping adit sites, respectively.

Generally Himalayan soils are relatively acidic (Saxena and Singh, 1980) but except a few
sites the soils were acidic in the vicinity of the proposed project sites. The river sites recorded
relatively high pH values. The pH was less than 7 at most of the village and dumping sites. Very low
amounts of organic matter was recorded in the area. It occurred below 6% at all sites. The
concentration of chloride was highest at the village sites where agricultural practices were
predominant. The highest phosphate was recorded from the river sites while lowest from proposed
dumping and adit sites. In the nitrate low quantities were observed from village sites. In comparison
to river dumping and adit sites the low quantity of phosphate and nitrate in village site indicates that

the use of fertilizers was not in regular practice in these areas.

6. GEOLOGY AND SEISMOTECTONICS

The dominant rock types of the area include granite gneisses, quartzites, schists, mafic
volcanics, limestones, dolomites, shales, laterites and older and newer alluvium. Jeori-Wangtu
Granitoid Gneiss, Sundernagar Group, Shali/Larji Group, Rampur Group, Shimla group, Jutogh/
Kullu Group, Subathu (Khakra) Group and Older and Newer Alluvium are main groups of rocks in
the region. The study area is characterised by highly deformed metamorphosed sedimentary and
igneous rocks. Much of the deformation consists of major folds belonging to four different phases.
Thrusting is a typical feature of Himalayan geology and two important thrusts are present in the
region. Four different folding episodes have been observed in the area. The earliest phase exhibited
by fold axes N10°E-S10°W and N-S were later affected by NW-SE trending plunging folds. These
NW-SE folds are overturned towards the southwest; the axial plane dips towards NE with a SE

plunge. The NE-SW trending folds attest to the latest folding phase and have affected the earlier
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structural elements. The main regional folded structures present in the region are Shali Anticline,
Chamba Syncline and Rampur Anticline. The important tectonic features present in the region
between Basantpur in the west to the east of Rampur are Main Central Thrust, and Jutogh (Suketi)
Thrust.

Shali, Rampur, Simla and the Jutogh (Kullu) Groups of rocks are exposed in the Project area.
These rocks have been folded and the prominent structures are NW-SE trending Shali Anticline, the
Chamba Syncline and the Rampur Anticline. The dam is proposed to be 86 m high. Massive augen
gneiss belonging to the Garh-Manjrot Formation of the Jutogh Group is exposed along the abutments.
These rocks define an antiformal structure and along the axis of this structure flows Satluj river. On the
right abutment along the west to east flowing Satluj the attitude of the foliation is N35°E-S35°W/ 35°
— N. The attitude on the left abutment is NE— SW/ 20-35° — S. On the right abutment, the rock is
exposed right from the river bed level whereas on the left abutment there is some debris cover from the
river bed level (815 m) up to the road level; at higher level of the left bank there are outcrops of sound
rock. These rock formations, are folded into major anticlinal and synclinal structures viz. Shali
Anticline and the Chamba Syncline. Besides these structures the HRT will also encounter a major
tectonic feature named Jutogh (Suketi) Thrust. The proposed underground powerhouse will be within
the interbedded dolomite, limestone and shale units of the Shali Group. The calcareous rocks in this
group are karstic in nature. Limestone, dolomite and pyrite deposits are present in the Project area. The
limestone and dolomites are of cement and chemical grade. The gravel and sand deposits in the

terraces alongside the Satluj are used as building stones.

The revised Seismic zoning map of India (BIS: 2000), encompasses four zones namely I1, 111,
IV and V. On the seismic zoning map of India the Himachal region lies within the ambit of the
Seismic Zone-IV and V of 1.S. code 1893-1984/1998/2000. The project area lies in Zone IV.
Therefore, there is always a necessity to consider the factor of safety for the highest earthquake
intensity while designing an engineering structure. Since the Luhri H.E Project region lies in the
Himalayan belt different tectonic surfaces viz. MCT, MBT, Kaurik-Chango fault, Jutogh thrust, etc.
and their seismic potential in the region must be critically examined using various attenuation
relationships and PGA value from the most conservative worst scenario earthquake event be

determined. Suitable PGA value for Design Base Earthquake (DBE) is used for a seismic design.
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7. LAND USE/ LAND COVER

Land use and land cover mapping of project area falling within 10 km radius of Satluj river
catchment from the proposed dam site of Luhri H.E. project up to the proposed powerhouse site and
catchment area of Satluj river in Indian territory up to project site were carried out by standard
methods of analysis of remotely sensed data, followed by ground truth collection, and digital image
processing of satellite data. For this purpose digital data on CDROMSs was procured from Earth
Science Data Interface (ESDI) at Global Land Cover Facility (GLCF) maintained by Department of
Geography, University of Maryland, NASA and Institute for Advanced Computer Studies at
Maryland, USA. Digital image processing of the satellite data and the analysis of interpreted maps
were carried out at the Computer Centre at CISMHE using ERDAS Imagine 8.7 of Erdas Inc (Fig.5).

Satluj river catchment area (Indian Region) up to the proposed dam axis of the Luhri H.E.
project is very large area covering with 14,77,359.03 ha, it has moderate forest cover. Some part of
the catchment is not classified due to unavailable data (12790.70 ha area). Major part of the area on
the higher elevations is covered with barren/ rockyland (20.76%). The forests (dense and open
forests) in this catchment covered an area of 28.95% of the land. While Sand near the river and
higher altitude is spread over the catchment with coverage an area of 12.35%. The small area in this
catchment at the lower elevations and near the riverside area covered under cultivable and human
settlements is 1.61%. This is mainly due to the concentration of human settlement all along the river
valley as cultivation and settlement areas are mostly clustered near the flood and depositional
landforms (Fig. 6). Snow/ glaciers is dominantly covered an area of 11.21% on the higher ridges.

Some areas in this catchment are covered under landslide/ landslips

The influence area is within the 10 km radius around the dam site, HRT and powerhouse site.
The influence zone is covered an area of 115386.12 ha. In this zone the cultivation/ settlements land
cover class is predominantly with coverage an area of 28.59% (32,985.83 ha). The most of the part is
along the river on both banks. The forest area with dense and open forests covered in this zone is
24.47% of the area (24.34% and 20.13%). Rest of the area is covered under different categories of

land use/ land cover in the range of 0.05% to 3%. While 21.17% of the area is covered under scrub.

Apart from the 10 km radius of proposed dam site and HRT and power house site data for land use

was analysed for only right and left banks of Satluj river within influence zone. In the right bank
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cultivation./settlements is predominant covering an area of 28.97% followed by 26.49% under scrub.
In the left bank forest accounts for 52.43% followed by cultivation and settlements. Most of the area
to be submerged is under human settlements, agricultural fields, degraded forests and open forest.

The proposed reservoir would lead to submergence of number of households.

Already degraded forests which under tremendous stress would be subjected to further
degradation leading to depleted forest cover due to the proposed Luhri H.E. project. The depletion in
forest cover in the project area would trigger landslides and drying up streams feeding the main
channel and creation of scarcity of drinking water in the villages’ dependent upon these small

streams.

Total land area of the affected villages is 3995 ha with maximum in Neethar village and
minimum in Kot. About 27.7% of the total land is used for the agricultural and horticultural
purposes, of which the irrigated land constitutes only 4.2%. Bhadras, Neethar and Nirath villages
have maximum irrigated land. Total forest land in these villages is 10.8%, however, most of these
villages do not have their own forest land. Cultivable waste land accounts for a maximum 39.8% of

the total land. About 14.3% of the area is not available for the cultivation.

8. FLORISTICS AND FOREST TYPES

The catchment area of the proposed Luhri HE project covers all forest types of Western
Himalaya i.e. Northern tropical dry deciduous forest, Himalayan Chir-pine forest, Himalayan moist
temperate, Himalayan dry temperate and sub-alpine and alpine forests. The forests in the project area
fall in Kotgarh, Kumarsein and Narkanda Forest Ranges of Kotgarh Forest Division and Rampur and
Sarahan Forest Ranges of Rampur Forest Division. The vegetation in these forests is mostly
comprised of tropical dry deciduous scrub forests in the lower valleys of the project area, while sub-

tropical pine (Pinus roxburghii) forest are prevalent in the middle hills of the valleys.

The ecological study in the project area of Luhri HEP was undertaken with the objectives of
preparing a checklist of flora in the submergence area and locations where project components are
proposed; listing of rare/endangered, economically important and medicinal plant species;

determination of frequency, density and IVI of different vegetation components.
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The right bank of the proposed project submergence area comprises mostly the agricultural
fields. On the left bank the vegetation in the vicinity of proposed project area is sparse and consists
of dry deciduous forest and is interspersed with agricultural fields. On the left bank the tree canopy
is comprised of Albizia procera, Bombax ceiba, Casearia tomentosa, Celtis australis, Dalbergia
sissoo, Erythrina arborescens, Grewia optiva, Mallotus philippensis, Mangifera indica and Sapium
insigne. Understorey is represented by many small trees and shrubs. Adhatotoda zeylanica,
Boehmeria rugulosa, Carissa spinosa, Colebrookea oppositifolia, Debregeasia salicifolia,
Euphorbia royleana, Ficus palmata, Lantana camara, Maytenus rufa, Zanthoxylum armatum,

Ziziphus mauritiana, etc. are important shrub associates in the understorey.

The powerhouse of the project is proposed on the right bank of Satluj under a hillock near
village Marola. The vegetation in the region is mostly scrub with only a few tree species. Important
tree species in the region are Acacia catechu, Albizia procera, Bombax ceiba, Ficus bengalensis, F.
religiosa, Sapium insigne, etc. Shrubs like Adhatoda zeylanica, Asparagus adscendens, Carissa
spinosa, Colebrookea oppositifolia, Lantana camara, Mallotus philippensis and Woodfordia
fruticosa are found on the slopes or along the banks of Satluj. There are very few climbers and
epiphytes in the region. Bauhinia vahlii, Cissampelos pareira, Cryptolepis buchnanii, Pueraria
tuberosa, Stephania glabra and Vigna retusa are found trailing in the forest. The project has
identified 8 adits and 13 dumping sites. All the adits are located on the right bank and most of it is
barren and rocky. While these areas lack vegetation, some plant species observed around the adits
are: Adhatoda zelanica, Carissa opaca, Colebrookea oppositifolia, etc. The dominant shrub species
at these dumping sites are: Dodonaea viscosa, Adhatoda zeylanica, Carissa opaca, etc., which

indicates these are seral formations and do not form any primary vegetation types.

The species diversity index (H) in the tree layer ranged from 1.094 (right bank of power
house site) to 1.503 (left bank of power house site). The species diversity for sapling and shrub strata
ranged from 0.916 to 1.388 and 1.138 to 2.109, respectively. The occurrence of shrubs in large
numbers at the submergence site can be attributed to the anthropogenic disturbances that arrest
further succession. The herb species diversity increased from 1.768 (Adit site) to 2.488

(submergence site) during the winter season.
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A total of 84 species of plants were recorded under the ecological investigation during
different sampling seasons. Out of which 12 were trees, 18 shrubs and 54 herbs. The ground
vegetation comprised of ephemeral, annual, and perennial species of grasses, sedges, legumes and

non-legume forbs.

The proposed Luhri H.E. project area extends from Marola to Nirath village, along the Satluj
river. About 519 species of angiosperms and gymnosperms are in Satluj basin upstream of Marola
(Power house site). These species belong to 343 genera and 110 families. Out of 110 families
represented in the area, 91 are dicots, 16 are monocots and the remaining 3 are gymnosperms. The
dicotyledons are represented by 404 species belonging to 274 genera, while the monocotyledons are
represented by 69 genera and 106 species. Gymnosperms are represented by 3 families, 6 genera and
9 species. Poaceae with 48 genera and 72 species and Asteraceae with 27 genera and 37 species are
the largest families of monocots and dicots, respectively. These figures suggest that most of the
habitats are secondary formations and presence of disproportionately higher number of
graminaceous species testifies this. Among gymnosperms Pinaceae is the dominant family
represented by 4 genera and 7 species. The dominating genera represented by 5 or more species in
the project area are Cyperus (5), Desmodium (6), Eragrostis (6), Geranium (5), Prunus (5) and Viola
(6). A number of monotypic genera distributed over different habitats were observed in the influence
area of the project. Some of these taxa are Adhatoda zeylanica (Acanthaceae), Colebrookea
oppositifolia (Lamiaceae), Houttuynia cordata (Saururaceae), Naringi crenulata (Rutaceae),

Nicandra physaloides (Solanaceae) and Ricinus communis (Euphorbiaceae).

The floral diversity in Satluj valley and its adjacent areas was assessed in terms of the
physiognomy of its floral elements. Some of the families that showed diverse habits of trees, shrubs
and climbers were Caesalpiniaceae, Euphorbiaceae, Papilionaceae and Rosaceae. Caesalpiniaceae,
for example, were represented by Cassia mimosoides (herb), C. occidentalis (shrub), Bauhinia vahlii
(climber) and B. variegata (tree). On the contrary, some of the families such as Aceraceae,
Anacardiaceae, Tiliaceae, Fagaceae, Moraceae, Salicaceae, etc. were represented only by tree
species. Berberidaceae, Ericaceae, Flacoutiaceae, Lythraceae, Rhamnaceae are some of the
families mostly represented by shrub species. Similarly, members belonging to Cucurbitaceae,

Dioscoreaceae, Menispermaceae and Vitaceae were exclusively represented by climbers. The
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herbaceous species formed the bulk of flora (66.8%) followed by trees (14.67%), shrubs (13.3%),

climbers (3.86%) and parasites (1.15%,). Six parasitic species found in the area are vines and shrubs.

There are reports of nearly 80 endemic species of flowering plants found in Himachal
Pradesh. Some of these endemic species are found in the catchment as well. Species like Berberis
glaucocarpa, Calamagrostis simlensis, Festuca simlensis, Scrophularia dentata were observed/
reported from the Shimla region of the catchment. As per Red Data Book of India, no rare and

endangered species are reported from the project area.

Though the project area is a degraded dry semi arid type but offers diverse habitats for a
number of plants of great medicinal value. Some of the medicinal plants like Ageratina adenophora,
Ageratum conyzoides, Asparagus adscendens, Bergenia ciliata, Cassia tora, Plumbigo zeylanica,

Viola betonicifolia, Zanthoxylum alatum, etc were observed in the area.

Horticulture or fruit farming is a major industry in the area and is known for pears (Pyrus
communis), badam (Prunus amygdalus), aalu bookhara (P. bokharensis), plum (P. domestica), Kagzi
nimbu (Citrus sp.). The upper catchment in the Narkanda region is known for the apple orchards

(Pyrus malus), cherries (Prunus serotina) and apricots (P. armanica).

9. FAUNAL ELEMENTS

The state of Himachal Pradesh is inhabited by about 107 mammalian species, more than 400
bird species and more than 30 species of herpetofauna. The fauna of state shows a strong affinity
with Palaearctic and Oriental biogeographic realms. A few species are of Ethiopian and Australian
realms. The species like Ursus arctos, Capra ibex, Canis lupus, etc. are common in Himalaya and
belong to Palaearctic region, whereas species like Felis bengalensis, F. chaus, Panthera pardus, etc.
are distributed in the region with affinities to the Oriental realm. A few species of mammals of this

region (Vulpes vulpes, Sus scrofa, Lutra lutra) show affinity with Ethiopian fauna.
The catchment area of Luhri hydro-electric project harbours more than 34 species of
mammals from 17 families. Out of the species found in Catchment area, a total of 24 species of

mammals are also found in the project influence zone of the Luhri H.E. project out of these four
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were recorded to be Endangered (Brow Beer, Himalayan Thar, Himalayan Ibex & Musk Deer) while

six were recorded as vulnerable.

Avifauna comprises of more than 100 species belonging to 11 orders and 28 families. Order
Passeriformes is the largest group, which accounts for about 54% of the total species observed in the
project area. In general, avifauna in this region includes pheasants, partridges, cocks, kites, eagles,
vultures, owls, pigeons, doves, lapwings, parakeets, swifts, barbets, woodpeckers, hoopoes, cuckoos,
bulbuls, crow, sparrows, tits, magpies, tree pies, warblers, babblers, thrushes laughing thrushes,
finches, chats, robins, redstarts, etc. The species accumulation pattern shows maximum number of
species concentrated between 700 — 2000 m. Species richness decreases towards higher elevation.
Our studies show that the project activities overlap with the area of maximum species richness. The
vicinity of Sanha village near the proposed reservoir area had a number of bird species, like paradise
fly catcher, bulbul, etc. Maximum species are residents, which include widespread (52.3%) as well
as sparse residents (23.8%). Summer visitors (Cuculus saturatus, Hierococcyx sparverioides), winter
visitors (Venellus venellus, Hieraactus pennatus) and seasonal migrants account for only 5.9% of the
total species in the catchment. None of the migrant and vagrant species could be located in the
influence area, however, a few species perform their seasonal (Falco subbutoo, F. tinnunculus,
Columba livia etc.) and local migration (Cacomantis merulinus, Milvus migrans). Birds are widely
distributed and the majority of the birds are common in catchment and project influence area. None of the

Bird Species recorded were found to be endangered, however a total of 2 were recorded to be categorized as

Vulnerable (Chir Pheasant & Western Tragopan).

Herpetofauna is an important part of natural ecosystem; their occurrence always depends on
the abundance of insects and invertebrates. In the project influence area amphibian population
comprises of Bufo melanostictus, B. himalayanus, Rana tigerina, R. limnocharis, R. minica, R.
agganus and Amolops himalayanus belonging to families Bufonidae and Ranidae. Common reptiles
of the catchment are snakes as Naza naza (Cobra), Elaphe obsoleta (Rat Snake), Gloydius
himalayanus (Himalayan Pit Viper), Bungarus caeruleus (Common Krait), Trapelus flavimaculatus
(Spotted Agama), Agma tuberculata (Common rock lizard), Varanus bengalensis (Monitor Lizard),
Hemidactylus frenatus (Common House Gecko) and Calotes sp. (Garden Lizard). All these species
are common in the project influence areas and its vicinity. Among the herpetofauna found here,

Monitor Lizard is placed under the Schedule I, while the frogs and snakes are under the schedule IV.
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The project directly affected are had also been surveyed for recording the faunal species and
diversity. Project areas’ is defined as the areas that are proposed to be acquired for the purpose of
various project activities like creation of reservoir, dumping area, powerhouse complex, colonies etc.
The presence of mammals in the project areas were recorded with the help interviews of local
people, direct sightings and indirect evidence like pellets and tracks. The project area from the
submergence to the proposed power house site and the immediate vicinities are abundant with
human settlements, orchards and agricultural fields. Therefore, mammalian fauna rarely visit these
area. Himalayan black bear, Wild Boar and Indian Hare reportedly raid the agricultural fields and
damage the crops. Sometimes during the protection of the crops there are direct encounters between
humans and the straying animals. These encounters most times prove to be fatal and during our
surveys we learnt that the villagers are attacked by bears on many occasions Survey team sighted a
carcass of Leopard cub from the project site during winter season. It was observed near marola
village located nearly 2 km from proposed power house. In the submergence area and in the adjacent
areas, no wild herbivores were reported. Rhesus monkeys are commonly found in the entire stretch
and pose problems to the orchards and vegetable fields. It has been recorded during all seasons. In
the proposed powerhouse site both Langur and Rhesus monkey were commonly observed. In
addition, Himalayan Marten (monsoon, winter visits), Jackal, Jungle Cat (pre-monsoon), Horseshoe
Bat (winter), Fruit bat (monsoon, winter) and India Bush Rat have also been reported in the area,
which inhabit scrub land. Survey team observed pellets of Wild Boar in agricultural field near
Chenra Khad. A Total of 54 species of birds were recorded from the project component areas, of
which 27 species were common in all seasons ; none of the species recorded from project areas was
‘vulnerable’ or ‘endangered’ (IUCN, 2010.1). Most of the species of the project area are widespread resident
followed by sparse resident. None of the bird species is migratory and vagrant. The predominant species of
amphibia in the project area are Bufo melanostictus, B. himalayanus and Rana tigerina. Bufo
himalayanus was recorded for all seasons while Rana tigerina was sighted in monsoon season
abundantly. In the reptile Agma tuberculata (Common rock lizard), Hemidactylus frenatus
(Common House Gecko) and Calotes spp. (Garden Lizard) were most common around the project
sites and they were spotted during all seasons. Survey team observed carcass of Gloydius
himalayanus (Himalayan Pit Viper) and unidentified snakes at many sites in pre-monsoon season.
Varanus bengalensis (Monitor Lizard) is reportedly found in the area. A total of 23 species
belonging to 6 families were recorded from the project area during three seasons. Paplio polyctor

polyctor, Pathysa xenocles phrontis (Papilionidaes), Pieris canidia indica, Leptosia nina nina,
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Delias sanaea, Cepora nerissa nerissa (Pieridae), Danas chrysippus, Parantica sita sita (Danaidae),
Lethe rohria rohria, Yothima nareda nareda, Neptis hylas, Polyura athamas, Neope verma sinctica
(Satyridae), Curetis acuta dentate, Jamdes celeno celeno, (Lycaenidae) and Choaspes benjaminii
(Hesperiidae) were the most common species of the catchment and the project areas. Other species
which appeared abundantly in first study but not common in the second visit were Catopsilia
crocale, C. pyranthe, Colias erate, Colias colias thrasibulus, Polyommatus eros, Yothima delias
sanaea. Colias erate, Colias colias thrasibulus and Y. delias sanaea are categorized under the
Schedule I. Pre-monson season recorded maximum number of butterfly species. Out of a total 23

species 20 were recorded in premonsoon season.

10 AQUATIC ECOLOGY AND WATER QUALITY

AQUATIC ECOLOGY

The algal composition in Satluj and its tributaries comprised of Bacillariophyceae (diatoms),
Chlorophyceae and desmids. Diatoms formed the major part of both phytobenthos and
phytoplanktons. Among the filamentous algae Ulothrix, Spirogyra and Spirulina were the most
common genera. Among the diatoms more than 102 species of the planktonic and benthic forms
were recorded from Satluj river and its tributaries. Planktonic and benthic species ranged from 29 to
36 and 34 to 44, respectively with maximum at site S1 (dam site) in Satluj river. Algal as well as
macro-invertebrates species are good indicators of the water quality. The dominance of these species
at a particular site gives the idea of magnitute of disturbance and anthropogenic pressure.
Considering the algal species, Achnanthes affinis, A. minutissima, A. biasolettiana, Cocconeis
placentula var. euglypta, Synedra ulna, Cymbella affinis were the most common species, observed
from all the sites of Satluj river and the tributaries. Achnanthes affinis, A. minutissima and A.
biasolettiana are indicators of clear water while Cocconeis placentula var. euglypta, Synedra ulna
and Cymbella affinis indicate slight anthropogenic pressures like sand mining and agricultural
practice in the vicinity. The abundance of Cocconeis placentula var. euglypta, Synedra ulna in
Behna Khad and Chainra Khad can be attributed to relatively more anthropogenic activities in the

vicinities of these streams.

The macro-invertebrate fauna comprised of more than 13 families in Satluj river and 21

families in its tributaries. Satluj River and its tributaries showed high density and diversity. Higher
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density was recorded in pre- monsoon season at all sites, while monsoon season recorded the lowest
densities across all sites. In Satluj river, macro- invertebrates density ranged from lowest of 33 indi/
m? at S3 (Powerhouse site) in monsoon season to highest of 275 indi/ m? at S1 (dam site) in pre-
monsoon season. Among the tributaries, maximum density and diversity were recorded at Chainra
Khad ranging from 222 indi/ m? to 1874 indi/ m* followed by Behna Khad (55 indi/ m? to 1307 indi/
m?). In the macro-invertebrates the majority of taxa like Heptageniidae, Baetidae Leptoceridae,
Perlidae, Hydropsychidae etc are indicators of good water quality while a few like Psephanidae,
Chironomidae, Simulidae are most tolerant of the organic pollution. Our observations revealed that
the pollution intolerant species account the major part in term of density in Satluj river. The
distribution patterns of algal species and macro-invertebrates indicate that there is no significant

variation in the water quality among Satluj river and its tributaries.

WATER QUALITY

The water quality of the river depends mainly on the geological environment, eco-climatic
conditions and the predominant land use pattern in the watershed (Siwek and Chelmicki, 2004;
Soman et al, 1997). Different sampling sites in the proposed project area lie almost in the same eco-
climatic zone, but differ slightly in the land use pattern of the watersheds. All the tributaries studied
are spring fed while Satlyj is glacier fed. The tributaries carry lesser water discharge in comparison
to the Satluj river. Therefore, possibility of deterioration of water in the tributaries is higher due to
low dilution of pollutants. However, water quality index indicated that the waters of tributaries were
relatively better as compared to Satluj river in the winter season. It can be attributed to the added
anthropogenic activities in the directly draining watershed areas of Satluj. The water quality fell
significantly in the monsoon season in all the tributaries and the main river, Satluj. Looking at the
status of pH, dissolved oxygen, BOD and total coliform the water of Satluj river can be designated

as ‘A’ category of water quality.

The analyses of ground and spring waters revealed that they stand for considerably high
TDS, hardness, salinity, alkalinity, chloride, calcium and magnesium ions. At most of the sites the
concentrations of these parameters were high and beyond the desirable limit of drinking water
quality standard (Table 2). The notable fact is that generally Satluj river water is not used in the

surrounding areas for drinking purposes. In the valley areas people use tap water, connected with
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natural springs. The people of uphill areas directly exploit spring water or nearby khad, which is not

treated.

Water quality for the surface and ground waters is monitored using physical, chemical and
biological parameters (Table 3 & 4). The criterion of Central Pollution Control Board has been used
for the ‘Designated Best Use’ like drinking, outdoor bathing, wildlife and fisheries etc. Analyzing
the important parameters like total coliform, pH, dissolved oxygen, BOD, the surface water can be
categorized as category ‘A’. Also, all the parameters of surface water stand below the desirable limit
of water quality standard (IS:10500). The biological characteristics of the water are also important
criteria for the water quality assessment. The majority of the algal species and macro-invertebrate,
inhabiting Stale river and its tributaries are pollution intolerant indicating a good water quality in the
streams. The ground and spring waters in the region are largely used by the inhabitants, therefore,
comparing the potability of water with applicable standard. it was observed that concentration of
total hardness and calcium ion of ground waters at Gunni Market, Dhongi and Basantpur villages
were beyond the permissible limit as per criterion of IS:10500. At most of the sites the
concentrations of alkalinity and hardness crossed the desirable limit. Regarding the other parameters
like pH, TDS, chloride, nitrate and heavy metals, the concentrations were fairly lower that desirable
limit. Table 5 & 6 gives detailed physical and chemical characteristics of Satluj river and its

tributaries.

26



Executive Summary

Table 2. Ground water quality at different sites in the vicinity of proposed project sites (2006)

Gl G2 G3 G4 G5 Go6
Mar May Mar May Mar May Mar May Mar May Mar May
pH 7.5 7.6 7.4 7.1 7.2 7.2 7.0 6.9 7.1 7 7.4 7.2
Alkalinity (mg/1) 172.2 178.8 164.2 186.6 120.2 122.4 130.0 132.2 204.2 226.3 150.0 173.2
Hardness (mg/l) 344.7 372.9 536.5 618.4 312.3 362.4 260.3 280.7 424 .4 596.3 184.5 201.0
Cat++ 91.2 52.8 68.8 87.2 44.8 64 72 36 112.0 51.2 62.2 42
Mg++ 28.2 583 88.5 93.6 48.6 70.6 19.4 21 35.0 113.7 6.8 22.4
Salinity (mg/l) 300.0 300.0 800.0 710.0 400.0 390.0 300.0 300.0 800.0 700.0 100.0 80.0
Conductivity (uS/cm)  439.0 467.0 882.0 1042.0 426.0 455.0 408.0 476.0 505.0 997.0 236.0 286.0
TDS (mg/1) 211 220 410 440 210 210 200 226 240 410 120 132
Phosphate (mg/1) 0.01 0.01 0.05 0 0.2 0.2 0.07 0.01 0.04 0.1 0.02 0
Nitrate (mg/1) 0.02 0.04 0.2 0.19 0.1 0.1 0 0 0.5 0.7 ND 0.01
Chloride (mg/1) 18.4 15.6 32.6 44.2 28.4 34.6 24.1 28.2 70.9 82.2 15.6 19.7

G1 = Lunsu, G2 = Sanogi, G3 = Sainj, G4 = Behra, G5 = Nirath, G6 = Nogli
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Table 3. Physical and chemical characteristics of ground waters from upper region of the influence area
(data recorded in May 2010)

Site G1 G2 G3 G4 G5 G6
Altitude (m) 1195 1100 1100 950 980 920
Physical Characteristics

Water temperature (°C) 19.00 18.00 18.50 19.00 18.50 19.00
Chemical Characteristics

pH 6.95 8.34 6.96 7.23 7.88 7.51
Dissolved oxygen (mg/l) 3.00 6.20 3.26 4.23 3.33 2.70
Total alkalinity (mg/1) 176.00  128.00 108.00 194.00 164.00 260.00
Total hardness (mg/l) 346.00 224.00 236.00 504.00 440.00 430.00
Calcium hardness (mg/1) 218.60 151.20 180.60 350.70 296.10 258.30
Magnesium hardness (mg/1) 127.40 72.80 55.40 153.30 143.90 171.70
Calcium ion (mg/1) 87.46 60.55 72.33 140.45 118.58 103.44
Magnesium ion ( mg/l) 30.95 17.69 13.46 37.25 34.96 41.72
Salinity (mg/1) 126.43 88.07 82.41 165.82 149.07 143.62
Electrical conductivity (uS/cm) 369.33  249.66 237.00 486.00 436.00 420.66
Total dissolved solids (mg/1) 361.00 208.00 238.66 483.66 452.66 434.33
Nitrate (mg/1) 0.02 0.02 0.032 0.03 0.12 0.02
Phosphate (mg/1) 0.02 0.08 0.01 0.02 0.02 0.12
Chloride (mg/1) 58.00 26.00 28.00 64.00 75.00 38.0
Chromium (mg/1) 0.01 <0.01 0.02 <0.01 <0.01 <0.01
Mercury (mg/l) BDL BDL BDL BDL BDL BDL
Copper (mg/l) 0.02 0.01 0.01 0.01 <0.01 0.02

G1= Jhakri; G2 = Khaneri, G3 = Kazo, G4 = Jagat Khana; G5 = Rampur; G6 Rampur;
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Table 4 Physical and chemical characteristics of ground waters collected from the project directly affected area and lower region
of the project influence zone (data recorded in May 2010)

Site G7 G8 G9 G10 G11 G12 G13 G14 G15 G16 G17 G18
Altitude (m) 920 865 950 870 850 680 660 680 710 850 1020 1090
Water Temperature (°C) 17.50 17.00 20.50 20.50 20.00 21.00 23.00 23.00 22.00 17.00 21.00 19.00
pH 7.56 8.19 7.68 7.42 8.18 7.30 7.81 7.98 7.34 8.00 7.94 7.45
Dissolved Oxygen (mg/l) 4.00 3.36 343 6.36 2.63 4.33 4.66 1.50 2.16 5.30 3.53 2.63
Total alkalinity (mg/1) 250.00 204.00 126.00 242.00 130.00 320.00 278.00 314.00 396.00 218.00 222.00 262.00
Total hardness( mg/l) 584.00 426.00 294.00 516.00 316.00 756.00 484.00 300.00 890.00 460.00 440.00 608.00
Calcium Hardness (mg/I) 483.00 25490 182.70 449.40 218.40 548.10 32340 186.90 600.60 367.50 354.90 501.90
Magnesium Hardness (mg/1) 101.00 171.10 111.30 66.60 97.60 20790 160.60 113.10 289.40 92.50 85.10 106.10
Calcium ion (mg/1) 19344 142.13 73.17  179.98 87.46 219.51 129.52 74.85 24054 147.18 142.13  201.01
Magnesium ion( mg/1) 24.54 41.57 27.04 16.18 23.71 50.51 39.02 27.48 70.32 22.47 20.67 25.78
Electrical Conductivity (uS/cm) 474.66 304.33  405.33 413.00 37533 591.00 569.00 1262.00 842.00 327.00 319.66 679.66
Salinity (mg/1) 162.07 105.29 138.81 142.26 128.71 200.88 193.82 42383 283.83 11343 11038 229091
Total dissolved Solids (mg/1) 489.00 327.33 300.33 366.66 30633 584.00 369.00 869.00 574.00 339.66 328.00 437.66
Chloride (mg/1) 46.00 32.00 35.00 30.00 36.00 49.00 31.00 269.99 55.00 21.00 42.00 58.00
Nitrate (mg/1) 0.02 0.05 0.06 0.06 0.09 0.12 0.12 0.06 0.09 0.11 0.13 0.11
Phosphate (mg/1) 0.02 0.01 0.02 0.031 0.03 0.042 0.045 0.11 0.03 0.11 0.04 0.04
Chromium (mg/l) 0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.02 0.03 0.02 <0.01 0.01 <0.01
Mercury (mg/l) BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
Copper (mg/1) 0.02 0.023 0.02 0.01 0.02 <0.01 BDL 0.03 0.01 <0.01 0.02 <0.01

G7 = Nirsu, G8 = Dutt Nagar; G9 = Koyal; G10 = Bayal; G11 = Moholi; G12 = Gunni Market; G13 = Gharyana; G14 = Tattapani; G15 = Dhongi; G16 = Bhilingi;

G17=Childhar, G18 = Basantpur
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Table S. Physical and chemical characteristics of Satluj river water

Parameters Dam site (S1) Middle stretch (S2) Power house site (S3) Range
W PrM M W PrM M W PrM M Min. Max.

Water discharge (cumecs) 105.00 840.00 962.00 109.00 859.00 989.00 139.00 920.00 1056.00 105.00 1056.00
Water current velocity (m/s) 1.54 2.15 3.20 0.55 1.52 1.35 0.50 1.35 1.10 0.50 3.20
Turbidity (ntu) 1.00 160.00  1885.00 3.00 140.00 1725.00 6.50 150.50  2112.00 1.00  2112.00
Water temperature (°C) 10.50 16.00 19.00 10.00 16.50 21.00 12.00 16.00 18.00 10.00 21.00
pH 8.65 8.21 8.35 8.20 8.40 8.60 8.45 8.65 8.27 8.20 8.65
Dissolved oxygen (mg/1) 9.20 8.89 8.75 9.15 8.65 7.80 9.15 8.30 8.65 7.80 9.15
BOD (mg/l) 0.90 1.10 0.50 0.75 0.00 0.95 1.00 0.50 1.20 0.00 1.20
Conductivity (pn S/cm) 236.00 215.00 218.00 238.00 224.00 204.00 250.00 230.00 230.00 215.00 250.00
TDS (mg/1) 180.00 94.00 124.00 175.00 94.00 120.00 172.00 90.64 128.50 90.00 180.00
Total alkalinity (mg/1) 75.00 104.00 79.00 78.00 104.56 80.50 74.00 103.00 80.00 74.00 104.56
Total hardness (mg/1) 282.00 115.00 256.00 280.00 172.50 236.00 264.00 232.00 276.00 115.00 282.00
Ca™ 72.80 18.65 51.98 75.46 13.85 35.00 76.95 13.95 40.85 13.85 76.95
Mg™ 25.50 42.50 30.50 22.95 33.50 31.25 20.25 58.35 42.95 20.25 58.35
Nitrate (mg/1) 0.20 0.12 ND 0.25 0.40 ND 0.45 0.65 0.03 0.03 0.65
Phosphate (mg/1) 0.25 0.05 ND 0.08 ND 0.04 0.06 ND 0.04 0.04 0.25
Chloride (mg/1) 18.95 33.95 13.99 15.99 25.95 12.99 12.95 25.95 12.99 12.95 33.95

30



Executive Summary — Luhri HEP

Table 6 Physical and chemical characteristics of important tributaries of Satluj river

Parameters Behna Khad (BK) Chera Khad (CK) Machhad Khad (MK) Range

w PrM M w PrM M w PrM M Min. Max.
Water discharge (cumecs) 8.20 5.95 31.68 3.25 3.98 1529 2.02 1.96 5.69 1.96 31.68
Water current velocity (m/s) 1.60 0.75 2.45 0.68 0.75 330 035 0.56 1.00 0.35 3.30
Turbidity (ntu) 1.50 14.00 82.00 3.00 15.50 60.00 1.00 5.00 125.00 1.00 125.00
Water temperature (°C) 11.50 18.00 25.00 12.00 21.50 27.50 16.00 24.50 21.50 11.50 27.50
pH 8.55 8.60 8.15 8.85 9.40 8.45 8.15 8.70 8.19 8.15 9.40
Dissolved oxygen (mg/1) 8.80 8.20 7.05 9.35 8.25 6.95 9.89 8.20 7.25 6.95 9.89
BOD (mg/l) 2.10 1.35 0.25 2.45 0.75 0.55 0.10 0.95 0.00 0.00 2.45
Conductivity (m S/cm) 170.00 260.00 105.00 228.00 384.00 142.00 209.00 305.00 189.00 105.00 384.00
TDS (mg/1) 112.00 132.00 65.00 124.00 194.00 84.00 105.00 140.00 65.00 65.00 194.00
Total alkalinity (mg/l)* 80.00 102.00 46.00 110.00 150.00 54.00 87.00 124.00 45.25 45.25 150.00
Total hardness (mg/1) 165.00 194.00 75.00 21295 285.35 110.50 175.00 212.00 98.00 75.00 285.35
Cat++ 60.05 45.65 24.35 70.95 25.68 30.52 28.95 65.85 29.55 24.35 70.95
Mg++ 15.00 39.50 0.75 10.95 52.90 5.69 18.95 15.00 3.59 0.75 52.90
Nitrate (mg/1) 0.10 0.20 ND 0.01 0.08 ND 0.04 0.25 ND 0.01 0.25
Phosphate (mg/1) 0.04 0.04 ND 0.05 0.01 ND ND 0.20 ND 0.01 0.20
Chloride (mg/1) 19.99 21.99 9.99 13.99 15.99 13.99 13.99 15.99 7.99 7.99 21.99

W = Winter; PrM = Pre-monsoon, M = Monsoon
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11.  FISH AND FISHERIES

The fish fauna in the stretch of the proposed project area in Satluj river and its tributaries is
expected to comprises of 18 species belonging to families Cyprinidae, Cobitidae and Sisoridae etc.
Satluj river is dominated by the snow trout (Schizothorax richardsonii), while Barilius spp. and
Nemacheilus spp. are predominant in smaller streams like Nogli Khad, Machhad Khad, Behna Khad
and Chainra Khad. The species like Schizothorax richardsonii, Puntius sarana, P. conchonius,
Glyptothorax conirostrae, Glyptosternum reticulatum and Pseudecheneis sulcatum are common in
all the streams, while a few species such as Garra spp. inhabit only the main channel of Satluj river.
Out of 18 species recorded, a total of 7 species were found in Satluj river, in which 4 species were
common in distribution while only three fish species namely Garra gotyla gotyla, G. Lamta and
Crossocheilus latius latius were found in Satluj river only. Further, two species namely P. sophore and P.
ticto were found downstream of the Project area. Some of the species like Labeo dero and Labeo
dycoheilus and Tor putitora (Mahseer) were not encountered during the survey and could not be

confirmed by local fishermen in the region.

Among the Himalayan fish, Tor putitora (mahseer) is the most important species. The fish
traverses a long distance from the Himalayan foothills or even from the plains to the upper reaches
in smaller tributaries for spawning. Generally, the fish ascends during the months of April - July and
uses the main river channel as the migratory rout and finally enters tributaries to spawn. Water
temperature, turbidity and food availability are the main factors which lead mahseer to the
tributaries. After spawning, the fish descends to the main river during September and October. In
this region none of the tributaries (Chainra Khad, Behna Khad, Macchad Khad, Nogli Khad) could
be categorized as the breeding ground for mahseer as we did not record any brooders in the monsoon
season. Spawns, fry and fingerling of mahseer were also not observed in the tributaries. In the Satluj
river, Schizothorax richardsonii starts upstream migration with the rise in water temperature during
March. During the upstream migration the fish still finds itself in low temperature waters (8.0-9.5°C)
owing to the steady influx of snow-melt water. This induces the species to migrate into the side

streams for spawning which have relatively warmer waters of 17.5-21.5°C.

Relatively most of the subsistence fishing activities occurs in the small streams especially in
Machhad Khad, Behna Khad and Nogli Khad. Due to large volume of water in Satluj river,

fishermen generally avoid it for fishing. However, a few fishermen were observed to fish using
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hooks. Schizothorax richardsonii accounts for the major part of capture fishery in Satlyj river and its
tributaries. The entire region lacks commercial fishery or any type of fish farming. Fish catch ranged
from 0.5 kg to 7.0 kg in winter season, 0.5 kg to 3.5 kg in pre-monsoon season and 0 to 1.5 kg in
monsoon season. During the investigation a total of 18 fishermen were observed to land fish in
different seasons. In addition, survey team hired 10 fishermen, out of which 3 fishermen
commercially catch fish from the region. Total of 25 fishermen were interviewed on the fish
composition, fish catch and fishing license. All fishermen accepted to have fishing license but none
of them could show license to survey team at the fishing sites. Fishermen are generally engaged for 2

to 3 hours in fishing activities.

Generally fishermen use cast nets of 1.0-2.0 m diameter size having 1.2 to 3.0 cm mesh size.
Other gears which are used in small streams are stake net (kadh), and bag nets (kochbi). None of the
exotic fish species is introduced in this stretch of the Satluj river. Schizothorax richardsonii was
most common species, landed from all rivers in all seasons. Schizothorax richardsonii, Barilius spp.
Crossocheilus latius latius, Puntius sp. and Garra gotyla gotyla were landed with the help of cast net
and hooks while Glyptothorax spp and Pseudecheneis sulcatum were caught with the help of

damming a small part of the stream.

12.  AIR ENVIRONMENT

The ambient air quality in the region and project area can generally be classified as pollution
free. Suspended particulate matter (SPM) due to dust is the main pollutant in the air of the region.
Dry weather and open agricultural fields, less vegetation cover in the valleys and various ongoing
developmental activities greatly contribute the SPM levels in the region. Vehicles also contribute

SPM and other pollutants to air of the region.

The traffic density in the project area was recorded during three seasons. Sainj — Shimla
highway was found to have high traffic density followed by Sainj- Rampur road. Lowest density was
recorded on Luhri- Kullu road. The highest vehicular density in May can be attributed to influx of
tourism in the area. Heavy vehicles like bus, trucks etc account more than light vehicles and two
wheelers. In addition to the main highways, the data was also recorded from largest settlements like

Rampur and Luhri towns. Highest density was recorded at Rampur. Rampur is largest settlement in the
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region while Sainj is a centre place connected to Shimla, Kullu, Sunni and Rampur. High traffic

density during pre-monsoon season can be attributed to tourism season in the area.

The traffic along the road (NH-22), agricultural fields and barren areas are the main source of
pollution (Suspended Particulate Matter, SPM) in the region. The source of indoor air pollution
comes from burning of fuel wood. Levels of SPM, NO and SO, were measured at different
locations in the project area by using Respirable Dust Sampler (Envirotech APM 460BL) with
gaseous sampling attachment (Envirotech APM 411TE).

Maximum level of SO, was observed at Luhri, however, it was sampled for one season only,
which may be due to relatively heavier traffic flow in the town. Maximum levels of NOx were
observed at Luhri (9.24 ug/m’) in pre-monsoon season. In general Nirath site recorded slightly high
concentration of NOx (3.18 ug/m’ to 7.24 ug/m’) except Luhri. Higher noise levels were recorded at
river site due to its turbulent flow. At river site it ranges from 65-74 dB. Among the settlement areas,
Rampur recorded maximum sound level (43-53 dB) while minimum was recorded at Marola (39 - 43
dB). The highest sound level was recorded during evening time followed by day time. Regarding the

season no definite pattern was observed in the sound level.

13. SOCIO-ECONOMIC & CULTURAL ASPECTS
13.1 Himachal Pradesh

Administratively, the state of Himachal Pradesh is divided into 12 districts namely Shimla,
Bilaspur, Hamirpur, Kinnaur, Solan, Lahul & Spiti, Chamba, Kangra, Kullu, Mandi, Sirmaur and
Una. The total population of Himachal Pradesh is 60,70,305 (Census, 2001) with a population
density of around 110 persons per sq km. The activities of the proposed Luhri H.E. project are
confined to three districts, Shimla, Mandi and Kullu. The total population of Shimla district is
7,22502 (Census, 2001) with a sex ratio of 896. The Scheduled Caste (SC) and Scheduled Tribe (ST)
populations account for 26.1% and 0.56% of the total population, respectively. Rampur, Nankhari,
Kumarsein, Sunni and Shimla Rural fall in Shimla district. Some of the project components
(powerhouse, head race tunnel) fall under Karsog tehsil of Mandi district. Total population of Mandi
district is 9,01,344. The components like adits, roads and head race tunnel fall in two tehsils, Ani and
Nermand of Kullu district. The total population of Kullu district is 3,81,571 (Census 2001). The

project activities will be in these three districts. The total population of these tehsils ranges from
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25,154 in Nankhari tehsil to 83,379 in Karsog tehsil. The average literacy rate in these tehsils is

67.8% with maximum in Shimla rural (77.0%) and minimum in Nermand (65.7%).

13.2  Villages located within 10 km radius from project sites

Around 168 villages are located in the 10 km radius of the proposed dam and powerhouse sites.
One hundred and six villages fall within the 10 km radial area from powerhouse and the remaining 62
villages are located around the dam site/ reservoir area. Total population of these villages is 68,463
which belong to 14,574 households. Maximum number of villages located in the 10 km radius come
under the jurisdiction of Sunni tehsil of Shimla district. Average literacy rate in the villages under
discussion is 75.8% with maximum in the villages of Kumarsein tehsil. The literacy is considerably
higher among the male population. The average literacy rate is slightly lower than the State average,
but higher than the averages of Shimla, Mandi and Kullu districts. A primary school, on an average,
provides educational facilities to 85 families in these vicinity villages, which increases to 208, 560

and 1619 families for a middle, a secondary and a senior secondary school, respectively.

Rice, wheat, maize, pulses and millets are the main agricultural crops of these vicinity
villages. Apple is the main cash crop of the villages located at higher elevations, while in the valleys
plums and almonds are grown commercially. The total work force in these villages accounts for
59.5% of the total population, of which the main workers constitute 42.7% of the total population.
The total land of these vicinity villages is around 24,765 ha of which 10,208 ha is used for farming
and cultivation (41.2%).

Healthcare facilities are inadequate in these villages and the residents go to Shimla, Rampur
or Karsog to avail the hospital facilities. A health centre is located at Nermand, while Primary health
centres (PHCs) are located in 9 villages namely Kotgarh, Tharu, Naldera, Baldehan, Kot, Nermand,
Neether, Digidhar and Dalash.

All the villages in the 10 km radius are electrified and except a few villages are connected to
the national and state highways and link roads. Villages on the right bank, like Marola and Parlog do
not have any approach road. All the villages avail water supply and the inhabitants also use spring

water, river water and ground water. Major part of the area is covered by the telephone connectivity.
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Out of 14574 families, 1924 families have telecommunication facility in the form of telephone

connections in addition to the mobile phones. There are around 50 post offices in these villages.

13.3 Affected Villages

A total of 24 villages are likely to be affected directly due to various project activities of the
proposed Luhri H.E. project. The affected zone belongs to 6 tehsils of 3 districts. The total
population of the affected villages is 8855 which belong to 1940 house holds. Neethar village in
Nermand tehsil of Kullu district is the largest affected village, whereas Charonta is the smallest
project affected village. The average literacy rate among the population of the affected villages is

72.5% which is slightly less than the State average.

All villages have primary school facilities except a few (Marola, Taror, Gaharan, Kepu,
Charonta and Kot). Neethar village has the maximum number of primary schools. There are nine
middle, 5 secondary and one senior secondary school in the affected villages. The main crops of the
villages of Rampur, Ani and Nermand tehsils are rice, wheat, plums, peach and vegetables. The
villages in Sunni and Karsog tehsils grow only rice, wheat and citrus. Apple is the main cash crop

of the villages located at higher elevations while plums and almonds are grown in the valleys.

About 55.6% of the population of the affected villages forms the work force. Of these total
workers, the main workers account for 71.1%, whereas the marginal workers constitute 28.88%.
Total land area of the affected villages is 3995 ha with maximum in Neether village and minimum in
Kot. About 27.7% of the total land is used for the agricultural and horticultural purposes, of which
the irrigated land constitutes only 4.2%. All the affected villages are well connected to either
national highway or the State highways. Most of these villages lack health facilities. The primary
health center (PHC) facility is available only in Gadej, Nirath and Neethar, whereas primary health
sub centres are available in Chebri, Kirti, Kepu, Nirath and Neethar. For hospital facilities people
from these villages go either to Rampur or Shimla. All the villages have drinking waters facilities

(tap, hand pumps and natural springs).

13.4 Affected Families
A door to door survey among the project affected families/land owners was carried out by

our survey team. The list of affected families was prepared by the project authorities in consultation
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with State Revenue Department. In addition to the affected families/land owners, a number of
residents in the vicinity were also surveyed and interviewed to assess their perceptions with respect
to the proposed project and their quality of life. Various aspects of socio-economic profile of the

project affected persons are given in following paragraphs.

All the affected villages come under the jurisdiction of Ani, Nermand (Kullu), Karsog
(Mandi), Rampur, Nankhari, Kumarsein, Sunni and Shimla rural (Shimla) sub-divisions. A total of
2337 land owners belonging to 24 villages are affected due to land acquisition for various
components of the proposed Luhri H.E. project. Total population of the project affected families is
around 9674. Jaishi and Lunsu are the largest affected villages having 315 and 243 land owners with
a total population of 1231 and 1224, respectively. Scheduled Caste (SC) population accounts for
17.5% of the total population, while Other Backward Caste (OBC) population is 1.3%. The literacy
rate among the affected population is 80.06% which is considerably higher than the district and state
averages highest literacy rate is in Charonta village (96.29%), while the minimum was recorded in
Kot village (69.62%). About 18.6% of the population has primary level education, which decreases
gradually towards post graduate level (1.6%). Majority of the people (29.4%) among the affected
families are involved in agriculture, small scale business and household industries. About 11% of the
total population is employed in government and private sector. Almost all the affected families are
involved in agricultural activities and rearing of sheep, goats, cows, oxen and buffaloes. Cows are
the main source of milk for these families and each family rears either a cow or a buffalo for the

purpose. Oxen are used to plough agricultural field.

During our survey in the project area, local people enquired about the proposed project and
the majority of the surveyed participants anticipated new opportunities and scope for the
development of the area due to execution of Luhri H.E. project. More than 80% among the surveyed
families favoured this project, while the remaining raised doubts and wanted to put some conditions.
However, people were aware of the problems which may likely arise due to the project. Inhabitants
of Nirath village were highly concerned about the submergence of the sun temple. The people living
in the downstream stretch pointed out to the possible scarcity of water. About 90% inhabitants

expected that project authority would provide sufficient employment opportunities.
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14. IMPACT ASSESSMENT AND EVALUATION
14.1 Terrestrial Ecosystems

The environmental impacts of the proposed Luhri H.E. project are being forecast in the light
of the activities that would be undertaken during the construction of dam, coffer dam, drilling and
blasting during tunneling for head race tunnel, adits, roads, construction of permanent and temporary
housing and labour colonies, quarrying for construction material and dumping of muck generated
from various project components and other working areas. The likely impacts have been considered
on ecosystems, both aquatic and terrestrial, as a whole, and also on individual critical species, if any.
Impacts have also been assessed on the geophysical environment of the area which may lead to
serious negative consequences. An attempt has also been made to understand the impact on the
sociological environment in terms of social and socio-economic structure of the areas directly and/or

indirectly concerned with the proposed project activities.

The major impacts on the terrestrial ecosystem anticipated are habitat disturbance,
degradation, fragmentation and destruction. The proposed area to be submerged by the proposed
project is about 153.05 ha, which is mainly under agriculture and settlement and under the degraded
forest. However, a few important associates of the tree storey (Albizia procera, Bombax ceiba,
Casearia tomentosa, Dalbergia sissoo etc), second storey (Adhatoda zeylanica, Carissa opaca,
Caryopteris odorata, Boehmeria platyphylla, Debrgeasia salicifolia), Climbers (Apluda aristata,
Arthraxon hispidus, Arundinella nepalensis, Chrysopogon serrulatus) would be submerged due to
the reservoir. None of these species is an endangered one, but some have medicinal importance. The
construction of roads would lead to slips and downhill movement of soil aggregates. Further, the
removal of trees and disturbance of slopes near the roads is likely to result in erosion leading to
formation of gullies, etc. and landslides. Total muck to be generated in the proposed project is
around 12,675,594.84 cubic meter (with 45% swelling factor) and muck to be utilized is around
38,02,678.44 cubic meter. The remaining muck of 88,72,916.35 cubic meter will be dumped at 13
pre-identified locations. The dumping sites are mostly located downstream of the proposed reservoir,

therefore, no negative impacts on the life of reservoir are foreseen due to this activity.

The threat of habitat disturbance, degradation and fragmentation may not only come from the
construction activities, but also from the large labour population (peak labour force for the project is

around 5000) that will be employed in this project. The creation of a dam across the river and
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formation of the reservoir would result in the change of habitat and would also lead to minor
fragmentation. This reservoir will function as a physical barrier, which comes on the way of animal
migration and dispersal. The project area is rich in wildlife and construction activities like drilling,
blasting, etc. would lead to increased noise levels in the area. The threats of loss and disappearance of
species and populations (particularly of plants) generally arise from inundation, habitat destruction and
fragmentation, direct removal and/or killing. The species populations that face maximum risk include
taxa with small population sizes critically endangered, over-exploitation, endemic and restricted

distribution.

One of the serious concerns in the area will be the impact on the wildlife. We have recorded a
number of cases of human-animal conflict in the village suggesting that the wildlife is already stressed
for suitable habitat. The straying of wild animals in the villages and the agricultural fields indicates that
the habitats of wildlife are shrinking and additional pressure on the habitats will only increase these
problems. Similarly, the occurrence of a number of scheduled animals in the region demands that the
pristine habitats need careful conservation programme and the degraded habitats which provoke
animals to stray into the human managed ecosystems need to be restored and nursed back to some

level of naturalness to avoid the conflict.

14.2 Aquatic Ecosystems

The proposed diversion dam on Satluj is expected to change the habitat conditions in the
stretch immediately downstream of the dam site up to the point where a tributary or rivulet joins the
river. The major addition of water in the downstream stretch comes from Bhera Khad, Behna Khad
and Chainra Khad. Bhera Khad joins the Satluj river on its left bank at 2.75 km distance from the
dam axis. The available water flow in Satluj channel during the lean period with 15% environment
flow release would be 9 to 10 cumec in the downstream of Bhera Khad confluence, 12 to 13 cumec
in the downstream of Behna Khad confluence and 14 to 15 cumec in the downstream of Chainra
Khad confluence. Therefore none of the rivers stretch would be left completely dry during the lean

season, hence minor changes on Habitat degradation is anticipated.

The likely impacts on the water quality arise from discharge of effluents from crushers and
other sources and sewage from labour camps and colonies. The unsorted waste and silt laden waters

going into the river channel will greatly contribute to the rivers turbidity continuously for long time
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periods. The high turbidity is known to reduce the photosynthetic efficiency of primary producers in
the river and as a result, the biological productivity will be greatly reduced. Therefore, the prolonged

turbid conditions would have negative impacts on the aquatic life.

A crusher of capacity 120-150tph will be commissioned at the project site during
construction period and water will be required for washing of boulders and for lowering of
temperature of the crushing edge. About 0.1 m’ of water will be needed per tonne of material

crushed.
e Expected effluent from the crusher: About 12-15 m*/hr
® Expected discharge: 0.0033- 0.0042 cumecs

e Expected suspended solids: 3000-4000 mg/1

Considering the present minimum flow, which remains in order of 60-70 cumecs, the impact
due to disposal of crusher effluent could be considered insignificant, however, it is advised to avoid
single point disposal instead multiple location, could be identified at sufficient intervals to provide
enough dilution. It is also advised to have provision for primary treatment to effluent prior to

disposal in river.

The contractor shall be commissioning a crusher at the project site for generating coarse as
well as fine aggregates. Water shall be required to wash the boulders and to lower the temperature of
the crushing edge. This may generate effluent containing high suspended solids which can increase
the turbidity level in the receiving water bodies. These effluents are therefore to be treated before
disposal. The contractor shall arrange to construct settling tanks of appropriate sizes for treatment of

these effluent from various crushers.

During tunneling works construction water which is used for drilling, shotcreting, etc in
addition to ground water is collected in the side drains and drained off into the nearest water body
without treatment. This water however contains high suspended solids and may deteriorate the water
quality of the receiving water bodies. The contractor shall arrange to construct settling tanks of
adequate sizes for settling these suspended impurities. The sludge from the various settling tanks is

to be collected once in 15 days and disposed at the site designed for disposal of municipal solid
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wastes from the labour camps. The sludge after drying shall be used as cover material for landfill

disposal site.

The presence of labours and other work force, which are generally located near the river
banks, would lead to deterioration of the water quality in the stream. Therefore, in order to avoid any
deterioration in water quality and subsequent changes in the aquatic biota, a proper Air, Water and
Solid Waste Management Plan is proposed in the report to have a proper sewage disposal system in
and around various labour colonies to check the discharge of waste and refuse into the river and also
to have settling tanks at construction points (near adits etc) to avoid the discharge of construction
water into the river system. In absence of such measures there is bound to be deterioration in water
quality and the subsequent changes in the aquatic biota. The degradation in water quality will mainly
arise from discharge of waste and refuse into the river channel by the labour colonies and other
temporary human habitations. The increased organic content in the river waters may result in
eutrophication and change in the species composition. This will lead to changes in the food chain
and trophic structure in the river channel. These changes will have important bearing on the fish
population in the downstream areas, which might be affected by the changed physico-chemical

conditions and discharge.

If the human waste and refuse is directly drained into the river channel, the coliforms and
other disease causing micro-organisms may increase leading to water borne diseases. This is one of
the serious negative impacts that may arise due to the developmental activity, which will not only
lead to human health hazard, but also increase pollution levels in the water and bringing about
changes in the natural biotic diversity of the aquatic ecosystem of the river. Therefore, project

authorities should take appropriate measures to check these activities and ensure good water quality of the river.

14.3 Human Ecosystem

If the quantum of human population migrating from other areas is greater than the local
human population in the area, it would result in demographic changes and other social repercussions
that follow. Total work force for the project is around 5000 and most of these people may come from
outside from different parts of the country with diverse ethnic and cultural backgrounds and value
systems. They are bound to affect the local socio-cultural and value systems. In addition, these

migrants may be the probable carriers of various diseases not known so far in the region resulting in
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health risk for the local population. Some of the important impacts that can be foreseen on the socio-
economic and socio-cultural aspects of human societies in the project area are enumerated below.

1) Changes in demographic profiles are known to bring about cultural invasions in the
society. Such invasions will surely be expected here, though it may be a temporary
phenomenon.

i1) The past experience has shown that projects where migrant population of this
magnitude is concentrated, various social vices like drinking and trade in human flesh
follow. This is an area of concern that the project authorities will have to seriously
prepare for and tackle this problem with the help of local administration.

iii) Migrant workers might act as carriers of new diseases hitherto unknown/unreported
from the project area. Diseases like AIDS, VDS, malaria, gastro-enteritis, etc. are
some of the potential risks to human health. For these project authorities have
proposed proper quarantine procedure for screening and detecting such cases. In
addition the existing medical facilities would also be strengthened and proper health

delivery system is proposed in the EMP.

14.4 Air Environment

The impact of the project activities on air quality would be restricted during the construction
period only. These are in the form of deterioration of ambient air quality and increased noise levels.
The higher noise levels during the construction would also lead to health problems, therefore, it is
advisable to use equipment that create minimum noise and vibrations. Air pollution is basically
generated due to primary crushing and fugitive dust from the heap of crushed material. The crusher
need to be provided with cyclone to control the dust generated while primary crushing the stone
aggregates. Also, the construction of road, drilling, mucking etc. would lead to increase in SPM
levels with slight increase in NOx and SO, levels owing to increased traffic density in the project
area, pollution due to consumption of fuel in DG sets and other construction equipments and
emissions from crushers. Therefore, the project authorities are advised to use sprinklers, etc. to
control the SPM levels in the air. It should be mandatory for the contractor involved in crushing
activities to install cyclone in the crusher. Hence, cost for this aspect has not been included in the
cost for implementing EMP. The fine aggregates after crushing needs to be staked till the time it is
consumed. It is suggested that these stacks should be regularly sprayed with water to prevent the

entrainment of fugitive emissions. In addition, fugitive emissions are also likely to be entrained as a
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result of movement of earth movers, vehicular traffic on unpaved roads, etc. It is recommended to
regularly spray water over such areas to prevent entrainment of fugitive emissions. In operation

phase, no changes is anticipated in air & noise.

At present the noise level in the region is below 55 dBA, except on river site, where the
levels may go higher than 65 dBA due to traffic flows. Due to project activities the noise levels are
likely to be above 80 dBA at a time due to running of project vehicles and other machines. This
higher noise levels are known to disturb the breeding and feeding behaviour of wild animals and
birds. Humans, particularly elderly and infants will also be affected by the increased noise levels.
Older people are known to develop increased blood pressures due to consistent higher noise levels.
Project authorities are advised to take proper measures to keep the sound level below the permissible

level as approved by MoEF.

14.5 Geophysical Impacts

The axis of the Chamba Syncline is close to the intake. Usually the rocks nearby the fold axis
are more jointed, therefore, may have adverse effects during the construction of tunnel related to the
stability of the excavated rock mass. Similar problems can be visualized in the Shali anticlinal axis
region near the powerhouse. The middle sections of the tunnel will encounter black and purple
shale/slate of the Shali Group. Usually it is observed that such shale/slate contains sulphide mineral
(pyrite) which on decomposition leads to a rise of temperature. Limestones and dolomites cavities,
small to large, may be encountered near the powerhouse site which may or may not be backfilled
with loose material or surcharged with water. The regulated discharge is likely to change the

geomorphology of the river.

14.6 Downstream Impacts

Maximum discharge in the Satluj river at Luhri dam site in 90% dependable year is 743
cumec and a minimum of 57.5 cumec is derived for the same point during the lean period. The Luhri
H.E. project would require about 480 cumec (i.e. design discharge) to operate all the units during
peak hours. During lean period, the reservoir may retain the complete water discharge of the river to
achieve the required amount of water to run all the turbines. With the result, the downstream stretch
will be adversely affected during lean season due to reduction in the discharge in the river. There are

also possibilities of regular fluctuation in the water discharge, which may cause disturbances to
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aquatic life. Bhera Khad, Sainj Khad, Kiongal ki Khad, Behna Khad, Dhurmu Gad, Chainra Khad
and Guma Khad are some of the major perennial streams which drains into Satluj river in the
downstream of the proposed dam. During lean period the mandatory release of water from dam into
the downstream Satluj river channel will be of 15 per cent of lean season discharge (57.50 cumec)

which amounts to 8.6 cumec.

The minimum discharge from the streams joining Satluj river on either bank in the stretch
between the proposed dam site and powerhouse site were calculated from the measured discharge of
Behna Khad for the period 2008 on catchment area proportion basis The minimum average
discharge in Behna khad considered for this purpose was 2.41 cumec in the Month of January 2008.
The discharge of each tributary stream was also measured in the month of January, 2009. The
discharge in Satluj river at different distance from the dam axis considering release of 8.6 cumec
(amounting to 15% of the lean discharge of 57.5 cumec) from the Luhri HE project reservoir for
estimated as well as measured discharge of different tributaries are depicted. The major addition of
water in the downstream stretch comes from Bhera Khad, Behna Khad and Chainra Khad. Bhera
Khad joins the Satluj river on its left bank at 2.75 km distance from the dam axis. The available
water flow in Satluj channel during the lean period would be 9 to 10 cumec in the downstream of
Bhera Khad confluence, 12 to 13 cumec in the downstream of Behna Khad confluence and 14 to 15

cumec in the downstream of Chainra Khad confluence.

Running water has a self purifying capacity, which is directly related to its flow regime.
After the reduction in discharge the river water looses its capacity of self purification due to changes
in flow velocity and chemical composition. The predicted general effect of flow modification in
downstream shows decrease in velocity, particle transport, hardness, alkalinity, total dissolved
solids, suspended solids, oxygen and increase in temperature, eroding capacity, BOD etc. (Edwards,
1984; Mason, 2002). Shallowness of water column downstream of the reservoir, during lean season,
would increase the water temperature, which would affect the dissolved oxygen contents adversely.
Downstream tributaries of Satluj river recorded relatively higher concentrations of biological oxygen
demand (BOD), total dissolved solids and total alkalinity and these may increase in the downstream
stretch of the main river channel as well with decreasing discharge. The hardness of Satluj water was
high in the lean season, but its downstream tributaries carried relatively soft water. After

impoundment, downstream water would become relatively soft. Such changes in the physical and
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chemical characteristics might lead to changes in the biological communities. The diversity and
density of a few taxa of macro-invertebrates like Heptageniidae, Ehemerellidac, Baectidae,
Isoperlidae, Hydropsychidae etc would decrease due to low dissolved oxygen and high temperature.
On the other hand, modified habitat in downstream would be conducive for some taxa like

Chironomidae, Simulidae, etc. which can grow in low oxygen.

During the lean period the project authorities may retain the total water discharge at the dam
to achieve full installed capacity power generation. With the result the downstream stretch will be
adversely affected during lean season due to reduction in the discharge in the river. There is also the
possibility of regular fluctuation in the water discharge, which may cause disturbances to the aquatic
life. Running water has a self purifying capacity, which is directly related to its flow regime. After
the reduction in discharge the water looses its capacity of self purification due to changes in the
chemical composition, particularly low DO. Shallowness in the downstream waters during the lean
season would increase the water temperature, which would affect the dissolved oxygen contents
adversely. Dilution of organic pollutants would decrease, which will result in increasing the
concentration of pollutants in the river channel. After impoundment, downstream water would
become relatively soft. Such changes in the physical and chemical characteristics might lead to
changes in the biological communities of the river. Creation of a large reservoir would lead to
desiltation, therefore, downstream section would receive low turbid waters with low water current
velocity. The tunnel alignment is supposed to affect the ground water recharge, resulting in the
reduction of ground water recharge and impairing of the natural springs. In the downstream section
many villages fulfill their potable requirement from the ground waters and natural springs. These
sources of waters might be affected adversely due to tunneling of HRT (head race tunnel) for more

than 38 km length.

More than 24 villages, located along the downstream stretch of the river would be affected
directly or indirectly due to lean water flow almost throughout the year. These villages have a total
population of 4657 belonging to 931 households. Most of the villages are not dependant on the
Satluj water for irrigation, however, there are a few villages, which use river water rarely. There are
few agricultural fields of Lunsu village depend on the river water for irrigation. It appears that the

paucity of water in the 48 km stretch would not have adverse impact on the agriculture in the region.
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Additionally, our visual observations reveal that some domestic animals like cattles, goats are user of

river water.

Fish diversity decreases gradually along the altitudinal gradients. Around 18 species have
been recorded in the project stretch. None of the fish species found in the project area is included
under the IUCN red list, however, as per CAMP-BCPP criterion 9 species have been categorized
under ‘endangered’ and ‘vulnerable’ category. None of the fish species reported in Satluj river and
its tributaries are endemic to this basin. All species except Salmo trutta fario are natives of
Himalayan rivers. Exotic Brown trout have been introduced in Baspa river and upper elevations of
Kurpan Khad and Satluj river. Mahseer is migratory fish, though, it could not be spotted in the study
area. Its presence in these areas is expected to be affected due to the hydro-electric projects in lower
reaches of Satluj river. Out of the 18 fish species reported within the influence and project area only
three were found to be exclusively located within the Satluj River and the rest were found well

distributed in its tributaries upstream of the proposed dam site.

River Satluj is dominated by the snow trout while small fish like Barilius spp., Nemacheilus
spp. prefer the tributaries. The capture fishery depends mainly on the snow trout, which ascend to
the tributaries using river Satluj as the local migration route. After the construction of dam and
reduction in the water discharge during lean season, Satluj water would be unable to sustain large
sized snow trout. This is likely to result in the reduction of snow trout population in the Satluj river
and its tributaries. Many fish species prefer pools for breeding and spawning grounds. The regular
fluctuation in the water discharge due to the proposed dam would lead to the drying up of these
pools or their isolation in the downstream section, which will adversely affect the regeneration of

these species.

The adverse effects on the fish species would directly affect the fishermen communities. This
aspect needs careful handling. While, this is a crucial social issue, we may point out that though the
capture fishery is mainly confined to the tributaries, but less water in Satluyj would affect the

fishermen up to a great extent.

On these lines a detailed fish management plan has been formulated which shall be executed

by the State Fisheries Department with funding from the project authorities.
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The mammals like Leopards, Jungle cats, Jackals, Foxes, Porcupine, Hares, Martens,
Monkeys, etc. in the downstream section are dependant on the river waters. While, it is envisaged to
release 15% water discharge in the channel, the quality and quantity of water left in the downstream
channel remains a concern. However, the low discharge in the lean season would facilitate inter-
population migrations and provide corridors and larger habitats for the movement of animal across
the river. In downstream section a few tributaries contribute to water discharge, therefore, scarcity of
water for wildlife is also not anticipated. Wildlife habitat in the immediate surroundings is already
under stress due to human settlement, therefore, magnitude of additional pressures due to project
activities would be small except on a few nocturnal animals like Leopard, Wild Boar, Leopard Cat,

which reportedly enter the area in the search of food.

During the lean season even with a minimum discharge of 57.5 cumec, Satluj flows on a
wider river bed, spread over 50 m. In the post-impoundment phase, it would be confined to middle
of the stream, may be within 10 m width. These flow regimes would result in changed climatic
condition in the downstream valley. The humidity will likely be reduced, water temperatures will
increase followed by the change in the riparian vegetation. In all likelihood, the hardy species suited
to the xeric environment will replace the existing vegetation profile of the valley within this 40 km

stretch of the river. This calls for adequate release of water in the downstream channel.

One of the positive aspects of hydropower lies in the fact that it promotes social development
as a result of employment generation and peripheral development and does not produce wastes or
emission of toxicants or pollutants in operation phase. The human communities in the proposed
project area in Satluj valley of Kullu-Shimal-Mandi districts practice agriculture. The local residents
do not use Satluj water for drinking but use Satluj water for irrigation purpose at few locations.
Water of tributaries are in major use by local residents for drinking and irrigation purpose. The
proposed hydroelectric project is seen to be a means to give an impetus to the economy of the region
and provide regular supply of energy. The following positive impacts are anticipated on the socio-
economic environment of the local people of the project area during the project construction and
operation phases:

i. A number of jobs would be available to the locals in the project and its ancillary activities

that will improve the general atmosphere for job opportunities during construction phase.
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1i. The establishment of additional educational and technical institutions will be available to

all the sections of the society and will also trigger people to get their children educated.

iii. The availability of electricity to the rural areas will reduce the dependence of the locals on

alternative energy sources, particularly the forest.

iv. With increased availability of electricity, small-scale and cottage industries are likely to

come up in the area.

v. The proposed project site will be well connected by the roads and efforts will be made to

develop eco-tourism, for the local population to earn additional income.

B. ENVIRONMENT MANAGEMENT PLAN

The report contains second part, Environment Management Plan, which deals with the

management and mitigation measures of the impacts discussed in part one (EIA). There are 12

management plans on different aspects of environment discussed below. Total cost of the

management plan is summarized in thirteen chapter.

1. BIODIVERSITY MANAGEMENT PLAN

The proposed Biodiversity Management Plan was prepared with the following objectives:

(1)

(i1)
(iii)
(iv)
v)
(vi)
(vii)

(viii)

Conservation and preservation of natural ecosystems and areas which may hold
potentially important species from the viewpoint of conservation and/or economic
significance,

Preservation of natural habitats in the catchment,

Recovery of the plant species, which are being wiped out in the region, if any,

Special efforts for in situ or ex situ conservation of critical/ important plant/ animal
species, if any affected by the project,

Preparation of Peoples Biodiversity Register

To maintain traditional knowledge data on ‘vaids’ and ‘hakeems’ in the region.

To improve habitat conditions by taking up afforestation and soil conservation
measures,

To create awareness regarding conservation and ensure people’s participation in the

conservation efforts.
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There are no conservation/protected areas in the form of any wildlife sanctuary, national
park, etc. in the vicinity of the proposed project. Here proposals are made for the conservation and
protection of the local biodiversity. Various activities are suggested in this direction.

1) Compensatory Afforestation Plan & NPV

i1) Preparation of the Peoples Biodiversity Register

iii) Establishment of Botanical Garden

iiv) Prevention of Biological Invasions

v) Habitat Improvement

vi) Joint Forest Management

vii)Management Committee

It is proposed that the project authorities will provide funds to the tune of Rs.2750.00 lakhs for
this activity.

2. CATCHMENT AREA TREATMENT PLAN

The proposed project is located on river Satluj and the catchment of the project up to dam site is
around 51,600 sq km which includes the part within Indian territory (14,774 sq km) and a portion falling
in Tibet (36,826 sq km). However, the catchment area identified for the study is 1920.53 sq km, which
includes free draining catchment of 797.14 sq km and the downstream catchment (from dam site at
Nirath to powerhouse site at Marola) of 1,123.39 sq km. This catchment area identified for the study of
soil erosion is divided into 8 watersheds and 74 sub watershed. Total area identified for the treatment is
around 82.96 sq km which is 15.03% of the total effective catchment area. Remaining 84.97 per cent is
not suitable for treatment either due to higher elevation (above 2800 m) or steep slopes (slopes above
45%) or does not have the erosion of very severe or severe intensity. Various engineering, bio-
engineering and biological measures have been suggested for the treatment of the catchment area, such
as afforestation, assisted natural regeneration, pasture development and cultivation of local medicinal and
useful plants has been suggested. Installation of 8 G&D stations has suggested for the monitoring of silt
in the main river and streams of the region. The plan is to be executed by Forest Department, Himachal
Pradesh, in seven years and 3 years are kept for maintenance. The total budget allocated for execution of

the plan is around Rs. 12466.85 lakh (Table 7).
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3. FISHERIES ENHANCEMENT PLAN

The proposed reservoir of Luhri H.E. project will cover an area of 153.05 ha, which can be
developed into an organized and well-managed reservoir fishery. The proposed fishery management
plan is prepared with two main purposes. The first deals with the conservation of local fish fauna,
while the second is for the development of commercial fishery in the region. The State Fishery
Department would execute these suggested activities. The hatchery is suggested for the indigenous
fish species (like snow trout and Mahseer) and exotic species (Common carp and Silver carp).
Indigenous species would be propagated in the reservoir, Satluj and its tributaries, while the exotic
species would be cultured in the fish farms. For the commercial use of fish farms, State Fishery
Department may appoint a contractor/s by open auctioning among the project affected villages,
whose livelihood has been affected in the downstream section. If affected person/s is/are not
available, the contract may be opened to general local public or the Department may run these farms
directly. The project authorities have been suggested to explore the possibility of a fish pass/ladder
in order to conserve the migratory fish species. A total financial outlay for the conservation of local

fish fauna and fishery development in the region is around Rs. 346.75 lakh.

4. PUBLIC HEALTH DELIVERY SYSTEM

Provision has been made for the establishment of one main hospital ,Child Welfare Centre
and Creche These facilities will be developed by the project proponent keeping in mind the
requirement of migrant workers, their families and the local residents Additionally two mobile health
vans at proposed dam site and power house site are suggested, in which the provision to provide
medical services through Mobile Health Van may be put in. The required doctor, staff nurse and

medicine will be provided by STVN.

The total cost for setting up of all the above mentioned healthcare facilities in the project area

for the residents would be around Rs. 768.90 lakhs.

5. AIR, WATER AND SOLID WASTE MANAGEMENT

Due to the heavy labour force migrating from outside and their accompanying families, the
local population of the region will increase by more than 14000. This population will put additional
pressure on the existing water resources and will also create additional solid waste load in the region.

Looking into these aspects the following proposals are being suggested for the labour colonies and
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for the project colony. In order to manage the solid waste, sanitary facilities, septic tanks, bathrooms
and washing places, sewage treatment plants and solid waste management program are suggested at
various places in the projects area.. A total budget of Rs. 619.188 lakhs is proposed in the plan to

keep the project area neat and clean.

6. PROVISION FOR FEULWOOD, LPG DEPOTS AND ENERGY CONSERVATION

MEASURES

The villagers use wood as the main kitchen fuel in the region of proposed Luhri HE project,
which is collected from the nearby forests. The population of the project area will increase by 14000
to 15000 persons which will result in the increased demand for cooking fuel. Looking into this
aspects provision is made for the establishment of LPG (liquid petrol gas) and kerosene depots in the
region. Two LPG depots have been proposed for project staff at Dam colony and Power House
colony. The kerosene depots will be opened by the project authority for their project staff at Dam
colony and Power House colony. The Pressure cookers and solar cooker will be distributed by the
project authority to their project staff at Dam colony and Power House. The Smokeless chullahs will
be distributed by the contractor of the project to their labour & staff. Six community kitchens have
been proposed at six places where colonies for labours have been proposed or where maximum
project work will be carried out. These facilities may be shifted at other places according to the need

during construction phase. Total budget allocated is around Rs. 53.45 lakh.

7. DISPOSAL AND REHABILITATION OF MUCK

During the construction phase nearly 12,675,594.84 m® of muck (with 45% swelling factor)
will be generated from excavation of different appurtenant structures like diversion tunnel, dam, adits,
HRT, access roads and power house complex. About 30% of this generated muck will be utilised as
aggregate for the construction of the project and development of benches, access, and retaining wall
and job facilities. The volume of the remaining muck to be rehabilitated will be of the tune of
8,872,916.35 m’. This muck will be dumped at 13 identified locations in a proper manner with respect
to the environment. The muck rehabilitation plan involves both engineering and biological measures to
stabilize the loose muck. The measures suggested for the proposed dumping sites in the Luhri HE
Project include engineering (retaining walls) and biological measures (fencing, plantation), etc.

The total cost requirement for the purpose of rehabilitation of muck is Rs.2359.04 lakh.
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8. LANDSCAPING AND RESTORATION OF CONSTRUCTION AREAS

The total area that is likely to be disturbed due to various project activities is around 357 ha,
which includes dam site, reservoir area, dumping sites, colony area, office complexes, roads,
bridges, etc. There are 4 proposed quarry sites for the excavation of the sand and rock material.
These quarry sites are identified at Bal, Moin, Koel and Khera. The approximate area that would be
disturbed due to quarrying is 25.27 ha, with maximum at Khera (10.64 ha) and minimum at Koel
(3.82 ha). These areas will be disturbed and the vegetation cover along with top soil would be
removed rendering the area barren. After the completion of quarrying activity, these areas will have
to be restored to their natural state. To achieve this, various engineering, bioengineering and
biological measures would be adopted before and after quarrying activity at various sites in the

project area so that the restoration work is effective and is scientifically executed.

Around 20.34 ha area would be disturbed due to the construction of colonies, offices,
workshops, etc. The area would be extensively disturbed due to pre-construction activities like
digging and leveling of the land. Various engineering, bioengineering and biological measures will
be required to stabilize the area. Around Rs.385.10 lakhs would be required to restore and maintain

the landscape of the said project areas.

9. DEVELOPMENT OF GREEN BELT

A reservoir of 153.05 ha and 6.21 km length will be created due to the proposed Luhri HE
project. The submergence will include river bed, agricultural fields and few settlements. At present
the area around the reservoir is covered with degraded open forest or barren rocky land. During the
construction phase the area will be further disturbed. The area has gentle slopes to plain agricultural
fields. During monsoon there will be direct flow of soil (silt) to the reservoir from the adjoining
fields and degraded open fields. For the treatment of this area provision of a Rim treatment plan has
been formulated under the budget head of CAT Plan which shall be executed by State Forests Deptt.
However, for the development of green belt an area of around 110 Ha has been suggested around
project appurtenances. As part of this plan, different plant species are also suggested for the
plantation depending on the climatic and site conditions. Also, various bioengineering and
engineering measures are also suggested to stabilize these area. It has also been proposed to develop
the green belt area as an habitat for wildlife, particularly for birds and place of recreation for the
residents of the region. The total budget kept for the creation and maintenance of the green belt is

around Rs. 350.00 lakh.
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10. RESETTLEMENT & REHABILITATION PLAN

The total requirement of the land for the different project activities in Luhri H.E. project is
290.6967 ha, of which Govt./forest land is 181.5369 ha and private land is 109.1598 ha (This land
does not include the river bed area which is 77.99 ha). The land would be acquired from the three
districts Shimla (76-61-23 Ha of Forest Land & 61-47-33 Ha of Private Land), Kullu (42-45-89 Ha
of Forest Land & 23-84-00 Ha of Private Land) and Mandi (62-56-57 Ha of Forest Land & 23-84-65
Ha of Private Land). The total land to be acquired falls in the 24 revenue villages that belong to 6
sub-divisions of these districts. A detailed list of project affected families (PAFs) has been finalized
by the project authorities in consultation with State Revenue Department. The affected land belongs

to 2337 land owners of 24 villages.

All the affected villages come under the jurisdiction of Ani, Nermand (Kullu), Karsog (Mandi),
Rampur, Nankhari, Kumarsein, Sunni and Shimla rural (Shimla) sub-divisions. The rehabilitation
action plan for affected families and villages includes houseless grant, landless grant, cattle shed
grant, transportation charges, transit plan for resettlement of the houseless families, income
generation scheme, merit scholarship scheme and vulnerable person grant. The developmental plan
for the area would undertake economic development, provide employment opportunities, educational
facilities, recreation facilities and various other facilities (bus stops, approach roads, construction of
footpaths, protection of cultural heritage and old monuments, development of play grounds,
community welfare centres, drinking water supply and support services for agricultural and
horticultural activities. Total financial package for Resettlement and Rehabilitation plan would be
Rs. 10052.52 lakh, which includes Relief and Rehabilitation package, Infrastructure Development
Package under LADC, Community development Works and budget to run the monitoring

committee.

11. DAM BREAK MODELLING

Lot of destructions and damages are associated with the failure of a dam. When dam fails a
huge volume of water stored in the reservoir transforms into a flood wave which has the potential to
cause severe damages to life and property in the downstream. However, damage and loss of life can
be averted in such circumstances if there are proper warning systems and disaster management
plans. The proposed Luhri HE project is a mega project with a reservoir area of 153.05 ha. The

storage capacity of the reservoir at FRL of 862.90 m will be around 35 Mcum. This dam comes in
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seismic zone IV. If such a huge dam breaks then the magnitude of damages and loss will be very
high. Moreover, the proposed project is on river Satluj, which is known for frequent floods. Now a
number of dams, like Nathpa-Jakhari, Baspa, Karchum-Wangtu, etc. have also come in the upstream

of proposed dam site of Luhri H.E. project.

In the dam break analysis and disaster management plan, all these aspects are considered.
The dam break analysis was carried out using the DAMBRK model. A comprehensive output has
been prepared showing dam break details at various time (5 minutes, 10 minutes, 15 minutes and 30
minutes) with respect to different breach width (75 m and 100 m). Water level in the downstream is
estimated at different locations. The time lag between the time corresponding to maximum flow at
dam axis and the time corresponding to maximum flow at other locations has also been calculated.
An inundation map (at 1:50,000) is also prepared showing the level of all villages likely to be
affected due dam break flood. There are around 15 villages/ settlements which will be affected. In
the event of dam break flood Luhri town has lies in high risk zone, whereas villages namely Paranu,
Jamedi, Prashan, Behna, Mahor, Chaudi, Baru, Nathan, Jhujhan, Balh, Parlog and Phaphan, which
will be partially affected are put in low risk category. In these villages most of the houses are above
the dam break flood level. The road linking to Sunni and Rampur will certainly be damaged. The

flood will also lead to a number of landslides in the downstream.

Various measures have been proposed in the disaster management plan to keep the loss of
life and property to the minimum. Maximum emphasis is given for the communication system. All
the downstream villages which are identified at risk level should be provided with wireless
communication system. It has also been suggested that all gates, electricity and power installations,
public announcement systems, power generator backups, etc. are to be thoroughly checked before

the onset of the monsoon.

The estimated budget for the setting up all communication systems and other measures for

disaster management in the proposed project is around Rs. 244.00 lakh.

12. COMPREHENSIVE ENVIRONMENTAL  MONITORING & ADAPTIVE
CAPACITY BUILDING PROGRAMME
In the Environment management Plan (EMP) volume various plans and measures are

suggested to reduce the adverse impacts of the proposed project on the environment and biodiversity
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of the area as well as for socio-economic development of the region. The given plans will be
executed by various agencies and Departments of Government of Himachal Pradesh as well as by
the project authorities. A detailed monitoring program has therefore been formulated including

trainings and procurement of equipments for which an amount of Rs. 885.95 Lakhs has been kept.

13. SUMMARY OF COST ESTIMATES

Various management plans like biodiversity management plan, catchment area treatment
plan, air, water and solid waste management plan, etc. (in total 12 management plans) are proposed
for the amelioration of negative impacts of the proposed project on the environment of the region as
well as for the socio-economic development of the project area. The total financial layout proposed
to meet the measures suggested in various management plans is Rs. 31281.748 lakh, which is
approximately 7.39 per cent of the total project cost if it is single tunnel (for twin tunnel scheme the
cost of the EMP is around 6.52 per cent of the total project cost). The Environmental Management
Plan (EMP) also includes cost of the forest land Rs.2600 lakhs. Excluding the cost of the forest land
the total budget of the EMP will be around Rs.28681.748 lakh which is around 6.77% of the total
cost of the project in case of single tunnel scheme and 5.98% of the total project cost in case of twin

tunnel scheme.
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Table 7. Cost estimates for the implementation of EMP

SI. No. Plans Amount
(Rs. in lakhs)
1. Biodiversity Conservation Management Plan* 2750.00
2. Action Plan for Catchment Area Treatment 12466.85
a) Engineering Measures 2234.90
b) Water Harvesting System 343.70
c) G&D Station 58.40
d) Bio-Engineering Measures 866.00
e) Biological Measures 2980.27
f) Nursery Development 582.00
g) Gosadans 205.00
h) Energy conservation/Forest protection 272.41
1) Fuel Saving devices 271.00
j) Forest Infrastructure Development 548.00
k) Operational support 317.00
1) Animal Husbandry Support 117
m) Agriculture Support 86
n) Horticulture Support 125
0) Wild life management/ improvement 229
p) Joint Forest Management (incl Micro Planning) 85
q) Research & Studies 86
r) Training, Awareness & Publicity 110
s) Eco- Tourism 1% 95.17
t) Eco- Battalion 5% 475.83
u) Eco-Services 10% 951.67
v) Monitoring & Evaluation 5% 475.83
w) Escalation 10% 951.67
3. Fisheries Enhancement Plan 346.75
4. Public Health Delivery System 768.90
5. Air, Water and Solid Waste Management 619.188
6. Provision for Fuel wood/ LPG Depots and Energy Conservation Measures 53.45
7. Disposal and Rehabilitation of Muck 2359.04
8. Landscaping and Restoration of Construction Areas 385.10
9. Development of Green Belt 350.00
10. Resettlement and Rehabilitation Plan 10052.52
a) Resettlement and rehabilitation package 1252.52
b) Infrastructure development under LADC 7390.00
¢) Community development works 1400.00
d) Expenditure of monitoring committee 10.00
11. Dam Break and Disaster Management Plan 244.00
12. Comprehensive Environmental Monitoring and Adaptive Capacity 885.95
Building Programme
Total (in Lakhs) 31281.748

* Also includes the estimated cost for forest land which is likely to be acquired, including cost of NPV and
Compensatory Afforestation
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