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CHAPTER-1

INTRODUCTION
1.1 GENERAL
The state of Himachal Pradesh is located in the vicinity of Dhauladhar and Pir Panjal ranges
of Western Himalaya and lies between 32° 22’ 40” to 33° 12’ 40” N latitudes and 75° 45’ 55”
to 79° 04’ 20” E longitudes. The state has a geographical area of 55,673 sq km demarcated
into 12 districts, 109 tehsils/sub-tehsils and 57 urban areas with a total population of 60,
77,248 persons as per 2001 Census.
The geographic location and physiography of the state result in varying climatic conditions
and diverse natural ecosystems. The variations in climatic conditions range from lower
tropical regions to cold and alpine conditions in the upper regions. Many areas in the north
and east in Himachal Pradesh are snow-bound and glaciated. These glaciers are the source
of many perennial river systems in the state.
Himachal Pradesh is endowed with about 23,000 MW of exploitable hydro potential,
excluding about 750 MW in small/mini/micro hydel potential, in its five river basins.The
Government of India /State Government of Himachal Pradesh has encouraged patrticipation
of state as well as private sector in its development in a big way, with renewed set of
incentives for its exploitation.
The state government of Himachal Pradesh has allotted 20 Hydro-electric Projects to
Himachal Pradesh Power Corporation Ltd. (HPPCL) with aggregate installed capacity of
3104 MW, for development under state sector. HPPCL has drawn a plan to execute
these projects in a phased manner based on the infrastructure and evacuation
arrangement available at these project sites.
In phase-l construction of five Hydro Electric Power Projects aggregating to 856 MW viz
Sawra Kuddu (111 MW), Kashang Stage | (65 MW), Kashang Stage Il &lll (130 MW), Sainj
(100 MW) and Shongtong Karcham (450 MW) has been taken.
Ten projects with an installed capacity of 1366 MW viz, Renuka Dam Project HEP (40MW)
Chirgaon Majhgaon HEP (60 MW), Kashang Stage-1V (48 MW), Gyspa dam Project (300
MW), Surgani Sundla HEP (48 MW), Nakthan (520 MW), Thana Plaun HEP (191 MW) and
Triveni Mahadev HEP (78 MW), Chaniju-Illl HEP (48 MW) and Deothal Chanju HEP (30 MW)
has been taken in the Second Phase. In these projects, survey and investigation works and
DPR work is in progress. Two projects namely Renuka Dam Project (40 MW) in district
Sirmour and Gyspa Dam Project (300 MW) in district Lahul & Spiti has been declared
as projects of national importance by Government of India. These projects are to be funded
by Government of India to the extent of 90% of the project cost and 10% will be paid by the

other beneficiary states.

WAPCOS Limited 11
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Five projects totaling installed capacity of 882 MW shall be taken up in third phase and

preliminary survey and investigation works is being taken up. At these project sites road

works is in progress and transmission networks is being developed. These projects are
Saichu (58 MW), Chhoti Saichu (26 MW), Saichu-Sach Khas (117 MW), Lujai (45 MW) and

Khab (636MW). The list of these projects is given in Table-1.1.

Table-1.1: List of hydroelectric projects under various stages of implementation

S. No. | Name of Projects | Capacity
A) PHASE-I Projects (Under Execution)
State Sector
1. Sawra Kuddu HEP 111 MW
2. Kashang HEP Stage-| 65 MW
3. Kashang HEP Stage-lI&lll 130 MW
4. Sainj HEP 100 MW
5. Shongtong Karcham HEP 450 MW
Sub Total (A) 856 MW
B) PHASE-IlI Projects (Under Investigation)
State Sector
6. Chirgaon Majhgaon HEP 60 MW
7. Kashang HEP (Stage-1V) 48 MW
8. Surgani Sundla HEP 48 MW
9. Nakthan HEP 520 MW
10. Thana Plaun HEP 191 MW
11. Triveni Mahadev HEP 78 MW
12. Chaniju Ill HEP 48 MW
13. Deothal Chanju HEP 30 MW
Projects of National Importance
14, Renuka Dam HEP 40 MW
15. Gyspa HEP 300 MW
Sub Total (B) 1363 MW
C) PHASE-Ill Projects (Under Pre-Feasibility Stage )
16. Chhoti Saichu HEP 26 MW
17. Saichu Sach Khas HEP 117 MW
18. Lujai HEP 45 MW
19. Saichu HEP 58 MW
20. Khab HEP 636 MW
Sub Total (C) 882 MW
Grand Total (A+B+C) 3101 MW
1.2 PROJECT PROFILE
The proposed Deothal-Chanju HEP has been contemplated as a run-of-the river

scheme on Deothal nallah, a left bank tributary of Chanju nallah in its upper reaches is

called Deothal nallah. It envisages utilization of water of Deothal nallah through a gross

head of 668.17 m for generation of 30 MW of power in an underground power house

on the left bank of Chanju nallah downstream of confluence of Deothal and Tanger nallah.

The project comprises of a trench weir across Deothal nallah just downstream of

WAPCOS Limited
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confluence of Seri

m long, comprising a forebay and a 1.40 m dia Pressure Shaft liner trifurcating near the
power house to feed three generating units of 10 MW each to generate 30 MW of power.
The project is expected to generate 113.00 MU in a 75% dependable year. The project

location map of proposed Deothal Chanju HEP is shown in Figure-1.1 and the layout of

Nallah with Deothal
underground desilting tank of size 130 m (L) x 5m (W) x 9m (H) head race tunnel + 4429

EIA Report for Deothal Chanju HEP, Chamba, HP

+

Nallah at an elevation of

Deothal Chanju project on Google imagery is shown in Figure-1.2.
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Figure-1.2: Layout of Deothal Chanju HEP

1.3 LEGAL AND POLICY FRAMEWORK

Under the Environmental Protection Act (EPA), 1986, various rules/notifications/acts have
been promulgated to control pollution and manage environmental issues. EIA Notification,
2006 imposes certain restrictions and prohibitions on new projects or activities, or on the
expansion or modernization of existing projects or activities based on their potential
environmental impacts. These project categories are listed in the notification and clearance
process defined based on their capacities to obtain prior environmental clearance.

State Pollution Control Boards issue NOCs and “Consent” under Air and Water Act to
various projects. Hydroelectric projects are considered as Red Category projects by
Himachal Pradesh Pollution control Board (HPPCB). Forest and Fisheries Department of
Himachal Pradesh have also issued specific notification with respect to Catchment Area
Treatment (CAT) and Fisheries management applicable on hydroelectric projects in state.
1.3.1 EIA Notification, 2006

Under the Environment Protection Act (EPA), 1986, various rules have been promulgated to
control pollution and manage environmental issues. EIA Notification, 2006 imposes certain
restrictions and prohibitions on new projects or activities, or on the expansion or
modernization of existing projects or activities based on their potential environmental
impacts. These project categories are listed in the notification and clearance process defined

based on their capacities to obtain Prior Environmental Clearance.

WAPCOS Limited 1-4
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State Pollution Control Boards issue NOCs and “Consent” under Air and Water Act to
various projects.

The Deothal Chhanju HEP is a Category B project (< 50 MW), as per item 1 (c) of Schedule
attached to EIA notification of September 2006 and requires Environmental Appraisal from
the State Level Expert Apprisal Committee, Himachal Pradesh. The grant of Environmental

Clearance involves following three stages:

e Scoping
e Public Consultation
e Appraisal

Scoping: An application for scoping was submitted to State Level Expert Apprisal
Committee, Himachal Pradesh for issuance of Terms of Reference (TOR) to undertake EIA
study. Subsequently, presentations were made before State Level Expert Apprisal
Committee, Himachal Pradesh for Prior Environmental Clearance (Scoping). The TOR has
been approved by MoEF vide their letter number F. No. HP SEA/16/21% Meeting/2012-
dated 21.10.13. The approved TOR is enclosed as Annexure-|

Public Consultation: On completion of Draft EIA Report and its Executive Summary, Public
Consultation will be conducted through stipulated public consultation process to be
organized by Himachal Pradesh State Pollution Control Board. The outcome of the Public
Consultation process in the form of report detailing the proceedings shall be incorporated in
the Final EIA Report, which will then be submitted to MOEF&CC.

Appraisal: On completion of Public Consultation process, incorporation of suggestions, if
any, during the public consultation, Final Report will be prepared, submitted and presented
to the State Environmental Impact Assessment Authority (SEIAA) or Expert Appraisal
Committee (EAC) for River Valley and hydroelectric projects at MOEF&CC for Environmental
clearance.

1.3.2 State Level Clearances

The Department of Environment & Scientific Technologies, state government of Himachal
Pradesh was set up in April, 2007 with an objective to improve the effectiveness of
environmental management, protect vulnerable ecosystems and enhance sustainability of
development. The Environmental Impact Assessment and monitoring of Environment
Management Plan Report prepared by the Project Proponent is reviewed by the Department
of Environment and Scientific Technologies. A committee constituted by the Department with
members from State Pollution Control Board, Forest Department, Fisheries Department, etc.
reviews the EIA reports before Public Consultation as per EIA Notification of September
2006.

WAPCOS Limited 1-5
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Various state departments have also lately issued specific notifications to be taken into
consideration by project developers in Himachal Pradesh. Relevant notifications for
Hydropower projects are briefly described.

Notification on Catchment Area Treatment (CAT) Plan

Department of Forest has issued a notification no. FFE-B-F-(2)-72/2004-Pt-11 dated August

03, 2009 setting out the requirements of preparation of CAT plan and defining the minimum
cost of this component as 2.5% of the project cost. It was later modified vide notification no.
FFE-B-F-(2)-72/2004-Pt-1l dated September 30, 2009.

Notification on Fisheries

The Department of Fisheries, State Government of Himachal Pradesh has come out with a
notification no. Fish-F (5)-1/2008 dated May 2, 2008 specifically for the hydro power projects
to specify the compensation to be paid by developers for various categories of Projects.

1.4 SCOPE OF THE EIA STUDY

The brief scope of EIA study includes:

- Assessment of the existing status of physico-chemical, ecological and socio-economic
aspects of environment

- Identification of potential impacts on various environmental components due to activities
envisaged during construction and operation phases of the proposed Deothal Chanju
project.

- Prediction of significant impacts on various aspects of environment.

- Delineation of Environmental Management Plan (EMP) outlining measures to minimize
adverse impacts during construction and operational phases of the proposed project.

- Formulation of Resettlement and Rehabilitation (R&R) Plan, if any
- Formulation of Catchment Area Treatment (CAT) Plan.

- Formulation of environmental quality monitoring programme for implementation during
construction and operation phases.

- Estimation of Cost for implementation of Environmental Management Plan,
Resettlement and Rehabilitation Plan, Catchment Area Treatment Plan and
Environmental Monitoring Programme.

1.5  STAGES IN AN EIA STUDY

The purpose of this section is to enumerate the steps involved in an Environmental Impact
Assessment (EIA) study, which are described in the following paragraphs.

Scoping: An exhaustive list of all likely impacts drawing information from as many sources
as possible was prepared. The next step was to select a manageable number of attributes
which were likely to be affected as a result of the proposed Deothal Chanju hydroelectric

project. The various criteria applied for selection of the important impacts were follows:

. Magnitude
. Extent
° Significance

WAPCOS Limited 1-6
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Description of Environment: Before the start of the project, it is essential to ascertain the
baseline levels of appropriate environmental parameters which could be significantly
affected by the implementation of the project. The baseline status assessed as a part of
CEIA study involved both field work and review of data collected from secondary sources.
Prediction of Impacts: is essentially a process to forecast the future environmental
conditions of the project area that might be expected to occur as a result of the construction
and operation of the proposed Deothal Chanju hydroelectric project. An attempt was
generally made to forecast future environmental conditions quantitatively to the extent
possible. But for certain parameters which cannot be quantified, general approach was to
discuss such intangible impacts in quantitative terms so that planners and decision-makers
are aware of their existence as well as their possible implications.

Environmental Management Plan: approach for formulation of an Environmental
Management Plan (EMP) is to maximize the positive environmental impacts and minimize
the negative ones. The steps suggested include modifications of plans, engineering designs,
construction schedules and techniques, as well as operational and management practices.
After selection of suitable environmental mitigation measures, cost required for
implementation of various management measures was also estimated.

Environmental Monitoring Programme: An Environmental Monitoring Programme for
implementation during project construction and operation phases has been estimated to
oversee the environmental safeguards, to ascertain the agreement between prediction and
reality and to suggest remedial measures not foreseen during the planning stage but arising
during operation and to generate data for further use.

1.6 REGISTRATION WITH QUALITY COUNCIL OF INDIA (QCI)/NABET

WAPCOS Limited is accreditated by QCI/NABET and the Certificate is enclosed as
Annexure-Il.

1.7 OUTLINE OF THE REPORT

The document for the Comprehensive EIA study for the proposed Deothal Chanju
hydroelectric project has been presented in three volumes. The details are listed as below:

o Volume-I presents the Environmental Impact Assessment (EIA) study
o Volume-ll delineates the Environmental Management Plan.

The present document (Volume-I) outlines the findings of the EIA study for the proposed
Deothal Chanju hydroelectric project.

The contents of the document are organized as follows:

Chapter-1 The Chapter gives an overview of the need for the project. The policy, legal and
administrative framework for environmental clearance has been summarized. The objectives

and need for EIA study too have been covered in this Chapter.

WAPCOS Limited 1-7
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Chapter-2 presents a brief description of the proposed Deothal Chanju hydroelectric project.
Chapter-3 gives the methodology and schedule to be adopted for construction of the
proposed Deothal Chanju hydroelectric project.

Chapter-4 outlines the methodology adopted for conducting the Comprehensive EIA study
for the proposed Deothal Chanju hydroelectric project.

Chapter-5 covers the hydrological aspects of the proposed Deothal Chanju hydroelectric
project. The data was mainly collected from the DPR prepared for the proposed Deothal
Chanju hydroelectric project.

Chapter-6 covers the geological and seismicity related aspects.

Chapter-7 covers the environmental baseline conditions covering physical aspects of
environment. The baseline study involved both field work and review of existing documents,
which is necessary for identification of data which may already have been collected for other
purposes.

Chapter-8 presents the information on ecological aspects of the Study Area. The study is
based on collection of data from various secondary data sources. As a part of the
Comprehensive EIA study, detailed ecological survey for was conducted for three seasons. The
findings of the survey were analysed and ecological characteristics of the study area have been
described in this Chapter.

Chapter-9 presents the information on socio-economic profile of the Study Area. The study is
based on collection of data from various secondary data sources.

Chapter-10 describes the anticipated positive and negative impacts as a result of the
construction and operation of the proposed Deothal Chanju hydroelectric project. It is
essentially a process to forecast the future environmental conditions of the project area that
might be expected to occur as a result of the construction and operation of the proposed
project. An attempt was generally made to forecast future environmental conditions
guantitatively to the extent possible. But for certain parameters, which cannot be quantified,
general approach has been to discuss such intangible impacts in qualitative terms so that
planners and decision-makers are aware of their existence as well as their possible

implications.
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CHAPTER-2

PROJECT DESCRIPTION
2.1 INTRODUCTION
The proposed Deothal Chanju HEP in District Chamba of Himachal Pradesh is a run of river
scheme on Deothal khad (Chanju Nallah in its upper reaches is called Deothal Nallah), a left
bank tributary of Baira Nallah which in turn is a left bank tributary of Suil river in Ravi basin.
The project envisages the construction of trench weir across Deothal khad just downstream
of confluence of Seri Nallah with Deothal Nallah at El+ 2810 m, a water conductor system
comprising of feeder channel/tunnel, underground desilting tank, power tunnel, underground
forebay, pressure shaft and an underground power house having 30 MW installed capacity
on the left bank of Chanju Nallah near village Dantoi. Power house shall have three
generating units of 10 MW each along with auxiliary facilities such as cooling water/potable
water supply system, fire fighting system, compressed air supply, oil system, ventilation and
air conditioning system.
2.2 PROJECT LOCATION
Chanju nallah is a left bank tributary of Baira river which in turn is a tributary of Siulriver in
Ravi Basin. It is a perennial nallah which originates from Khundi Mural Lake at an elevation
of £ 4360 m and flows mostly in south-westerly to westerly direction before it joins Baira
River. The project is located near village Dantoi in District Chamba of Himachal Pradesh.
The scheme is located between latitude 32°40°13” to 32°42’06” N and longitude 76°22'28” to
76°20'13” E.
A state highway connects Chamba town, the district head quarter to Bairagarh. The project
site can be approached from Nakror located on the state highway at about 58 km from
Chamba. Project site is about 32 km from Nakror. From this road, it is proposed to construct
a link road to the proposed power house site at El. 2131.5 m. A line diagram of the route to

project site is shown in Figure-2.1.

120 28 32 24

Pathankot e Chamba =sss Nakror == Danio] - yersion Site

Figure-2.1: Project Location distances
The nearest broad guage rail head is at Pathankot about 120 km from Chamba. The

Chandigarh rail head is about 192 km from Chamba town. The nearest Airport Is Gaggal

(Kangra ) located about 135 km from the project site.

WAPCOS Limited 2-1



HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

2.3  ALTERNATIVES CONSIDERED

Various alternative layout of the project have been studied to arrive at the optimum layout.
Alternative |

Alternative-1 is a left bank alternative. There are two alternatives possible:

I-A — Free Flow HRT up to Forebay

I-B - Whole of the system is pressurized

Alternate I-A -- This is mainly a left bank alternative. This involves construction of diversion
structure at El £ 2810 m on Deothal nallah just downstream of confluence of Seri
Nallah with Deothal nallah. The left bank has exposed rocky strata at diversion site. The
water conductor shall consist of feeder channel/tunnel, underground desilting tank,
Free Flow Head Race Tunnel (Length= 4429 m) and underground forebay. However,
penstock alignment runs through steep rocky slope, as such it is proposed to provide an
underground pressure shaft. At the proposed power house location, left bank has steep
slopes and there is no scope for providing a surface power house. Underground power
house is proposed on the left bank of Chanju nallah near village Dantoi. In this alternative
all the structures except diversion weir are underground. This alternative does not involve
cutting of any of forest trees except at portal to adit where there may be few trees. Length of
water conductor system is also minimum.

Alternate I-B — This alternative is same as alternate I-A, except that whole of the system is
pressurized having 2.0 m D-shaped Head Race Tunnel (Length = 4429 m), Surge Shaft, an
underground pressure shaft and underground Power House on the left bank of
ChanjuNallah. The gross head in the alternate increases but due to losses from Intake to
Tail Race Tunnel of project the net head remains almost the same. Hence this alternate
shall also be studied during detailed design of the project.

Alternative Il

This alternative is same as alternative-1, except that a surface water conductor i.e. power
channel instead of a tunnel has been studied. This left bank alternative involves construction
of diversion structure on Deothal nallah at El+ 2810 m just downstream of confluence of Seri
nallah with Deothal nallah. The water conductor system consists of conveyance tunnel,
underground desilting tank and power channel (Length = 6420 m) shall take the water to the
forebay. In this alternative, length of water conductor system shall be more and net head
shall be available for power generation. This alternative shall require more forest land and
cutting of large number of trees. Due to environmental considerations, this alternative is

ruled out.
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Alternative Il
Alternative-1ll is a right bank alternative, and three possible alternatives were considered as
listed below:
I1I-A — Whole system is a power channel
I1I-B - Whole system is a power tunnel
I1I-C — Water conductor system is tunnel/channel/aqueduct
This right bank alternative involves construction of diversion structure on Deothal khad at El+
2810 m just downstream of confluence of Seri nallah with Deothal nallah. The water
conductor system consists of conveyance tunnel, underground desilting tank and power
channel (Length = 13840 m) shall take the waters to the forebay. In this alternative length of
water conductor system is more and less gross head is available for power generation and
cost of civil structures is more. Alternatives 1lI-A, B, C also involve long water conductor
system than Alternative- I. As such Alternatives IlI-A, B, C are not considered for
development.
These alternatives could not be taken up because two small HEPs, have been allotted on
Tanger Nallah a major right bank tributary of Deothal nallah Various alternative project
layouts have been studied & compared based on:

» Lesser tunnel length as compared to open channel option

» Topography

+ Geology

» Forest area to be diverted for construction of project

* Number of trees required to be felled for construction of project
Topographical features of the site are preferable for the left bank development of the
scheme with shortest possible length of water conductor system as compared to the right
bank where there are two nallahs enroute including a deep Tanger nallah and the length of
Water Conductor System becomes very long. As hydroelectric project has been allotted on
the Tanger nallah and water of Tanger nallah cannot be used for power development along
with that of the Deothal nallah, so left bank development of project is considered.
Based on the topographical/geological and environmental concerns ( Alternative - | A) with
least forest land and number of trees required to be felled has been considered and taken up
for development. Various Alternatives considered for Deothal Chanju HEP are shown in

Figure-2.2.

WAPCOS Limited 2-3
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2.4 PROJECT DESCRIPTION
The major civil engineering structures of the project are;

¢ Diversion weir

e Intake structure, Feeder channel and feeder tunnel, underground Desilting Tank.

e Water conductor system/power tunnel.

o Forebay

e Pressure shaft

e Power House and appurtenant structures.
Diversion Structure and Intake
For Deothal Chanju HEP, a barrage or dam type diversion structure, obstructing the flow, is
not practical, the reservoir would be filled up in a short period of time. Trench type weir is a
simple rectangular trough made up of reinforced cement concrete (RCC) provided with
sloping steel trash rack over the full width of weir on the top. The criteria for determining the
length of the trench weir is that it should be capable to pass the design flood discharge.
Length of the trench weir has been kept as 25 m to pass the 100-year return period flood
discharge of 217 cumec. The bed of the trench weir has been provided with a slope of 1 in
15 in the flow direction so that sufficient velocity is generated to carry away small pebbles
and silt up to 25 mm size that may find entry into the weir through the trash rack openings.
The width of trash rack is proposed as 2.0 meter, which consists of 25 x 10 MS flats along
the direction of flow with 25 mm clear spacing in between the flats.
The trash rack has been given a slope of 1 in 12.5 in the flow direction so that stones and
pebbles above 25 mm size do not enter into the weir but roll down into the stream with the
flow. The trash rack area of opening is adequate to draw the entire lean season flow and
desired diversion discharge during the flood season even if 50% of the effective area of the
trash rack is clogged. The trash rack will have to be cleaned periodically during and after
monsoon season to clear any deposited material. The upstream and downstream of trench
weir is protected with aprons comprising concrete blocks of size 1500 x 1500 x 1000 mm for
a distance of about 8 m on upstream and 10 m on downstream end. In addition a 3 meter
deep RCC cut off is proposed near the downstream end. Right side shall be protected by
concrete. Concrete masonry shall be provided on both the banks to streamline the flow.
Intake
The intake located on the left bank of Deothal nallah, where rock is available shall be
connected through a cut and cover type power channel. Intake is a gated well structure to be
constructed in RCC. The intake gate control shall permit the release of desired discharge
through feeder tunnel to the desilting tank. A flushing conduit with gate control has been

provided at a lower level, at a slope of 1 in 50 to eject out the material which finds entry into
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the trench weir. Both the gate operation controls are kept above the HFL. Wing walls shall
be provided up to 1 meter above HFL to safeguard intake structure during floods and also to
channelize the flow during the lean season.

Desanding Arrangement

A continuous flow type desanding arrangement is proposed. A desilting tank is proposed
immediately downstream of intake to exclude silt particles of size exceeding 0.20 mm from
water flow. The desilting tank proposed is of underground type, 130 m long, 5.00 m wide and
9.0 m deep including free board to keep the velocity within desired limits for a discharge of
5.58 cumecs. The horizontal velocity of flow and the settling velocity of flow are 0.20 m/sec
and 2.70 cm/sec respectively. A silt flushing tunnel has been provided at the bottom of the
desilting tank on the d/s side with manually operated valve for ejecting the settled material
from the sedimentation tank into the stream. The outlet end of the flushing tunnel has been
kept above the HFL so as to prevent the flood discharge from entering into channel to avoid
choking due to silt deposition.

Water Conductor System

It is proposed to provide power tunnel of 2.10X2.40m D-Shaped for this project which will
lead the water from desilting tank to forebay. This is as per practical consideration of
construction equipment requirement, the excavation of tunnel shall be done by conventional
method of drill and blast using jack hammers. Mucking shall be through Bobcat, small
tractors, pickup with suitable jack arrangements etc which requires a minimum width of the
order of 2.0 to 2.4 m. While the tunnel should ensure least loss of head, flow velocity at the
same time should be adequate enough to prevent reduction of discharging capacity due to
deposition of silt. The proposed tunnel shall be a free flow tunnel with water level up to
springing level only. The total length of tunnel is 4429 m. The invert level of HRT at its intake
has been set at EL. 2807.87 m. The slope of the tunnel has been kept as 1:543 and velocity
of flow is 1.97 m/sec. For the ease in construction and keeping in view the fact that
excavation etc is to be done by drill and blast method, a number of adits have been provided
so that the length of tunnel to be excavated from any face is kept to the minimum.
Underground Forebay and Pressure Shaft Intake

The main function of the forebay is to provide adequate depth of water at the penstock
intake to prevent vortex formation and the air entry into the penstock and also to meet the
immediate water demand for generation. The FSL in the forebay has been kept at El +
2801.61 m and providing a free board of 1.00 meter, the top of the forebay is kept at El +
2802.61 meter. Water seal of 1.05 meter is provided between the Minimum Draw down
Level at EI £ 2799.61 m and penstock centre line level at El +2797.61 m is
considered adequate to prevent vortex formation and entry of air into penstock. At the

penstock intake, a trash rack is provided to prevent entry of debris or floating material into
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the penstock. Clogging to the extent of 50% has been considered in the design of the trash
rack opening area. A butterfly valve is provided at the pressure shaft intake for controlling
the water discharges into the pressure shaft from the forebay.

In order to achieve the objective of meeting the immediate water demand for starting the
generating units and fluctuations in energy load, five minutes storage capacity of 1674
cubic meters has been provided in the forebay. Live storage has been provided by water
depth of 2.0 m between the FSL EIl. +2801.61 m and MDDL EL. +2799.61 m. One flushing
pipe with a manually operated valve shall be provided for flushing out the silt which will be
collected in the forebay in due course of time. Free board in the forebay is provided in such a
way that whenever there is a rise in the water level beyond FRL the water is spilled,
at the nearest upstream adit location where suitable provision shall be made for spilling the
excess water.

Pressure Shaft

Pressure Shaft alignment has been finalized after a careful study of the alternative
proposals and adopting the one, which requires minimum excavation as well as minimum
number of bends. The economical diameter on the basis of rational method of monitoring the
actual expenses on the total cost and revenue loss per year works out to 1.40 m for the steel
liner. The excavated diameter of pressure shaft has therefore been adopted as 2.4 m for
ease in construction and erection of steel liner. The centre line of Pressure shaft at the end
of forebay is kept at EL. 2797.61m and the length of pressure shaft is 912 meter. The
space between the steel liners and the rock will be filled with M20 concrete in a maximum
thickness of 500mm. The pressure shafts will be steel lined along its whole length. The
pressure shaft liner has been designed to withstand internal as well as external water
pressure. The internal water pressures including water hammer have been considered at
different sections. Externalwater pressure has been taken equal to the level difference
between the ground level and the pressure shaft level. As the length of pressure shaft is
more, one no. intermediate adit has been provided. This will help in speedier excavation and
erection of steel liner. Adit at the top of pressure shaft and intermediate adit shall be
connected by a ropeway of adequate capacity for transport of material to the site. The
excavation of pressure shaft shall be done by Alimak Raise climber.

Power House and Tail Race Tunnel

The topography at the proposed location of Power house site does not allow establishment
of a surface powerhouse as the river bank at the location is a narrow valley with vertical
cliffs. Hence, an underground power house complex is proposed on the left bank of
ChanjuNallah, near Dantoi village. A road is available uptoDantoi village and about 2000m

long access road has to be constructed to reach the Power House. It is proposed to
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construct one long cavity than a multiple parallel cavities to house Electro-mechanical
equipment, transformers, etc. The overall dimensions of the cavern are 90 m x16 m x 23m.
Main Access Tunnel (MAT)

The main access tunnel of size 7.00 m D-Shaped is proposed to the service bay of the
power house cavity. It shall be suitable to carry all the electro mechanical equipment inside
the power house.

Cable Cum Ventilation Tunnel

Construction adit of size 2.40 m (finished) D-Shaped to the crown of the power house cavity
shall be excavated which shall also be used as cable cum- ventilation tunnel.

Tail Race Tunnel

It is proposed to excavate a construction adit to be used as a tail race tunnel of size
2.1X2.40 m (finished). A construction adit shall take off from this adit to bottom of pressure
shaft for construction of pressure shaft. The silt free tail water of Deothal Chanju HEP shall
be used in the Chanju-1ll HEP for which a connecting tunnel shall take of from the Tail Race
Tunnel. Provisions of gated intake structure shall be made in the Tail race tunnel of Deothal
Chanju HEP for drawing of water to Chanju-lll HEP. Provisions shall be made in the Tail
race outlet to safely discharge the water into the Chanju nallah, in case of the shutdown of
Chanju-1ll HEP.

The Project layout Map for the proposed Deothal Chanju HEP is shown in Figure-2.3.

WAPCOS Limited 2-8



HPPCL

WAPCOS Limited

EIA Report for Deothal Chanju HEP, Chamba, HP
N PLAN SHOWING OF PH® RSAMERT,
AND ADITS, DUMPING SITES, QUARRY SITES,
UNDERGROUND POWER HOUSE TY
AT EL. 2131.50 m, 40m(L)x12m(W) JOB FACI s ROPEWAYS'
PLATEEORM 5 DEOTHAL-CHANJU(30MW)
T 3 -" 7 PLATEFORM 4
&/ / EL 2400.231
S /
S . '." ™ ‘,/ PROPOSED PROPOSED QUARRY SITE
89 / ROPEVIAY No. 5 / 120 M X 80 M o
/ \ n h°(§-"' A SPAN §71.00 M // 096 HeCT, 2 jnyﬁa.nn
/ g / y
! ‘\ ! - & /
l.' \//>/ % & _,-’ 4 / FXISTING PATH TO
s S & /S / | TRENCH WEIR
& G -\\\c } AN _/q;@ \)y‘\ | DEOTHAL CHANIU
) HUMPING SITE 11 el @ [
7 Area-3s00Sqm | f’k § by 'I
/ / & |
e / / \ WL 5 !
= |
\\\ "S§ Q,'
! : i g
SITE FOR POWER HOUSE Lf) 7 e T s
. " - PROPOSED s ! &
BORE HOLE B DY \.
ROPEWAY No.4 ~
INTERMEDIATE ADIT . ~$ S e D e \‘, Sy &
o 6‘3@ b/ ! L »
PRESSURE SHAFT ¢4 prr N 9,
e NALLAH
UNDERGROUND FOREBAY S il
100m{L)XSm(W)x5m(H) ‘é,“ >
) f
[ %
] )
: { t500
PLATEFORM 3
i 4800 ,_/Fl 2545.584
//J
|
\ s
__PROPOSED / P
. ROPEWAYMNo.§ | §
\ SPAN 669.00 M K e
f PHL Dear s
| - . .
\ | o~ \ P
| /
F N e
. \ W PROPOSED
a8 L. S0 RopEwaY No. 2
DUMPING SITE3 .~ y | 5800 ésy SPAN 380.55 M
Area = 3200 Sg.m R . \
& A PLATEFORM 1
& - )( EL 2713457
) o 610(\ 7
g o X
& '\Q 3 \\’ \
s N /  mRorosED
- / ROPEWAY No. 1
SPAN 181.96 M
DUMPING SITE2 .~
Area = 2100 Sqm &
&
A
<
~J0B FACILITY
,\bgp // 25 M x 25.08 M
0.063 Hect.
DUMPING SITE 1 // é: // EL + 2798.00m
Area = 2400 Sg.m = N4 _— QUARRY STTE
L ;7 s0Mx20M
& s 0.1 Hect.
e AR FL + 2791.00m
,‘%qﬁl,ﬁ DUMPING SITE 1
" Area = 1954 Sq.m
‘K’ EL + 2828.00m
“jha
i N
DESILTING TANK -
130m(L)xSm(W)x9(H)
Sm 2o a2l ab =in oo N a2k S q'a"
ga 22 F2 g2 g7 85 2% f%= %3. g2
i w w wvi Pl w =+ h s hd b ot
58 4 4 58 52 58 5% 4 &t &%
Hl‘?g u.&, \u?’:; I.I.lg,:,‘ I.I.Ii“‘ Il.log I.l:’{x ﬂ.l:’r>> I.IJ‘?; I.I.l:'g
w w w w w w w w w o
Figure-2.3: Project Layout Map of Deothal Chanju HEP
2-9



HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

2.5 SALIENT FEATURES

The salient features of Deothal Chanju hydroelectric project are given in Table-2.1.
Table-2.1: Salient Features for Deothal Chanju HEP

1. LOCATION
State Himachal Pradesh
District Chamba
River/Nallah Deothal Nallah/Chanju nallah a left
bank tributary of Baira River in Ravi
Basin River nallah
Vicinity/Proposal Diversion Weir site on Deothal nallah
just downstream of confluence of Seri
nallah with Deothal nallah at
EL+2810 m and Power house on the
left bank of Chanju nallah at
EL+2130.00 m near village Dantoi in
Churah  sub-division of district
Chamba (HP)
Co-ordinates Longitude Latitude
Diversion Weir 76°22’28” E 32°40'13" N
PowerHouse 76°20’13" E 32°42'06” N
S.0.l. Sheet No. 52 D/6
2. HYDROLOGY
Name of river/stream Deothal nallah/Chanju nallah
Tributary / Basin Baira river/ Ravi Basin
Catchment area at diversion site 44.28 sg.km
Catchment area under permanent 15.56 sq. km
Snhow
Total catchment 59.84 sg.km
Design Flood 217.00 cumec
Design discharge for power generation 5.20 cumec
HFL Diversion weir TRT outfall
EL+2810.0 m EL+2126.95 m
3. PROJECT COMPONENTS
3.1 | DIVERSION WEIR
Type Drop type trench weir
Size 25m (L) x 2m (W)
Top Elevation EL + 2810.00 m
Diversion design discharge 8.25 cumec
Shingle flushing discharge 1.38 cumec
3.2 FEEDER CHANNEL
Type RCC Rectangular channel
Length 32.00 m
Size 2.10mx240m
Slope 1:450
Velocity 2.83 m/sec
3.3 FEEDER TUNNEL
Type D Shaped tunnel
Length 114.00 m
Size 21mx24m
Slope 1:450
Velocity 2.83 m/sec
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3.4 DESILTING TANK

Number/Type Two/ Underground Conventional
hopper type

Size 50.00 m (L) x 5.00 m (W) x 9.00 m (H)
Design Discharge 5.20 cumec + flushing discharge
Particle size to be excluded All silt particles down to 0.20 mm size.
Silt Flushing discharge 1.05 cumec
Silt Flushing tunnel
Type & Size D-shaped, 2.10 m dia
Velocity 3.17 m/sec
Length 46.00 m
Gate Chambers 4 numbers, 5.00 m x 5.00 m each
Silt Gutter 0.60 m x 0.60 m
Construction cum Adit tunnel
Type & Size D-shaped, 2.10 m x 2.40 m

3.5 HEAD RACE TUNNEL
Type Concrete lined D-shaped tunnel
Size 210mx240m
Length 4429.0 m
Slope 1in 550
Design discharge 5.20 cumec + overloading discharge
Velocity 2.02 m/sec
Adits

(1) Adit -1 (RD 573.00m)
Type & Size D-shaped tunnel, 2.10 X 2.40 m
Length +70.00 m

(i) Adit =l (RD 1412.00m)
Type & Size D-shaped tunnel, 2.10 X 2.40 m
Length +54.00 m

(iii) Adit =11l (RD 2362.00m)
Type & Size D-shaped tunnel, 2.10 X 2.40 m
Length +161.00 m

(iv) Adit -1V (RD 573.00m)
Type & Size D-shaped tunnel, 2.10 X 2.40 m
Length +64.00m

(V) Adit -V (at forebay)
Type & Size D-shaped tunnel, 2.10 X 2.40 m
Length +159.00 m

3.6 FOREBAY
Type Underground
Size 100.00 m(L) x 5.00 m(W) x 5.00 m(H)
Full Supply Level (FSL) EL + 2802.28 m
Minimum Draw Down Level (MDDL) EL + 2799.91'm
C/L elevation of Penstock at Intake EL + 2797.81 m
Storage capacity 1200 cum
Peaking time + 3.00 minutes

3.7 | PRESSURE SHAFT (Penstock)
Type/shape Underground/Circular Steel Pipe

Number/Size of Main penstock

One/1.30 m dia. (Steel Liner)

Thickness

Varies from 8.00 mm to 36.00 mm

Length

+914.00 m

Velocity

4.30 m/sec

Type of Steel Liner

ASTM-537, Grade | & 11

WAPCOS Limited 2-11



HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP
Number of Branches Three
Size of Branch penstock 0.80 m dia each (steel liner)
Length of branch penstock
e Branch-| 27.88 m
e Branch-ll 23.52m
e Branch-lli 22.88 m
Intermediate Adit to Pressure Shaft
Type & Size D-shaped tunnel, 2.40 m
Length +151.00 m
3.8 BUTTERFLY VALVE CHAMBER
Type Under Ground
Size 10.00 m(L) x 6.00 m(W) x 12.00 m(H)
3.9 POWER HOUSE
Type Underground
Size 85.90 m(L) x 15.30 m(W) x 17.50m(H)
Installed capacity 30.00 MW (3 units of 10 MW each)
Gross head 668.41 m
Net Head 657.41 m
Maximum Tail Water Level (MTWL) EL + 2128.50 m
CIL of jet EL +2131.50 m
Power House Crane 50/5T, EOT
Turbine (s)
Type Two Jet, Horizontal Pelton turbine
Number Three
Rated Capacity 10.00 MW each
Speed 750 rpm
Generator(s)
Type Horizontal shaft, Synchronous
Number Three
Rated Capacity 10.00 MW each
Frequency 50 Hz
Rated Voltage 11 kV
Power Factor 0.9 lag
Continuous overloading capacity 10%
3.10 | MAIN ACCESS TUNNEL
Type & size D-shaped, 7.00 m
Length 122.00 m
Slope 1:120
3.11 | CABLE CUM VENTILATION TUNNEL
Type & size D-shaped, 5.00 m
Length 98.00 m
Slope 1:90
3.12 | TAIL RACE TUNNEL
Type & Size D- Shaped, 2.10m X 2.40 m
Length +102.00 m
Slope 1:90
3.13 | BRANCH TRT
Type & Size D- Shaped, 2.00 m
Length | —24.88m, Il - 15.52 m, 11l —19.88 m
Slope 1:440
4. POWER & ENERGY GENERATION

Energy generation in 90% dep. year

101.35GWH (at 95% plant availability)
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5. CAPITAL COST OF THE PROJECT

Civil works Rs. 171.02 Cr.
Electro-Mechanical Works Rs. 55.00 Cr.
Cost of generation Rs. 226.02 Cr.
T-Transmission Rs. 14.93 Cr.
Total cost (including generation @ Rs. 240.95 Cr.
Trans.)

Total cost (including IDC Rs. 28.91 Rs 273.91 Cr.

Cr. and LADC 4.05 Cr.)
Levellized tariff in 90% dependable Year | Rs 5.59/ KWh (at 95% plant

availability)
Cost per MW of installed capacity Rs. 9.13 crore
Period of construction 45 months

Source: DPR

2.6 LAND REQUIREMENT

Deothal Chanju is a run of river scheme and involves construction of drop type trench weir
for diversion of water for power generation thus there is no submergence of land behind the
diversion weir. The total land required for the project is 14.415 ha. The land required for
the execution of various project components including infrastructure facilities is
forest/govt. Land. No private land shall be acquired for the project. All the project
components accept diversion weir (which too is limited to river bed only) are underground,
involve diversion of only forest land.

No village/hamlet and agriculture land shall be acquired for Deothal Chanju HEP area. The
details of land requirement for the project are given in Table-2.2.

Table-2.2: The details of land requirement

S. No. | Type of Land Area (ha)
1 Forest Land Surface 11.405
2 Forest Land Under Ground 3.01
3 Private Land Surface Nil
Total 14.415

2.7 INFRASTRUCTURE PLAN

Communications

Road Transport Facilities

Pathankot is connected to the project site by road. All the culverts and bridges on Chamba
road are constructed confirming to the Class AA loading. Beyond Chanju | HEP the existing
road will be widened and bridges will be strengthened for which provision will be kept in the
cost estimate.

Access Roads

Roads to the project:-The project is approachable from Chamba district Head quarter
through all weathermetalled road up to Nakror which is at a distance ofabout 58 km from

Chamba on Chamba Tissa state highway. From Nakror the project site is connected
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through Nakror-Bhagaigarh-Chanju-Dantoi road up to Dantoi. Dantoi is the last village in
Chanju Nallah Basin. Dantoi village is about 32 km from Nakror.

Roads in the project area:- The nearest road head available is at Dantoi village on the right
bank of Chanju Nallah and from here about 1.9 Km long project road is to be constructed to
the underground power house location of Deothal Chanju HEP. The proposed power house
on Chanju Nallah is on the left bank as such one no. bridge has to be constructed on Chanju
nallah to access the power house. Another road from Tanger quarry site to Dumping site-I|
will be constructed, which is 2.2 km long.

Since the project area upstream is dense forest land and the project components are small it
is proposed to construct ropeways to various project components sites to transport the
construction material. It is proposed to construct ropeways to forebay site, adit site and
intake site for the transport of material and machinery during construction.

Construction Power Requirement

The construction power requirement of the project shall be met with from the existing power
supply arrangement available in the area.

Power Supply Facilities

HPSEBL power supply line is available at Dantoi village. The line shall be strengthened and
upgraded if required, so power shall be arranged from this existing power supply line

Telecommunication Facilities Required During Construction and After Completion of
the Project

To ensure efficient coordination of works at various sites, adequateand reliable
telecommunication network is necessary. It is proposed to take 2-3 dedicated lines from the
nearest P&T exchange by laying cables from the exchange to the project area. The
telecommunication facility provided by BSNL is available in the project area. Also to cater the
requirements of different project site walky talkysystem shall be provided.

Project Colonies/ Buildings

Residential quarters are required to be constructed for the staff to be deployed on the
execution of the project. Following buildings are proposed for the project:

I.  Permanent residential buildings for staff that will be required to be deployed for

operation and maintenance of the project after its completion.

Il.  Temporary residential buildings for the staff to be deployed during construction stage.
One no field hostel will be constructed for which provision has been made under the head of
permanent works.

Workshops
A small workshop to carry out the fabrication work is proposed near power house. This will
work as a temporary arrangement during execution. Ultimately service bay of the

powerhouse shall be used during operation of the project.
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Drinking Water Facilities

The drinking water arrangement shall be made from the perennial streams in area.

2.8 POWER EVACUATION PLAN

The power evacuation plan of Deothal Chanju and Chanju-Ill HEP is enclosed in Annexure-
Il

River Bed in Summer Season

2.9 Machinery & Equipment
The details of machinery & equipment to be used in proposed Deothal Chanju HEP during
construction phase are given in Table-2.3.

Table-2.3 Details of machinery & equipment to be used in proposed Deothal Chanju
HEP

Trench Weir

1) Excavation Number

Jack Hammer 120 cfm 2

Compressor 250 cfm

Loader 0.96 cum. capacity

Tipper 3 cum. Capacity

Rib bending M/C

Shotcreting M/C

AINININ (P |-

Pavement breaker

2) Concreting

18 cum, capacity batching plant

2 cum. Capacity Transit Mixer

Shutter Vibrator

F QU F NG NG I

Needle Vibrator
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Desilting Chambers

1) Excavation

Jack Hammer 120 cfm

IS

Air Compressor 500 cfm

=

Tata Hitachi Mini excavator/loader TMX20(0.07 cum capacity)

Tipper 3 cum. Capacity

Rib bending M/C

Shotcreting M/C

Pavement breake

BN N [W (N

2) Concreting

8 cum, capacity batching plant

=

2 cum. Capacity Transit Mixer

Shutter Vibrator

10

Needle Vibrator

10

M.S. Shuttering in three segments 3 m long

Grouting Machine

=

HRT

1) Excavation

Jack Hammer 120 cfm

Compressor 500 cfm

Tata Hitachi Mini excavator/loader TMX20(0.07 cum capacity)

Mahindra Maxi truck with jack 0.55 m3

Rib bending M/C

Shotcreting M/C

Pavement breake

AININIOIN|(FL W

2) Concreting

Concrete pump

2 cum. Capacity Transit Mixer

Shutter vibrator

Needle vibrato

Grout pump

18 cum, capacity batching plant

Agg. Processing plant

(= (N[O O |k W

Forebay

1) Excavation

Jack Hammer 120 cfm

Compressor 250 cfm

TMX-20 Loader

Mahindera Maxitruck

w (= NN

2) Concreting

Portable concrete mixer 10 m3/hr.

2 cum. Capacity Transit Mixer

40 cum. Capacity Pump Concrete Mixer

Aggregate. Processing Plant

BN
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Shutter vibrator

Needle vibrato

Grout pump

N |01

Pressure Shaft

1) Excavation

Jack Hammer 120 cfm

Compressor 250 cfm

TMX-20 Loader

Mahindera Maxitruck

Ailmak raiser

RN (PR e

2) Concreting

10 cum, Portable Concrete Mixer

2 cum. Capacity Transit Mixer

5 MT capacity Winch

Concreting pump

Shutter vibrator

Needle vibrato

Grout pump

N OO [W (N ([

Power House

aQMAT

1) Excavation

2- boom drill jumbo

Loader 0.96 cum capacity

15 T Dump Truck

Mahindera Maxitruck

N (NP e

b) PH Cavern

1) Excavation

2- boom drill jumbo

Loader 0.96 cum capacity

15 T Dump Truck

Wagon Dirill

Crawler Dozer of 180 HP

Jack Hammer 120 cfm

Compressor 250 cfm

N (R PR ok |k

2) Concreting

Batching and Mixing Plant 20m3 Cap. .

2 Needle vibrator

10

3 Shutter vibrator

4 Transit mixer 3.0 m3 capacity

c) TRT

1) Excavation

0.070 cum TATA Hitachi Mini Excavatoe/Loader TMX20-2 2

Mahindera Maxitruck

(o]

Jack Hammer 120 cfm

WAPCOS Limited
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Compressor 250 cfm 2

2) Concreting

Concreting gantry

Concreting pump 40m3 .

Shutter vibrator

ool b

Needle vibrator
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CHAPTER-3
CONSTRUCTION METHODOLOGY AND SCHEDULE PROGRAMME

3.1 GENERAL
The proposed Deothal Chanju HEP project envisages the construction of trench weir across
deothal nallah just downstream of the confluence of Seri nallah with Deothal nallah, a water
conductor system comprising of Feeder channel, Feeder tunnel, underground desilting tank,
head race tunnel, forebay tank, pressure shaft and underground power house is on the left
bank of Deothal nallah. The underground Power House shall have three units of 10 MW
each. The main components of the project are:

» Diversion weir

* Underground Desliting tank

* Head Race Tunnel

» Underground Forebay

* Pressure shaft

* Power house complex
3.2 CONSTRUCTION TIME AND WORKING SEASON
Deothal Chanju HEP is located in an area of heavy rainfall, bulk of which occurs during the
months of June to September. Available working season in a year in the project area shall
be about 10 months at intake end whereas at powerhouse end work can be carried out
throughout the year. Keeping the above in view, construction of Deothal Chanju HEP has
been planned in such a manner that the work does not suffer on account of adverse weather
conditions.
Construction programme, selection of methodology and equipment has been planned with
the aim of commissioning the project in three years.
3.3 CONSTRUCTION POWER
All the major equipment is proposed with diesel engines. Since the project is Small power
scheme mobile equipment with diesel engines is considered best for the construction of the
project. The demand for construction power for colony, workshop can be met from the
existing HPSEB line existing in the area or DG Set.
3.4 REQUIREMENT OF MATERIAL
Survey on the availability and suitability of construction materials such as coarse and fine
aggregates etc. required for the construction of various components of the projecthas been
done. Construction materials required for differentcomponents of the project have
been computed to assess the quantities required.
Cement and Steel
Cement for the project will be procured from A.C.C. cement factory located at Barmana on

NH-21 in District Bilaspur and Ambuja cement Plant at Darlaghat and shall be the main
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source of the cement for meeting the entire requirement of the project. Trucks shall be used
for transportation of bagged cement. Cement bags shall be stored in cement stores as per
specifications. Small quantities of cement can also be procured from Chamba/Pathankot.
Steel will be brought from steel stockyard at Pathankot, shall be the main source of
structural steel and reinforcement/ tor steel. Sizeable quantities of reinforcement
and structural steel shall be stored at site. Penstock steel plates, however, may have to be
procured from the manufacturers as per design specifications.It is estimated that about
9273.25 tonne of cement, 518.3 metric tons of reinforcement steel, 455.9 metric tons of
structural steel will be required for theconstruction of different components of project are
given in Table-3.1.

Table-3.1: Major quantities of various materials

S.No. | Description Cement (T) Structural Reinforcement
Steel (MT) Steel (MT)

1. Trench weir & | 359.19 87.8 33.7
Intake structure

2. Desilting tank 465.68 21.3

3. Head Race |5547.0 227.0 258.30

4, Forebay 328.43 11.7

5. Pressure Shaft 1060.68 17.3 3.4

6. Power House 1338.35 123.8 184.2

7. Tail Race Tunnel 173.92 5.7
Total 9273.25 455.9 518.3

Aggregates (Coarse and Fine)

Rock from different quarries have been tested, to assess suitability for manufacturing
aggregate. Rock extracted from the quarries as well as from tunnel (if found suitable)
will be crushed into various sizes in aggregate processing plant. One small crushing
Plant shall be established at the diversion site of Deothal Nallah to cater for the requirement
of aggregates in Intake area and some length of HRT, desilting tank, etc. The quarry site for
the project has been identified at the confluence of Tanger nallah with Deothal nallah near
Power house site of Deothal Chanju HEP. The test of aggregates of quarry site has been got
carried out al Naulakha Cental Soil & Concrete Testing Laboratory of HPPCL. As per the
estimation report submitted by field unit adequate quantity of raw material shall be available
at the quarry sites for processing of coarse and fine aggregates, to meet with the
requirement of project.

A total quantity of 34,364 cum concrete is estimated to be placed in diversion weir,
intake structure, desilting rank, head race tunnel, forebay, pressure shaft, power house,
tail race tunnel and other infrastructural works. For this purpose, an estimated 41,109 cum of

coarse aggregate and 20,556 cum sand will be required as detailed in Table-3.2.
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Table-3.2: Major Quantities of aggregates for Deothal Chanju HEP

S.No. | Description Coarse aggregate Sand(in cum)
(in cum)

1. Trench weir & Intake structure 1186 593

2. Desilting tank 1290 645

3. Head Race Tunnel 20768 10384

4, Forebay 1020 510

5. Pressure Shaft 2671 1336

6. Power House 2961 1481

7. Tail Race Tunnel 555 278
Total 30451 15227
Wastage @35% 10658 5329
Total 41109 20556

Other Materials

Other materials including petrol, diesel, lubricating oils, etc. shall be procured from
Chamba/Pathankot.

3.5 MANPOWER PLANNING

As the work is proposed to be executed through contractors, they shall arrange the labour
required for the same from the villages in the vicinity of the project area/outside where
sufficient semi-skilled and unskilled labour force maybe available. However, skilled labour
and for supervision and proper execution of works manpower shall be brought from other
areas/outside the state.

Pre-Construction Facilities

Pre-construction facilities such as land acquisition for labour huts, plant areas, stores,
residential and non-residential buildings, approach roads, paths in the project area shall be
made available to facilitate construction of the project. Most of these activities shall be
completed in the first quarter.

3.6 SEQUENCE OF WORKS

Infrastructure Facilities

Before undertaking construction activities, it is necessary to complete the infrastructure
facilities. First six months of the Construction Programme shall mainly be devoted to create
such facilities so that the construction works are started on schedule.

Land Acquisition

Land acquisition is of two kinds, i.e. permanent and temporary. Land required for
construction of structures, roads, project colonies, stores, workshops etc. shall be acquired
on permanent basis and this activity is proposed to be completed within twelve months.
Temporary use of the land shall be for work areas of the contractors, labour camps and

other facilities.
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Buildings and Colonies

Buildings shall be required for housing project staff deployed for the execution of works, as
well as, for the offices, sheds, stores etc. Construction of Buildings shall be taken up
concurrent with roads. Permanent buildings shall be constructed for the staff which shall
berequired for the operation and maintenance of the project and the temporary buildings
shall be constructed for the workers required in the construction stage only. Efforts shall be
made to complete sufficient number of temporary buildings by first half year, so that staff can
move towork sites. All construction activities for temporary and permanent residential
and non-residential buildings, water supply, electrification, sanitation, roads, bridges,
drains, cross-drainage works and fencing etc. in the colonies are proposed to be completed
by the mid of first year.

Construction Equipment

The construction equipment and transport vehicle shall be procured in first year.

Tenders and Contracts

The tenders/enquiries for award of works under various packages shall be initiated
immediately on taking up the project. The contracts for the works shall be finalized within
first six months of the first year.

Designs, Specifications and Construction Drawings

The Planning office shall provide tender drawings and specifications of the works proposed
for execution from first working season of the first year. Tender drawings and
specifications for all other works shall be made &contracts finalized within first six
months of 1st year. Detailed constructiondrawings for all works shall be made available at
least two months prior to the execution of respective components. The design office shall
provide technical advice and made revisions in the drawings as and when necessary during
the progress of works.

Diversion Cum Intake Structure

Excavation for trench weir Cum Intake Structure shall be executed from 1st month to 6th
month of project execution. The concreting shall be done from 7th month to 8th  month and
stop log/gate erection shall be completed before the end of 12th month of project execution.
Head Race Tunnel

Excavation & concreting of Head Race Tunnel have been planned by dividing the total
length in 5 reaches providing 10 faces for working. The work shall be started simultaneously

on all the reaches. The programme for completion of each reach is as under:

Excavation - From 2nd to 14th month of project construction.
Concreting - From 12th to 22nd month of project construction.
Grouting & - From 23rd to 24th month of project construction clean-up.
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Forebay
The execution of Forebay shall be taken up from 4th month to 11th month. Time schedule

for the completion of each operation is as under:

Excavation = 8 month
Concreting = 2 month
Grouting & clean up = 2 month
Total = 10 month

Pressure Shaft

The execution of pressure shaft shall be taken up from 4™month to 23“month of project
execution. The excavation will start from top portion and intermittent adit to pressure shaft
and from power house also. Then the concreting and erection of liner shall be started and
completed. The grouting and other misc. jobs shall be carried out simultaneously. The whole
activitieson this component shall be completed by the end of 31st month of project
execution.

Power House Complex

Power House complex excavation shall be taken up from 2nd month of project execution.
Concreting in the Power House complex shall be executed from12™ month to 22™ month.
After testing each unit for a period of one month,1st, 2nd & 3rd unit will be commissioned by
the end of 34", 35" and 36™ month respectively. Keeping in view the above, all the units of
the project shall be installed, tested & commissioned by the end of three years i.e. 36"

month of the project execution.
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CHAPTER-4

METHODOLOGY ADOPTED FOR THE EIA STUDY
4.1 INTRODUCTION
Standard methodologies of Environment Impact Assessment have been followed for
conducting the EIA study for the proposed Deothal Chanju hydroelectric project. A brief
description of the methodology adopted for conducting the EIA study for the proposed
Deothal Chanju hydroelectric project is outlined in the present chapter. The information
presented in this Chapter has been presented through various primary as well as secondary
sources.
42 STUDY AREA
The study area falls in Chamba district and administrative set up in the district are given in
Table-4.1. The administrative set up in Chamba district is shown in Figure-4.1.
Table-4.1: Administrative set up in Chamba district

Units in the administrative | No. Name of units

setup in district

Sub-Divisions 7 Chamba, Dalhousie, Tissa, Chowari, Bharmour,
Pangi,Salooni

Tehsils 7 Chamba, Dalhousie, Tissa, Chowari, Bharmour,
Pangi, Salooni

Sub-Tehsils 4 Bhalei, Sihunta, Holi,Dharwala

Development Blocks 7 Chamba, Mehla, Tissa, Bhattiyat, Bharmour, Pangi,
Salooni

Panchayats 270

Villages 1591

Administration

Deputy Commissioner

Addl. District Commissioner
L Project Officer DRDA

L——Block Dev. Officer

ADM Bharmour

RC Pangi

AC te Dy. Commissione_r

SDMs

Distt. Revenué Officer .
l—'TEhﬁiIdar / Naib Tehsildar

5uperinie,ndent 4 Police
———Add|. Supdt. of Police
b [y, Supdt. of Police

Figure-4.1: Administrative set up in Chamba district

The study area considered for the EIA study is given as below:

e Area within 10 km of various project appurtenances
e Area to be acquired for siting of various project appurtenances.
o Catchment area intercepted at the weir site
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The FCC of the Study Area is enclosed as Figure-4.2.

32°48'00"N

32°44'00"N

32°40'00"N

32°36'00°N

076°16'00"E 076°20'00"E 076°24'00"E 076°28'00"E
32°48'00"N
32°44'00"N
32°40'00°N
32°36'00°N
076°16'00"E 076°20°00"E 076°24°00"E 076°28'00"E
N
Scale
e e e e ———_—__ W {1 [ T
Q1 0.0

WAPCOS Limited

Figure-4.2: FCC of the Study Area
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Scoping is a tool which gives direction for selection of impacts due to the project activities on

the environment. As a part of the study, scoping exercise was conducted selecting various

types of impacts which can accrue due to the proposed hydroelectric project. Based on the

project features and site condition, various parameters to be covered as a part of the EIA

study were selected. The results of scoping analysis are presented in Table-4.2.

Table-4.2: Scoping Matrix for EIA study for the proposed Deothal Chanju hydroelectric

project

Aspects of Environment

Likely Impacts

A. Land Environment

Construction phase

Increase in soil erosion

Pollution by construction spoils
Acquisition of land for labour colonies
Solid waste from labour camps/ colonies.

Operation phase

Acquisition of land for various project
appurtenances

Loss of agricultural and forest land

due to submergence

B. Water resources & water quali

ty

Construction phase

Increase in turbidity of nearby
receiving water bodies
Degradation of water quality due to
disposal of wastes from labour,
colony and construction sites

Operation phase

Maodification of hydrologic regime

C. Aquatic Ecology

Construction phase

Reduced productivity due to
increase in turbidity levels as a
result of disposal of effluents from
construction sites.

Operation phase

- Impacts on spawning and breeding grounds
- Degradation of riverine ecology due to
impounding
- Impacts on migratory fish species
Impact on aquatic ecology due to drying of the
river stretch

D. Terrestrial Ecology

Construction phase

- Increased pressure from labour to meet their fuel
wood requirements

- Adverse impacts on flora and fauna due to
increased accessibility in the area and increased
influx of human population

- Loss of forest due to construction of road and
other project appurtenances

Operation phase

Loss of forests in the Project affected area
Impacts on wildlife movement
Impacts on wildlife habitats

WAPCOS Limited
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E. Socio-Economic Aspects

Construction phase

Increased employment potential during the project
construction phase

Development of allied sectors leading to greater
employment

Pressure on existing infrastructure facilities.
Cultural conflicts and law and order issues due to
migration of labour population

Operation phase

Loss of lands and livelihood
Loss of private properties
Impacts on archaeological and cultural
monuments, if any
Impacts on mineral reserves, if any

F. Air Pollution

Construction Phase

Impacts due to fuel combustion in various
construction equipment

- Impacts due to increased vehicular movement

- Fugitive emissions from various sources

- Impacts due to emissions of DG sets

G. Noise Pollution

Construction Phase

- Noise due to operation of various construction
equipment

- Noise due to increased vehicular movement

- Impacts due to blasting

- Increased noise levels due to operation of DG
sets

H. Public Health

Construction Phase

- Increased incidence of water related diseases
- Transmission of diseases by immigrant labour
population

Operation phase

- Increased incidence of vector borne diseases

The various project activities and associated potential environmental impacts on various

environmental parameters have been identified and summarized in a matrix and the same is

outlined in Table-4.3.

Based on the Scoping matrix, the environmental baseline data has been collected. The

project details shall be superimposed on environmental baseline conditions to understand

the beneficial and deleterious impacts due to the construction and operation of the proposed

project. The assessment of impacts shall be done as a part of CEIA study.
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Table-4.3: Matrix for various project activities and associated potential Environmental Impact on various Environmental Parameters

Project Activities Soil & | Geolo Hydrology | Water Air Noise Flora/ Employment | Loss of | Socio-
Land ay quality | quality Fauna source of | culture
income

Construction Phase

Site preparation including tree cutting

V
Earthwork and excavation including v
blasting and drilling

Construction of Diversion structure
across river Deothal Nallah

Construction of underground surge shaft

i
=
=
== =
=

Widening of approach roads

NN N A
=

Disposal of muck and construction
wastes

Transportation of construction materials v v v

==

Operation and  maintenance  of v v v
construction equipment

=

Disposal of sewage and solid waste
from labour camps

Acquisition of private land

Acquisition of forest land

= S ) =

Migration of labour population

Operation Phase Activities

Diversion of water for hydropower v
generation

Equipment maintenance

Disposal of sewage and solid waste
from project colony

SRS N B N
=
=
=

Mushrooming of allied activities
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4.4 DATA COLLECTION

4.4.1 Physico-Chemical Aspects

Primary surveys have been conducted for three seasons namely, monsoon, post-monsoon
and pre-monsoon seasons. The data has been collected for flora, fauna, forest types and
ecological parameters, geological and soil features. During these surveys data and
information was collected on physico-chemical, biological and socio-economic aspects of the
study area. In addition, detailed surveys and studies were also conducted for understanding
bio-diversity in the study area.

As a part of the EIA study, primary data has been collected for three seasons. The details
are given in Table-4.4.

Table-4.4: Details of field studies conducted as a part of CEIA studies

Season Months
Summer May 2014
Monsoon August 2014
Winter December 2014
Geology

The regional geology around the project area highlighting geology, stratigraphy, etc. has
been covered in the EIA Report, as per the available information in the Detailed Project
Report (DPR) of the project.

Hydrology

Hydrological data for river Chanju as available in the Detailed Project Report was collected
and has been suitably incorporated in the EIA study.

Seismo-tectonics

The regional seismo-tectonics around the project area highlighting seismicity has been
covered in the EIA Report, as per the available information in the Detailed Project Report
(DPR) of the project.

Landuse pattern

Landuse pattern of the study area as well as the catchment area was carried out by standard
methods of analysis of remotely sensed data and followed by ground truth collection and
interpretation of satellite data. For this purpose digital satellite data was procured from
National Remote Sensing Agency, Hyderabad, IRS-P6 LISS-IV. The data was processed
through ERDAS software package available with WAPCOS.

Soil

The soil quality was monitored at various locations in the catchment area. The monitoring
was conducted for three seasons as detailed in Table-4.3. The parameters monitored were:

° pH
e Electrical Conductivity
e Organic Matter
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Sodium

Available Phosphorus
Available Potassium
Available Nitrogen

Cation Exchange Capacity
Particle Size Distribution
Texture

Water Quality

Water quality monitoring has been conducted for three seasons as listed in Table-4.4 The
water samples were collected from the Study Area and analyzed for various physico-
chemical parameters, listed in Table-4.5.

Table-4.4: Water quality parameters analyzed as a part of the field studies

pH Zinc
Electrical Conductivity Mercury
Total Dissolved Solids Cadmium
Sulphates Magnesium
Chlorides Lead
Nitrates Manganese
Phosphates Cyanides
Sodium Hardness
Potassium DO

Calcium BOD
Copper COD

Iron Oil & grease
Total Coliform Fecal Coliform

Ambient Air Quality

The ambient air quality was monitored at three locations in the study area. Monitoring was
conducted for three seasons as listed in Table-4.4. The frequency of monitoring at each site
in season was twice a week for four consecutive weeks. The parameters monitored were
PM,s, PMyg, Sulphur-dioxide (SO;) and Nitrogen di-oxides (NO5).

Ambient Noise level

As a part of the EIA study noise level was monitored at various locations in the study area.
Monitoring was conducted for various seasons as listed in Table-4.4. At each station, hourly
noise level was monitored during day time. Further day time equivalent noise level was
estimated.

4.4.2 Ecological Aspects

Terrestrial Ecology

Flora

Data on forest type legal status and their extent in the catchment and study area has been
collected from the forest department. The other relevant data on bio-diversity economically
important species medicinal plant, rare and endangered species in the study area and its

surroundings have been collected from secondary sources like Forest research institute and
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wildlife department. In addition field studies were conducted to collect data on various
aspects in the study area. The sampling sites were selected based on topography and
floristic composition. The various aspects studied were floral density frequency and
abundance of species of trees, shrubs, herbs and grasses. Plants of economical species
and medicinal use and endangered species were also identified as a part of the study. The
monitoring was conducted for various seasons listed in Table-4.4.

Fauna

The faunal assessment has been done on the basis secondary data collected from different
government offices like forest department, wildlife department, fisheries department, etc. 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. In addition review of
secondary data was another source of information for studying the fauna of the area. In
addition, sightings of faunal population during ecological survey and then field studies were
also recorded as a part of the data collection exercise.

Aquatic Ecology and Fisheries

Water samples from river Chanju were also collected as a part of field studies. The density
and diversity of periphyton and phytoplanktons, species diversity index and primary
productivity etc. were also studied. The field studies were conducted for various seasons as
listed in Table-4.3.

The secondary data pertaining to fisheries in Chanju basin was collected from Fisheries
Department and through literature review as well. Fishing was done at various sites in the
project area and river stretches both upstream and downstream of the dam site of proposed
Deothal Chanju hydroelectric project to ascertain the dispersal pattern of fish species.
Identification and measurements of all the fish catch was done and an inventory of the fish
species was also prepared. Various migratory species and the species to be affected due to
conversion of lentic to lotic conditions as a result of commissioning of the proposed project
were also identified.

4.5 SUMMARY OF DATA COLLECTION

The summary of the data collected from various sources is outlined in Table-4.6.

Table-4.6: Summary of data collected for the Comprehensive EIA study

Aspect Mode of | Parameters Frequency Source
Data monitored
collection
Meteorology Secondary Temperature, - India  Meteorological
humidity, rainfall Department (IMD)
Water Secondary Flow, Design | - Detailed Project Report
Resources hydrograph and (DPR)
design flood
hydrograph
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Aspect Mode of | Parameters Frequency Source
Data monitored
collection
Water Quality Primary Physico- Three Field studies for
chemical and seasons monsoon, winter and
biological summer seasons
parameters
Ambient air | Primary PM, s, PMyo, | Three Field studies for
quality SO,, NOx seasons monsoon, winter and
summer seasons
Noise Primary Hourly noise and | Three Field studies for
equivalent noise | seasons monsoon, winter and
level summer seasons
Landuse Primary and | Land use pattern | - NRSA and
secondary Ground truth
Studies
Geology Secondary Geological - Detailed Project
characteristics of Report (DPR)
the study area
Soils Physico- Three Field studies for
chemical seasons monsoon, winter and
parameters summer seasons
Terrestrial Primary and | Floral and faunal | Three Field studies for
Ecology secondary diversity seasons monsoon, winter and
summer seasons
Secondary data as
available  with  the
Forest and Wildlife
Departments
Aquatic Primary and | Presence and | Three Field studies for
Ecology Secondary abundance of | seasons monsoon, winter and
various species summer seasons
Secondary data as
available  with  the
Fisheries Department

4.6 IMPACT PREDICTION

Prediction is essentially a process to forecast the future environmental conditions of the

project area that might be expected to occur because of implementation of the project. An

attempt was generally made to forecast future environmental conditions quantitatively to the

extent possible. But for certain parameters, which cannot be quantified, general approach

has been adopted to discuss such intangible impacts in qualitative terms so that planners

and decision-makers are aware of their existence as well as their possible implications.

Impact of project activities has been predicted using mathematical models and overlay

technique (super-impaosition of activity on environmental parameter). For intangible impacts

gualitative assessment has been done. The environmental impacts predicted are listed as

below:
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- Loss of land.

- Impacts on hydrologic regime.

- Impacts on water quality.

- Increase in incidence of water-related diseases including water-borne and vector-
borne diseases.

- Effect on riverine fisheries including migratory fish species.

- Increase in air pollution and noise level during project construction phase

- Impacts due to sewage generation from labour camps

- Impacts due to acquisition of forest land

- Impacts due to increase in terrestrial and aquatic ecology due to increased human
interferences during project construction and operation phases

4.7 ENVIRONMENTAL MANAGEMENT PLAN AND COST ESTIMATES

Based on the environmental baseline conditions and project inputs, the adverse impacts
were identified and a set of measures have been suggested as a part of Environmental
Management Plan (EMP) for their amelioration. The management measures have been
suggested for the following aspects:

Compensatory afforestation

Establishment of Botanical Garden

Habitat improvement for avi-fauna

Afforestation in degraded areas

Conservation and cultivation of Medicinal Plants
Anti-poaching measures

Provision of facilities in labour camps (Heating, Water Supply, Sanitation & Sewage
Treatment Facilities, Solid Waste Management )

Provision of free fuel to labour population

Public health delivery system

Restoration of quarry sites and landscaping of construction sites
Disposal of Muck and Reclamation of Muck Disposal Sites
Management of Impact due to construction of road

Water pollution control

Control of Air Pollution

Measures for noise control

Greenbelt development plan

Energy Conservation measures

Catchment Area Treatment

Release of Environmental Flows

Fisheries Management Plan

The expenditure required for implementation of these management measures has also
been estimated as a part of the EMP study.

4.8 CATCHMENT AREA TREATMENT PLAN

As a part of the CEIA study, a catchment area treatment plan for the catchment area
intercepted at the project site has been formulated. An amount of 2.5% of the project cost
has been earmarked for implementation of CAT Plan. Various sub-watersheds have been

categorized into different erosion categories, as per Silt Yield Index (SYI) method. For high
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and very high erosion categories, a catchment area treatment plan comprising of
engineering and biological measures has been formulated.

4.9 LOCAL AREA DEVELOPMENT PLAN

As a part of the CEIA Study, a Local Area Development Plan (LADP) has been formulated
for implementation in study area villages. An amount of 1.5% of the project cost has been
earmarked for implementation of Local Area Development Plan (LADP).

4.10 ENVIRONMENTAL MONITORING PROGRAMME

It is necessary to continue monitoring of certain parameters to verify the adequacy of various
measures outlined in the Environmental Management Plan (EMP) and to assess the
implementation of mitigative measures. An Environmental Monitoring Programme for critical
parameters has been suggested for implementation during project construction and
operation phases. The cost required for implementation of Environmental Monitoring
Programme has also been indicated.
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CHAPTER-5

HYDROLOGY
5.1 RAVI RIVER SYSTEMS
River Ravi originates from Bara-Banghal at an elevation of 4229 m above mean sea level,
approximately 150 km North-East of Chamba town. It flows in steep gradient with a series of
loops and bends. The main tributaries of river Ravi include Kalihan, Budhil, Tundah, Suil and
Sewa, which contribute substantially to the stream flow of the river Ravi. Bara-Bangahal
comprises of snow covered slopes at elevation ranging from 3050 m to 5800 m, above mean
sea level. The total length of the course of river Ravi is about 720 km. The river flows in a
north-west direction for most of its course, rises in Baira-Balsio and continues through Traila
and Chanota to Ulans, where it is joined by two of its major tributaries in the head reaches
viz. Budhil and Tundah. Beyond this and up to Chhatrari, the river flows through a narrow
gorge where after it opens out. After passing through Churi, Bagga, Mehla, Chamba and
Udaipur, the river approaches Rajnagar, and then flows in narrow gorge to Sherpur The Siul
River, its largest right bank tributary, joins river Ravi upstream of Chamera stage-| dam site.
The river Sewa flowing from the north joins the river Ravi near Khairi. It then bends to the
south-west and striking the terminal spurs of the Dhauladhar range, separates Chamba from
Jammu and Kashmir and finally leaves the territory of Himachal Pradesh upstream of Ranjit
Sagar Dam (Punjab).

The Deothal Chanju HEP is located on the Deothal nallah, a sub-tributary of Suil Nallah
which is a tributary of the Ravi River.

5.2  CATCHMENT AND PHYSIOGRAPHIC PARAMETERS

The Deothal nallah originates from Khundi Maral Dal lake at an elevation of 3750 m. Deothal
/Chanju nallah from its origin flows mostly in North-westerly direction before it joins Beira
nallah from its right bank near Nakror. Deothal /Chanju nallah is joined by numerous
perennial streams from its left/right bank, prominent streams are seri nallah,Tanger nallah
and Bhararu Nallah on the right bank and Mahed nallah on the left bank. The total length of
the nallah from its origin to confluence with Baira nallah is about 35.16 km. The average
slope of nallah from its origin up to diversion weir of Deothal Chanju HEP is 1:7. From
diversion weir of Deothal Chanju up to diversion weir of Chanju-Ill is 1:8:7. In the upper
reaches i.e. up to the confluence of Tanger nallah, Chanju nallah is called Deothal nallah and
below it is called as Chanju nallah.

The Deothal Chanju HEP envisages utilization of the flows of Deothal nallah. The total
catchment area of Deothal nallah up to the proposed diversion site just downstream of its
confluence with Seri Nallah is 59.84 km?, of which 15.56 km? area is snow bound and lies

above the snow line i.e. 4500 m. The highest point in the catchment is 5685 m. The basin is

WAPCOS Limited 5-1



HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

an elongated leaf shape. There are a few glaciers in the upper part of the Deothal Basin.
There is good forest cover in the basin.

About 95% of the basin lies above 2000 m altitude, which clearly shows that the major part of
the basin experiences moderate to heavy snow fall during winters, however, the non
availability of records on snow precipitation at Tissa or any other station makes it difficult to
assess the snow contribution from the basin.The details of project area are given in Table-5.1
Table-5.1: Details of project area for Deothal Chanju HEP

District Chamba, Himachal Pradesh
Latitude 32°40°13” to 32°42°'06” N
Longitude 76°22'28" to 76°24’'13" E
River Basin Chanju Nallah Basin
Main River Ravi
Catchment Area 59.84 Km”
River Bed Elevation El. 2810.00 m
Hydraulic Structure for diversion Trench Weir

Source: DPR

The Isopluvial map of Himachal Pradesh as brought out by Indian Metrological Department is
shown in Figure-5.1. The project location is shown in the map, which indicates that the

average rainfall in the project area is between 1400-1500 mm.
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Figure-5.1: Isopluvial Map of Himachal Pradesh
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5.3 HYPSOMETRIC DETAIL
The hypsometric details of Deothal Chanju HEP are given in Table-5.2 and Figure-5.2.
Table-5.2: Hypsometric Details of Deothal Chanju HEP Catchment Area.

Elevation (m) Catchment Area (kmz) Percentage of catchment
area (%)
5400 58.5 100
5200 57.74 98.71
5000 56.81 97.12
4800 52.93 90.48
4600 47.07 80.47
4400 40.04 68.45
4200 30.26 51.73
4000 21.36 36.52
3800 14.59 24.95
3600 9.92 16.96
3400 6.27 10.72
3200 2.28 3.9
3000 0.53 0.91
6000.00
5000.00
E 4000.00
2 3000.00
=T
e
o 2000.00
1000.00
0.00
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Figure: 5.2 Hypsometric Curve of Deothal Nallah.

5.4 GAUGE & DISCHARGE DATA

For water availability study, a 14 year discharge data series was used, which included
discharge data at Bhaled for a period of 10 years between June 1964 and May 1978 and
discharge data at Kathwar (near Gheya village) for a period of 4 years (June 2003 — May
2007) for Chanju Nallah. The discharge data was missing for a short period which was filled
in by smoothening hydrographs and taking the mean of the observed data of corresponding
blocks of different years. The discharge data of 4 years (1968-71 and 1974-75) from Bhaled
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was dropped due to non-availability of sufficient data. The details of availability of discharge
data are given in Table-5.3

Table-5.3: Available discharge data for Deothal Chanju HEP
S. No. Catchment Area (km?) Data Used
1 378 10 years

(June 1964 — may 1978, except 1968-71
and 1974-75)
2 320 4 years

(June 2003 — May 2007)

Source: DPR

The observed G&D data of all the relevant stations are being put to validation/consistency
checks to ascertain the consistency/stability of observed data for using it further for the
finalization of water availability at project diversion site. The following analysis has been
carried out to ascertain the consistency of the Hydro-Meteorological data.

Mass curve of annual observed flow

Comparison of long-term averages of 10-daily observed flow of G &D stations
Comparison of Specific Yield at G&D Stations

Regression analysis of observed discharges

55 WATER AVAILABILITY

Long term 14 years Discharge Series (1964-1968, 1971-1978, 2003-04 to 2006-07) at
Deothal Chanju HEP has been derived from the 14 year observed discharge data series at
the diversion site of Bhaled Weir site and Kathwar site by reducing the 10 daily discharges
on catchment area proportion basis. The catchment area of Chanju Nallah basin upto Bhaled
is 378 km?, while catchment area at Kathwar site is 320 km?.

The catchment area of Deothal Nallah at the diversion site of Deothal Chanju HEP is 59.84

km?.

Catchment area of Deothal Chanju Nallah at diversion site = 59.84 km?

Catchment area of Chanju Nallah at Bhaled weir site =378 km?

Catchment area of Chanju Nallah at Kathwar site =320 km?

Catchment area factor (Bhaled) =59.84/378
=0.1583

Catchment area factor (Kathwar) = 59.84/320
=0.187

The proposed project is a run of the river scheme, a minimum hydrological data of 10
years as per the guidelines issued by CWC is required.
The 10 daily discharge data at Deothal Chanju HEP site for 50%, 75% and 90% dependable

year is given in Table-5.4.
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Table-5.4: 10-daily discharge data at Deothal Chanju HEP site for 90% dependable
year

90% Dep. 75% Dep. 50% Dep.

Month PERIOD 2003-04 1964-65 1971-72
I 2.59 3.88 3.23
June Il 3.05 4.06 3.85
11 3.40 4.39 4.64
I 3.92 4.75 5.68
July Il 3.85 5.15 4.72
11 5.98 5.47 5.81
I 4.39 5.71 8.74
August Il 3.66 4.57 7.81
11 3.30 2.53 7.70
I 3.02 2.36 7.37
September Il 2.37 1.81 5.53
11 1.93 2.51 2.96
I 1.58 1.93 0.59
October Il 1.39 1.36 0.49
11 1.22 1.14 0.53
I 1.05 0.97 0.86
November Il 0.97 0.88 0.76
11 0.90 0.83 0.76
I 0.85 0.80 1.00
December Il 0.81 0.86 0.85
11 0.79 0.74 0.88
I 0.79 0.69 0.51
January 1l 0.77 0.69 0.50
11 0.74 0.65 0.64
[ 0.81 0.99 0.68
February Il 0.86 1.05 0.94
11 1.10 0.98 0.74
[ 1.27 1.18 3.51
March Il 1.32 1.30 3.88
Il 1.34 1.42 4.29
I 1.30 1.78 3.89
April Il 1.40 2.72 4.47
11 1.74 3.06 4.48
I 2.02 2.92 4.52
May Il 1.90 2.82 4.11
11 1.95 3.87 3.62

Source: DPR

5.6 DESIGN FLOOD
The observed flood peak values for number of years are not available; the design flood

has been assessed by empirical methods as these methods are only available for such

WAPCOS Limited 5-6




HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

small catchments. Design flood estimation methods/reports given by Central Water
Commission (CWC) are not applicable for such small catchments.The design flood of 1 in 50
year probability has been worked out 195.6 cumec by Dickens method and the design flood
of 1 in 100 year probability has been worked out 217 cumec by Fuller’s formula. Design flood
of 217 cumec has been used for the design of diversion structure. The rated discharge for
power generation is considered as 5.70 cumec.

5.7 CONCLUSION

Deothal Chanju being a small hydro project 75% dependable year shall be considered as
design flow series. It is to be noted that the size of the main water conducting components
is governed by the minimum constructible sizes and there is not likely to be any difference
between the size of structural components design for 90% and 75% dependable year
flows, as such the selection of 75% dependable year will not affect the overall

project cost.
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CHAPTER-6

TOPOGRAPHICAL, GEOLOGICAL AND SEISMOLOGICAL ASPECTS
6.1 INTRODUCTION
The Deothal Chanju HEP is envisaged as run of the river scheme by diverting the water of
Deothal khad through a trench weir, underground de-silting chamber, HRT, Fore bay
followed by Penstock and underground power house located on the left bank of Deothal
khad.
6.2 PHYSIOGRAPHY AND DRAINAGE
The project area is a part of Chamba Valley and is characterized by rugged topography
comprising high ranges, deep valleys, escarpments and cliff faces. The area constitutes a
part of great Himalayan ranges; older folded cover sequence and crystalline complex
overprinted by Himalayan fold thrust movement, covering a Baira nala and its tributary viz
Chanju Nala and Deothal nala. The altitude of the area varies between 2500m and 6000m
with several peaks projecting over 6000m above mean sea level. The mountains are bare
along the upper reaches whereas they are forest covered along the lower slopes. The Ravi
river is a major river of the Indus Basin, originating from the Great Himalayan and PirPanjal
ranges. The river formed by two major tributaries in the upper reaches i.e. Baira nallah and
Siul. The terrain in the upper reaches of tributaries shows typical glacial landscape
characterized by rugged towering peaks, cirque glaciers and moranic deposits. There are
also thick and extensive alluvial fans. At the higher reaches of the valley, the thickness of
colluvium cover varies from a few meter to 10 meter but in the lower portions it could be
even upto +20 to 30m in a few stretches. These tributaries show sub dendritic to trellis
pattern of drainage. The Baira nallah and its tributary Chanju nallah which is called Deothal
nallah in the upstream has NS trending ridges and valleys. The Eastern slopes are mostly
dip slopes wuith 35 degree to 45 degree whereas the Northern slopes are obsequent slopes
forming high ridges and steep slopes. The gentle slopes are covered with glacial moronic
deposits. The lower reaches are occupied by river deposits forming river terraces. The steep
slopes are covered with talus and screep forming a small talus cones. These deposits are
guaternary to recent in age. The valleys where river terraces are available have been
modified and have been used as cultivated land. The slopes are generally covered with thick
forest and are stable in nature. The landslides are rare and have been initiated by human
interference such as construction of roads and buildings.
The proposed hydroelectric project is located in high mountain valley with an altitude ranging
from El £1650 meter to El +2800 meter. Further Deothal Chanju valley is surrounded by
4000 to 5300 meter high Mountain and experiences heavy snow fall. The area around the

weir site has moderate avalanche vulnerability. However, in the vicinity of the project site
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heavy avalanches are not observed. The higher reaches of the slopes on either side of the
Chanju nallah have a number of glaciers which forms the perennial source of discharge in
tributaries.

6.3 REGIONAL GEOLOGY

The Himalayas is the product of the collision tectonics, where the Indian plate collided with
the Eurasian plate. The timing of this event is constrained by number of datasets, which
gives an age range of ~70~38 Ma and even younger, but most commonly quoted age of
collision is 55-50 Ma. Since the work of Gansser (1964), the most of the workers have
divided the Himalayas into a series of longitudinal litho-stratigraphic domains separated by
major dislocation zones / tectonic elements as shown in Figure 6.1. MBT-Main Boundary
Thrust, MCT-Main Central Thrust, MFT-Main Frontal Thrust, ITSZ-Indus-Tsangpo Suture
Zone, STDZ-South Tibetan Detachment Zone, MMT-Main Mantle Thrust, NB-Namcha
Barwa, GT-Gangdese Thrust, HKS-Hazara-Kashmir Syntaxis, NP-Nanga Parbat,
NS-Northern Suture, SR-Salt Range, LB-Ladakh batholith.
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Figure-6.1: Location map o of Himalaya region showing broad litho-tectonic units
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Sub Himalayas

The sub-Himalayas is composed of Paleogene and Neogene sediments eroded from the
rising orogen and deposited i in the peripheral foreland basin in front of thhe mountain belt.
The sub-Himalayas is thrust along the Main Frontal Thrust (MFT) over Quaternary alluviums
deposited by the Himalaya rivers. This demonstrates that the Himalayas are still a very
active orogen (Dezes, 1999).

Lesser Himalayas

The Lesser Himalayas separated from the Siwalik basin or sub Himalayas by a major thrust
plane and is composed of little modified sedimentary rocks of Mesop proterozoic to Lower
Cambrian age with several window of fossili ferous Cretaceous and Tertiary rocks (Shankar
et al.,, 1989). The deep erosion of the over thrust metamoorphics have bifurcated the
sub-thrust sedimentary zones into two distinct belts: the Shali Belt and the
Larji-Kullu-Rampur window. This belt also incorporates the syncliinally folded Krol Belt, south
of Shimla. The allochthonous Himalayan Metamorphic Belt (HMB) of regional dimensions
forms the e JutoghNappe in the frontal parts of Lesser Himalaya. The Nappe is thrust
southwestward along the folded Jutogh thrust.

Higher Himalayas

The Higher Himalayan domain overlies the Lesser Himalaya and is compospd of medium to
high-grade crystalline rocks, commonly referred to as the Higher Himalayan Crystalline
(HHC). These are dominantly of pelitic composition, with sporadic quartzites, calc-silicate
rocks, metabasics and small bodies of granite. The HHC is separated from the Lesser
Himalayas by the Main Central Thrust (MCT), one of the major tectonic elements of the
Himalayas.

Tethys Himalayas

The Tibetan or Tethys Himalayan zone is composed of Cambrian to Paleocene sediments
(the Tibetan sedimentary series) deposited on Indian continental terrace, unconformably
overlain by the Chulung La collisional deposits (Najman and Garzanti, 2000) The transition
between the generally low-grade sediments of the Tethys Himalayas and the underlying low
to high-grade metamorphic rocks of the Higher Himalayan crystalline sequence is usually
progressive, yet, in many places along the Himalayan belt, this transition zone is marked by
a major extensional structure, the Central Himalayan Detachment System (Dezes, 1999).
Indus Suture Zone

The Indus Suture Zone marks the earth segments where the Indian and Eurasian plate is
believed to have collided. Deep water continental rise sediments are found in this zone, and
the Trans-Himalayan accretionary complexes is made up of Ophiolitic Melange, volcanic

Melangerocks of the island arc type composition (DrasVolcanics) and sedimentary prism
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reflecting deposition in a fore arc setting (Searle, 1983; Garzanti and Van Haver, 1988).
Trans-Himalayan Zone

The Trans-Himalayan zone lies to the north of the Tethyan zone, locally called as Ladakh
batholiths, which correspond essentially to an active margin of the Andean type, and is made
up of Upper Cretaceous to Eocene calc-alkaline plutons (Le-Fort, 1996).

6.4 REGIONAL TECTONICS

Starting from Indo-Gangetic and Brahmaputra basin, from south to north, the Himalaya belt
can be divided in the following major structural elements.

Main Frontal Thrust (MFT)

The active Main Frontal Thrust lies to the south of Himalaya, separating from
Indo-Gangetic foreland basin in south (Power et al., 1988) and along this active structure
sub-Himalya is thrust towards the southwest over the Quaternary fluvial deposits.

Main Boundary Thrust (MBT)

The Main Boundary Thrust (MBT) often parallels the Krol thrust in some part of Himalaya
and was active in the Middle to late Miocene times (Hodges et al., 1988; Meigs et al., 1995)
or possibly also in the Pliocene (De-Celles et al., 1998). These thrust related activities
apparently dislocated the Lesser Himalayan meta-sedimentary pile and moved them over
the sub-Himalayan formations. The Main Boundary Thrust (MBT) in the north and Himalayan
Frontal Thrust (RFT) in the south bound sub-Himalayan sedimentary prism.

Main Central Thrust (MCT)

This structure is one of the most important tectonic elements associated with the
Himalayan orogen as it separates the high-grade metamorphic rocks of the High
Himalayan Crystalline Sequence from the weakly metamorphosed series of the Lesser
Himalaya (Dezes, 1999). Along the Main Central Thrust, high-grade crystalline rocks and
granitoids of the higher Himalaya are seen overriding the low-grade Proterozoic rocks of
the Lesser Himalaya. This led to further convergence of India with the Eurasia
consequently the thrust belt was propagated southward (Najman and Garzanti, 2000).

South Tibetan Detachment System (STDS)

The South Tibetan Detachment System (STDS), also called North Himalayan Shear Zone
(NHSZ), represents a major system of north-dipping structural detachments at the boundary
between the High Himalayan Crystalline Sequence (HHCS) and the Tethys Himalaya
(Dezes, 1999). This structure was first identified by Caby et al. (1983) and Burg
(1984).Deformation along this structure was accommodated either by dextral strike-slip or by
extensional shearing. Unlike the MCT, the STDS are not a continuous structure along the

entire Himalayan belt (Dezes, 1999).
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6.5 GEOLOGY OF THE PROJECT AREA

Weir

The Deothal Chanju weir is located in a wide open U shape valley, with gentle sloping
abutment at an El £ 2810m. The weir site is mainly occupied by the rocky abutment on the
left bank forming a steep slope, occupied by Quatzitic Phyllite. Whereas the right bank
consists of moderate slope and is covered with talus and scree. The depth of overburden in
centre of the nala is covered of the order of 15 to 20 m. The confluence of Seri nala with
Deothal Khad is in the upstream of the weir axis there is no exposed bed rock at the
confluence of two streams. The weir axis is oriented is N 50° west direction. The Quartiztic
Phyllite trending N 20° E S 20° W and dipping 10°to 20°in S 20°E direction. The construction
of weir site at this location will require slope stability measures on the right bank in addition
additional supports in the form of ribs and channels to protect the weir site from incoming
glacial avalanches and moraine debris will be required.

Intake and Sedimentation Chamber

The intake and sedimentation chamber has been proposed on the left bank in the exposed
bedrock comprising Quartzite, Quartzitic Phyllite, Diametric and Phyllite inter bands. The
general trend of foliation N 20°E to S 20°W with 10°to 20°dipping in S 20°E direction and
from sets of joints as given above. The underground de-silting arrangement is connected
with the weir site by open channel and underground intake tunnel. The portal of the
underground intake tunnel is located in hard fresh rock mass. However it requires slope
stabilizing measure like rock bolting and shotcrete at the face of the portal. The de-silting
chamber is located in hard and fresh Quartzite, quartzitic Phyllite and Diamictite bands.
Head Race Tunnel

The head race tunnel after the underground sedimentation arrangement is proposed on the
left bank of the Deothal khad in highly rugged terrain with steep escarpments and highly
dissected valleys. The rock is exposed all along the ridges with very thin overburden cover of
tallus and scree. The slopes are thickly forested. The head race tunnel has a general trend
of N 40° W S 40° E with several bends necessitated due to geomorphic depressions. The
head race tunnel in the bed rock will have in general a cover varibing form 33 m at the
glacier nala crossing to more than 253 m at some places. No major streams cross the head
race tunnel alignment. Only two small streams are present having steep gradient from where
snow fed water trickle down. The rock mass comprising Quartzite, Phyllitic quartzite and
Phyllite with Diamictite bands are expected to be expose in the tunnel excavation. The
general trend of foliation in N 20° ES 20° W dipping 20 SE directions. There are four
prominent joint sets are present in the area. The rock mass is hard fresh and competent.

The tunnel is expected to encounter moist to dripping condition in its entire length. The

WAPCOS Limited 6-5



HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

contact of Phyllite with Quartzite or Diamictite is expected to encountered moderate to heavy
seepage. The synclinal axis of the folds and shear seams will encounter moderate to heavy
seepage and difficult tunnelling condition.

Forebay

The underground Forebay is located at EL + 2793.0 m and will encounter Quartzitic Phyllite
and Quartzite interbands as observed in the exploratory drill hole. The rock mass condition is
fair to good tunneling media.

Pressure Shaft

The underground pressure shaft has been proposed at 90° and will encounter with Phyllite
partings and will encounter fair to good tunnelling media.

Power House

The proposed underground Power house of Deothel Chanji HEP is located on the left bank
of Deothal khad at EL+2121 m up stream of the Chanju Ill HEP. The underground power
house cavern is tentatively kept at around 100 m inside the rock mass and will have e
vertical cover of more than 200 m. The exposed rock in the area is Phyllitic Quartzite,
Quartzite and Diamictite with Phyllite parting. The general trend of foliation is N 30°W S 30°E
with 40°to 45°south westerly dip. The alignment of the power house cavity has been
tentatively selected taking into consideration the geometry of the structural continuity in the
rock mass.

Quarry Sites

The construction material survey has been carried out in the vicinity of the Seir nallah up
stream of the weir site. The river bourne material present in the nallah is expected to be
used as coarse aggregate. The fine aggregate will be mined locally or may be used as
crushed sand.

6.6  SEISMICITY AND SEISMOTECTONICS

The Himalayas is the product of the collision of the Indian plate with the Eurasian plate,
where Indian plate is under thrusting beneath the Eurasian plate. The collision tectonics
resulting in progressive progradation of thrust sheets like the Main Central Thrust (MCT),
Main Boundary Thrust (MBT) and the Himalayan Frontal Thrust (HFT). The contemporary
deformation styles and the seismicity in the Himalaya are related to this continued collision
tectonics resulting in strain builds up along discrete tectonic surfaces and transverse
features causing segmented blocks. On the basis of well constrained focal depths of many
moderate earthquakes in the tectonic domain between the MBT and MCT, the focal
mechanism of discrete events and neotectonic adjustments, many workers have postulated
that in the Main Himalayan seismic belt, the events are related to the thrust type of faults.

Two seismo-tectonic models, one Steady State Model proposed by Seeber and Armbruster,
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(1981) and another, the Evolutionary Model proposed by Ni and Barazangi, (1984) and
minor modifications, have been in use to explain the high seismic status of the Himalaya.
Seeber and Armbruster, (1981) have identified two separate seismogenic domains. One
related to the interplate detachment surface, dipping at low angles towards north beneath
the Tethyan slab, and the source for the Great Himalayan Earthquakes like the Kangra event
of 1905. The other domain is the thrust type of deformation style located between the MCT
and MBT, the Basement Thrust Front (BTF). It has also been postulated that the
Detachment surface and the MCT and related thrust surfaces, which are steeper than the
detachment surface merge beneath the Great Himalayan Range.

The most referred conceptual tectonic model of the Himalayan Seismic Belt (HSB), the
seismic zone within the MBT and MCT, suggests that below the Main Central Thrust (MCT)
lies the Basement Thrust Front (BTF), a ramp. The ramp is a geometrical asperity on the
plane of detachment, which accumulates the stress due to collision tectonics in the
Himalaya, and it was suggested that the great earthquakes occurred on the plane of
detachment. The plane of detachment separates the Indian shield and the Himalayan
sedimentary wedge; some authors named it Main Himalayan Thrust (MHT).

The Himalayan Seismic Belt generated several large and great earthquakes based on which
a conceptual tectonic model was envisaged. The Himalayan tectonic model fits fairly well
with the Western Himalayan seismicity to the north of MBT, where earthquakes occur on the
MHT at shallower (<20 km) depth. The four great earthquakes that occurred to the south of
MBT, however, do not fit into this model. It is argued that these events are not on the MHT,
each occurred at a deeper depth in different tectonic domains.

The Chamba valley area encompassing the proposed Chanju Ill and Deathal Chanju HEP’s
is located in highly seismic Central Himalayas. Tectonically, the region is located in Main
Himalayan Tectonic Belt bounded by Indus Suture Zone (ISZ) in the north and Main
Boundary Fault—(MBF-1) in south. Most important tectonic plane within this belt is Main
Central Thrust (MCT). However, its position in the area between the rivers Beas and Chenab
has not been clearly demarcated. The other feature of tectonic importance in this belt is the
Vaikrita Thrust. The tectonic zone south of Main Himalayan Belt is Frontal Fold Belt
demarcated in north by MBF1 and in south by Foot Hill Thrust (FHT). The important tectonic
surfaces in this zone include MBF-II, Jwalamukhi Thrust and MBF-Ill apart from several
transverse faults. From seismotectonic point of view, the project area falls on the western
margin of Kangra Seismic Block of Narula (1991) which is demarcated by Ravi Tear in west
and Sunder Nagar Fault in east. The earthquake catalogue of IMD indicates that the
concentration of magnitude >4<5 earthquakes is maximum in 'the area, being 71% of total

recorded events between latitude 32°-34°and longitude 75°-78°. The catalogue also
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indicates that after 1964, when worldwide seismic network was established, a total of 83
earthquakes were recorded up to March, 1995 in the above mentioned area. The percentage
of earthquakes with magnitude >4<5 was 75, those with magnitude >5<6 were 14% and rest
of the events had greater magnitude.

6.7 TECTONIC SETUP OF PROJECT AREA

The proposed Deothal Chanju & Chanju Il hydroelectric project is situated in between MCT
and STDS in broad tectonic framework of the Tethyan Himalayas and Central Crystalline
sequences. In NW Himalayas the Main Central Thrust is disposed as window and Klippe
structures. The Kishtwar Window is located towards NW of the project area, while
Kullu-Largi Rampur Window in SE direction. Towards south in Chamba region, the MCT run
more or less parallel to MBT in NW-SE direction. The Shimla Klippe is significant adjunct to
this thrust. Other tectonic element like MBT and HFT lies further south of MCT while STDS

and Zanskar shear zone towards north of the project area.
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CHAPTER-7

BASELINE SETTING FOR PHYSICO-CHEMICAL ASPECTS
7.1 GENERAL
Before start of any Environmental Impact Assessment study, it is necessary to identify the
baseline levels of relevant environmental parameters which are likely to be affected as a result
of the construction and operation of the proposed project. A similar approach has been adopted
for conducting the EIA study for the proposed Deothal Chanju hydroelectric Project. A Scoping
Matrix as outlined in Chapter-4 was formulated to identify various issues likely to be affected as
a result of the proposed project. Based on the specific inputs likely to accrue in the proposed
project, aspects to be covered in the EIA study were identified. The other issues as outlined in
the Scoping Matrix were then discarded. Thus, planning of baseline survey commenced with
the shortlisting of impacts and identification of parameters for which the data needs to be
collected. The baseline setting for physico-chemical aspects have been covered in this
Chapter.
7.2 METEOROLOGY
Temperature
There are no temperature records available at the proposed diversion site. Some records
are available at Chamba town, which is located about 80 km southwest of the proposed
diversion site. The temperature records at Chamba shows that mean monthly temperature at
Chamba varies between 5.2°C (January) and 32.5°C (May). The elevation of Chamba is 920
m, whereas the elevation of Deothal Chanju diversion site is 2810 m. Furthermore, the
catchment area of the Deothal Chanju HEP is located at a much higher elevation (between
2810 m to 5000 m). Thus, the average temperatures would be even lower in the
basin. Therefore, temperatures at the diversion site would be relatively lower than Chamba.
The temperature data available at Chamba is presented in Table 7.1 and depicted in Figure-
7.1.

Table-7.1: Daily Maximum and Minimum Temperatures at Chamba

S.No. Month Daily Max (°C) Daily Min (°C)
1 January 15.2 5.2
2 February 16.1 5.9
3 March 22.3 10.6
4 April 28.6 14.6
5 May 32.5 17.8
6 June 304 22
7 July 30.4 22
8 Auqust 28.8 21.2
9 September 29.1 18.1
10 October 27.1 12.6
11 November 22.5 8.5
12 December 18.3 5.9
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Figure-7.1: Daily maximum and minimum temperatures at Chamba
Humidity
The relative humidity is generally high in the monsoon season, being over 80%. In the post
monsoon and winter seasons the humidity is less. The summer month are generally the
driest part of the year.
Precipitation Characteristics
The precipitation in the catchment takes place in the form of snow and rain. The catchment
receives rains from June/July to September due to the south-west monsoon. In this basin,
little rainfall is observed during winter (November-February) and spring (March-April)
season. The precipitation during winter is mostly in the form of snow, primarily attributable
to western disturbances that pass over the north-west part of the country during this period.
There is no rain gauge in the catchment.
The annual average rainfall at Tissa is available from 1960-2002, except for 4 years
(1968,1973, 1980, 2002). The annual rainfall observed at Tissa is 1050.70 mm, ranging
between 292.00 and 2178.8 mm. The elevation of Tissa rain gauge station is 1550 m. There
is no snow gauge in the basin. About 95% of the basin lies above 2000 m altitude, which
clearly shows that the major part of the basin experiences moderate to heavy snow fall
during winters. However, non availability of records on snow precipitation at Tissa or any
other station makes it difficult to assess the snow contribution from the basin.
7.3 SOILS
Soil is the product of geological, chemical and biological interactions. The soils in the region
vary according to altitude and climate. The soil in the project area and study area are young
like any other region of Himalayas. The vegetal cover is one of the most important
influencing factors characterizing the soil types in a region and vice-versa. Soil on the slope

above 30° due to erosion and mass wasting processing, are generally shallow and usually
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have very thin surface horizons. Such soils have medium to coarse texture. Residual soils
are well developed on level summits of lesser Himalayas, Sub-soil are deep and heavily
textured.

As a part of field studies, soil depth at various locations in the catchment area ranged from
20 to 50 cm. The sampling locations are listed in Table-7.2 and depicted in Figure-7.2. The
results of the analysis of soil sampling conducted for summer (May, 2014), Monsoon
(August 2014) and winter (December 2014) seasons are given in Tables-7.3 to 7.5

respectively.

Table-7.2: Details of Locations of Soil Sampling

Sampling Code | Location Type of Land

S1 Village Kulpari, Downstream of Deothal Trench Weir | Agriculture Land
and upstream of Chanju -1l trench weir, Right Bank

S2 Dantoi Village, Power House of Deothal Chanju, | Agriculture Land
Upstream of Chanju-lll Right bank

S3 Village kulpari Agriculture Land

S4 Dodi Vilage, Power house of Chanju-lll, | Agriculture Land
downstream of Deothal Chanju, Right Bank

S5 Dodi Village, Power house of Chanju-lll, | Agriculture Land
downstream of Deothal Chanju, Right bank

Soil Sampling Location Soil Sampling Location
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Table-7.3: Results of soil sampling analysis of study area for summer season

S. Parameters Stations

No. S1 S2 S3 S4 S5

1. pH Value 7.42 7.50 7.38 7.67 7.66

2. Bulk Density, g/cm?® 0.78 0.79 0.76 0.93 0.86

3 Conductivity, millimohs/cm | 0.938 0.451 0.460 0.322 0.298

4 Sodium (as Na), mg/kg 190.71 76.68 71.94 80.94 104.05
5 Potassium (as K), mg/kg 1835.60 | 2044.08 | 2506.61 2556.77 3228.17
6. Texture Clay Clay Clay Clay Clay
Table-7.4: Results of soil sampling analysis of study area for monsoon season

S. Parameters Stations

No. S1 S2 S3 S4 S5

1. pH Value 7.41 7.45 7.35 7.61 7.58

2. Bulk Density, g/cm® 0.76 0.73 0.79 0.89 0.82

3 Conductivity, millimohs/cm | 0.912 0.489 0.442 0.335 0.306

4 Sodium (as Na), mg/kg 170.56 79.65 72.36 73.65 97.56

5 Potassium (as K), mg/kg 1801.35 | 2010.35 | 2489.25 2456.32 3142.25
6. Texture Clay Clay Clay Clay Clay
Table-7.5: Results of soil sampling analysis of study area for winter season

S. Parameters Stations

No. S1 S2 S3 S4 S5

1. pH Value 7.25 7.36 7.41 7.52 7.51

2. Bulk Density, g/cm® 0.74 0.71 0.77 0.85 0.84

3 Conductivity, millimohs/cm | 0.986 0.541 0.440 0.401 0.312

4 Sodium (as Na), mg/kg 165.23 81.42 78.71 71.12 103.46
5 Potassium (as K), mg/kg 1912.46 | 2536.12 | 2672.13 2132.30 3012.40
6. Texture Clay Clay Clay Clay Clay

The pH of the soil is in neutral range. The low EC values indicate low salt content. The levels

of nutrients indicate that the soil has low to moderate productivity. The continuous washout

of nutrients along with runoff as a result of high precipitation and steep slopes can be

attributed for this phenomenon.

7.4

WATER QUALITY

There are no major sources of organic pollution loading in the catchment intercepted at the

project site. The Catchment has low population density with low cropping intensity. The low

cropping intensity coupled with low agro-chemical dosing also means that the pollution load

due to agro-chemicals is quite low. The absence of industries implies that there is no

pollution load from this source as well.

As a part of the field studies, water samples were collected at various locations in the study

area. The sampling locations are listed in Table-7.6 and shown in Figure-7.2.. The results of

the analysis of Water sampling conducted for summer (May, 2014), Monsoon (August 2014)

and winter (December 2014) seasons are given in Tables-7.7 to 7.9 respectively. The

drinking water quality standards are diven in Table-7.10.

WAPCOS Limited
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Table-7.6: Details of Locations of Water Sampling

EIA Report for Deothal Chanju HEP, Chamba, HP

Sampling Code Location

W1 Right Bank,Jharna water, Village kulpari

W2 Downstream of Deothal trench Weir, Tanged Nala
W3 Upstream of Chamiju-lll Trench weir, Chanju Nalla
W4 Downstream of Deothal trench Weir, Haled Nala
W5 Deothal Chanju river Deothal Chanju power house

Water Sampling Location

Water Sampling Location

Table- 7.7: Water quality in the study area for Summer season

Parameters Stations

w1 | w2 W3 | w4 W5
pH Value 7.39 8.10 7.93 7.95 7.40
Electrical Conductivity, pS/cm 98.0 296.0 260.0 254.0 133.3
Total Alkalinity (as CaCO3), mg/I 20.20 60.60 52.52 52.52 27.2
Chloride (as ClI), mg/I 4.22 4.22 4.22 4.22 4.32
Total Hardness(as CaCQOs), mg/l 20.0 92.0 80.0 80.0 75.0
Calcium (as Ca), mg/| 4.80 25.65 25.65 20.84 22.11
Magnesium (as Mg), mg/I 1.94 6.80 3.88 6.80 3.10
Nitrate (as NOg), mg/I 0.12 0.18 0.14 0.14 0.15
Sulphate (as SO,), mg/| 2.66 25.71 26.47 19.81 20.12
Iron (as Fe), mg/l 0.02 0.02 0.02 0.02 0.02
Phosphate (as PO,), mg/l <0.04 <0.04 <0.04 <0.04 <0.04
Total Silica (as SiO,), mg/l 7.10 3.40 2.50 3.20 3.10
BOD (3 days at 27°C), mg/I 0.2 0.4 0.2 0.2 0.2
COD, mg/I 0.8 1.0 0.8 0.7 0.8
Qil & Grease, mg/l <2.0 <2.0 <2.0 <2.0 <2.0
Total Suspended Solids, mg/| 2.0 2.0 2.0 2.0 2.0
Sodium (as Na), mg/I 4.60 2.80 3.66 1.60 2.12
Potassium (as K), mg/l 1.80 0.32 0.82 0.08 0.91
Phenolic Compounds (CsHsOH), mg/l | <0.001 <0.001 | <0.001 <0.001 | <0.001
Arsenic (as As), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Total Chromium (as Cr), mg/I <0.01 <0.01 <0.01 <0.01 <0.01
Mercury (as Hg), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Copper (as Cu), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Zinc (as Zn), mg/l 0.02 0.04 0.02 0.02 0.02
Cadmium (as Cd), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Lead (as Pb), mg/| <0.01 <0.01 <0.01 <0.01 <0.01
Dissolved Oxygen, mg/| 8.0 8.2 8.6 7.8 8.1
Coliform, MPN/100 ml Absent Absent | Absent Absent | Absent

WAPCOS Limited

7-6




HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

Table-7.8: Water quality in the study area for monsoon season

Parameters Stations

w1 W2 W3 W4 W5
pH Value 7.51 8.02 7.81 7.85 7.46
Electrical Conductivity, uS/cm 94.3 281.0 252.0 234.0 126.3
Total Alkalinity (as CaCO3), mg/I 22.31 54.36 48.12 41.36 45.62
Chloride (as Cl), mg/l 4.10 4.12 4.03 4.13 4.01
Total Hardness(as CaCOs3), mg/l 12.3 78.2 74.3 71.2 61.2
Calcium (as Ca), mg/| 4.42 24.36 22.36 18.63 18.63
Magnesium (as Mg), mg/I 1.65 6.12 3.12 5.65 2.95
Nitrate (as NO3), mg/I 0.10 0.13 0.11 0.10 0.12
Sulphate (as SO,4), mg/l 2.14 21.31 21.56 17.89 16.35
Iron (as Fe), mg/l 0.02 0.02 0.02 0.02 0.02
Phosphate (as PO,), mg/l <0.04 <0.04 <0.04 <0.04 <0.04
Total Silica (as SiO,), mg/l 6.25 3.12 2.10 3.10 2.94
BOD (3 days at 27°C), mg/! 0.3 0.3 0.4 0.2 0.3
COD, mg/I 0.7 1.1 0.9 0.6 0.8
Oil & Grease, mg/| <2.0 <2.0 <2.0 <2.0 <2.0
Total Suspended Solids, mg/I 2.0 2.0 2.0 2.0 2.0
Sodium (as Na), mg/I 4.50 2.10 3.43 1.41 2.05
Potassium (as K), mg/l 1.61 0.28 0.71 0.13 0.81
Phenolic Compounds (CsHsOH), mg/I <0.001 <0.001 | <0.001 <0.001 | <0.001
Arsenic (as As), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Total Chromium (as Cr), mg/I <0.01 <0.01 <0.01 <0.01 <0.01
Mercury (as Hg), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Copper (as Cu), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Zinc (as Zn), mg/l 0.02 0.04 0.02 0.02 0.02
Cadmium (as Cd), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Lead (as Pb), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Dissolved Oxygen, mg/| 8.3 8.4 8.2 7.9 8.0
Coliform, MPN/100 ml Absent Absent | Absent Absent | Absent
Table-7.9: Water quality in the study area for winter season
Parameters Stations

w1 W2 W3 W4 W5
pH Value 7.48 8.12 7.62 7.65 7.25
Electrical Conductivity, uS/cm 92.6 246.7 249.2 238.4 121.5
Total Alkalinity (as CaCO3), mg/| 40.20 90.4 94.6 68.2 62.5
Chloride (as CI), mg/I 4.12 4.16 4.08 4.18 4.05
Total Hardness(as CaCQOs), mg/l 24.4 77 81.8 54.0 48.5
Calcium (as Ca), mg/| 6.72 21.30 28.64 12.82 14.64
Magnesium (as Mg), mg/I 1.60 6.12 2.14 5.60 3.12
Nitrate (as NOz), mg/I 0.11 0.12 0.11 0.12 0.12
Sulphate (as SO,), mg/| 2.35 20.34 28.51 14.75 12.30
Iron (as Fe), mg/l 0.01 0.02 0.01 0.02 0.02
Phosphate (as PO,), mg/l <0.04 <0.04 <0.04 <0.04 <0.04
Total Silica (as SiO,), mg/l 6.20 3.15 2.14 2.45 3.60
BOD (3 days at 27°C), mg/! 0.2 0.3 0.3 0.2 0.4
COD, mg/l 0.7 1.0 0.8 0.7 1.1
Oil & Grease, mg/l <2.0 <2.0 <2.0 <2.0 <2.0
Total Suspended Solids, mg/| 2.0 2.0 2.0 2.0 2.0
Sodium (as Na), mg/I 4.52 3.12 3.60 1.72 3.45
Potassium (as K), mg/I 1.72 0.24 0.70 0.12 0.80
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Parameters Stations

W1 W2 W3 W4 W5
Phenolic Compounds (CsHsOH), mg/I <0.001 <0.001 | <0.001 <0.001 | <0.001
Arsenic (as As), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Total Chromium (as Cr), mg/I <0.01 <0.01 <0.01 <0.01 <0.01
Mercury (as Hg), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Copper (as Cu), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Zinc (as Zn), mg/l 0.02 0.04 0.02 0.02 0.02
Cadmium (as Cd), mg/l <0.01 <0.01 <0.01 <0.01 <0.01
Lead (as Pb), mg/| <0.01 <0.01 <0.01 <0.01 <0.01
Dissolved Oxygen, mg/l 8.4 8.5 8.1 8.0 8.0
Coliform, MPN/100 ml Absent Absent | Absent Absent | Absent

Table-7.10: Drinking water quality standards (Specified by Central Public Health and

Environment Engineering Organisation (CPHEEOQO)

Characteristics *Acceptable **Cause for
Rejection

Turbidity (units on JTU scale) 2.5 10

Colour (Units on platinum cobalt scale) 5.0 25

Taste and Odour Unobjectionable Unobjectionable

PH 7.0t0 85 <6.5 or >9.2

Total Dissolved Solids (mg/l) 500 1500

Total hardness (mg/l) (as CaCOy) 200 600

Chlorides as CD (mg/l) 200 1000

Sulphates (as SO,) 200 400

Fluorides (as F) (mg/l) 1.0 15

Nitrates (as NO3z) (mg/l) 45 45

Calcium (as Ca) (mg/l) 75 200

Magnesium (as Mg) (mg/l) 30 150

Iron (as Fe) (mg/l) 0.1 1.0

Manganese (as Mn) (mg/l) 0.05 0.5

Copper (as Cu) (mg/l) 0.05 1.5

Zinc (as Zn) (mg/l) 5.0 15.0

Phenolic compounds (as phenol) (mg/l) 0.001 0.002

Anionic detergents (as MBAS) (mg/l) 0.2 1.0

Mineral Oil (mg/l) 0.01 0.3

Toxic materials

Arsenic (as As) (mg/l) 0.05 0.05

Cadmium (as Cd) (mg/l) 0.01 0.01

Chromium (as hexaalent Cr) (mg/l) 0.05 0.05

Cyanides (as CN) (mg/l) 0.05 0.05

Lead (as Pb) (mg/l) 0.1 0.1

Selenium (as Se) (mg/l) 0.01 0.01

Mercury (total as Hg) (mg/l) 0.001 0.001

Polynuclear aromatic hydrocarbons (PAH) 0.2 pg/l 0.2 pg/l

Notes:

*1. The figures indicated under the column “Acceptable’ are the limits upto which water

is generally acceptable to the consumers
**2 Figures in excess of those mentioned under "Acceptable render the water not
acceptable, but still may be tolerated in the absence of alternative and better source
but upto the limits indicated under column “Cause for Rejection” above which are

supply will have to be rejected.

WAPCOS Limited
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The Elecertical Conductivity (EC) in water samples ranged from 98.0 to 296.0 uS/cm in
summer season, 94.3 to 281 uS/cm in monsoon season and 92.6 to 249.2 uS/cm in winter
season. The low hardness level can be attributed to low calcium and magnesium levels,
which are responsible for soft nature of water. The low EC values indicate the lower
concentration of TDS, which is also attribute to low concentration of cations and anions. This
is also reflected by the fact that the concentration of most of the cations and anions are well
within the permissible limit. (Refer Table-7.10).

The BOD and COD levels are quite low, which indicate the absence of organic pollution
loading. This is mainly due to the low population density and absence of industries in the
area. The nil COD values also indicate the absence of chemical pollution loading in the area.
The heavy metal concentration in the study area is below the permissible limit used for
drinking purposes. It can be concluded that water quality was observed to be quite good, as
various parameters are well below the permissible limit specified for meeting domestic
requirements.

7.5 NOISE ENVIRONMENT

Baseline noise data has been measured using a weighted sound pressure level meter. The
survey was carried out in calm surrounding. Sound Pressure Level (SPL) measurement in
the outside environment was made using sound pressure level meter. Hourly noise meter
readings were taken at four (4) sites. The noise levels were monitored continuously from 6
AM to 9 PM at each location and hourly equivalent noise level was measured. The hourly
ambient noise levels monitored for summer, monsoon and winter seasons are given in
Tables-7.11 to 7.13 respectively. The day time equivalent noise levels estimated are given in
Table-7.14. The noise standard for various categories is given in Table-7.15. The noise
monitoring stations are depicted in Figure-7.3.

Table-7.11: Hourly equivalent noise levels-Summer Season (Unit:dB(A))

Location Trench Weir | Downstream of | Power house | Catchment Area
site (N1) trench weir (N2) | site (N3) (N4)
6-7 AM 38 39 39 40
7-8 AM 40 40 42 42
8-9 AM 43 43 42 43
9-10 AM 44 44 43 43
10-11 AM 44 45 45 45
11-12 Noon 45 46 45 45
12 noon—1PM | 44 47 45 46
1-2 PM 44 45 45 46
2-3 PM 44 44 44 45
3-4 PM 44 44 44 44
4-5 PM 42 43 43 42
5-6 PM 41 42 42 42
6-7 PM 42 40 40 41
7-8 PM 40 38 38 40
8-9 PM 39 36 39 39
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Table-7.12: Hourly equivalent noise levels-Monsoon Season (Unit:dB(A))

Location Trench Weir | Downstream of | Power house | Catchment Area
site (N1) trench weir (N2) | site (N3) (N4)
6-7 AM 42 42 39 42
7-8 AM 42 43 40 44
8-9 AM 43 44 41 44
9-10 AM 44 44 41 45
10-11 AM 45 46 42 46
11-12 Noon 46 48 43 46
12 noon — 1 PM 48 49 43 47
1-2 PM 49 50 44 48
2-3 PM 48 50 43 48
3-4 PM 49 51 43 49
4-5 PM 48 48 42 47
5-6 PM 47 47 42 46
6-7 PM 46 47 41 44
7-8 PM 44 46 40 44
8-9 PM 43 45 40 43

Table-7.13: Hourly

eqguivalent noi

se levels-Winter Season (Unit:dB(A))

Location Trench Weir | Downstream of | Power house | Catchment Area
site (N1) trench weir (N2) | site (N3) (N4)
6-7 AM 42 42 38 42
7-8 AM 43 42 40 43
8-9 AM 43 43 40 44
9-10 AM 44 43 41 45
10-11 AM 45 45 42 46
11-12 Noon 45 46 43 46
12 noon — 1 PM 46 47 44 47
1-2 PM 47 47 44 47
2-3 PM 49 46 43 49
3-4 PM 49 48 43 49
4-5 PM 48 47 41 48
5-6 PM 46 46 40 46
6-7 PM 45 45 40 44
7-8 PM 44 44 39 44
8-9 PM 43 43 37 43
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Figure-7.3: Noise Sampling Location Map
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Table-7.14: Day time Equivalent noise levels

S. No. | Location Zone Seasons (Value (dB(A))
Summer Monsoon Winter
1. Trench Weir site Residential | 42.6 46.2 45.81
2. Downstream of trench weir Residential | 43.1 47.4 45.33
3. Power house site Residential | 42.8 41.8 41.46
4, Catchment Area Residential | 43.2 45.9 46.05

Table-7.15 : Ambient Noise Standards

Area Category Limits in dB(A)Leq
Code of Area

Day time Night time
A. Industrial Area 75 70
B. Commercial Area 65 55
C. Residential Area 55 45
D. Silence Zone 50 40
Notes:

e Daytime 6 A.M. and 9 P.M.

Night time is 9 P.M. and 6 A.M.

Silence zone is defined as areas upto 100 meters around such

Premises as hospitals, educational institutions and courts. The silence zones are to

be declared by competent authority. Use of vehicular horns, loudspeakers and

bursting of crackers shall be banned in these zones.

e Environment (Protection) Third Amendment Rules, 2000 Gazette notification,
Government of India, date 14.2.2000.

The day time equivalent noise level at various sampling stations ranged from 42.8 to 43.2
dB(A) in summer season, 41.8 to 47.4 dB(A) in monsoon season and 41.46 to 46.05 dB(A)
in winter season. The noise levels were observed to be well within permissible limits

specified for residential area (Refer Table-7.15)

7.6 LAND USE PATTERN

Landuse describes how a patch of land is used (e.g. for agriculture, settlement, forest),
whereas land cover describes the materials (such as vegetation, rocks or buildings) that are
present on the surface. Accurate land use and land cover identification is the key to most of
the planning processes.

The land use pattern of the study area has been studied through digital satellite imagery
data. Digital Resourcesat-2, LISS-IV satellite imagery (Path: 094, Row: 048, subscene-A)
dated 3" January, 2014 was procured from National Remote Sensing Agency (NRSA),
Hyderabad. The data was processed through ERDAS software package available with
WAPCOS.

Multi-variate statistics have been used for the analysis of multi-spectral data. As a first step,

clustering algorithms was established to a set of multi-variate class statistics against which
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each pixel measurement vector in the scene was compared. Then a classification decision
rule, such as the probability of maximum likelihood that the pixel belongs to a particular class
amongst the statistics set was calculated and the pixel was assigned to the particular class.
The information classes most often considered include both cover type or community type
descriptors as well as limited structural categories, such as crown cover and size class: of
the trees.

Although two different approaches to the development of the multi-variate statistics are
used, unsupervised and supervised, their combination gives better results. In the
unsupervised classification, the radiance values of the image data set were submitted to
clustering algorithms that generate statistics until the stopping rule i.e. minimum number of
points per cluster was reached and the minimum distance between clusters and separability
measure was established. Another approach is to 'seed' spectral space with starting points
to establish candidate mean value for clusters, and then iterate the clustering procedure until
minimization criteria is achieved. In the supervised method, training sites with known
properties were used to extract spectral statistics from the image data by interactively
identifying the sites in the imagery. Ground truthing was done for site identification. In the
unsupervised method, identification of the cluster was done after completing the
classification by comparing the spatial distribution of the mapped classes with ground
reference data.

The wide geographic distribution and the range of sites and climates occupied by forests
complicates the understanding of the interaction of forests with solar radiation. Many forests
grow in uneven mountainous terrain. The terrain relief produces large variations in how solar
radiation reaches the forests and produces land form shadows. Terrain relief also generates
large micro-climate variations in temperature, precipitation, and soil properties that produce
large differences in forest composition and activity over elatively small geographic areas.
Vegetation indices are an aid for obtaining accurate results. The DN values of different
bands can be combined mathematically to create output images that can be used
extensively in forest analysis to bring out small differences between vegetation classes.
These mathematical combinations are called indices and if chosen judiciously, they highlight
and enhance differences, which cannot be observed in the display of original color bands.
Indices also help in minimizing shadow effects in satellite multi-spectral images. Ground
truth studies were conducted in the area to validate various signals in the satellite images
and correlate them with different land use domains. The image obtained after the vegetation
index, enhancement becomes a single band data Le. The grey set. The grey set was
merged with the colored False Color Composite (FCC). This image was then classified using
the prominent signatures extracted based on the past experience. However, this is only a

preliminary classification which will be refined further. The FCC and classified image of the
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study area is enclosed as Figures-7.4 and 7.5 respectively. The landuse pattern of the study
area is given in Table-7.16.

Table-7.16: Land use pattern of the study area of Deothal Chanju HE project based on
satellite data

S.No | Category Area(ha) Area (%)
1 | River/ Water body 120 0.26

2 | Vegetation 5918 12.94

3 | Barren area 18541 40.54

4 | Terrace farming 1879 411

5 | Snow 12861 28.12

6 | Alpine Pasture 6414 14.02

7 | Builtup area/Settlements 4 0.01
Total 45737 100.00

Source: Satellite Data

The major landuse category in the study area of Deothal Chanju HE project is Barren Land,
as it accounts for about 40.54% of the study area followed by snow (28.12%). Alpine pasture
accounts about 14.02% of the study area. The area under vegetation is 12.94% of the study
area. Terrace farming accounts for about 4.11% of the study area. The area settlement and
water bodies is 0.01% and 0.26% of the study area.
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Figure-7.4: FCC of the Study Area
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Figure-7.5: Classified Image of the Study Area
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CHAPTER-8
BASELINE SETTING FOR ECOLOGICAL ASPECTS

8.1 GENERAL

Before start of any Environmental Impact Assessment study, it is necessary to identify the
baseline levels of relevant environmental parameters which are likely to be affected as a result
of the construction and operation of the proposed project. A similar approach has been adopted
for conducting the CEIA study for the proposed Deothal chanju hydroelectric project. This
Chapter outlines the ecological aspects including vegetation, wildlife and aquatic ecology
including fisheries. The chapter is based on primary data collection for three seasons and
review of secondary data. The three seasons covered for primary data collection include

summer, monsoon and winter season.

8.2 FOREST TYPES IN THE PROJECT AREA
Himachal Pradesh is reported to have more than 25 per cent of its total geographic area (5.57
million ha) under forest cover, which includes very dense, moderately dense, open forest and
scrub (FSI, 2009). The state is mountainous with altitude ranging between 460 and 6,600m. It
has a deeply dissected topography, a complex geological structure and a rich temperate flora in
subtropical latitudes. The proposed project area falls in Chamba district which recorded to have
more than 16 per cent of their total area covered with forest.Based on the primary survey as
well as secondary data sources, the pre dominant forest types assessed during field survey was
classified following “ A revised survey of forest types in India” by Champion and Seth (1968) as
described below:

e Moist temperate deciduous forests (12/Cle)

¢ Western mixed coniferous forest (12/C1d)

¢ West Himalayan upper oak/fir forest (12/C2b)

e Sub-alpine forests (14/Cla-b)
These forest types are described in the following paragraphs.

Moist temperate deciduous forests (12/Cle)

The moist temperate deciduous forests are found at elevations ranging from 1,800 m to 2,700
m. They are distributed in the valley portion, mainly on the moist and damp locations along
nallahs, streams and depressions. The top tree canopy consists of Aesculus indica, Acer
caesium, Ulmus wallichiana, Prunus padus, Juglans regia and Populus ciliata, Lyonia ovalifolia
etc. The undergrowth is usually rather thin in undisturbed areas owing to the heavy shed when
the trees are in leaf but the canopy is often broken enough to permit the growth of smaller trees

and shrubs. The tree species are found single or in groups and very often in groves. The under
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storey comprises of species including Sorbus cuspidata, Salix spp. and Lyonia ovalifolia, etc.
Undergrowth comprises of Berberis lycium. Indigofera heterantha, Sorbaria tomentosa, Deutzia
staminea, ferns and grasses etc. Trees of middle aged to mature category are also observed.

Western mixed coniferous forest (12/C1d)

The chief characteristics of this type of forest are the extensive development of coniferous
species although oaks are also frequent. These forests are the most attractive in the Himalayas
with a varying mixture of coniferous trees often of very fine growth, Spruce, Silver fir, Blue pine
and Deodar, and a varying inter-mixture of evergreen and deciduous broad-leaved trees and
strips and patches of broadleaved forest. This is a common forest type observed in upper
reaches of the project area. Spruce is the dominant species mainly found in association with
Kail, Deodar and Fir. However, this forest, type is mainly observed at elevation ranging from
2,300 m to 3,200 m. Similar vegetation structure was also observed upto an elevation of about
2,100 m in the project area during field studies. In the lower reaches, Kail predominates in
association with Tosh and Deodar on steep slopes. Patches of fairly dense vegetation
comprising of Kail, Fir and Deodar tree species were observed near Taprigot and around
Thanged nalla during field studies. Kail is confined to hot southern slopes and ridges with
shallow slopes. In the central portion of zone, pure patches of spruce and fir can be seen. At
higher elevations, fir and Kharsu are the dominant tree species. The undergrowth comprises of
Berberis jaeschkiam, Indigofera heterantha, Sorbaria tomentosa, Sarcococca saligna, Lonicera
angustifolia, Viburnum cotinifolium etc. The ground flora usually comprises of Fragaria vesca,
Valeriana jatamansi, Tarxacum officinale, Tanacetum longifolium, Aster thomsonii, grasses and
ferns which are confined to depressions. There is a good deal of moss and lichen on the trees
but climbers are infrequent.

West Himalayan upper oak/fir forest (12/C2b)

These types of forests especially occur on right bank of the Chanju nallah and catchment area
on the upper hills. This is typically a two storeyed high forest with the silver fir standing singly or
in strips and groups over oak and other evergreen and deciduous trees. On the colder, moist
and northern locations Kharsu is observed in pure patches. There is always more or less growth
over the soil and luxuriant herbaceous growth during the summer except too dense and dark.
The understorey comprises of Indigofera heterantha, Viburnum cotinifolium, Rosa macrophyllia,
Cotoneaster microphyllus and Berberis jaeschkiam etc. The ground flora consists of Valeriana
jatamansi, Sweritia cordata, Selinum candollii, Potentilla supine, Pedicularis gracilis, Heracleum

lanatum, Bunium persicumFragaria vesca, Primula denticulata, Anemone spp. Polygonum spp.,
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ferns and grasses. Climbers are relatively few, but the oaks carry a conspicuous vesture of
mosses.
Sub-alpine forests (14/Cla-b)

This is a seral and degraded type forest is found in the inner drier tracts above 2800 m altitudes

in certain areas. This type of forest zone experiences a severe snowfall for 4-6 months in year.
Conifers like Abies pindrow, Picea smithiana, Pinus wallichiana are found intermixed with broad-
leaved species of Quercus semecarpifolia, Acer caesium,Betula utilis etc. Viburnum erubecens,
Viburnum cotinifolium, Cotoneaster microphyllus, Cotoneaster rosea, Rosa webbiana, Berberis
jaeschkiam and Salix denticulate etc.,are some of the dominant species forming the ground sub
layer of the forest. The predominating herbs include Caltha palustris, Festuca spp., Geranium
wallichianum, Delphinium denudatum, Carex nubigena, Bromus japonicas, Poa himalayana,
Prunella vulgaris, Viola canescens Potentilla spp., Taraxacum officinale etc. Osmunda
claytoniana is the most common fern found in this type of forest. Epiphytes are few consisting of
lichens and mosses only at wet areas.

8.3 FIELD STUDIES

As a part of the CEIA Study, a detailed ecological survey was conducted at different sites in the

project area for various seasons. The seasons covered are listed as below:

e Summer season May 2014
Monsoon season August 2014
e Winter season December 2014

8.3.1 Objectives
The ecological study of the surrounding area up to 10 km radius of propose project has been
conducted in order to understand the ecological status of the existing flora and fauna to
generate baseline information and evaluate the probable impacts on the biological environment.
The objectives of the terrestrial ecological survey are given as below:

e Preparation of comprehensive checklist of flora.

o Determine frequency abundance and density of different vegetation component.

e Importance value index of the dominant vegetation in the study area of proposed

project.

o Estimation of ecological diversity index of different plant communities

e |dentification and listing of Rare Endangered species —RET.

e |dentification and listing of plants of biologically, economical and medicinal

importance.
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8.3.2 Sampling sites

Field studies for terrestrial ecology have been conducted at various locations in the study area.
The list of sampling locations is given in Table-8.1.

Table-8.1: Study sites for terrestrial ecology (Floral and Faunal accounts) w.r.t. Project

Appurtenances
Sites Sampling locations
Site-l Catchment Area (Deothal and Seri nallah)
Site-ll Trench weir site
Site-lll Downstream of trench weir site near Taprigot
Site-IV Upstream of Power House site near Thanged nallah
Site-V Power House site near Dantoi village
Site-VI Downstream of Power house site

The terrestrial sampling location map is shown in Figure-8.1.
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Figure-8.1: Terrestrial Sampling Location Map
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8.3.3 Eco-sensitive Zones
The project section is not passes through any sanctuary or ecological sensitive area as per the

information retrieved from the forest department and from forest working plan of the district.

8.3.4 Methodology applied for the study

For assessing the floral diversity in the study area both floristic survey and quantitative analysis
of vegetation were undertaken. Information regarding local names and locality of the plants
were recorded with the help of the locals and forest staff. The quantitative analysis of vegetation
was done by using quadrats as sampling units. The quadrats were laid randomly in identified
sites of the project area. The vegetation analysis was undertaken by collecting numerical
community data for trees, shrubs and herbs from the randomly laid quadrats. The size of
vegetation patches, 20 each random quadrates of 10mX10m size were laid to study for tree,
5x5 m for shrubs, while 25 random quadrats for herbs were enumerated through 1 x 1 m
guadrats. The community level studies of the selected sites were conducted during various
seasons (summer, monsoon & winter). During the survey, individuals within the quadrat were
identified up to the species level and the numbers of individuals of each species in each quadrat
were counted. Vegetation composition was evaluated by analyzing the frequency, density,
abundance and importance value index (IVI) according to Mishra, (1968) and Curtis and
Mclintosh. Based on the quadrat data, frequency, density and cover (basal area) for each
species were calculated using the following formula:

Density (ha™) = (Total number of individuals of the species in all the quadrats/total number of
guadrats studied) multiplied by the factor depending on the quadrat size to express on per
hectare basis for trees and shrubs, individual/m? for herbs.

Frequency (%) = (Number of quadrats in which the species occurred/total number of quadrats
studied) x 100;

Basal cover is considered as the portion of ground surface occupied by a species (Greig-Smith,
1983). Basal area = T’ = C2/4 T Where, C = 2 1ir (C = Circumference at breast height; r =
Radius)

Frequency indicates the number of sampling units in which a given species occur and thus
express the dispersion of various species. The density represents the numerical strength of the
species in the community. Based on the quantitative characters like frequency, density, and
dominance (Basal area or cover) the overall dominance of a species on the entire community is
measured by analyzing the synthetic character called Importance Value Index (IVI), Philips
(1959) reported that IVI expresses the abundance and ecological success of any species. The

values of IVI were computed by the summation of the value of relative frequency, relative

WAPCOS Limited 8-5



HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

density and relative dominance (Curtis and Mcintosh 1950 and 1951; Mishra, 1968). Relative
values for frequency, density and basal area were calculated by dividing the individual species
value by the total value multiplied by 100.

Diversity Indices and Evenness

The herbaceous vegetation has been studied through tiller analysis. Separate shoots appearing
above the ground were counted as individual tiller. The method was selected for study because
it was difficult to decide where an individual plant begins and where it ends. Grasses and
sedges usually form smaller and large tufts and the number of aerial shoots (culms) varies
greatly with the tufts as well as the species. Such a method provides a real picture of the actual
composition of herb age of mixed grassy vegetation. To assess diversity of floral elements and
structure of the plant community in different study sites, various diversity indices were analyzed.
Shannon Weinner index (H’)

It is calculated by using the following formula:

S
H'=->" p;Inp;
i=1
where, s = the number of species

pi = the proportion of individuals or abundance of the ith species expressed as a
proportion of total cover

In=log base n.

Concentration of dominance (Cd) It is calculated as Cd= ¥ ((n/n)®)where njis number of
individuals of taxon i. The value of D ranges from 0 (all taxa are equally present) to 1 (one taxon
dominates the community completely).

Equitability or Evenness was calculated by following formula which reads:

It is calculated using the formula given by Pielou (1966, 1969),: e /S, where H is the
Shannon’s index and S represents the number of species. It indicates the relative abundance or
proportion of individuals among the species.

Identification of Rare, Endangered and Threatened plant species

Rare and endangered species were identified referring to the Red Data Book of India, following
the IUCN Red list of plants and other available literature, flora and herbarium pertaining to the
rare/endangered species of state of Himachal Pradesh.

Economic important Plants

An ethno botanical survey was carried out to identify the wild plants used by the local people for

various uses including medicinal use.

WAPCOS Limited 8-6



HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

8.3.5 Findings of floral diversity within project area

During the floristic survey of present study, a total of 189 plant species under 155 genera and
56 families were recorded from the proposed project area. The finding of the present study
shows that out of 189 higher plants, the herbaceous group of species contributed atmost100
species (52.91%) which is followed by shrubs with 33 species (17.46%), trees with 30 species
(15.87%), grasses with 18 species (9.53%), climbers with 5 species (2.64%) and sedges with 3
species (1.59). The summary of number of floral species recorded during field studies in various
seasons are given in Table-8.2 and Figure-8.2.

Table-8.2: Vegetation composition recorded from proposed Deothal Chanju HE project

Plant habit No. of species % of species
Trees 30 15.87
Shrubs 33 17.46
Herbs 100 52.91
Grasses 18 9.53
Climbers 5 2.64
Sedges 3 1.59
Total 189 100 %
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Figure-8.2: Floristic composition of different life forms in the study area
During floristic survey for Deothal Chanju HE project in summer season, a total of 132 plant
species were recorded. Of these, 28 species were trees, 30 were shrubs, 56 were herbs, 11
were grasses, 5 were climbers and 2 species of sedges. No parasites were recorded from the
study area in this season. In monsoon season, a total of 161 plant species were recorded,
which is the highest number of plant diversity in the project area. Out of 161 plants, 30 species
were trees, 33 were shrubs, 77 were herbs, 14 were grasses, 5 were climbers and 2 species

were sedges. In winter season, a total of 115 plant species were recorded. Of these, 30 species
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were trees, 33 were shrubs, 36 were herbs, 9 were grasses, 5 were climbers and 2 species
were sedges. In this season species richness were found to be low as compared to other
seasons, it is because of prevailing extreme cold climatic condition in the project area. The
number of floral species recorded during field studies in various seasons is given in Figures 8.3
and 8.4.
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Figure 8.3: Seasonal variation in the floral composition at Deothal Chanju HE Project

Plant species numbers

Summer

Monsoon
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Figure 8.4: Floral diversity recorded in different seasons from the study area

The taxonomic group of species shows that angiosperms were the dominant component of the
flora in the study area. The composition of floristic elements of the study area consisted of
84.66% dicots, 12.70% monocots and 2.64% gymnosperm (Refer Table-8.3).

Table-8.3: Percentage composition of floristic elements in the Study Area

Plant groups Family Genera Species
No. % No. % No. %
Dicots 51 91.07 132 85.16 160 84.66
Monocots 3 5.36 18 11.61 24 12.70
Gymnosperm 2 3.57 5 3.23 5 2.64
Total 56 155 189
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The list of floral species recorded at various sampling locations of the project area in various

seasons is enumerated in Table-8.4.

Table-8.4: List of plant species recorded from the Deothal Chanju HE Project Area in

various seasons

Botanical name Family Local name Division | Habit
Abies pindrow Royley Pinaceae Tosh Gymno | Tree
Acer caesium Wall. ex Brandis Aceraceae Mapple/Mander | Dicot Tree
Acer cappadocicum Lindley Aceraceae - Dicot Tree
Aconogonum molle (D. Don) Hara | Plantaginaceae - Dicot Herb
Aesculus indica (Colebr.ex Hippocastanaceae | Goon Dicot Tree
Cambess.) Hook.
Agrostis pilosula Trin Poaceae - Monocot | Grass
Ainsliaea aptera DC. Asteraceae - Dicot Herb
Ajuga bracteosa Wallich ex Benth Lamiaceae Neelkanthi Dicot Herb
Alnus nepalensis D.Don Betulaceae Piyakh Dicot Tree
Alopecurus arundinaceus Poir. Poaceae Creeping foxtail | Monocot | Grass
Anaphalis busua (Buch.- Ham ex Asteraceae - Dicot Herb
D.Don) DC.
Anaphalis royleana DC. Asteraceae - Dicot Herb
Androsace rotundifolia Hardw. Primulaceae - Dicot Herb
Angelica glauca Edgew Apiaceae Taskarsh- Dicot Herb
canda
Anthemis cotula L. Asteraceae Chigar weed Dicot Herb
Arabidopsis thaliana (L.) Heynh Brassicaceae - Dicot Herb
Arenaria sepyllifolia L. Caryophyllaceae - Dicot Herb
Arisaema jacquimontii BI. Araliaceae - Monocot | Herb
Arisaema concinnum_Schott. Araliaceae - Monocot | Herb
Artemisia martima L. Asteraceae - Dicot Shrub
Artemisia nilagirica (Clarke) Pamp. | Asteraceae Chirmara Dicot Herb
Artemisia scoparia Waldst. Asteraceae Kunja Dicot Herb
Arthraxon lancifolius (Trin.) Hochst | Poaceae - Monocot. | Grass
Arundo donax L. Poaceae - Monocot | Grass
Aster thomsonii Clarke Asteraceae - Dicot Herb
Astragalus candolleanus Royle ex. | Fabaceae - Dicot Herb
Benth.
Berberis aristata DC. Berberidaceae Kemal/Rausat | Dicot Shrub
Berberis jaeschkiam C.K. Schn. Berberidaceae Kemal/Rausat | Dicot Shrub
Berberis lycium Royle Berberidaceae Kemal/Rausat | Dicot Shrub
Bergenia ciliata (Haworth) Sternb. Saxifragaceae Pathafodu Dicot Herb
Betula utilis D.Don Betulaceae Bhojpatra/Birch | Dicot Tree
Boenninghausenia albiflora (Hook.) | Rutaceae Pissumar-bhuti | Dicot Herb
Reichb
Bromus gracillimus Vahl Poaceae - Monocot. | Grass
Bromus japonicus Vahl Poaceae - Monocot | Grass
Buddleja crispa Benth. Scr. Buddlejaceae Butterfly bush Dicot Shrub
Bunium persicumBioss. Apiaceae Kalajira Dicot Herb
Bupleurium candollii Wall. ex DC. Apiaceae - Dicot Herb
Caltha palustris L. Ranunculaceae - Dicot Herb
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Botanical name Family Local name Division | Habit
Cannabis sativa L. Cannabaceae Bhang Dicot Herb
Capsella bursa-pastoris (L.) Brassicaceae Shaphered Dicot Herb
Medikus purse

Cardamine hirsuta L. Brassicaceae - Dicot Herb
Carex cruciata Wahlenb. Cyperaceae - Monocot | Sedge
Carex nubigena Tilloch & Taylor Cyperaceae - Monocot | Sedge
Cedrus deodara (Roxb. ex Lam) G. | Pinaceae Diyar Gymno | Tree
Don

Celtis tetrandra Roxb. Ulmaceae Kharak Dicot Tree
Chaerophyllum acuminatum Apiaceae - Dicot Herb
Lindley

Chenopodium album L. Chenopodiaceae | Bathuwa Dicot Herb
Chenopodium ambrosioides L. Chinopodiaceae - Dicot Herb
Chrysopogon gryllus(L.) Trin. Poaceae - Monocot | Grass
Cichorium intybus L. Asteraceae Khibsha Dicot Herb
Cirsium wallichii DC. Asteraceae Barunsh Dicot Herb
Clematis montana Buch. -Ham. ex | Ranunculaceae - Dicot Climber
DC

Clinopodium umbrosum (M. Bieb.) | Lamiaceae - Dicot Herb
C. Koch

Conyza canadensis L. Asteraceae Malchu Dicot Herb
Conyza stricta Willd. Asteraceae - Dicot Herb
Coriaria nepalensis Wallich Coriariaceae Bhashndeyi Dicot Shrub
Corylus jacquemontii Decne. Betulaceae Thangi Dicot Tree
Cotoneaster bacillaris Wallich Rosaceae Reosha Dicot Shrub
Cotoneaster microphyllus Edgew Rosaceae - Dicot Shrub
Cotoneaster rosea Edgew Rosaceae - Dicot Shrub
Cousinia thomsonii Clarke Asteraceae Bacha Chawag | Dicot Herb
Cynodon dactylon (L.) Persoon Poaceae Doob Monocot | Grass
Cynoglossum lanceolatum Forsk. Boraginaceae - Dicot Herb
Cynoglossum zeylanicum(Vahl ex Boraginaceae Gypsy flower Dicot Herb
Horn.) Thumb.

Dactylis glomerata L. Poaceae - Monocot | Grass
Delphinium denudatum Wall. Ranunculaceae Nirvisi Dicot Herb
Deutzia staminea R.Br. ex Wallich | Hydrangeaceae - Dicot Shrub
Dichrocephala integrifolia Asteraceae - Dicot Herb
(L.f)Kuntze.

Duschenia indica L. Rosaceae - Dicot Herb
Emilia sonchifolia (L.) DC. Asteraceae - Dicot Herb
Ephedra gerardianaWallich ex C .A | Ephedraceae Somalata Gymno Shrub
.Mayer

Eragrostis pilosalL. P. Beauv Poaceae - Monocot. | Grass
Erigeron multicaulis Wall. ex DC. Asteraceae - Dicot Herb
Erigeron multiradiatus Benth. Asteraceae - Dicot Herb
Eriophorum comosum (Wallich) Cyperaceae - Monocot | Sedge
Wall. ex Nees

Euonymus pendulus Wallich Celastraceae - Dicot Tree
Euphorbia pilosa L. Euphorbiaceae - Dicot Herb
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Botanical name Family Local name Division | Habit
Fagopyrum dibotrys (D.Don) Hara | Polygonaceae - Dicot Herb
Festuca rubra L. Poaceae - Monocot. | Grass
Fragaria vesca L. Rosaceae wild Dicot Herb
strawberry
Fraxinus xanthoxyloides (Wall. Ex | Oleaceae Sainjal Dicot Tree
G. Don) DC.
Galium aparine L. Rubiaceae Kuri Dicot Herb
Galium elegans Wall. Rubiaceae - Dicot Herb
Gentiana capitata Buch.-Ham. ex Gentianaceae - Dicot Herb
D.Don
Geranium nepalense Sweet Geraniaceae - Dicot Herb
Geranium wallichianum D.Don ex Geraniaceae Rakt Jari Dicot Herb
Sweet
Girardinia diversifolia (Link) Friis Urticaceae - Dicot Shrub
Gnaphalium luteo-album L. Asteraceae - Dicot Herb
Gynura cusimbua (D.Don) Asteraceae - Dicot Herb
S.Moore.
Hedera nepalensis K. Koch Araliaceae - Monocot | Climber
Heracleum lanatum Michaux Apiaceae Hogweed Dicot Herb
Hippophae salicifolia D. Don. Elaesagnaceae - Dicot Shrub
Hypreicum oblongifolium Choisy Hypericaceae - Dicot Shrub
llex dipyrenaWall. Aquifoliceae - Dicot Tree
Impatiens glandulifera Royle. Balsaminaceae - Dicot Herb
Impatiens sulcata Wallich Balsaminaceae - Dicot Herb
Indigofera heterantha Wall. ex. Fabaceae Kathi Dicot Shrub
Brandis
Inulu racemosa Hk. Asteraceae Mano Dicot Herb
Juglans regia L. Juglandaceae Akhrot Dicot Tree
Lactuca disecta D. Don Asteraceae - Dicot Herb
Lamium album L. Lamiaceae - Dicot Herb
Lecanthus wallichii Wedd. Urticaceae - Dicot Herb
Lepidium virginicum L. Brassicaceae - Dicot Herb
Leptodermis lanceolata Wall. Rubiaceae - Dicot Shrub
Lonicera angustifolia Wallich ex Caprifoliaceae Honeysuckel Dicot Shrub
DC.
Lyonia ovalifolia (Wall.)Drude. Ericaceae Alan Dicot Tree
Malva verticillata L. Malvaceae - Dicot Herb
Medicago polymorpha L. Fabaceae - Dicot Herb
Mentha longifolia L. Lamiaceae Takchi Dicot Herb
Morus serrata Roxb. Moraceae Kurumi Dicot Tree
Nasturtium officinale R. Br. Brassicaceae - Dicot Herb
Nepeta laevigata L. Lamiaceae - Dicot Herb
Origanum vulgare L Lamiaceae Banbakari Dicot Herb
Oxalis corniculata L. Oxalidaceae Kuthamri Dicot Herb
Oxyria digyna (L.) Hill. Polygonaceae Choti-chukri Dicot Herb
Parthenocissus semicordata (Wall.) | Vitaceae - Dicot Climber
Planch.
Pedicularis gracilis Wallich ex Scrophulariaceae | - Dicot Herb
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Botanical name Family Local name Division | Habit
Benth.
Persicaria polystachya (Wall. Ex Polygonaceae - Dicot Herb
Meisn.)
Phleum alpinum L. Poaceae - Monocot | Grass
Phlomis bracteosa Royle ex Benth. | Lamiaceae - Dicot Herb
Phytolacca acinosa Roxb. Phytolaccaceae - Dicot Herb
Picea smithiana (Wallich) Boissier | Pinaceae Rai Gymno Tree
Pinus wallichiana A.B. Jackson Pinaceae Kail Gymno Tree
Plantago depressa Willd. Plantaginaceae Maran Dicot Herb
Plantago major L. Plantaginaceae Karecha Dicot Herb
Poa annua L. Poaceae - Monocot | Grass
Poa himalayana Nees ex Steud. Poaceae - Monocot | Grass
Poa supina Schrad. Poaceae - Monocot | Grass
Populus ciliata Wall. ex Royle Salicaceae Popular Dicot Tree
Potentilla supina L. Rosaceae - Dicot Herb
Primula denticulata Smith Primulaceae - Dicot Herb
Prinsepia utilis Royle Rosaceae Karangura Dicot Shrub
Prunella vulgaris L. Lamiaceae - Dicot Herb
Prunus armeniaca L. Rosaceae Chihri Dicot Tree
Prunus padus L. Rosaceae Jammur Dicot Tree
Pyracantha crenulata ( D.Don Rosaceae - Dicot Shrub
JRoem.
Pyrus communis L. Rosaceae Naspati Dicot Tree
Pyrus pashia Buch.-Ham. ex D.Don | Rosaceae - Dicot Tree
Quercus floribunda Lindl.exRehder | Fagaceae Moru/Green Dicot Tree
Oak
Quercus leucotrichophora A. Fagaceae Banz Dicot Tree
Camus
Quercus semecarpifolia J.E.Smith Fagaceae Kharsu Dicot Tree
Rabdosia rugosa (Wallich ex Lamiaceae - Dicot Shrub
Benth.)
Ranunculus sceleratus L. Ranunculaceae - Dicot Herb
Reinwardtia indica Dumort. Linaceae - Dicot Herb
Rhamnus virgatus Roxb. Rhamnaceae - Dicot Shrub
Rheum emodii Wall. Polygonaceae - Dicot Herb
Rhododendron arboreum Smith Ericaceae Barah Dicot Tree
Ribes glaciale Wallich Grossulariaceae - Dicot Shrub
Rosa brunonii Lindley Rosaceae - Dicot Climber
Rosa macrophylla Lindley Rosaceae - Dicot Shrub
Rubia cordifolia L. Rubiaceae Manjistha Dicot Climber
Rubus foliolosus D.Don Rosaceae Karer Dicot Shrub
Rubus macilentus Cambess Rosaceae Karer Dicot Shrub
Rubus niveus Thunb. Rosaceae - Dicot Shrub
Rumex hastatusL. Polygonaceae Amrehi Dicot Herb
Rumex nepalensis Sprengel Polygonaceae Ubbal Dicot Herb
Saccharum filifolium Nees ex Poaceae - Monocot | Grass
Steud.
Saccharum rufipilum Steud Poaceae - Monocot | Grass
WAPCOS Limited 8-12




HPPCL

EIA Report for Deothal Chanju HEP, Chamba, HP

Botanical name Family Local name Division | Habit
Salix alba L. Salicaceae Bes Dicot Tree
Salix denticulata Anders. Salicaceae Bes Dicot Shrub
Salix tetrasperma Roxb. Salicaceae Bes Dicot Tree
Sarcococca saligna ( D.Don) Buxaceae - Dicot Shrub
Muell.- Arg.

Selinum candollii DC. Apiaceae - Dicot Herb
Senecio laetus Edgew. Asteraceae - Dicot Herb
Sorbaria tomentosa ( Lindley) Rosaceae Kandayi Dicot Shrub
Rehder

Sorbus cuspidata (Spach) Hedl. Rosaceae - Dicot Tree
Spiraea canescens D.Don Rosaceae - Dicot Shrub
Stellaria monosperma D.Don Caryophyllaceae - Dicot Herb
Stipa roylei (Nees) Mez Poaceae - Monocot | Grass
Swetritia cordata (G.Don ) Cl. Geraniaceae - Dicot Herb
Tagetes minuta L. Asteraceae - Dicot Herb
Tanacetum longifolium Wall ex DC. | Asteraceae - Dicot Herb
Taraxacum officinale Weber Asteraceae Paranbala, Dicot Herb
Thalictrum foliolosum DC. Ranunculaceae - Dicot Herb
Thlaspi arvense L. Brassicaceae - Dicot Herb
Thymus linearis Benth. Lamiaceae Kochi masha Dicot Herb
Trifolium pratense L. Fabaceae - Dicot Herb
Trifolium repens L. Fabaceae - Dicot Herb
Trigonella emodi Benth. Fabaceae - Dicot Herb
Ulmus wallichiana Planch. Ulmaceae Moral Dicot Tree
Urtica dioca L. Urticaceae Ayen/Kandali Dicot Shrub
Valeriana jatamansi Jones. Valerianaceae Nihani Dicot Herb
Verbascum thapsus L. Scrophulariaceae | Tombru Dicot Herb
Veronica serpyllifolia L. Scrophulariaceae | - Dicot Herb
Viburnum cotinifolium D .Don Caprifoliaceae Nilonji Dicot Shrub
Viburnum erubecens Wall. Ex DC. | Caprifoliaceae Kilonj Dicot Shrub
Viola biflora L. Violaceae - Dicot Herb
Viola canescens Wallich Violaceae Vanfsa Dicot Herb
Youngia japonica (L.) DC. Asteraceae - Dicot Herb

8.3.6 Economically Important Plants

Plants are major source of food, timber, fuel, fodder, shelter, clothing, fruits, fibre, gum, resin, olil
and other miscellaneous purposes. Several species are often used for more than one purpose
and some are more useful or popular than the others for the same purpose. In Himachal
Pradesh, the traditional knowledge regarding use of plant species for various purposes depends
on the surrounding plants. Some important timber yielding trees which is mainly used for house
construction include Diyar (Cedrus deodara)Tosh (Abies pindrow), Rai (Picea smithiana), Kalil
(Pinus wallichiana) and species like Thangi (Corylus jacquemontii), Moru (Quercus floribunda),

Kharsu (Quercus semecarpifolia)Moral (Ulmus wallichiana) and Kurumi (Morus serrata) are
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used for fuelwood and fodder purpose.The list of economically important plant species and their

values in the proposed project area are enumerated in Table -8.5.

Table -8.5: List of economically important plant species recorded from the study area

Botanical Name Local name Habit Economic value
Corylus jacquemontii Decne. Thangi Tree Fodder
Heracleum lanatum Michaux Hogweed Herb Fodder

Lyonia ovalifolia (Wall.)Drude. Alan Tree Fuelwood
Quercus floribunda Lindl.exRehder | Moru/Green Oak | Tree Fodder,fuelwood
Trifolium pratense L. - Herb Fodder

Betula utilis D.Don Bhojpatra/Birch Tree Sacred

Coriaria nepalensis Wallich Bhashndeyi Shrub Fruit edible
Chenopodium album L. Bathuwa Herb Green vegetable
Cannabis sativa L. Bhang Herb Fiber/Narcotics
Aesculus indica (Colebr.ex Goon Tree Fuelwood
Cambess.) Hook.

Quercus semecarpifolia J.E.Smith Kharsu Tree Fodder,fuelwood
Acer caesium Wall. ex Brandis Mapple/Mander Tree Fuelwood, fodder
Alnus nepalensis D.Don Piyakh Tree Fuelwood
Juglans regia L. Akhrot Tree Fruit, fuelwood
Morus serrata Roxb. Kurumi Tree Fodder

Fraxinus xanthoxyloides (Wall. Ex | Sainjal Tree Fuelwood

G. Don) DC.

Abies pindrow Royley Tosh Tree Timber

Picea smithiana (Wallich) Boissier | Rai Tree Timber

Pinus wallichiana A.B. Jackson Kail Tree Timber, furniture
Cedrus deodara (Roxb. ex Lam) G. | Diyar Tree Timber/Resin/Furniture
Don

Arundo donax L. - Grass Fodder

Cynodon dactylon (L.) Persoon Doob Grass Sacred

Rumex hastatusL. Amrehi Herb Making sauce
Fragaria vesca L. Wild strawberry Herb Fruit edible
Diplazium maximum Lingra Fern Vegetable
Duschenia indica L. - Herb Fruit edible
Rubus foliolosus D.Don Karer Shrub Fruit edible
Prunus armeniaca L. Chihri Tree Fruit edible
Pyrus communis L. Naspati Tree Fruit edible
Prunus padus L. Jammur Tree Fuelwood, fodder
Populus ciliata Wall. ex Royle Popular Tree Fuelwood

Celtis tetrandra Roxb. Kharak Tree Fuelwood, fodder
Cotoneaster bacillaris Wallich Reosha Shrub Making sticks
Prinsepia utilis Royle Karangura Shrub Sacred

Salix denticulata Anders. Bes Shrub Fuelwood
Spiraea canescens D.Don - Shrub Households
Ulmus wallichiana Planch. Moral Tree Timber, fodder, fuelwood
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8.3.7 Medicinally Important Plants

Himachal Pradesh, in the Indian Himalaya, has much diversity of medicinal plants which are
widely used. Traditional medicine is a set of empirical practices embedded in the knowledge of
a social group often transmitted orally from generation to generation with the intent to solve
health problems. This knowledge of medicinal plants is also becoming a potential source of
information for the pharmaceutical industries. The local people use various plants internally for
treating stomach disorder like diarrhea, dysentery, cold, cough, fever, asthma and externally for
rheumatism, skin diseases, cuts, boil and injuries. The usage of various plant species by the
locals varies with the altitude and availability of resources in the surrounding areas. The most
commonly used medicinal plants observed in the study area are Ainsliaea aptera, Delphinium
denudatum, Ajuga bracteosa, Artemisia martima, Bunium persicum, Angelica glauca, Origanum
vulgare, Thalictrum foliolosum etc.The list of medicinally important plant species found in the
project area and their uses are given in Table -8.6.

Table -8.6: List of medicinally important plant species recorded from the study area

Plant species Part used Uses

Caltha palustris Roots Gastric troubles

Corylus jacquemontii Seed, oll Fractures, joint pain

Ainsliaea aptera Root Diuretic and stomachache.

Clinopodium umbrosum Leaves Cuts & wounds

Ajuga bracteosa Whole plant Cuts & boils rheumatism.

Berberis lycium Root Contraceptive, eye ailment & jaundice

Artemisia martima Leaves Antiseptic, diarrhea, stimulant, colic
disorder

Artemisia nilagirica Leaves Injuries, stomachache, anthelmentic

Rhododendron arboreum Flower juice Injuries,urinary tract problem, blood

purifier

Bergenia ciliata.

Rhizomatous part

Kidney stone and clean eyes of livestock

Crataegus oxyacantha

Seeds

Liver complaints, Jaundice

Delphinium denudatum Roots Rheumatism, epilepsy, asthma
Bunium persicum Seeds Stimulants, diarrhea, dyspepsia
Angelica glauca Roots, seeds Stomachache, swelling. skin eruption
Ephedra gerardiana Whole parts Diaphoretic, antipyretic, stimulant,

Jaundice, cures rheumatism, respiratory
troubles, heart failure

Plantago major

Leaves & roots

Wounds, piles & asthma

Fragaria vesca

Leaves, fruit

Whooping cough, pneumonia, bronchitis

Euphorbia pilosa

Leaves, roots

Wheezing, piles, dysentery, swelling

Galium aparine

Whole plant

Urinary disorder

Geranium wallichianum

Roots

Opthalmia, burns, ringworm

Boenninghausenia albiflora

Leaves, flower

Joint pain, fracture, swelling, poisonous

Viola canescens

Flower & leaf

Wounds, skin disease and fever

Oxytropis humifusa

Leaves, flower

Cures hepaititis, jaundice & stomach pain

Origanum vulgare

Leaves

Cough and cold, fever, vermifuge
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Plant species Part used Uses

Hippophae salicifolia Leaves & fruits Diarrhea and dysentery

Lamium album Leaves Female disorders, cough, asthma

Valeriana jatamansi Roots and rhizome Hysteria , joint pain and hypochondria

Malva verticillata Leaves Injuries, wounds & scabies

Mentha longifolia Leaves Stomachache, diarrhea, fever

Nepeta laevigata Leaves Swelling. Skin eruption, throat complaints

Trigonella emodi Whole plant Gastric disorder, pain reliever

Selinum candollii Roots Cough, asthma

Rumex nepalensis Leaves, roots Dysmenorrheal, stomachache, healing
wounds

Salix alba L. Bark Antiseptic, wounds

Saussurea costus Whole parts Fever, blood purifier, vermifuge, food
poisoning

Taraxacum officinale Whole plant Liver disorders

Thymus linearis Shoots Vermifuge, antiseptic

Rubia cordifolia Seeds, leaves Arthritis, urinary tract problem

Juglans regia Leaves and Bark Cleaning teeth

Thalictrum foliolosum Roots Diuretic, ophthalmia, purgative,

Stellaria monosperma Whole plant Gonorrhea, headache, wounds

Tanacetum longifolium. All parts Headache, body ache, arthritis

8.3.8 Community characteristics at various sampling sites in various seasons

In order to understand the community structure, vegetation sampling was carried out at different
locations in the project area.

Site-l, Catchment Area

(A) Tree community

A total of 7 tree species were recorded from the catchment area of Deothal Chanju HE Project
during the field study. The average density of this group of species was recorded to be 330
individuals/ ha. A perusal of the data on the ecological analysis revealed that the highest value
of IVI (104.22) as well as density (105 individuals/ ha) was recorded for Picea smithiana which
was found to be dominant species at this site followed by Abies pindrow (IVI, 51.65) and
Quercus semecarpifolia (IVI, 59.74). Frequency value variedbetween 10% - 60% at the
site(Refer Table-8.7).

Table-8.7: Distribution analysis of tree community at Site-|

Plant Species Frequency (%) Density | Abundance VI
ind/ha
Quercus semecarpifolia J.E.Smith 45 75 1.67 59.74
Salix alba L. 25 30 1.20 22.63
Ulmus wallichiana Planch. 25 25 1.00 31.67
Picea smithiana (Wallich) Boissier 60 105 1.75 104.22
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Plant Species Frequency (%) Density | Abundance VI
ind/ha
Abies pindrow Royley 25 65 2.60 51.65
Acer caesium Wall. ex Brandis 15 15 1.00 16.93
Betula utilis D.Don 10 15 1.50 13.17
Total 330 300

(B) Shrub community

A total of 8 shrub species were recorded from the catchment area of Deothal Chanju HE Project
during the study. The average density of this group of species was recorded to be 810
individuals/ ha. In terms of VI (59.21) as well as density (155 individuals/ ha), Viburnum
cotinifolium was recorded to be the dominant shrub species at this sampling site. Sorbaria
tomentosa, Viburnum erubecens, and Cotoneaster rosea were observed as co-dominant
species at this site (Refer Table-8.8).

Table-8.8: Distribution analysis of shrub community at Site-|

Plant Species Frequency (%) Density Abundance VI
ind/ha
Cotoneaster rosea Edgew. 40 100 2.50 35.24
Sorbaria tomentosa ( Lindley)
Rehder 60 135 2.25 49.13
Viburnum cotinifolium D .Don 65 155 2.38 59.21
Viburnum erubecens Wall. Ex DC. 50 120 2.40 48.97
Cotoneaster bacillaris Wallich 35 65 1.86 26.84
Lonicera angustifolia Wallich ex DC. 55 105 1.91 31.88
Salix denticulata Anders. 35 55 1.57 20.08
Spiraea canescens D.Don 45 75 1.67 28.65
Total 810 300

(© Herbaceous community

A total of 24 herbaceous species were recorded with an average density of 45.76 individuals /m?
during the study in summer season. The highest value of IVI (36.17) as well as density (8.12
individuals/ ha) was recorded for Carex nubigena which was dominant herbaceous species at
this site followed by Poa himalayana (IVI, 34.19) and Bromus gracillimus (IVI, 32.71). Frequency
value ranged from 16% to 60% at the site.

A total of 31 herbaceous species were recorded with an average density of 46.02individuals /m?
during the study in monsoon season. The highest value of IVI (22.93) as well as density (4.86

individuals/ ha) was recorded for Pedicularis graciliswhich was found to be most dominant
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herbaceous species at this site followed by Poa himalayana(lVI, 21.00) and Aster thomsonii(IVI,
20.40). Frequency value ranged from 8% to 60% at the site.

A total of 14 herbaceous species were recorded with an average density of 14.24 individuals /m?
during the field study in winter season. The highest value of 1VI (62.35) as well as density (4.08
individuals/m?) was recorded for Poa himalayana which was dominant herbaceous species at
this site, Stipa roylei (IVI, 57.57) and Carex nubigena(lVI, 34.56) were co-dominant species of
this vegetation stand. Frequency value ranged from 8% to 44% at the site. The details are given
in Table-8.9.

Table-8.9: Distribution analysis of herb community at site-|

Plant Species Frequency Density Abundance VI
(%) ind/m?
Summer season
Bromus gracillimus Vahl 36 6.24 17.33 32.71
Carex nubigena Tilloch & Taylor 60 8.12 13.53 36.17
Dactylis glomerata L. 40 3.84 9.60 21.18
Festuca rubra L. 44 4.84 11.00 25.02
Fragaria vesca L. 56 1.16 2.07 10.53
Gentiana capitata Buch.-Ham. ex
D.Don 40 2.24 5.60 14.20
Phleum alpinum L. 28 2.72 9.71 17.50
Poa himalayana Nees ex Steud. 36 6.56 18.22 34.19
Rumex nepalensis Sprengel 48 1.16 2.42 9.95
Taraxacum officinale Weber 56 1.40 2.50 11.43
Phlomis bracteosa Royle ex Benth. 36 0.92 2.56 8.22
Viola canescens Wallich 48 0.72 1.50 8.19
Valeriana jatamansi Jones. 44 0.64 1.45 7.53
Ainsliaea aptera DC. 44 0.60 1.36 7.37
Rheum emodii Wall. 40 0.60 1.50 7.04
Primula denticulata Smith 36 0.52 1.44 6.38
Potentilla supina L. 32 0.68 2.13 6.88
Geranium wallichianum D.Don ex
Sweet 32 0.76 2.38 7.27
Galium elegans Wall. 16 0.20 1.25 3.30
Cynoglossum zeylanicum (Vahl ex
Horn.) Thumb. 32 0.40 1.25 5.50
Bunium persicumBioss. 36 0.44 1.22 6.01
Boenninghausenia albiflora (Hook.)
Reichb 20 0.48 2.40 5.35
Angelica glauca Edgew 28 0.32 1.14 4.79
Impatiens glandulifera Royle. 16 0.20 1.25 3.30
Total 45.76 300
Monsoon season
Stipa roylei (Nees) Mez 32 2.24 7.00 13.34
Rumex nepalensis Sprengel 24 1.46 5.83 9.78
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Plant Species Frequency Density Abundance VI
(%) ind/m?
Poa supina Schrad. 28 3.24 11.57 18.28
Poa himalayana Nees ex Steud. 24 3.60 15.00 21.00
Phleum alpinum L. 32 3.44 10.75 18.60
Pedicularis gracilis Wallich ex
Benth. 56 4.86 8.64 22.93
Festuca rubra L. 28 3.68 13.14 20.35
Carex nubigena Tilloch & Taylor 24 3.40 14.17 19.98
Bromus japonicus Vahl 32 3.86 11.88 20.18
Aster thomsonii Clarke 60 4.08 6.80 20.40
Alopecurus arundinaceus Poir. 28 1.47 5.00 9.65
Chaerophyllum acuminatum
Lindley 44 1.16 2.64 9.25
Phlomis bracteosa Royle ex Benth. 48 0.80 1.67 8.22
Potentilla supina L. 40 0.72 1.80 7.25
Cousinia thomsonii Clarke 36 0.72 2.00 6.95
Cynoglossum zeylanicum (Vahl ex
Horn.) Thumb. 40 0.64 1.60 6.94
Fragaria vesca L. 40 0.56 1.40 6.62
Valeriana jatamansi Jones. 20 0.38 1.60 4.02
Thalictrum foliolosum DC. 20 0.48 2.40 4.93
Taraxacum officinale Weber 32 0.60 1.88 6.15
Tanacetum longifolium Wall ex DC. 8 0.16 2.00 2.61
Prunella vulgaris L. 24 0.36 1.50 4.48
Plantago major L. 20 0.32 1.60 4.02
Geranium wallichianum D.Don ex
Sweet 40 0.56 1.40 6.62
Galium elegans Wall. 12 0.20 1.67 2.91
Delphinium denudatum Wall. 16 0.28 1.75 3.59
Cichorium intybus L. 24 0.39 1.33 4.28
Arenaria sepyllifolia L. 24 0.69 2.50 5.70
Androsace rotundifolia Hardw. 20 0.36 1.80 4.25
Ajuga bracteosa Wallich ex Benth 20 0.28 1.40 3.79
Ainsliaea aptera DC. 12 0.20 1.67 2.91
Total 46.02 300
Winter season
Poa himalayana Nees ex Steud. 36 4.08 11.33 62.35
Ainsliaea aptera DC. 32 0.52 1.63 15.70
Carex nubigena Tilloch & Taylor 44 1.92 4.36 34.56
Cichorium intybus L. 16 0.24 1.50 9.17
Fragaria vesca L. 32 0.56 1.75 16.24
Stipa roylei (Nees) Mez 40 3.80 9.50 57.57
Oxyria digyna (L.) Hill. 24 0.16 0.67 8.99
WAPCOS Limited 8-19




HPPCL EIA Report for Deothal Chanju HEP, Chamba, HP

Plant Species Frequency Density Abundance VI
(%) ind/m?

Tanacetum longifolium Wall ex DC. 24 0.48 2.00 14.06
Valeriana jatamansi Jones. 28 0.28 1.00 11.61
Crepis multicaulis Ledeb 8 0.44 5.50 16.90
Thlaspi arvense L. 12 0.20 1.67 8.16
Arenaria sepyllifolia L. 32 0.40 1.25 14.06
Thalictrum foliolosum DC. 20 0.24 1.20 9.60
Thymus linearis Benth. 24 0.92 3.83 21.04
Total 14.24 300

Site-Il, Trench Weir Site

(A) Tree community

At the Trench weir site, a total of 8 tree species were recorded during the field study. The
average density of tree species was recorded to be 255 individuals/ ha. In terms of IVI as well
as density, Quercus semecarpifolia, Picea smithiana and Abies pindrow were the dominant tree
species. Highest frequency of occurrence was observed for Quercus semecarpifoliawith 36%
frequency (Refer Table-8.10).

Table-8.10: Distribution analysis of tree community at Site-ll

Plant Species Frequency (%) Density | Abundance VI
ind/ha

Acer caesium Wall. ex Brandis 15 20 1.33 24.46
Picea smithiana (Wallich) Boissier 40 50 1.25 61.83
Quercus semecarpifolia J.E.Smith 50 70 1.40 78.16
Corylus jacquemontii Decne. 10 10 1.00 12.18
Ulmus wallichiana Planch. 20 25 1.25 33.99
Sorbus cuspidata (Spach) Hedl. 20 25 1.25 23.40
Abies pindrow Royley 25 35 1.40 49.00
Salix alba L. 15 20 1.33 16.98

Total 255 300

(B) Shrub community

In shrub community layer, a total of 10 shrub species were recorded from the Trench weir site
as a part of the study. The average density of this group of species was recorded to be 655
ndividuals /ha. In the shrub strata, Sorbaria tomentosa (IVI, 52.90) was recorded dominant
species with high density (110 individuals/ha). The other associated species in the shrub
community were Salix denticulata (IVI, 40.90), Viburnum cotinifolium (IVI, 37.25) and Indigofera
heterantha(lVI, 34.38) (Table-8.11).
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Table-8.11: Distribution analysis of shrub community at Site-lIl

Plant Species Frequency (%) Density | Abundance VI
ind/ha
Sorbaria tomentosa ( Lindley)
Rehder 65 110 1.69 52.90
Salix denticulata Anders. 50 80 1.60 40.90
Viburnum erubecens Wall. Ex DC. 35 55 1.57 28.90
Cotoneaster rosea Edgew. 40 60 1.50 28.75
Spiraea canescens D.Don 35 50 1.43 24.38
Viburnum cotinifolium D .Don 40 90 2.25 37.25
Sarcococca saligna ( D.Don) Muell.-
Arg. 30 60 2.00 20.04
Deutzia staminea R.Br. ex Wallich 25 40 1.60 16.91
Lonicera angustifolia Wallich ex DC. 25 35 1.40 15.58
Indigofera heterantha Wall. ex.
Brandis 55 75 1.36 34.38
Total 655 300

© Herbaceous community

A total of 26 herbaceous species were recorded with an average density of 55.80 individuals /m?
during the study at Trench weir site in summer season. In terms of importance value index (IVI),
Poa annua (IVI, 27.03) was the dominant herbaceous species closely followed by Poa
himalayana(IVl, 26.90) and Bromus gracilimus (IVI, 26.80). In terms of density, Poa
himalayana(6.96individuals /m?) followed by Bromus gracillimus (6.72individuals /m?) were the
dominant herbaceous species. The maximum frequency of occurrence was recorded for
Fragaria vesca and Poa himalayana each with 52% frequency.

In monsoon season, a total of 33 herbaceous species were recorded with an average density of
47.32individuals /m? during the field study. In terms of importance value index (IVI), Bromus
japonicus (IVI, 32.65) was the dominant herbaceous species which followed by Festuca
rubra(lVI, 31.79) and Poa himalayana(lVI, 30.95). The maximum frequency of occurrence was
recorded for Aster thomsoniiwith 48% frequency.

In winter season, a total of 15 herbaceous species were recorded with an average density of
18.92 individuals /m?. In terms of importance value index (IVI), Poa annua (IVI, 42.28) was the
dominant herbaceous species followed by Bromus gracillimus (IVI, 39.77) and Carex nubigena
(Ivl, 32.81). The maximum frequency of occurrence was recorded for Fragaria vescawith 52%

frequency.The details are given in Table-8.12.
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Table-8.12: Distribution analysis of herb community at Site-II

Plant Species Frequency (%) Density | Abundance VI
ind/m?
Summer season
Agrostis pilosula Trin 32 3.28 10.25 16.06
Bromus gracillimus Vahl 44 6.72 15.27 26.80
Carex nubigena Tilloch & Taylor 48 3.84 8.00 17.39
Chrysopogon gryllus (L.) Trin. 24 3.72 15.50 19.33
Dactylis glomerata L. 32 4.04 12.63 18.95
Festuca rubra L. 40 4.84 12.10 20.94
Fragaria vesca L. 52 1.04 2.00 8.96
Poa annua L. 24 5.44 22.67 27.03
Poa himalayana Nees ex Steud. 52 6.96 13.38 26.90
Rumex nepalensis Sprengel 48 6.48 13.50 25.67
Taraxacum officinale Weber 48 1.44 3.00 9.87
Viola canescens Wallich 44 0.96 2.18 8.04
Plantago major L. 44 0.68 1.55 7.13
Phlomis bracteosa Royle ex Benth. 40 0.76 1.90 7.05
Gentiana capitata Buch.-Ham. ex
D.Don 24 0.80 3.33 6.26
Ainsliaea aptera DC. 40 0.48 1.20 6.10
Cynoglossum zeylanicum (Vahl ex
Horn.) Thumb. 36 0.56 1.56 6.02
Potentilla supina L. 32 0.64 2.00 6.01
Valeriana jatamansi Jones. 36 0.48 1.33 5.74
Viola biflora L. 16 0.36 2.25 3.88
Veronica serpyllifolia L. 24 0.56 2.33 5.19
Primula denticulata Smith 28 0.60 2.14 5.58
Impatiens glandulifera Royle. 24 0.28 1.17 3.93
Geranium wallichianum D.Don ex
Sweet 20 0.32 1.60 3.84
Cirsium wallichii DC. 20 0.20 1.00 3.24
Bunium persicumBioss. 24 0.32 1.33 411
Total 55.8 300
Monsoon season
Aster thomsonii Clarke 48.00 2.08 4.33 12.70
Bromus japonicus Vahl 44.00 7.60 17.27 32.65
Carex nubigena Tilloch & Taylor 40.00 6.04 15.10 27.44
Dactylis glomerata L. 28.00 2.08 7.43 12.55
Festuca rubra L. 36.00 6.96 19.33 31.79
Poa himalayana Nees ex Steud. 32.00 6.48 20.25 30.95
Gentiana capitata Buch.-Ham. ex
D.Don 24.00 1.40 5.83 9.59
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Plant Species Frequency (%) Density | Abundance VI
ind/m?
Pedicularis gracilis Wallich ex Benth. 28.00 1.40 5.00 9.47
Thlaspi arvense L. 40.00 1.28 3.20 9.35
Taraxacum officinale Weber 32.00 1.00 3.13 7.81
Eragrostis pilosalL. P. Beauv 20.00 1.00 5.00 7.73
Phlomis bracteosa Royle ex Benth. 24.00 1.00 4.17 7.62
Arabidopsis thaliana (L.) Heynh 24.00 0.84 3.50 6.83
Cynoglossum zeylanicum (Vahl ex
Horn.) Thumb. 36.00 0.60 1.67 6.43
Oxyria digyna (L.) Hill. 32.00 0.64 2.00 6.29
Rumex nepalensis Sprengel 24.00 0.72 3.00 6.24
Ainsliaea aptera DC. 28.00 0.44 1.57 5.13
Fragaria vesca L. 36.00 0.52 1.44 6.11
Geranium wallichianum D.Don ex
Sweet 32.00 0.40 1.25 5.28
Rheum emodii Wall. 24.00 0.60 2.50 5.65
Selinum candollii DC. 28.00 0.56 2.00 5.67
Valeriana jatamansi Jones. 28.00 0.48 1.71 5.31
Cousinia thomsonii Clarke 24.00 0.48 2.00 5.05
Chaerophyllum acuminatum Lindley 28.00 0.40 1.43 4,95
Plantago major L. 20.00 0.32 1.60 4.00
Viola canescens Wallich 20.00 0.32 1.60 4.00
Astragalus candolleanus Royle ex.
Benth. 16.00 0.32 2.00 3.82
Inulu racemosa Hk. 20.00 0.24 1.20 3.56
Arenaria sepyllifolia L. 20.00 0.20 1.00 3.34
Prunella vulgaris L. 16.00 0.24 1.50 3.31
Tanacetum longifolium Wall ex DC. 16.00 0.24 1.50 3.31
Cirsium wallichii DC. 12.00 0.24 2.00 3.20
Angelica glauca Edgew 12.00 0.20 1.67 2.89
Total 47.32 300
Winter season
Poa annua L. 28 3.40 12.14 42.28
Ainsliaea aptera DC. 28 0.28 1.00 9.60
Anaphalis royleana DC. 32 0.76 2.38 15.09
Carex nubigena Tilloch & Taylor 36 2.60 7.22 32.81
Cichorium intybus L. 20 0.24 1.20 7.77
Fagopyrum dibotrys (D.Don) Hara 24 0.48 2.00 11.16
Fragaria vesca L. 52 1.04 2.00 20.78
Dactylis glomerata L. 20 2.16 10.80 31.87
Stellaria monosperma D.Don 32 0.84 2.63 15.87
Poa himalayana Nees ex Steud. 28 2.08 7.43 28.45
Valeriana jatamansi Jones. 24 0.44 1.83 10.70
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Plant Species Frequency (%) Density | Abundance VI
ind/m?
Crepis multicaulis Ledeb 16 0.24 1.50 7.26
Bromus gracillimus Vahl 28 3.16 11.29 39.77
Thalictrum foliolosum DC. 36 0.60 1.67 14.16
Thymus linearis Benth. 16 0.60 3.75 12.43
Total 18.92 300

Site-lll, Downstream of weir site near Taprigot

(A) Tree community

A total of 11 tree species were recorded at site-lll (Downstream of weir site near Taprigot)
during the field study. The average density of tree species recorded was 355 individuals/ ha. A
perusal of the data on the ecological analysis reveals that the highest value of IVI (84.69) as
well as density (95 individuals/ ha) was recorded for Ulmus wallichiana which was found to be
dominant tree species at this site followed by Picea smithiana (IVI, 69.82) and Quercus
floribunda (IVI, 28.23). Frequency value ranged from 5% to 65% at the site (Refer Table-8.13).
Table-8.13: Distribution analysis of tree community at Site-lll

Plant Species Frequency (%) Density | Abundance VI
ind/ha
Ulmus wallichiana Planch. 65 95 1.46 84.69
Sorbus cuspidata (Spach) Hedl. 15 25 1.67 15.97
Quercus semecarpifolia J.E.Smith 20 30 1.50 25.05
Abies pindrow Royley 20 25 1.25 22.61
Quercus floribunda Lindl.exRehder 30 35 1.17 28.23
Aesculus indica (Colebr.ex Cambess.)
Hook. 15 15 1.00 16.94
Picea smithiana (Wallich) Boissier 50 85 1.70 69.82
Salix alba L. 10 15 1.50 8.82
Prunus padus L. 10 10 1.00 8.93
Pinus wallichiana A.B. Jackson 5 5 1.00 4.79
Acer caesium Wall. ex Brandis 15 15 1.00 14.16
Total 355 300

(B) Shrub community

During the study for shrub community layer, a total of 15 shrub species were recorded from the
site-1ll (Downstream of weir site near Taprigot).The average density of this group of species was
recorded to be 655 ndividuals /ha. The highest value of IVI (64.68) as well as density (180

individuals/ ha) with 65% frequency was recorded for Sorbaria tomentosa which was dominant
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shrub species at this site. Viburnum cotinifolium, Indigofera heterantha, and Berberis
jaeschkiam were co-dominant species for this vegetation stand (Refer Table-8.14).

Table-8.14: Distribution analysis of shrub community at Site-lll

Plant Species Frequency (%) Density | Abundance VI
ind/ha

Sorbaria tomentosa ( Lindley) Rehder 65 180 2.77 64.68
Berberis jaeschkiam C.K. Schn. 35 55 1.57 24.04
Indigofera heterantha Wall. ex.

Brandis 50 80 1.60 27.35
Viburnum cotinifolium D .Don 55 110 2.00 37.99
Spiraea canescens D.Don 40 75 1.88 23.66
Rubus macilentus Cambess 35 65 1.86 19.34
Lonicera angustifolia Wallich ex DC. 20 20 1.00 7.38
Deutzia staminea R.Br. ex Wallich 35 45 1.29 17.50
Cotoneaster microphyllus L. 30 50 1.67 17.18
Artemisia martima L. 15 30 2.00 8.34
Cotoneaster bacillaris Wallich 10 20 2.00 7.24
Hippophae salicifolia D. Don. 5 10 2.00 4.39
Rosa macrophylla Lindley 20 30 1.50 9.93
Salix denticulata Anders. 25 35 1.40 13.97
Sarcococca saligna ( D.Don) Muell.-

Arg. 30 70 2.33 17.01

Total 875 300

(© Herbaceous community

A total of 29 herbaceous species were recorded with an average density of 46.32individuals /m?
during the study in summer season. The highest value of IVI (25.44) as well as density (6.32
individuals/ ha) was recorded for Rumex nepalensiswhich was dominant herbaceous species at
this site followed by Carex nubigena(IVI, 24.68) and Festuca rubra(IVI, 20.37). Frequency value
ranged from 16% to 60% of the site.

A total of 37 herbaceous species were recorded with an average density of 52.72individuals /m?
during the study in monsoon season. The highest value of IVI (22.56) was recorded for Festuca
rubrawhich was dominant herbaceous species at this site followed by Poa himalayana(lVI,
22.33) and Bromus japonicus (IVI, 21.60). Maximum density (5.20 individuals/ ha) was
observed for Poa himalayana.Frequency value ranged from 8% to 60% at the site.

A total of 18 herbaceous species were recorded with an average density of 13.56 individuals /m?
during the study in winter season. This sampling site had maximum species richness as

compared to other herbaceous community. The highest value of IVI (50.03) was recorded for
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Festuca rubra which was dominant herbaceous species at this site followed by Carex
nubigena(lVl, 37.72) and Cannabis sativa(IVI, 21.89). Frequency value ranged from 12% to
44% of the site .The details are given in Table-8.15.

Table-8.15: Distribution analysis of herb community at Site-Ill

Plant Species Frequency (%) Density | Abundance VI
ind/m?
Summer season
Rumex nepalensis Sprengel 48 6.32 13.17 25.44
Poa himalayana Nees ex Steud. 24 3.40 14.17 17.73
Poa annua L. 40 3.60 9.00 16.84
Festuca rubra L. 28 4.24 15.14 20.37
Dactylis glomerata L. 36 3.51 12.33 19.98
Carex nubigena Tilloch & Taylor 48 6.08 12.67 24.68
Bromus gracillimus Vahl 32 4.08 12.75 19.09
Agrostis pilosula Trin 24 1.57 12.67 16.15
Saccharum filifolium Nees ex Steud. 20 2.32 11.60 13.68
Carex cruciata Wahlenb. 44 0.65 5.64 13.15
Stellaria monosperma D.Don 24 1.28 5.33 8.39
Gentiana capitata Buch.-Ham. ex
D.Don 28 1.16 4.14 7.91
Fragaria vesca L. 44 0.84 1.91 7.79
Artemisia nilagirica (Clarke) Pamp. 32 0.96 3.00 7.30
Phlomis bracteosa Royle ex Benth. 44 0.60 1.36 7.01
Ainsliaea aptera DC. 36 0.76 2.11 6.84
Capsella bursa-pastoris (L.) Medikus 20 0.92 4.60 6.81
Cirsium wallichii DC. 20 0.28 1.40 3.67
Fagopyrum dibotrys (D.Don) Hara 16 0.48 3.00 4.55
Geranium wallichianum D.Don ex
Sweet 24 0.32 1.33 4.16
Gnaphalium luteo-album L. 32 0.64 2.00 6.09
Valeriana jatamansi Jones. 36 0.44 1.22 5.70
Heracleum lanatum Michaux 28 0.40 1.43 4.83
Primula denticulata Smith 24 0.52 2.17 5.04
Thalictrum foliolosum DC. 20 0.48 2.40 4.65
Plantago major L. 28 0.68 2.43 5.96
Potentilla supina L. 16 0.40 2.50 4.10
Taraxacum officinale Weber 32 0.80 2.50 6.69
Viola canescens Wallich 24 0.60 2.50 5.40
Total 46.32 300
Monsoon season
Tanacetum longifolium Wall ex DC. 56 5.12 9.14 20.62
Carex nubigena Tilloch & Taylor 32 4.04 12.63 18.61
Bromus japonicus Vahl 36 5.00 13.89 21.60
Bromus gracillimus Vahl 32 2.48 7.75 12.55
Aster thomsonii Clarke 40 1.96 4.90 10.47
Poa supina Schrad. 32 3.40 10.63 16.12
Phlomis bracteosa Royle ex Benth. 60 5.40 9.00 21.42
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Plant Species Frequency (%) Density | Abundance VI
ind/m?

Poa himalayana Nees ex Steud. 36 5.20 14.44 22.33
Festuca rubra L. 28 4.80 17.14 22.56
Pedicularis gracilis Wallich ex Benth. 48 1.28 2.67 8.49
Stipa roylei (Nees) Mez 20 1.28 6.40 8.32
Taraxacum officinale Weber 52 1.12 2.15 8.22
Rumex nepalensis Sprengel 40 1.04 2.60 7.26
Geranium wallichianum D.Don ex
Sweet 44 0.64 1.45 6.14
Chaerophyllum acuminatum Lindley 28 0.84 3.00 6.05
Ainsliaea aptera DC. 40 0.64 1.60 5.87
Plantago major L. 40 0.60 1.50 5.73
Valeriana jatamansi Jones. 36 0.60 1.67 5.47
Eragrostis pilosalL. P. Beauv 28 0.64 2.29 5.21
Viola canescens Wallich 32 0.52 1.63 4.93
Ajuga bracteosa Wallich ex Benth 28 0.56 2.00 4.88
Primula denticulata Smith 32 0.48 1.50 4.77
Anaphalis royleana DC. 24 0.52 2.17 455
Erigeron multicaulis Wall. ex DC. 24 0.52 2.17 455
Cousinia thomsonii Clarke 24 0.48 2.00 4.37
Boenninghausenia albiflora (Hook.)
Reichb 20 0.44 2.20 4.05
Fragaria vesca L. 24 0.40 1.67 4.00
Selinum candollii DC. 20 0.28 1.40 3.24
Rheum emodii Wall. 24 0.40 1.67 4.00
Prunella vulgaris L. 24 0.36 1.50 3.82
Inulu racemosa Hk. 12 0.32 2.67 3.39
Gynura cusimbua (D.Don) S.Moore. 16 0.24 1.50 2.86
Fagopyrum dibotrys (D.Don) Hara 12 0.16 1.33 2.24
Cynoglossum zeylanicum (Vahl ex
Horn.) Thumb. 20 0.36 1.80 3.65
Cichorium intybus L. 8 0.16 2.00 2.30
Capsella bursa-pastoris (L.) Medikus 20 0.32 1.60 3.44
Androsace rotundifolia Hardw. 8 0.12 1.50 1.91
Total 52.72 300
Winter season
Arenaria sepyllifolia L. 20 0.48 2.40 12.92
Valeriana jatamansi Jones. 24 0.36 1.50 11.18
Viola canescens Wallich 16 0.40 2.50 11.60
Persicaria polystachya (Wall. Ex
Meisn.) 40 0.76 1.90 18.62
Ranunculus sceleratus L. 32 0.56 1.75 15.00
Carex nubigena Tilloch & Taylor 44 2.32 5.27 37.72
Cichorium intybus L. 12 0.20 1.67 7.55
Fagopyrum dibotrys (D.Don) Hara 20 0.52 2.60 13.61
Fragaria vesca L. 28 0.60 2.14 15.14
Plantago major L. 24 0.44 1.83 12.43
Artemisia nilagirica (Clarke) Pamp. 12 0.24 2.00 8.50
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Plant Species Frequency (%) Density | Abundance VI
ind/m?

Cannabis sativa L. 20 1.00 5.00 21.89
Festuca rubra L. 36 3.24 9.00 50.03
Ajuga bracteosa Wallich ex Benth 24 0.56 2.33 14.30
Capsella bursa-pastoris (L.) Medikus 16 0.20 1.25 7.65
Taraxacum officinale Weber 24 0.80 3.33 18.05
Cirsium wallichii DC. 16 0.20 1.25 7.65
Rumex nepalensis Sprengel 24 0.68 2.83 16.17
Total 13.56 300

Site-IV, Upstream of Power House site (near Thanged nallah)

(A) Tree community

A total of 10 tree species were recorded at site-IV (Upstream of Power House site near

Thanged nallah) during the field study. The average density of this group of species was

recorded to be 280 ndividuals /ha. In terms of 1VI (93.32) as well as density (75 individuals/ ha)

with 50% frequency, Abies pindrow was recorded to be the dominant tree species at this

sampling site. Quercus floribunda, Ulmus wallichiana, and Picea smithiana were observed as

the co-dominant species at this community (Refer Table-8.16).

Table-8.16: Distribution analysis of tree community at Site-IV

Plant Species Frequency (%) Density Abundance VI
ind/ha

Picea smithiana (Wallich) Boissier 20 25 1.25 28.18
Lyonia ovalifolia (Wall.) Drude. 15 25 1.67 19.93
Ulmus wallichiana Planch. 30 35 1.17 44.43
Quercus floribunda Lindl.exRehder 40 55 1.38 49.10
Sorbus cuspidata (Spach) Hedl. 5 5 1.00 4.56
Prunus padus L. 10 10 1.00 9.71
Salix alba L. 15 20 1.33 15.20
Abies pindrow Royley 50 75 1.50 93.32
Acer caesium Wall. ex Brandis 15 15 1.00 19.84
Pinus wallichiana A.B. Jackson 15 15 1.00 15.71
Total 280 300

(B) Shrub community

In shrub community layer, a total of 16 shrub species were recorded at site-IV during the field

study. The average density of this group of species was recorded to be 865 ndividuals/ha. The

highest value of IVI (45.81) as well as density (145 individuals/ ha) was recorded for Viburnum

cotinifolium which was dominant shrub species of the site followed by Sorbaria tomentosa (IVI,
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39.75) and Indigofera heterantha(lVI, 27.98). Frequency value ranged from 5% to 65% at this
community (Refer Table-8.17).
Table-8.17: Distribution analysis of shrub community at Site-IV

Plant Species Frequency (%) Density Abundance VI
ind/ha
Indigofera heterantha Wall. ex.
Brandis 45 70 1.56 27.98
Sorbaria tomentosa ( Lindley)
Rehder 60 110 1.83 39.75
Viburnum cotinifolium D .Don 65 145 2.23 45.81
Viburnum erubecens Wall. Ex DC. 40 60 1.50 25.47
Spiraea canescens D.Don 40 65 1.63 23.80
Salix denticulata Anders. 25 35 1.40 13.20
Rubus macilentus Cambess 45 85 1.89 21.66
Rabdosia rugosa (Wallich ex Benth.) 45 85 1.89 22.07
Deutzia staminea R.Br. ex Wallich 35 50 1.43 17.49
Cotoneaster bacillaris Wallich 30 40 1.33 18.50
Berberis aristata DC. 15 30 2.00 14.16
Urtica dioca L. 15 20 1.33 7.35
Sarcococca saligna ( D.Don) Muell.-
Arg. 10 30 3.00 7.29
Rosa macrophylla Lindley 10 10 1.00 3.53
Rosa brunonii Lindley 5 5 1.00 2.09
Cotoneaster microphyllus L. 20 25 1.25 9.85
Total 865 300

© Herbaceous community

In summer season,a total of 27 species were recorded from the site-IV during field study. The
average density of this group of species was recorded to be 44.00 individuals /m?. In terms of
importance value index (IVI), Festuca rubra(lVI, 32.87) was the dominant herbaceous species
closely followed by Poa himalayana(lVI, 32.25 and Carex nubigena (IVI, 31.92). The highest
frequency of occurrence was observed for Festuca rubrawith 52% frequency.

During the field study on herbaceous layer in monsoon season,a total of 38 species were
recorded from the site-IV.This sampling site had maximum species richness as compared to
other herbaceous community. The average density of this group of species was recorded to be
43.20 individuals /m?. In terms of importance value index (IVI), Poa himalayana(IVI, 28.26) was
the dominant herbaceous species. Bromus gracillimus (IVI,27.06)and Rumex nepalensis (IVI,
26.48) were the co-dominant herb species at this site.The highest frequency of occurrence was

observed for Rumex nepalensis with 48% frequency.
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In winter season,a total of 16 species were recorded from the site-IV. The average density of

this group of species was recorded to be 18.84 individuals /m?. In terms of importance value

index (IVI), Saccharum rufipilum (IVI, 38.78) was the dominant herbaceous species. Carex

nubigena (1VI,36.13) and Phleum alpinum (IVI, 33.71) were the co-dominant herb species at this

site. The details are given in Table- 8.18.

Table-8.18: Distribution analysis of herb community at Site-1V

Plant Species Frequency (%) Density | Abundance VI
ind/m?
Summer season
Poa himalayana Nees ex Steud. 32 5.84 18.25 32.25
Festuca rubra L. 52 6.96 13.38 32.87
Phleum alpinum L. 24 2.96 12.33 19.82
Poa annua L. 40 4.92 12.30 26.00
Oxalis corniculata L. 40 2.60 6.50 15.81
Trifolium repens L. 32 2.08 6.50 13.75
Carex nubigena Tilloch & Taylor 48 6.60 13.75 31.92
Rumex nepalensis Sprengel 48 1.52 3.17 11.40
Taraxacum officinale Weber 48 1.40 2.92 10.92
Gentiana capitata Buch.-Ham. ex
D.Don 40 1.28 3.20 10.01
Fragaria vesca L. 56 0.88 1.57 9.47
Gnaphalium luteo-album L. 44 0.76 1.73 8.02
Primula denticulata Smith 44 0.64 1.45 7.51
Viola canescens Wallich 44 0.60 1.36 7.34
Potentilla supina L. 28 0.64 2.29 6.46
Boenninghausenia albiflora (Hook.)
Reichb 24 0.56 2.33 5.88
Impatiens glandulifera Royle. 28 0.52 1.86 5.83
Ajuga bracteosa Wallich ex Benth 32 0.44 1.38 5.67
Geranium wallichianum D.Don ex
Sweet 28 0.48 1.71 5.61
Thalictrum foliolosum DC. 28 0.48 1.71 5.61
Bunium persicumBioss. 20 0.20 1.00 3.50
Aconogonum molle (D. Don) Hara 20 0.20 1.00 3.50
Cirsium wallichii DC. 8 0.08 1.00 1.91
Cynoglossum zeylanicum (Vahl ex
Horn.) Thumb. 24 0.28 1.17 4.26
Ainsliaea aptera DC. 32 0.40 1.25 5.48
Cardamine hirsuta L. 24 0.32 1.33 4.49
Valeriana jatamansi Jones. 24 0.36 1.50 472
Total 44 300
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Plant Species Frequency (%) Density | Abundance VI
ind/m?

Monsoon season
Dactylis glomerata L. 44 4.56 10.36 22.44
Pedicularis gracilis Wallich ex Benth. 32 1.20 3.75 8.80
Phlomis bracteosa Royle ex Benth. 40 1.68 4.20 11.08
Poa himalayana Nees ex Steud. 28 5.28 18.86 28.26
Rumex nepalensis Sprengel 48 5.68 11.83 26.48
Stipa roylei (Nees) Mez 16 1.28 8.00 10.21
Poa supina Schrad. 40 5.40 13.50 26.12
Bromus gracillimus Vahl 32 5.28 16.50 27.06
Geranium wallichianum D.Don ex
Sweet 28 1.04 3.71 7.98
Gentiana capitata Buch.-Ham. ex
D.Don 32 0.80 2.50 7.01
Taraxacum officinale Weber 44 0.84 1.91 7.98
Trifolium repens L. 24 0.84 3.50 6.94
Plantago major L. 36 0.52 1.44 6.06
Viola canescens Wallich 36 0.52 1.44 6.06
Valeriana jatamansi Jones. 32 0.52 1.63 5.76
Eragrostis pilosalL. P. Beauv 24 0.56 2.33 5.48
Androsace rotundifolia Hardw. 24 0.52 2.17 5.28
Thlaspi arvense L. 20 0.52 2.60 5.15
Anaphalis royleana DC. 24 0.48 2.00 5.07
Prunella vulgaris L. 24 0.44 1.83 4.86
Primula denticulata Smith 24 0.44 1.83 4.86
Selinum candollii DC. 24 0.40 1.67 4.65
Arenaria sepyllifolia L. 24 0.40 1.67 4.65
Cichorium intybus L. 16 0.44 2.75 4.64
Rheum emodii Wall. 16 0.40 2.50 4.37
Tanacetum longifolium Wall ex DC. 20 0.36 1.80 4.22
Ainsliaea aptera DC. 20 0.32 1.60 3.99
Capsella bursa-pastoris (L.) Medikus 20 0.32 1.60 3.99
Fagopyrum dibotrys (D.Don) Hara 20 0.28 1.40 3.76
Sweritia cordata (G.Don ) Cl. 20 0.28 1.40 3.76
Oxyria digyna (L.) Hill. 16 0.28 1.75 3.57
Inulu racemosa Hk. 16 0.24 1.50 3.31
Gynura cusimbua (D.Don) S.Moore. 16 0.24 1.50 3.31
Ajuga bracteosa Wallich ex Benth 12 0.24 2.00 3.23
Senecio laetus Edgew. 12 0.20 1.67 2.90
Angelica glauca Edgew 12 0.20 1.67 2.90
Boenninghausenia albiflora (Hook.)
Reichb 12 0.16 1.33 2.58
Cirsium wallichii DC. 4 0.04 1.00 1.21
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Plant Species Frequency (%) Density | Abundance VI
ind/m?
Total 43.2 300
Winter season
Rumex nepalensis Sprengel 24 0.72 3.00 14.33
Phleum alpinum L. 20 2.60 13.00 33.71
Festuca rubra L. 28 2.16 7.71 28.20
Saccharum rufipilum Steud 12 2.48 20.67 38.78
Stipa roylei (Nees) Mez 20 1.80 9.00 25.21
Oxyria digyna (L.) Hill. 16 0.24 1.50 7.75
Stellaria monosperma D.Don 32 0.72 2.25 15.97
Poa annua L. 24 2.24 9.33 29.12
Ainsliaea aptera DC. 20 0.36 1.80 9.92
Anaphalis royleana DC. 20 0.76 3.80 14.17
Carex nubigena Tilloch & Taylor 24 2.96 12.33 36.13
Cichorium intybus L. 4 0.04 1.00 2.49
Fagopyrum dibotrys (D.Don) Hara 16 0.64 4.00 12.52
Fragaria vesca L. 36 0.68 1.89 16.59
Valeriana jatamansi Jones. 24 0.32 1.33 10.43
Persicaria polystachya (Wall. Ex
Meisn.) 8 0.12 1.50 4.67
Total 18.84 300

Site-V, Power House site near Dantoi village

(A) Tree community

The sampling site-V was selected close to the proposed Power House site near Dantoi village.

At this site, a total of 13 tree species were recorded during quadrat study which represents

maximum species richness as compared to other sampling sites. The average density of this

group of species was recorded to be 295 individuals/ ha. A perusal of the data on the ecological

analysis reveals that the dominant tree species were Populus ciliata (IVI, 68.20), Aesculus

indica (IVI, 61.62) and Celtis tetrandra, (IVI, 42.28). Highest frequency of occurrence was

recorded for Aesculus indica with 45% frequency (Refer Table-8.19).

Table-8.19: Distribution analysis of tree community at Site-V (Power House site)

Plant Species Frequency (%) Density Abundance VI
ind/ha
Aesculus indica (Colebr.ex 45 55 1.22 61.62
Cambess.) Hook.
Celtis tetrandra Roxb. 35 45 1.29 42.28
Picea smithiana (Wallich) Boissier 15 20 1.33 20.34
Ulmus wallichiana Planch. 15 15 1.00 16.17
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Plant Species Frequency (%) Density Abundance VI
ind/ha

Populus ciliata Wall. ex Royle 40 55 1.38 68.20
Lyonia ovalifolia (Wall.) Drude. 15 20 1.33 14.71
Quercus floribunda Lindl.exRehder 15 15 1.00 14.11
Pinus wallichiana A.B. Jackson 10 10 1.00 11.04
Abies pindrow Royley 10 15 1.50 14.14
Acer caesium Wall. ex Brandis 10 10 1.00 10.32
Pyrus pashia Buch.-Ham. ex D.Don 10 10 1.00 9.15
Rhododendron arboreum Smith 10 15 1.50 10.11
Salix tetrasperma Roxb. 10 10 1.00 7.80
Total 295 300

(B) Shrub community

A total of 17 shrub community species were recorded at the power house site of Deothal Chanju
HE Project during the field study. The average density of this group of species was recorded to
be 855 individuals/ ha. In terms of VI (47.32), Berberis jaeschkiam was dominant shrub species
at this sampling site followed by Sorbaria tomentos (IVI, 45.62) and Indigofera heterantha. The
maximum frequency was observed for Berberis jaeschkiam and Sorbaria tomentosa each with
65% frequency (Refer Table-8.20).

Table-8.20: Distribution analysis of shrub community at Site-V (Power House site)

Plant Species Frequency (%) Density Abundance VI
ind/ha

Berberis jaeschkiam C.K. Schn. 65 110 1.69 47.32
Berberis lycium Royle 30 50 1.67 20.03
Indigofera heterantha Wall. ex.

Brandis 50 70 1.40 24.55
Rabdosia rugosa (Wallich ex Benth.) 45 75 1.67 20.81
Spiraea canescens D.Don 30 40 1.33 14.60
Viburnum cotinifolium D .Don 40 50 1.25 19.97
Sorbaria tomentosa ( Lindley)

Rehder 65 120 1.85 45.62
Rubus macilentus Cambess 35 65 1.86 16.64
Rubus foliolosus D.Don 25 45 1.80 13.20
Deutzia staminea R.Br. ex Wallich 35 60 1.71 19.16
Buddleja crispa Benth. Scr. 15 15 1.00 6.54
Artemisia martima L. 25 55 2.20 14.11
Coriaria nepalensis Wallich 5 5 1.00 2.63
Cotoneaster bacillaris Wallich 25 30 1.20 11.90
Cotoneaster microphyllus L. 30 35 1.17 11.75
Prinsepia utilis Royle 20 20 1.00 7.35
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Plant Species Frequency (%) Density Abundance VI
ind/ha
Pyracantha crenulata (D. Don)
Roem. 10 10 1.00 3.81
Total 855 300

© Herbaceous community

A total of 30 herbaceous species were recorded with an average density of 42.76 individuals /m?
during the field study in summer season. The highest value of 1VI (25.44) as well as density
(6.32 individuals/m®) was recorded for Rumex nepalensiswhich was dominant herbaceous
species at this site followed by Carex nubigena (IVI, 23.79) and Poa annua (IVI, 22.35).
Frequency value ranged from 8% to 52% at this sampling site.

In monsoon season, a total of 33 herbaceous species were recorded with an average density of
52.96individuals /m? during the field survey. The highest value of 1Vl (21.22) as well as density
(5.28 individuals/ m?) was recorded for Valeriana jatamansiwhich was dominant herbaceous
species at this site closely followed by Poa supina(lVI, 21.08) and Poa annua (IVI, 20.09).
Frequency value ranged from 4% to 56% at this sampling site.

A total of 18 herbaceous species were recorded with an average density of 16.64 individuals
/Im?. The highest value of 1VI (38.09) as well as density (2.60 individuals/ m?) was recorded for
Festuca rubra which was dominant herbaceous species at this site followed by Phleum alpinum
(IV1, 30.65) and Carex nubigena(lVI, 29.77). Frequency value ranged from 8% to 40% at this
sampling site. The details are given in Table-8.21.

Table-8.21: Distribution analysis of herb community at Site-V (Power House site)

Plant Species Frequency (%) Density | Abundance VI
ind/m?

Summer season

Carex cruciata Wahlenb. 24 2.24 9.33 15.76
Carex nubigena Tilloch & Taylor 48 4.60 9.58 23.79
Cynodon dactylon (L.) Persoon 56 3.68 6.57 19.73
Dactylis glomerata L. 36 2.24 6.22 14.16
Festuca rubra L. 36 3.40 9.44 19.72
Gentiana capitata Buch.-Ham. ex

D.Don 28 2.16 7.71 14.53
Oxalis corniculata L. 52 1.32 2.54 10.27
Poa annua L. 40 4.08 10.20 22.35
Rumex nepalensis Sprengel 52 5.00 9.62 25.13
Stellaria monosperma D.Don 40 1.68 4.20 11.44
Valeriana jatamansi Jones. 44 1.28 2.91 9.75
Trifolium repens L. 44 1.24 2.82 9.57
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Plant Species Frequency (%) Density | Abundance VI
ind/m?
Taraxacum officinale Weber 48 1.16 2.42 9.41
Cannabis sativa L. 24 0.88 3.67 7.58
Gnaphalium luteo-album L. 48 0.72 1.50 7.57
Erigeron multicaulis Wall. ex DC. 32 0.84 2.63 7.32
Primula denticulata Smith 48 0.64 1.33 7.24
Fragaria vesca L. 40 0.60 1.50 6.53
Clinopodium umbrosum (M. Bieb.) C.
Koch 32 0.64 2.00 6.31
Viola canescens Wallich 32 0.52 1.63 5.69
Ajuga bracteosa Wallich ex Benth 32 0.52 1.63 5.69
Capsella bursa-pastoris (L.) Medikus 32 0.48 1.50 5.49
Ainsliaea aptera DC. 28 0.36 1.29 4.64
Chenopodium album L. 24 0.52 2.17 5.41
Fagopyrum dibotrys (D.Don) Hara 24 0.36 1.50 4.45
Geranium nepalense Sweet 32 0.44 1.38 5.29
Heracleum lanatum Michaux 28 0.32 1.14 4.42
Rheum emodii Wall. 8 0.08 1.00 1.83
Rumex hastatusL. 20 0.36 1.80 4.33
Thalictrum foliolosum DC. 20 0.40 2.00 4.60
Total 42.76 300
Monsoon season
Valeriana jatamansi Jones. 48 5.28 11.00 21.22
Poa supina Schrad. 28 4.48 16.00 21.08
Poa annua L. 40 4.76 11.90 20.09
Festuca rubra L. 32 4.40 13.75 19.87
Cynodon dactylon (L.) Persoon 56 4.80 8.57 19.49
Carex cruciata Wahlenb. 32 4.08 12.75 18.63
Saccharum filifolium Nees ex Steud. 16 2.60 16.25 16.62
Carex nubigena Tilloch & Taylor 40 3.40 8.50 15.37
Gentiana capitata Buch.-Ham. ex
D.Don 36 2.28 6.33 11.53
Oxalis corniculata L. 44 1.80 4.09 9.92
Primula denticulata Smith 52 1.40 2.69 8.99
Trifolium repens L. 24 1.44 6.00 8.66
Rumex nepalensis Sprengel 36 1.36 3.78 8.17
Phlomis bracteosa Royle ex Benth. 56 1.00 1.79 8.02
Anaphalis royleana DC. 40 0.84 2.10 6.49
Thalictrum foliolosum DC. 40 0.80 2.00 6.35
Fragaria vesca L. 48 0.60 1.25 6.21
Taraxacum officinale Weber 44 0.64 1.45 6.06
Geranium wallichianum D.Don ex 40 0.64 1.60 5.79
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Plant Species Frequency (%) Density | Abundance VI
ind/m?
Sweet
Ainsliaea aptera DC. 36 0.60 1.67 5.40
Potentilla supina L. 32 0.64 2.00 5.33
Origanum vulgare L 24 0.68 2.83 5.22
Plantago depressa Willd. 32 0.60 1.88 5.18
Viola canescens Wallich 32 0.52 1.63 4.87
Sweritia cordata (G.Don ) Cl. 28 0.56 2.00 4.82
Duschenia indica L. 32 0.40 1.25 4.40
Senecio laetus Edgew. 24 0.48 2.00 4.31
Ajuga bracteosa Wallich ex Benth 24 0.44 1.83 4.13
Oxyria digyna (L.) Hill. 20 0.36 1.80 3.60
Cirsium wallichii DC. 20 0.32 1.60 3.40
Rumex hastatusL. 16 0.24 1.50 2.83
Cynoglossum zeylanicum (Vahl ex
Horn.) Thumb. 16 0.20 1.25 2.60
Angelica glauca Edgew 16 0.16 1.00 2.36
Heracleum lanatum Michaux 12 0.12 1.00 1.93
Arisaema concinnum Schott. 4 0.04 1.00 1.07
Total 52.96 300
Winter season
Ainsliaea aptera DC. 20 0.32 1.60 8.79
Anaphalis busua (Buch.- Ham ex
D.Don) DC. 24 1.00 4.17 17.83
Valeriana jatamansi Jones. 28 0.40 1.43 10.72
Carex nubigena Tilloch & Taylor 32 2.08 6.50 29.77
Cirsium wallichii DC. 12 0.16 1.33 5.68
Duschenia indica L. 32 0.52 1.63 12.62
Fagopyrum dibotrys (D.Don) Hara 20 0.48 2.40 11.03
Festuca rubra L. 24 2.60 10.83 38.09
Fragaria vesca L. 36 0.60 1.67 14.02
Lecanthus wallichii Wedd. 8 0.36 4.50 11.07
Ajuga bracteosa Wallich ex Benth 20 0.52 2.60 11.59
Phleum alpinum L. 32 2.16 6.75 30.65
Plantago major L. 28 0.40 1.43 10.72
Poa annua L. 36 1.96 5.44 28.23
Rumex nepalensis Sprengel 32 0.60 1.88 13.50
Stellaria monosperma D.Don 40 1.40 3.50 22.62
Cannabis sativa L. 24 0.84 3.50 15.81
Viola canescens Wallich 16 0.24 1.50 7.28
Total 16.64 300
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Site-VI, Downstream of Power House site

(A) Tree community

From the site-VI, a total of 11 tree species were recorded during the field study. The average
density of this group of species was recorded to be 260 individuals/ ha. At this sampling
location the tree strata was dominated by Abies pindrow with maximum frequency (30%), IVI
(56.00) and density (45 individuals/ha). The other associated species in this community
werePicea smithiana, Cedrus deodara andAesculus indica. Frequency value ranged from 10%

to 30% at this site (Refer Table-8.22).

Table-8.22: Distribution analysis of tree community at Site-VI

Plant Species Frequency Density | Abundance VI
(%) ind/ha
Cedrus deodara (Roxb. ex Lam) G. Don 30 30 1.00 36.85
Aesculus indica (Colebr.ex Cambess.)
Hook. 15 20 1.33 29.89
Abies pindrow Royley 30 45 1.50 56.00
Acer caesium Wall. ex Brandis 10 10 1.00 12.67
Pinus wallichiana A.B. Jackson 20 20 1.00 23.53
Picea smithiana (Wallich) Boissier 25 35 1.40 40.34
Ulmus wallichiana Planch. 15 20 1.33 26.08
Quercus floribunda Lindl.exRehder 20 25 1.25 24.56
Salix alba L. 20 25 1.25 20.46
Celtis tetrandra Roxb. 10 15 1.50 15.32
Juglans regia L. 10 15 1.50 14.31
Total 260 300

(B) Shrub community

In shrub community layer, a total of 15 shrub species were recorded at site-VI during the field
study. The average density of this group of species was recorded to be 690 individuals/ha. The
highest value of IVI (46.89) as well as density (110 individuals/ ha) was recorded for Sorbaria
tomentosa which was dominant shrub species of the site followed by Indigofera heterantha (IVI,

40.58) and Spiraea canescens (IVI, 35.11). Frequency value ranged from 10% to 65% at this

community (Refer Table-8.23).

Table-8.23: Distribution analysis of shrub community at Site-VI

Plant Species Frequency Density | Abundance VI
(%) ind/ha
Salix denticulata Anders. 40 50 1.25 24.06
Rubus macilentus Cambess 45 65 1.44 22.82
Indigofera heterantha Wall. ex. Brandis 55 75 1.36 40.58
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Plant Species Frequency Density | Abundance VI
(%) ind/ha
Berberis jaeschkiam C.K. Schn. 30 50 1.67 22.53
Sarcococca saligna ( D.Don) Muell.-
Arg. 35 55 1.57 19.04
Sorbaria tomentosa ( Lindley) Rehder 65 110 1.69 46.89
Berberis lycium Royle 20 30 1.50 14.29
Rosa macrophylla Lindley 15 25 1.67 9.04
Spiraea canescens D.Don 60 80 1.33 35.11
Viburnum cotinifolium D .Don 40 60 1.50 28.58
Lonicera angustifolia Wallich ex DC. 15 15 1.00 6.94
Deutzia staminea R.Br. ex Wallich 10 15 1.50 6.17
Cotoneaster microphyllus L. 10 10 1.00 4.82
Cotoneaster bacillaris Wallich 10 15 1.50 7.51
Artemisia martima L. 25 35 1.40 11.62
Total 690 300

©) Herbaceous community

During the quadrat study on herbaceous layer in summer season,a total of 25 herbaceous
species were recorded at site-VI. The average density of this group of species was recorded to
be 44.36 individuals /m? In terms of importance value index (IV1), Saccharum filifolium (IVI,
28.31) was the dominant herbaceous species followed by Artemisia nilagirica(IVI, 27.05 and
Carex nubigena (IVI, 25.90). The maximum density was observed for Artemisia nilagirica with
5.68 individuals /m?.

In monsoon season,a total of 36herbaceous species were recorded at site-VI. The average
density of this group of species was recorded to be 53.76individuals /m?. In terms of importance
value index (IVI), Anaphalis busua (IVI, 18.91) was the dominant herbaceous species closely
followed by Fragaria vesca(lVI, 18.88 and Festuca rubra(IVI, 18.68). The highestfrequency was
recorded for Fragaria vescawith 64%.

During field studies in winter season, a total of 17 herbaceous species were recorded at site-VI.
The average density of this group of species was recorded to be 20.12 individuals /m?. In terms
of importance value index (IVI), Saccharum rufipilum (IVI, 38.20) was the dominant species
followed by Cynodon dactylon(IVI, 34.28) and Poa annua (IVI, 30.34). The maximum frequency

was recorded for Cynodon dactylon with 48%. The details are given in Table-8.24.
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Plant Species Frequency (%) Density | Abundance VI
ind/m?

Summer season

Agrostis pilosula Trin 44 2.24 5.09 14.03
Artemisia nilagirica (Clarke) Pamp. 48 5.68 11.83 27.05
Carex nubigena Tilloch & Taylor 32 4.92 15.38 25.90
Chrysopogon gryllus (L.) Trin. 24 4.20 17.50 24.80
Cynodon dactylon (L.) Persoon 48 3.40 7.08 18.54
Festuca rubra L. 24 2.16 9.00 14.18
Oxalis corniculata L. 36 1.28 3.56 9.80
Poa annua L. 24 3.80 15.83 22.72
Rumex nepalensis Sprengel 36 1.40 3.89 10.30
Saccharum filifolium Nees ex Steud. 28 5.20 18.57 28.31
Thymus linearis Benth. 24 1.40 5.83 10.22
Trifolium repens L. 40 1.12 2.80 9.39
Conyza stricta Willd. 36 1.00 2.78 8.61
Valeriana jatamansi Jones. 44 0.76 1.73 8.30
Taraxacum officinale Weber 40 0.84 2.10 8.26
Gnaphalium luteo-album L. 40 0.68 1.70 7.62
Origanum vulgare L 44 0.56 1.27 7.53
Primula denticulata Smith 40 0.56 1.40 7.13
Cannabis sativa L. 24 0.60 2.50 6.05
Fragaria vesca L. 28 0.48 1.71 571
Geranium nepalense Sweet 28 0.44 1.57 5.52
Malva verticillata L. 16 0.24 1.50 3.56
Medicago polymorpha L. 20 0.60 3.00 5.92
Viola biflora L. 32 0.32 1.00 5.33
Viola canescens Wallich 20 0.48 2.40 5.22

Total 44.36 300

Monsoon season

Aconogonum molle (D. Don) Hara 16 0.24 1.50 2.80
Ainsliaea aptera DC. 44 0.56 1.27 5.67
Ajuga bracteosa Wallich ex Benth 32 0.48 1.50 4.63
Angelica glauca Edgew 24 0.44 1.83 4.08
Cirsium wallichii DC. 16 0.20 1.25 2.57
Duschenia indica L. 36 0.52 1.44 5.01
Erigeron multicaulis Wall. ex DC. 32 1.16 3.63 7.28
Origanum vulgare L 40 1.08 2.70 7.22
Primula denticulata Smith 36 0.96 2.67 6.63
Cannabis sativa L. 24 0.96 4.00 6.47
Geranium nepalense Sweet 40 0.84 2.10 6.38
Thalictrum foliolosum DC. 36 0.88 2.44 6.34
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Plant Species Frequency (%) Density | Abundance VI
ind/m?

Phlomis bracteosa Royle ex Benth. 44 0.64 1.45 5.93
Viola canescens Wallich 36 0.64 1.78 5.45
Geranium wallichianum D.Don ex

Sweet 36 0.60 1.67 5.31
Sweritia cordata (G.Don ) Cl. 32 0.48 1.50 4.63
Fagopyrum dibotrys (D.Don) Hara 24 0.44 1.83 4.08
Anaphalis busua (Buch.- Ham ex

D.Don) DC. 44 4.52 10.27 18.91
Fragaria vesca L. 64 4.64 7.25 18.88
Festuca rubra L. 36 4.24 11.78 18.68
Cynodon dactylon (L.) Persoon 48 4.36 9.08 18.18
Valeriana jatamansi Jones. 56 4.40 7.86 18.14
Carex nubigena Tilloch & Taylor 28 3.20 11.43 15.83
Carex cruciata Wahlenb. 28 2.40 8.57 12.47
Poa annua L. 36 2.36 6.56 11.77
Trifolium repens L. 36 2.24 6.22 11.33
Rumex nepalensis Sprengel 32 2.16 6.75 11.18
Saccharum rufipilum Steud 20 1.84 9.20 11.15
Gentiana capitata Buch.-Ham. ex

D.Don 28 2.08 7.43 11.13
Taraxacum officinale Weber 40 1.64 4.10 9.18
Oxalis corniculata L. 24 1.32 5.50 8.11
Nepeta laevigata L. 20 0.36 1.80 3.57
Plantago depressa Willd. 24 0.32 1.33 3.53
Heracleum lanatum Michaux 16 0.24 1.50 2.80
Trigonella emodi Benth. 20 0.20 1.00 2.75
Rumex hastatusL. 12 0.12 1.00 1.91

Total 53.76 300

Winter season

Ainsliaea aptera DC. 28 0.84 3.00 13.65
Taraxacum officinale Weber 12 1.28 10.67 23.59
Valeriana jatamansi Jones. 24 0.32 1.33 7.97
Viola canescens Wallich 56 0.48 0.86 14.11
Cirsium wallichii DC. 12 0.32 2.67 7.59
Duschenia indica L. 36 0.64 1.78 12.44
Fagopyrum dibotrys (D.Don) Hara 16 0.56 3.50 10.70
Festuca rubra L. 28 1.92 6.86 24.43
Fragaria vesca L. 44 0.76 1.73 14.47
Saccharum rufipilum Steud 32 3.44 10.75 38.20
Ajuga bracteosa Wallich ex Benth 36 0.96 2.67 15.28
Cynodon dactylon (L.) Persoon 48 3.20 6.67 34.28
Plantago major L. 32 0.52 1.63 10.88
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Plant Species Frequency (%) Density | Abundance VI
ind/m?
Poa annua L. 32 2.60 8.13 30.34
Cannabis sativa L. 28 1.00 3.57 15.25
Rumex nepalensis Sprengel 20 0.96 4.80 15.27
Cardamine hirsuta L. 48 0.32 0.67 11.55
Total 20.12 300

8.3.9 Diversity Indices Measurements

Species diversity index can be considered as a measure of environmental quality and indicates
the well being of any ecosystem. To assess diversity of floral elements and structure of the plant
community in different study sites, various diversity indices were measured. A diversity index is a
mathematical measure of species diversity in a community. They provide more information about
community composition than simply species richness (i.e., the number of species present); they
also take the relative abundances of different species into account. Three species diversity
indices viz., Shannon index of general diversity (H’), dominance index (D) and Pielou’s evenness
index (J) have been calculated.

Shannon Weinner index (H') is an index used to measure diversity in categorical data. In a
basic sense, it is the information entropy of the distribution in a given area treating species as
symbols and their relative population sizes as the probability. Value of Shannon Weinner index
(H") more than 2 is indicative higher species diversity while its value around 1 or less than 1
indicates low diversity. Diversity index (H") increases in value as the number of species
increases. Thus, higher the value of (H’) the greater is the species diversity in the community. In
the present study species diversity (H') rangedfrom1.72 to 2.34 for tree species, 2.03 to 2.63 for
shrub species in all study sites. In case of herbs, the range of diversity was calculated for
summer (2.63-3.02), winter (2.05-2.54), whereas comparatively increased (2.94- 3.18) in
monsoon season. The maximum index for monsoon season clearly indicates that the species
richness plays an important role in increasing species diversity.

Dominance diversity (Cd) is another diversity index which always ranges from O - 1, indicates
species dominance within community gives greater weight to common species. In addition, the
value of Dominance closer to 1 indicates areas dominated by single or few species. The value
of Dominance had followed an opposite trend of diversity. Present results marked that site-I
(tree layer) found to have maximum concentration dominance (0.21) with least diversity (1.72)
whereas, site-VI (herb layer), had the lowest dominance (0.05) with maximum species diversity

(3.18). Dominance is also used for the estimation of heterogeneity of various sites.
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The distribution of individuals among the species, referred to as evenness. Evenness compares
the similarity of the population size of each of the species present. As species richness and
evenness increase, so diversity increases. In the present study Pielou’s evenness (J) ranged
between 0.86 to 0.97 for tree species, 0.92 to 0.98 for shrub species in all sampling sites. In
case of herbs, the range of evenness (J) was calculated 0.82 to 0.89 for summer season, 0.81 to
0.89 for monsoon season and 0.78 to 0.90 for winter season in all study sites. The diversity
indices measurements of plants at different sampling sites (communities) for studies conducted
in various seasons are given in Tables-8.25 to 8.29.

Table -8.25: Diversity indices of tree species occurring in various sampling sites

Shanon-wiener Concentration of
Project sampling sites Diversity Index dominance Evenness

(H") (Cd) Q)
I 1.72 0.21 0.88
Il 1.92 0.16 0.93
1l 2.07 0.16 0.86
\ 2.05 0.15 0.89
Vv 2.34 0.12 0.91
VI 2.31 0.10 0.97

Table -8.26: Diversity indices of shrub species occurring in various sampling sites

Shanon-wiener Concentration of
Project sampling sites Diversity Index dominance Evenness

(H") (Cd) ()
[ 2.03 0.14 0.97
1] 2.25 0.11 0.98
i 2.48 0.10 0.92
v 2.54 0.09 0.92
\Y 2.63 0.08 0.93
VI 2.52 0.09 0.93

Table -8.27: Diversity indices of herb species occurring in various sampling sites in
summer season

Project sampling Shanon-wiener Concentration of Evenness
sites Diversity Index (H) dominance (Cd) ()
I 2.63 0.10 0.83
Il 2.75 0.08 0.84
11 2.95 0.07 0.88
v 2.70 0.09 0.82
\Y 3.02 0.06 0.89
VI 2.83 0.07 0.88
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Table -8.28: Diversity indices of herb species occurring in various sampling sitesin
monsoon season

Shanon-wiener Concentration of
Project sampling sites Diversity Index dominance Evenness

(H") (Cd) Q)

I 2.98 0.06 0.87

Il 2.81 0.09 0.84

11 3.05 0.06 0.85

v 2.94 0.08 0.81

V 3.07 0.06 0.86

VI 3.18 0.05 0.89

Table -8.29: Diversity indices of herb species occurring in various sampling sites in
winter season

Shanon-wiener Diversity Concentration of
Project sampling Index (H") dominance Evenness
sites (Cd) (J)
I 2.05 0.18 0.78
Il 2.37 0.11 0.88
11 2.53 0.10 0.87
Y 2.42 0.10 0.87
V 2.09 0.09 0.90
VI 2.54 0.11 0.90

8.4 LOWER FLORAL DIVERSITY

The Himalayan flora consists of large number of Lower plant species.The tamperate Himalayan

climatic conditions are suitable for growth of pteridophytes, bryophytes, lichens and fungi as

well. The pteridophytes and bryophytes are confined to moist and shady places while lichens

gown on grounds, boulders, tree trunk as well as on the dead wood follen on the ground in

association with mosses.The some lower plant species observed in the project area are given in

Table-8.30.

Table-8.30: List of Lower floral species observed in the project area

Botanical Name

Family

Pteridophytes

Adiantum capillus- veneris

Adiantaceae

Adiantum venusutum

Adiantaceae

Athyrium fimbriatum

Athyriaceae

Diplazium maximum

Athyriaceae

Dryopteris chrysocoma

Dryopteridaceae

Polystichum neolobatum

Dryopteridaceae

Selaginella chrysocaulos

Selaginellaceae

Bryophytes

Anthoceros spp.

\ Anthocerotaceae
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Botanical Name

Family

Dicranodontium spp.

Dicranaceae

Fissidens leptolema

Fissidentaceae

Funaria hygrometrica

Funariaceae

Marchantia paleacea

Marchanticeae

Fungi

Agaricus arvensis

Agaricaceae

Ganoderma lucidum

Ganodermataceae

Laccara amethystina

Hydnagiaceae

Morchela esculenta

Morchellaceae

Lichens

Cladonia spp.

Cladoniaceae

Flavoparmelia caperata

Parmeliaceae

Parmelia micheli

Parmeliaceae

Heteroderma diademata

Physciaceae

Usnea longissisma

Parmeliaceae

8.4.1 RET status of species

During the present survey of Deothal Chanju HE project area, following IUCN Red list of
threatened plant, no rare and endangered species are reported from the project area. However,
there are around 19 species of flowering plants from the State that have entered the Red data
Book of Indian Plants (Nayar and sastry 1987, 1988 and 1990). Species like, Betula
utilisDelphinium denudatum,Ephedra gerardiana, Acer caesium, Bunium persicum, were
recorded from the catchment area of the proposed project. Therefore, none of species are going

to be affected or uprooted from the project activity.
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View of proposed power house site of Deothal Chanju HE project
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Measuring of girth of tree species during field survey

View of downstream area of power house site
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