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Figure-11.2: Details of free stretch available after development of Hydro-electric projects in
Great Rangit River

Figure-11.3: Details of free stretch available after development of Hydro-electric projects in
Rammam River
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CHAPTER-1
INTRODUCTION
1.1 GENERAL
Basin study for any river basin can be defined as its ability to provide optimum support for
various natural processes and allow sustainable activities undertaken by its inhabitants. The
same is determined in terms of the following:

¢ Inventorization and analysis of the existing resource base and its production,
consumption and conservation levels.

o Determination of regional ecological fragility/sensitivity based on geo-physical,
biological, socio-economic and cultural attributes.

e Review of existing and planned developments as per various developmental plans.

e Evaluation of impacts on various facets of environment due to existing and planned
development.

The basin study involves assessment of stress/load due to varied activities covering, e.g.
exploitation of natural resources, industrial development, population growth which lead to
varying degree of impacts on various facet of environment. The basin study also envisages a

broad framework of environmental action plan to mitigate the adverse impacts on

environment which could be in the form of:

Preclusion of an activity

Infrastructure development

Modification in the planned activity

Implementation of set of measures for amelioration of adverse impacts.

Thus, basin study is a step beyond the EIA, as it incorporates an integrated approach to assess
the impacts due to various developmental projects. The present study basically assesses
impacts on terrestrial and aquatic ecology due to development of various hydroelectric
projects in the area to be studied as a part of the present study.

1.2  NEED FOR THE STUDY

The Study of Teesta Basin for West Bengal portion has been initiated at the instance of
Ministry of Environment & Forests, Government of India while according prior Environmental
Clearance to Teesta Low Dam -V hydroelectric project.

1.3  STUDY AREA

The Basin Study will focus on the various impacts resulting from implementation of hydro power
projects in the Teesta basin in West Bengal. A total of 7 (seven) projects are envisaged in the

study area to be covered in the Teesta basin and are listed in Table-1.1. The current status of
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projects in the Study Area is given in Table-1.2. The Teesta Basin Map and the Study Area Map

are enclosed as Figures-1.1 and 1.2 respectively.

Table-1.1: Projects proposed in the Study Area

S. No. Project Name Proposed/Installed | Project Proponents
Capacity (MW)
1 Teesta HEP Stage-VI 500 LANCO
Teesta Intermediate HEP | 84 Project handed over to NHPC by
West Bengal State Electricity
Distribution Corporation Limited
(WBSEDCL
3 Teesta Low Dam -l and | 81 Project handed over to NHPC by
HEP West Bengal State Electricity
Distribution Corporation Limited
(WBSEDCL
4 Teesta Low Dam -Ill HEP 132 NHPC Limited
5 Teesta Low Dam -IV HEP | 160 NHPC Limited
6 Teesta Low Dam -V HEP 80 Project handed over to NHPC by
West Bengal State Electricity
Distribution Corporation Limited
(WBSEDCL
7 Jorthang Loop HEP 96 Dans Energy Private Limited
(DEPL)
Total 1133

Table-1.2: Current Status of Projects in the Study Area

S. No| Project Name Proposed/Installed | Current Status
Capacity (MW)
1 Teesta HEP Stage-VI 500 Under Construction
Teesta Intermediate HEP 84 Scoping Clearance accorded by
MoEF in October 2013
3 Teesta Low Dam -l and Il | 81 Scoping Clearance accorded by
HEP MoEF in December 2013
4 Teesta Low Dam -Ill HEP 132 Commissioned
5 Teesta Low Dam -IV HEP 160 Commissioned
6 Teesta Low Dam -V HEP 80 Scoping Clearance accorded by
MoEF in May 2013
7 Jorthang Loop HEP 96 Under Construction
Total 1133

WAPCOS Limited
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Figure-1.2: Study Area Map for Teesta Basin Study

Geographically, Teesta sub basin in West Bengal is located between 26° 14’ - 27° 13’ N

Latitude and 87° 59’ - 88° 59’ E longitude. Teesta basin in West Bengal forms its boundary

with Sikkim state in North through RamamKhola, Rangit and Teesta rivers. It shares its border

with Nepal and Mahananda river basin in West, Jaldhaka river basin in East and Bangladesh in

south. The basin’s relief varies nearly from 40 m to 3600 masl. Teesta sub-basin in West

Bengal covers an area of 3225 sq. Km. which comprises of hilly terrain of Darjeeling district
(approximately 1121 sq. km) and plains of Jalpaiguri district (2104 sq. km). The hilly terrain
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especially in Sikkim and Darjeeling is highly prone to the landslides, flood and earthquakes.
Throughout its course in the hilly terrain of West Bengal and Sikkim, it traverses through deep
gorges and narrow valleys.

In the 96 Meeting of EAC of MOEF&CC for River Valley and Hydroelectric Projects held on 11t
and 12 August 2016, the projects on Rammam river is also to be included. The details of
Hydroelectric Projects on river Rammam are given in Table-1.3.

Table-1.3: Details of HEPs on Rammam River

S. No. | Name of Project Capacity (MW) Status
1 Rammam Stage-| HEP 48 Project handed over to NHPC Ltd. By
WBSEDCL

2 Rammam Intermediate | 12 Project handed over to NHPC Ltd. By
Small HEP WBSEDCL

3 Rammam Stage-Il HEP 51 Project under operation by WBSEDCL

4 Rammam Stage-Ill HEP 120 Under construction by NTPC Ltd.
Total 231

1.4  PROFILE OF THE STUDY AREA

The climate of Teesta basin in West Bengal is sub-tropical humid. In the Northern part of the
state that includes the mountain region (Himalayas), temperature ranges from 0 °C to 10°C in
winter while it increases to around 12°C to 18°C in the plains. January is the coldest month.
The summer season begins from the month of March and temperature starts rising up to June.
May is the hottest month. The temperature reaches 20°C in hills to >40°C in the plains (State
Forest Report, 2010-11; http://www.westbengalforest.gov.in/publication_pdf/sfr-2010-
2011.pdf). The average rainfall for 5 years (2009 - 2013) in the Darjeeling hills ranges from
1.48 mm to 889 mm with minimum in February and maximum in July

(http://www.imd.gov.in/section/hydro/ distrainfall/webrain/wb/darjeeling.txt).

The total population of the Teesta basin in West Bengal is nearly 80,00,000, of which
maximum lie in the foothills and plains. It is about 27% of the total population of basin

including  Bangladesh and  Sikkim  (http://www.strategicforesight.com/publication

pdf/22345riversofpeace-website.pdf).

The river Teesta is one of the main Himalayan rivers and originates as ChhomboChhu from
a glacial lake KhangchungChho at 5,280 m. The river rises in mountainous terrain in extreme
north as ChhomboChhu, which flows eastward and then southward to be joined by various
tributaries in Sikkim, viz. ZemuChhu at Zemu, LachungChhu at Chungthang, RangyongChhu at
Mangan, DikChhu at Dikchu, Rani Khola at Singtam, RangpoChhu at Rangpo and Rangitriver at

Teesta Bazar. From Teesta Bazar downstream, the river leaves Sikkim and enters the hilly
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terrains of West Bengal and leaves hilly terrains at Sevoke near Siliguri, West Bengal. Teesta
river ultimately drains into Brahmaputra at Teesta much Ghat (Kamarjani-Bahadurabad in
Rangpu district of Bangladesh) and traverses a distance of about 400 km from its origin.
Teesta river is lifeline of people of Sikkim and North West Bengal. It has a great socio-
economic and cultural importance in this landscape. More than 80% of the total population
inhabit plains and foothills of the catchment, where agricultural practices are predominant
and local communities rely strongly on the river water for irrigation and domestic
consumption. The problem lies in lean season when water flow in Teesta river decreases 10
times from average flow. All hydro-electric projects are based on the run of the river scheme
and impacts on the downstream flow are foreseen as major challenge. In general hilly terrains
in Himalaya are sparsely populated, having good forest cover and stand for relatively pristine
ecosystems. The whole landscape is the main source of ecosystem services to local people.
1.5 SCOPE OF WORK
1.5.1 Data Collection
In the present study emphasis should be laid on terrestrial and aquatic ecology. The estimation
of supportive capacity of the basin should involve the preparation of the existing scenario i.e.,
the preparation of detailed data base of the basins. This should be accomplished through the
steps outlined in following sections.
Meteorology
The information on various meteorological aspects is to be collected from India Meteorological
Department (IMD) for meteorological stations located within the basin area or in vicinity to the
basin boundary. The information on various aspects such as rainfall, temperature wind,
humidity, etc. will be collected.
Water Resources
The information on following aspects should be collected:
o Review of drainage characteristics of the basin, including various surface water bodies
like rivers and lakes.
o Data collection and review of past studies/reports/data etc.
o Review of existing water sharing agreements for meeting various need-based existing
and future demands viz. municipal, irrigation, power generation and industrial.
° Analysis of all, past assessment of the water availability and assessing the water
availability, as per updated data for the system as a whole and at existing
ongoing/proposed project locations on annual/monsoon/non-monsoon and monthly

basis.
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° Estimation of sediment load at various points in the basin based on available secondary

data.
o Identification of perennial sources of water and their designated usages.
Water Quality

As a part of the study, secondary data is to be collected for water quality in the study area. In
addition to above, information on human settlement, sewage generated and mode of collection,
conveyance treatment and disposal of sewage should also be collected.

The water quality monitoring shall be conducted at 14 (fourteen locations @ (2 locations per
project) in the study area. The frequency of sampling shall be once per month for 12 months.
The various parameters include pH, Dissolved Oxygen (DO), Electrical conductivity (EC), Total
Suspended Solids (TSS), Total Dissolved Solids (TDS), Total Alkalinity, Total Hardness,
Biochemical Oxygen Demand(BOD), Chemical Oxygen Demand(COD), Nitrates, Chlorides,
Sulphates, Phosphates, Sodium, Calcium, Magnesium, Potassium, Iron, Manganese, Zinc,
Cadmium, Lead, Copper, Mercury, Total Chromium, Total Coliform.

Flora

The following data should be collected from various secondary sources for river Teesta and its

tributaries in the basin area :

e Characterization of forest types in the study area and extent of each forest type.
¢ Information on general vegetation pattern and floral diversity.
e Presence of economically important species in the study area.
e Presence of Rare, Endangered and Threatened floral species as per the categorization
Botanical Survey of India’s Red Data list in the basin area.
e Presence of endemic floral species found in the study area, if any should be assessed as
a part of the study.
e Location of wild life sanctuaries, national parks, biosphere reserves if any, in the study
area
The field studies should be conducted for sampling 14 (fourteen locations @ (2 locations per
project) to collect primary data on terrestrial ecology in the study area. The monitoring should
be conducted for three seasons namely pre-monsoon, monsoon and post-monsoon. The following
should be covered as a part of the EIA study.
o Identification of forest type and density, bio-diversity in the study area.
o Preparation of comprehensive checklist of flora (Angiosperms, Gymnosperms, Lichens,

Orchids, Pteridophytes, Bryophytes, Fungi, Algae etc.) with Botanical and local names.
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Importance Value Index of the dominant vegetation at various sampling locations.
Frequency, Abundance and density of each species of Trees, Shrubs and Herbs at
representative sampling sites should be estimated.

Identification and listing of plants of genetically, biologically, economical and
medicinal importance.

Details on presence of Endemics and RET species in the Study Area

Major forest produce, if any, and dependence of locals on the same in the forests
observed in the study area.

Standard survey method for sampling methodology needs to be adopted for Flora.

In addition, based on the published literature including various research papers, the information

on forest types, presence of various species, biological diversity etc. should be collected for the

study area.

Fauna

The following data to be collected from various secondary sources for the study area:

Inventory of Birds (resident, migratory), land animals including mammals, reptiles,
amphibians, fishes etc reported & surveyed in the basin area should be prepared.
Presence of RET faunal species as per the categorization of IUCN Red Data list and as
per different schedules of Indian Wildlife Protection Act, 1972 in the Study Area.
Presence of endemic faunal species found in the basin area, if any should be assessed
as a part of the Study.

Existence of barriers and corridors for wild animals, if any in the basin area should be
covered as a part of the study.

Identification of threats to wildlife in the Study Area.

Presence of National Park, Sanctuary, Biosphere, Reserve Forest etc. in the basin area

should be assessed.

During ecological survey, identification of faunal species shall be carried out simultaneously.

Indirect observations of mammals should be carried out by identification of tracks, droppings

(scal), claw marks and calls, etc. The listing of faunal species by direct observation techniques

should be carried out. The detailed list of faunal species should be formulated based on forest

records and published literature.
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Aquatic Flora and Fauna
The following data should be collected from various secondary sources for river Teesta and its
tributaries in the basin area :

o Presence of major fish species

) Inventory of migratory fish species & migratory routes of various fish species

° Presence of major breeding and spawning sites.

The field studies should be conducted for sampling at 14 (fourteen locations @ (2 locations per
project) in the study area to collect primary data on aquatic ecology & fisheries in the study
area. The density and diversity of phytoplanktons, zooplanktons should be estimated. In
addition, primary productivity should be monitored at various locations to be covered as a part
of the study.

The diversion of water for hydropower generation leads to reduction in flow downstream to
the dam site up to disposal of tail race outfall. This leads to diverse impacts on riverine
ecology. The dam could also act as a barrier for migration of fishes. The data on prevailing
fish species should be collected from the Fisheries Department. To augment the existing
data, a fisheries survey should be conducted at 14 (fourteen locations @ (2 locations per
project) in the study area. The survey should be conducted once per month for 12 months.
The details of the monitoring work should be carried out as per the following:

. Assessment of biotic resources with special reference to primary productivity,
zooplanktons, phytoplanktons, benthos, macrophytes, macro-invertebrates and
fishes in the study area.

. Population densities and diversities of phytoplanktons, zooplanktons, benthos,
macrophytes, macro-invertebrates and fish shall be estimated. Diversity indices of
these ecological groups should also be calculated separately.

. Fish composition

. Migratory route of migratory fishes

. Spawning & breeding grounds of fish species, if any, should be identified.

1.5.2 Impacts due to Hydropower Development
The impacts on terrestrial and aquatic ecology should be studied. The scenario to be
considered for assessment in the present study should be based on the hydropower projects
presented in Table-1.1. The key aspects to be covered are listed as below:

. Modification in hydrologic regime due to diversion of water for hydropower

generation.

WAPCOS Limited 1-9



Teesta River Basin Study Chapter-1: Introduction

" Depth of water available in river stretches during lean season and its assessment of
its adequacy vis-a-vis various fish species.

. Length of river stretches with normal flow due to commissioning of various
hydroelectric projects due to diversion of flow for hydropower generation.

. Impacts on discharge in river stretches during monsoon and lean seasons due to
diversion of flow for hydropower generation.

. Impacts on water users in terms of water availability and quality

. Impacts on aquatic ecology including riverine fisheries as a result of diversion of
flow for hydropower generation.

. Assessment of maintaining minimum releases of water during lean season to
sustain riverine ecology, maintain water quality and meet water requirement of

downstream users.

. Impact due to loss of forests

. Impact on RET species & impacts on economically important plant species.

. Impacts due to increased human interference

. Impacts due to agricultural practices.

. Study the impact of cascade development and make recommendations on the

requirement of free flowing stretch between two projects. Ecological inventory
and geomorphology for different stretches of river to be delineated.

. Information on river stretch affected and forest area affected by each project
needs to be modified to include additional details of catchment area; total forest
area of the sub basin and the area getting affected and total river length, stretch
affected and free flowing.

. Undertake environmental flow release assessment for the entire year i.e. covering
lean, non-lean non- monsoon and monsoon periods, based on methodology such as
BBM and make recommendations for each stretch.

. Hydro Dynamic Study for assessment of Environmental flow release should be
linked with the fauna, habitat requirement for assessment of environmental
flowreleases for entire year.

. Modelling study carried out to assess the impact of peaking discharge should be
concluded with recommendations for mitigation of such impacts.

. Sampling sites, forest cover and forest type should be listed and illustrated sub

basin wise. Endemic species of fishes in Teesta basin shall be tabulated.
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The main objective of the study is to bring out the impacts of dams being planned
on the main river and its tributaries. At the end of the Report there should be a
separate Chapter synthesizing the results of each component so that a holistic
picture of impacts could be emerged which should lead to Recommendations
Impact on overall balance of sediment due to construction of a number of projects
needs to be included in the report.

Impact of sand mining, boulder mining, etc need to be included in the study
Impact assessment should also include “Impacts due to construction of approach
roads for the HEPs”.

Source of secondary information used in the report/to be used in the report should
be revealed and credit given accordingly.

Detailed maps of each Sub-Basin have to be provided separately for each
parameter such as forest cover, forest type, vegetation, location of sampling sites,
etc. For each forest type it will be appropriate to give altitudinal range (for some
it is given), its location in the study area in separate maps.

For betterment of analysis, it may be appropriate to categorize dams as
Operational/ Under Construction/ EC, Scoping, Not Allotted yet, This will facilitate
decision making on dropping of any dam, if it is required from environmental

angle.

1.5.3 Outcomes of the Study

The key outcomes of the study should be to:

Provide sustainable and optimal ways of hydropower development of Teesta river
in the Study Area, keeping in view of the environmental setting of the basin

Assess requirement of environmental flow for the entire year i.e. covering lean,
non-lean non- monsoon and monsoon periods with actual flow, depth and velocity

at different level.

The study may be linked as Cumulative Impact Assessment on account of development of

various hydropower projects in the Study Area and should cover the following aspects :

Flow regime

Flood plain including wetlands
Aquatic ecology

River morphology

Sediment transport/erosion and deposition
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° Impact on human activities and livelihood

° Considering the total length of the main river in the basin and the HEPs already
existing and planned for future development, how many more HEPs may be
allowed

o to come up. In other words, how much of the total length of the river that may be
tunneled inclusive of the tunneling requirement of all the projects that have been
planned for development so that the integrity of the river is not grossly
undermined.

. What may be criteria for downstream impact study in terms of length of the river
downstream to the tail water discharge point and what may be the parameters of
such a study. Currently the norm is 10 km radius area, which is inadequate for
major projects.

. If the states do not change their policy of allotting elevation-wise river reaches for
hydropower development, what criteria the EAC may adopt in restricting the river
reach for hydropower development. Alternatively, what should be the clear river
length of uninterrupted flow between the reservoir tip at FRL of a downstream
project and the tail water discharge point of the immediate upstream project.

. What will be the scientific procedure to decide on the minimum lean season flow
that must be maintained in the downstream of a dam/barrage and based on such a
procedure, what minimum lean season flow must be ensured by the hydropower
developer in various reaches of a long river in relation to the aquatic lives and
downstream water use.

. For peaking stations, what extent of diurnal flow variation may be considered safe
for the aquatic life. There are examples where the release is drastically reduced
during the long time for reservoir filling and the huge discharge flows through the
river during the few hours of peak power generation. This is detrimental to the
aquatic environment of the downstream stretch of the river.

. For muck disposal, what may be minimum distance that must be maintained
between the outer boundary of the muck disposal sites and the river bank. If such
a site is not available at the indicated distance and long haulage of muck may be
involved for safe muck disposal at sites further away, what may be the pros and
cons of including the enhanced cost of muck disposal in the project budget. Thus,

the study may highlight on the existing norms, cost of haulage per tonne-
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kilometer, the percentage of the haulage cost of the total project cost and the
extent to which the power may be more expensive to generate.
The key outcomes of the study should be to:

" Provide sustainable and optimal ways of hydropower development of teesta river in
the Study Area river, keeping in view of the environmental setting of the Study
Area.

. Assess requirement of environmental flow for the entire year i.e. covering lean,
non-lean non- monsoon and monsoon periods with actual flow, depth and velocity
at different levels.

. Downstream impacts on Assam up to Guwahati due to hydropower development in
the Study Area Management of impact and mitigation measures.

1.6 OUTLINE OF THE REPORT

The present report outlines the findings of Interim Report. The outline of the Report is given
as below:

Chapter-1 covers the need for the basin study, study area to be covered as a part of the
study. The scope of work and brief profile of the study area is also summarized in the
Chapter.

Chapter-2 outlines the methodology adopted for conducting the Basin study.

Chapter-3 presents the brief description of projects within the Study Area.

Chapter-4 delineates the hydrological aspects of the projects within the Study Area.
Chapter-5 summarizes the water quality characteristics of the area.

Chapter-6 presents the findings the floral survey conducted as a part of the study.
Chapter-7 presents the findings the faunal studies conducted as a part of the study.
Chapter-8 presents the aquatic ecological aspects of environment. The findings of the
chapter are based on collection of data from primary as well as secondary data sources.
Chapter-9 presents the findings the fisheries survey conducted as a part of the study.
Chapter-10 gives a brief description of the environmental sensitive areas within the Study
Area.

Chapter-11 delineates the prediction of impacts likely to accrue as a result of construction
and operation phases of various projects on the tributaries of Teesta Basin.

Chapter-12 delineates the Environmental Audit of Teesta Low Dam Il and Teesta Low Dam IV
HEP.

Chapter-13 delineates an Environmental Management Plan (EMP) for amelioration of

anticipated adverse impacts likely to accrue as a result of commissioning of various projects
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in the study area. The approach adopted for formulation of the Environmental Management
Plan (EMP) has been to maximize the positive environmental impacts and minimize the
negative ones.

Chapter-14 presents the recommendation of Teesta Basin study alongwith Environmental

Flows to be released for sustaining the riverine ecology
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CHAPTER-2

METHODOLOGY ADOPTED FOR THE STUDY

The present study was carried out in view of the developmental activities, which are likely to
be supported by Lower Teesta basin in West Bengal within natural resources limits and
minimum degradation of social, cultural and economic environments. The activities include
the construction of ongoing and proposed hydroelectric projects on Teesta river in West
Bengal; such activities can have a large number of impacts on the flora, fauna, river flow,
river geomorphology, hydrology, social, cultural and economic environments. This
contribution deals with the biological elements of terrestrial and aquatic ecosystem of the
surrounding areas of all proposed project. The main scope of the study is to carry out
ecological surveys in the surroundings of the proposed projects in Teesta basin of West

Bengal.

2.1 STUDY AREA

The Study Area comprises of surroundings of a total of 7 proposed/under construction/
commissioned hydroelectric projects located on Teesta and Rangit rivers within the boundary
of West Bengal. The primary surveys were carried out at various locations in the surroundings

of proposed projects as per scope of the study.

2.2 FLORA

The detail accounts on forest types and forest cover in the catchment area were based on our
primary surveys in the area supplemented with the working plans and records of Darjeeling
and Jalpaiguri district Forest Divisions. The major forest types encountered in the area were
described based on the classification of Champion and Seth (1968), Negi, (1989, 1996), Hazara
and Verma (1996), Mudgal and Hajra (1999).

The description of vegetation of the project areas proposed along the Teesta and the
Rangitrivers has been presented in terms of zones which correspond to topographic/
elevational classes within the 10 km radius as influence zones of the projects. The important
sites for the primary surveys were:

i) Area between Siliguri and Sevok

ii) Sevok, Riyang, Kalizora and Teesta Bazar

iii) Teesta-Melle, Jorethang, Sombaria- Kitam Wildlife Sanctuary and Rangit river
catchment

iv) Teesta-Lapchu, Lamta-Jorbanglow, Darjeeling and Senchal Wildlife Sanctuary.
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v) Area between Teesta and 3™ Mile, on way to Kalimpong area
vi) Melle-Rangpo, Singtam, up to Sherwani

2.2.1 Community Structure
To understand the community structure, vegetation sampling was carried out at different
locations of proposed projects and catchment area along the Teesta and Rangit river sub
basins. These surveys were undertaken during different seasons (pre-monsoon, monsoon and
post-monsoon) of the year to account for most of the floral elements found in the area. For
floral survey fourteen sites were selected for vegetation structure study in the Study Area.
The sampling was conducted for three seasons (i.e. pre-monsoon, monsoon and post-
monsoon). In order to calculate the Importance Value Index (IVI) and Shanon-Wiener diversity
index’ Modified-Whittaker nested vegetation plot design for sampling various vegetation types
(Stohlgrenet al., 1995a) was used. At each of the site, a 200 m long and 5 m wide belt
transect was laid perpendicular to the forest edge. Along each transect, ten contiguous 20 m
x 5 m plots were set for tree layer. Within each 20 m x 5 m plot, ten nested subplots, each of
5 m x 2 m size were established for analysing saplings and shrubs. The herbs were analysed by
placing ten subplots, each of 1m x 1 m size randomly on each site. Tree species were counted
as those individuals in 20 m x 5 m plots whose circumference at breast height (cbh) was
greater than 30 cm (> 30 cm). All individuals with 10 - 30 cm cbh were listed as shrubs and
saplings. Herbs (< 10 cm cbh) were analyzed in 1 m x 1m subplots randomly laid within same
20 m x 5 m plots.
Each individual species belonging to one of the three vegetation layers (i.e. trees,
shrubs/saplings or and herbs) was quantitatively analyzed for three variables, (i) density, (ii)
total basal area (TBA) for trees and total basal cover for shrubs and herbs and (iii) Importance
Value Index (IVI) using the methodology of Curtis &McIntosh (1950) with minor modifications.
Density represents the numerical strength of the species in a community. TBA/TCA value is
positively correlated with the dominance of a species while IVI expresses the dominance and
ecological success of any species in a single value.
Density was obtained as a ratio of total number of individuals of a particular species found to
the total number of sampling plots studied.
The TBA value for tree species was measured by the formula:

TBA = Mean Basal Area x Density
where, Mean Basal Area = (Average circumference at breast height) 2/4m

The cover value (for herb layer) was measured by the formula:
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Mean basal cover = m x (average diameter of species)? x 0.25
IVI value (Phillips, 1959) of a species was measured by the following formula:
IVl = Relative frequency +Relative density + Relative dominance
where,
Relative frequency = (Frequency of a particular species/Frequency of all species) x100
Relative density = (Density of a particular species/Density of all species) x100
Relative dominance = (TBA of a particular species/TBA of all species) x100
Species diversity of each vegetation layer (trees, saplings, shrubs and herbs) in each forest
fragment was calculated by using ‘Shanon-Wiener diversity index’ (Shanon Wiener, 1963) as:

H’ = -X (ni/n) x In (ni/n)

where, in is individual density of a species, n is total density of all the species and In =
natural logarithm
2.3 FAUNA
Information on different faunal taxa like mammals, avifauna, reptiles, amphibian, butterflies
and other invertebrates commenced with secondary literature and primary surveys. The
secondary information was gathered from the study area as well as adjacent areas with the
help of Mallick, 2012; Chettri and Bhupathi, 2007; Sengupta et. al, 2014; Ghorai and
Sengupta, 2014; Chettri, 2007 etc. Secondary information was strengthened by the primary
surveys for three seasons, which were carried out at all sites mentioned for floral surveys.
Primary surveys for the fauna in the study area were conducted during April 2014, July 2014
and October 2014, which correspond to the pre-monsoon, monsoon and post-monsoon
seasons. Primary surveys include direct and indirect evidences. During the primary surveys,
species belonging to mammals, birds, reptiles, amphibia, butterflies and other insects were
spotted at the various sites study area. The avifauna and butterflies of the study sites have
been documented through Direct Observations, Random Walks and Opportunistic Observations
during early morning (6:00 to 10:00 hrs.) and evening (17:00 to 19:00 hrs) for birds using a
pair of binoculars and noon (11:00 to 14:00) for butterflies were carried out. The field guides
- Grewal et al. (2002) and Harbal (1992) were used to identify birds and butterflies species,
respectively. For mammals both direct and indirect methods have been applied to sample
mammals present in the study area. Indirect evidences like tracks and signs (e.g.
footprints/pugmarks, calls, signs and scats) along with Visual Encounter Surveys have been
used. In addition, the presence of species was confirmed indirectly with the help of species’

calls, presence of trophies and hides and by interviewing the local people.
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After preparation of an inventory using all available sources, each species was assessed for its
conservation profile using IUCN redlist (2015) and Wildlife (Protection) Act (1970, amended in
2002).

2.4  WATER QUALITY & AQUATIC ECOLOGY

The study was carried out in Teesta river and its tributaries flowing in the hilly terrain of
West Bengal. The sampling was conducted at 15 sites in Teesta, Rangit and Riyang Khola
rivers. The sampling was carried out at a monthly interval at all sites from April 2014 to March
2015. Details of sampling sites are given in Table 2.1 and Figure 2.1. The elevation of
sampling sites covered as a part of the study ranged from 134 m to 281 m.

Table 2.1: Details of sampling locations in Teesta basin of West Bengal

Site Coordinates River Elevation Description of sites
Lat/Long (m)

S1 27°09°59”N Teesta 281 Upstream of Powerhouse of Teesta Stage VI
88°31'43"E

S2 27°07°55”N Teesta 245 Proposed Powerhouse of Teesta Stage VI
88°30'05"E

S3 27°07°12”N Teesta 223 Upstream of Teesta Intermediate dam
88%28'31"E

S4 27°05’42”N Teesta 219 Downstream of Teesta Intermediate dam
88%27'42"E

S5 27°07°13”N Rangit 270 Upstream of Proposed Powerhouse of
88°19'10"E Jorethang Loop HEP

S6 27°05’44”N Rangit 227 Downstream powerhouse of Jorethang Loop
88°23'06"E HEP

S7 27°05°23”N Rangit 220 Upstream of Teesta Low Dam | & I
88%24'10"E

S8 27°04’52”N Rangit 209 Downstream of Teesta Low Dam | & Il
88°25'50"E

S9 27°02°59”N Teesta 208 Upstream of Teesta Low Dam lli
88%25'36"E

S10 26%59°53”N Teesta 188 Downstream of Teesta Low Dam llI
88%26'10"E

S11 26%56’10”N Teesta 158 Upstream of Teesta Low Dam IV
88%27'05"E

S12 26%55°16”N Teesta 150 Downstream of Teesta Low Dam IV
88%27'41"E

513 26°53’19”N | Teesta 144 Teesta Low dam V
88928'28"E

S14 26%52°50”N Teesta 134 Downstream of Teesta Low dam stage V
88°28'36"E (near Sevok)

S15 26%59’36”N Riyang 187 Riyang is a tributary of Teesta, joins on left
88%25'42"E bank downstream Teesta Low dam llI
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Figure-2.1: Map showing aquatic sampling sites at different places in Teesta, Rangit and
Riyang Khola
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2.4.1 Physical and Chemical Characteristics

For each physical and chemical parameter, three replicates were obtained and averaged for
the final results. Water temperature was recorded with the help of graduated mercury
thermometer. In case of water, care was taken in measuring the temperature as it was
recorded from surface, column and near the bottom of the river. Average values of these
readings were computed for final results. The water current velocity at all sites was measured
with the help of float method. A 20 m stretch of the river was measured and marked at both
ends. A float was thrown at upper end and the time taken by the float to travel the marked
distance, was recorded by a stop watch.

The pH was recorded with the help of pH Scan (Eutech) and pH meter (El - 132 E) in the field.
For the turbidity of water, samples were collected in sampling bottles from different sites in
the field and brought to the laboratory for analysis. The turbidity was recorded with the help
of digital turbidity meter (TN 100; Eutech). The total dissolved solids were measured with the
help of TDScan 1 (Eutech) at each site. Similarly, Electrical conductivity was recorded with
the help of TDScan 3 (Eutech) at the sites. Dissolved oxygen was measured by iodometric
titration method using Oxygen test kit (Aquamerck). Total alkalinity, alkalinity as carbonates
and bicarbonates, total hardness, Ca and Mg contents, and chloride were measured with the
help of APHA (2005) and Adoni (1985). Nitrate (NOs; - N) and phosphate (POs - P) were
measured by photometric method using UV/visible spectrophotometer (Ultrospec 3000).
Other ions like Na, and K and a few heavy metals (Iron, Cu) were detected by Atomic
Absorption Spectrometry (AAS 6300).

2.4.2 Biological Characteristics

Four biotic communities namely phytoplankton, Zooplankton, Phytobenthos and Macro-
invertebrates were sampled to assess the aquatic richness. Phytoplankton and Zooplankton
were collected by filtering 50 liters (in high turbid condition, only 20 litre was filtered at each
site) of water at each site using a sieve of 25y mesh size. The residue left in the sieve was
collected in a 50 ml vial. Three replicates were taken for each community and pooled for
further analysis. Phytoplankton samples were preserved using Lugol’s solution. No
preservative were added in zooplankton samples. Benthos samples were collected from each
site by scraping the boulder surfaces of known quadrat area (5cm x 5 cm). These samples
were then preserved and analyzed in the same way as described for the plankton. The macro-

invertebrates were obtained with the help of a square feet Surber’s sampler. The substrate,
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mainly stones are disturbed and immediately transferred to a bucket kept under water and
later rinsed thoroughly to dislodge all the attached macro-invertebrates. For the
phytobenthos and macro-invertebrates three replicates for each community were obtained
and pooled for further analysis. To count the organisms the procedure described by Pennak
(1953) and Edmondson (1959) were followed.
Further analysis was conducted in laboratory. The volume of zooplankton, phytoplankton, and
benthos were made up to 100 ml. The total density of zooplankton and phytoplankton were
calculated using ‘Drop-count’ method, described by Adoni (1983). Macro-invertebrates
samples retrieved from the sampling sites were brought to the laboratory all individuals were
counted. The final densities of macro-invertebrates were expressed in the individuals per mZ.
The relative abundance of algal species was calculated as:

(Number of cells of a species / Total number of cells counted) x 100.
Identification of planktonic and benthic algae was carried out using permanent slide mounts
of samples from all the sites. The samples are acid digested, centrifuged and thoroughly
rinsed to get the cleared samples. For treatment of samples, the standard method was
followed (APHA, 2005). The permanent slides were prepared by mounting the medium in
Euparol. These slides were examined using standard literature (Lange- Bertalot & Krammer
2000, 2001, 2002; Hustedt and Jenson 1985; Sarod and Kamat, 1983).

2.5 FISH & FISHERIES

Present study on various aspects like species composition, fish migration, fisheries etc was
primarily focused in and around the zone of influence area of all hydro-electric projects
located in lower Teesta basin in West Bengal. Data was collected with the help of primary as
well as secondary sources. In order to prepare a detail list of fish fauna in the Teesta basin
under discussion Acharjee and Barat (2013) was consulted particularly for hilly region while
data was taken from Patra et al. (2011) in plain area. Monthly survey was carried out to
record the fish catch from different locations. Fish were recorded from fishermen spotted
during their fishing hours. In addition, fishermen were also hired to land fish from different
sampling locations. Fish were landed with the help of cast net and hook and rods. Each

species was subjected to IUCN red list (2015) to assess its conservation status.
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CHAPTER-3
PROJECT DESCRIPTION
3.1 INTRODUCTION
A total of 7 (seven) projects are envisaged in the study area to be covered in the Teesta
basin. The installed capacity of various projects proposed in the study area is given as
below:

Teesta Stage-VI HEP(500 MW)

Teesta Intermediate HEP(84 MW)
Teesta Low Dam -l and Il HEP(81 MW)
Teesta Low Dam -1ll HEP(132 MW)
Teesta Low Dam -1V HEP(160MW)
Teesta Low Dam -V HEP(80 MW)
Jorethang Loop HEP(96 MW)

As per the direction of 96" Expert Appraisal Committee (EAC) meeting, the projects on river
Rammam are also to be included. The following projects have been included:

Rammam Stage-| HEP(48 MW)
Rammam Intermediate HEP(12 MW)
Rammam Stage-1l HEP(51 MW)
Rammam Stage-lll HEP(120 MW)

The total number of hydroelectric projects (under operation, under construction and
proposed) has been finalized and freezed in consultation with the Government of West
Bengal. A letter from Commissioner, Department of Power & NES is enclosed as Annexure-|.

A brief description of the above referred projects is given in the following sections.

3.2 TEESTA STAGE-VI HEP
The proposed Teesta stage-VI hydroelectric project is located at a distance of 5 km
from Rangpoo Bazar which is located at a distance of about 40 km from Gangtok. The
project is a run off the river Hydro Electric Project, having Installed capacity of (125 X 4)
500 MW with firm power generation of 77.69 MW an annual generation of 2441 Gwh in
90% dependable Year. The key components of Teesta stage-VI HEP are
o Barrage comprising 6 (Six) waterways and 105 m length, 4 nos. intakes, 4
nos. desilting chambers, gate operation chamber, 2 nos . silt flushing tunnels.
° Power house comprising of Head Race Tunnels, Surge shaft, Pressure
shafts, Power house cavern, Transformer cavern, Tail race surge chamber,

tunnels and pot head yard.
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Barrage

Diversion barrage has been proposed on river Teesta about 500 m downstream of L.D.
Kazi bridge at Sirwani. The adequate pondage downstream of Teesta Stage - V is
available and it also avoids the submergence of houses, roads and other facilities. The
river profile is considerably straight therefore the suitable location for intake structure
and desilting chambers is available.

The barrage structure with 6 (six) nos. spillway of 12.5 m each along with 5 (Five) nos of
6 m thick piers have been provided making total width as 105 m of the barrage. The
average bed level of river is 338 m, to facilitate the flushing of river load. The
crest level of the spillway bays is proposed at 338 m, the top level of barrage has been
kept as 361.5 m. The barrage is designed to cater a flood of 7103 cumec. The high
flood level for design flood works out to be EL 345.20 m. The FRL and MDDL are
proposed as EL 360 m and EL 354 m respectively.

Diversion Arrangement during Construction

The construction of barrage has been considered during non-monsoon season only and the
diversion of 700 cumec non-monsoon flow has been considered for seasonal diversion to
construct the barrage. The diversion channel and earth/rockfill coffer dams shall be
constructed to divert the water during non-monsoon period.

Water Conductor System

The water conductor system located on the right bank of river Teesta has been designed
to carry a discharge of 531 cumec. The layout of water conductor system and power
house complex has been finalized on the basis of available topographical
conditions. All the structures are underground.

Intake Structure

4 (Four) nos of intake structures shall be located at the right of barrage with an
inclination of 15° from barrage axis. Each intake straight type intake has been designed
to pass a discharge of about 159.3 cumec and shall have centre to centre distance of 24
m. The intake structure invert shall be at EL 341 m which is 3 m above the crest level.
The bell mouth entry on upper hall of the intake has been proposed. The size of the
intake is 3.5m (W) X 8.85m (H) having top EL 349.85m to avoid any vortex formation.
Desilting Chambers

4 (Four) nos of desilting chambers with a clear distance of 31.5 m between the
chambers have been proposed to remove the silt particles of size 0.2 mm and above. The
length of the desilting chamber has been proposed as 550 m and 18.5 m width X

28.5 m deep (including hopper) to provide an average flow velocity of 0.324 m/sec. The
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silt settled in the desilting chamber shall be collected by silt flushing tunnels
through 4 (Four) nos silt flushing conduits further through 2 (Two) nos desilting tunnels.
The size of the silt flushing tunnels shall be varying from 0.9m X 1.5m to 1.4m X
1.5m along the length of chamber. Ultimately merging with D shaped tunnel of size
5.5m X 6.0m. The outfall of silt flushing tunnel is about 1.4 km distance of barrage near
the adit | area.

Head Race Tunnel

2 (Two) nos of head race tunnel to cater the discharge of 531 cumec having modified
horse shoe dia of 9.5 m with a slope of 1 in 350 m has been proposed.

Surge Shaft

2 (Two) nos underground restricted orifice type surge shaft of 28m (D) X 115m (H).
The orifice area of 15.39 m? including area of gate grooves has been provided.

Pressure Shaft

4 (Four) no of steel lined pressure shafts of 5.4m dia each with length varying from 150
to 226 m has been provided.

Power House Complex

The power house is proposed to be located underground within the rocky hill slope
comprising of following components:

Power house Cavern

Transformer Cavern

Down Stream Surge Cavern

Draft Tube Tunnels, one for each unit
Main Access Tunnels

Ventilation / Cable Tunnel
Interconnecting Gallery

Drainage cum Escape Tunnel

4 (Four) generating units of 125 MW capacity each have been proposed to be installed in
the power house. Vertical Francis Type Turbine has been chosen. The overall size of the
cavern is 140m (L), 22m (W) and 50m (H). At one end service bay is provided at floor
level of EL 249m.

The salient features of Teesta Stage-VI HEP are given in Table-3.1.

Table-3.1: Salient Features of Teesta Stage-VI HEP

Access to the Project

By road Through NH - 31 A from Tarkhola to Singtam

By air Bagdogra - 95 Km from Project site.

By rail New Jalpaiguri -85 Km from Project site,
Siliguri - 80 Km

Hydrology

Catchment Area 4500 Sq. Km

Maximum Design Flood 7103 Cumecs
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Diversion Design Discharge 700 Cumecs
Reservoir

Full Reservoir Level (FRL) EL. 360 m
Minimum Draw Down Level (MDDL) EL. 354 m
Gross Storage at FRL 3.18 Mm®
Live Storage 1.83 Mm?
Area of submergence at FRL 36 ha
Barrage & Appurtenant Works

Top Elevation 361.5m
Length at Top 105 m
Crest Elevation 338 m
Downstream Floor Elevation 330.5m
Maximum Height from Bed 23.5m
Type of Gates Radial

No. of Spans 6 Nos.

Size of Gate 12.5 m (W)X 14 m (H)
Thickness of Pier 6m

Water Conductor System

Intake

Type

Bell Mouth, Rectangular

Size

6.5 m (H)X 8.85 m (W)

Number of Units

4 (Four)

Intake Tunnel

4 Nos of 6.5 m Diameter

Desilting Chamber

Type Underground

Number 4 (Four)

Shape Hopper shaped with arched roof
Size 550 m (L) X 18.5 m (H) X8.5 m (W)

Average Velocity

0.324 m/ second

Head Race Tunnel

Design Discharge 531 cumec

Number 2 (Two)

Shape Circular

Size 11.8 km (L) X 9.5 m (D)

Surge Shaft

Type Underground; Restricted Orifice
Number 2 (Two)

Size 28 m (D) X115 m (L)

Pressure Shaft

Type Vertical

Numbers 4 (Four)

Size 5.40 m (D) X 150 m to 226 m (H)
Shape Circular

Steel Lining Thickness

24 mm with Stiffeners

Tail Race Tunnel

Number 2 (Two)

Type Circular

Size 9.5m (D) X 1.7 Km (L)
Maximum Tail Water Level 242 m

Minimum Tail Water Level 240 m

Power House Complex

WAPCOS Limited
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Type

Underground

Type of Turbine

Francis (Vertical Shaft)

Type of Generator

13.8 KV, 50 Hz Vertical Shaft Synchronous
Generator.

Size of Cavern

140 m (L) X 22 m (W) X 50 m (H)

Gross head (Average) 116 m

Net Head (Average) 103.2 m
Transformer Cavern

Type Underground

Size of Transformer Cavern

1MIOmMX15mX25m

Generator Transformer

13.8/400 KV, 3 x 51 MVA, Oil Directed Water
Forced Type.

GIS Accommodated in this Cavern
Down Stream Surge Chamber

Type Underground

Size of Cavern 160 m X 18 m X 45.5m
Pothead Yard

Type Surface

Size 30m X 100 m

Evacuation System

400 KV, D/C Transmission Line from Power

House Pothead Yard to Pooling Station

3.3 TEESTA INTERMEDIATE HEP

The project is located on river Teesta, near Melli village of Darjeeling district in West
Bengal. Access to the project site lies from left bank from Siliguri-Gangtok route NH 31.
All the project components are located on the left bank of the river with its power house
at the barrage toe. The barrage site is located about 4 km upstream on Teesta river from
Teesta Rangit confluence. The nearest airport is at Bagdora and nearest rail head at New
Jalpaiguri. The project is also connected by road with a distance of about 65 km from
Siliguri.

In general, the project consists of a diversion barrage, an intake, a surface power house
with surface transformer hall and a tail race channel. The project layour map is enclosed
as Figure-3.1. The project components are briefly described in following paragraphs.
Diversion Barrage

The diversion barrage is envisaged to be a RCC raft of about 19.5 m in height with its top
level at EL 241m, FRL at El 240m and MDDL at El 235 m. The barrage is provided with 7
bays each of 15m X 11.5m to surpass design discharge SPF of 15762m>/s.

The regulation cum diversion structure is a 136m long barrage across the river at about
5km upstream of the Teesta-Rangit confluence. Besides regulating the discharge, the
barrage shall also raise the water level and provide a higher head for power generation.
The FRL for the project has been kept at El. 240m. The MDDL has been kept at El. 235m

to provide storage for peaking during lean flow period. The water in excess of the
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requirement of power generation shall be passed through spillway bays, regulated by
radial gates. The crest of the barrage has been kept at EL. 221.5m. i.e. almost at the
river bed so that retrogressive silt flushing near the intakes is effective. Therefore, no
separate silt exclusion arrangement has been provided.
Intake Arrangement
The intake structure shall consist four bell mouth opening with trash rack.
Power House Complex
A surface power house of 90m long x 28.50 m wide x 38 high has been provided to house 4
units of 21 MW Bulb turbines. The total installed capacity is 84 MW. A surface Transformer
deck has been provided to accommodate (4+ 1 spare) nos. three phase 132 kV
transformers, each of 26 MVA capacity.
Tail Race Conduit (TRC)
222 m long Tail Race channel has been proposed to discharge the tailrace water directly
into the river at an elevation of 218 m.
PROJECT BENEFITS
The annual energy from the project has been assessed as 419.37 GWh on 90% dependable
basis. The project would also provide peaking benefits of 84 MW round the year.
PROJECT COST
The Project is estimated to cost Rs. 7409.34 million as

i) Cost of Generation at March 2012 Price Level

a) Civil Works 3846.73 million
b) Electro-Mechanical Works 3562.61million

The salient features of Teesta Intermediate HEP are given in Table-3.2. The project layout
map is enclosed as Figure-3.1.

Table-3.2: Salient features of Teesta Intermediate HEP

LOCATION
a) Project Area West Bengal
b) River Teesta in West Bengal
c) Barrage Site Near Melli Village
d) Power House Near Melli Village
e) District Darjeeling
f) Latitude 27° 06’ 17’ N
g) | Longitude 88° 28’ 1.7"’E
HYDROLOGY
a) | Catchment Area 5573 km?
b) Design Flood
PMF 20670m?/sec
SPF 15762m?/sec
RESERVOIR
a) Maximum Water Level E.L.240 m
b) Full Reservoir Level E.L.240m
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c) Minimum Draw- Down Level E.L.235m
d) | Total Volume 3.603 Million m*
e) Peaking Volume 1.943 Million m®
f) Storage at MDDL 1.66 Million m’
g) Surface Area at FRL 0.495 km’
h) Reservoir extent along the river 3.174 km (upto a point 1.4 km d/s of
Teesta VI HEP Tail Race Outfall)
BARRAGE
a) | Type RCC Raft
b) | Top elevation of barrage E.L.241 m
c) | Average river bed elevation E.L.221.5m
Rock level E.L.198.8 m
d) | Height above crest level 19.5 m
e) | Length 136 m, (Straight)
f) | Barrage Axis Orientation N 86°W to S 86°E
g) | Spillways :
h) Barrage Bays
No. 7
Size( Radial Gates ) 15m (W) x 11.5m (H)
Crest EL 221.5m
i) Energy Dissipater Stilling Basin
j) | Stilling Basin Invert 211
INTAKE
a) Location Left Bank
b) Number 4
c) Type Straight intake with bell mouth.
d) Maximum discharge per unit 148.80 m3/sec ( with10% overload)
e) Intake C/L level E.L. 214.0 m

DIVERSION ARRANGEMENT

a) | Diversion Flood( 25 year Non-monsoon) 1706 m3/sec

POWER HOUSE

a) Power House Surface Power House (4 Units)
b) Alignment N 86°E to S 86°W

c) Size (LxWxH) of Main Installed capacity | L-90.00m, W-28.5m, H-38.0m
d) Centre Line of Turbine E.L.-214.00m

TAIL RACE CHANNEL

a) | Size 50m X 7m Rectangular
b) | Length of Tail Race Channel 222m
c) | Type of flow Free Flow
GENERATING PLANT
TURBINE
a) Type Bulb Type Horizontal Axis
b) Number Four (4)
C) Capacity 21 MW
d) Design Net Head 17.00 m
e) Rated Discharge/Machine 135.28 m’/sec
f) Speed 125 rpm
GENERATOR
a) Type Horizontal Shaft Synchronous M/C
b) Number Four (4)

WAPCOS Limited
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C) Capacity 21 MW
d) Voltage 11 KV
TRANSFORMER

a) Type Three Phase

b) Number 4+1 (spare)

c) Capacity 26 MVA

d) Rated Voltage 11/132kV
ENERGY GENERATION

a) Annual Energy Generation(90 % 419.37 GWhr

Dependable Year)

b) Load factor (lean period ) 21.08%

c) Load factor (90%) 56.99 %
TRANSMISSION
a) | 132 KV Lines 1 No. Double Circuit
PROJECT COST

a) Civil works Rs. 3846.73 million
b) Electro mechanical works Rs. 3562.61 million
c) Total Cost Rs. 7409.34 million
TARIFF

a) Levellized Tariff (Rs./Kwh) 3.85

b) First Year Tariff (Rs./Kwh) 4.52

WAPCOS Limited
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Figure-3.1: Project Layout Map of Teesta Intermediate H.E. Project
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3.4 TEESTA LOW DAM | &Il COMBINED HYDRO ELECTRIC PROJECT

The Teesta Low I&ll Combined hydroelectric project is located on Badi Rangit or Great
Rangit River, a principal tributary of Teesta, near Melli village of Darjeeling district in
West Bengal. The access to the project site is from right bank from Tessta bazar bridge on
river Teesta on Siliguri- Gangtok route NH 31. All the project components are located on
the right bank of the river with its power house at the dam toe. The dam site is located at
about 2 km upstream on Rangit River from Teesta Rangit confluence. The nearest airport
is at Bagdora and nearest rail head at New Jalpaiguri. The project is also connected by
road with a distance of about 60 km from Siliguri.

Teesta Low Dam I&ll Combined Hydro Electric Project is a run-off-the river scheme with
pondage for diurnal peaking to harness the potential of Rangit river, Sikkim. The FRL of
the Teesta LDP I&ll Combined reservoir has been kept at EL. 254 m which is 4m below the
tail water level of which is 258m of Jorethang Loop H.E. project on its upstream, under
construction by Dans Energy group.

The tailrace outfall point of the project has been selected where the tail water level is EL.
208.5 m. The river gradient downstream of this point is quite gentle upto the confluence
of Rangit river with Teesta river.

The key components of the project are:

Concrete Gravity dam
Diversion tunnel
Intake works

Surface Penstocks
Surface Power House
Tail-race Channel

The project layout map is enclosed as Figure-3.2.

Concrete Dam

Teesta Low Dam I&ll Combined H.E. Project which intercepts a total catchment area of
2132 sq. km. envisages construction of a concrete gravity type dam, 74.1 m high above the
deepest foundation level and 248 m long at the top. The overall length of the waterway is
161.00m comprising of eight numbers sluice spillway bays, each of 11.5m width, with crest
elevation at El. 226.00 m and one number auxiliary spillway bay of 5m width, with crest
elevation at El. 251.00 m. The overall length of the non-overflow section of the dam is
42m which consists of one NOF block between intake & overall spillway and one each on
either sides. The sluices have been designed to pass the PMF discharge of 21462 cumec.
The dam would provide a gross pondage of 22.19 Mm® and live pondage of 2.98 Mm?

between MDDL 251 m and FRL 254 m to enable the power generation envisaged under the
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project, to cater to diurnal variations in power requirements. The dam top has been kept
at EL.258.0 m
Diversion Dam
The diversion dam is envisaged to be a concrete gravity dam of about 74.1 m in height
with its top level at EL 258m, FRL at El 254m and MDDL at El 251 m. The dam is provided
with 8 sluice radial gates each of 11.50 mX15.25 m with one overflow spillway gate to
surpass design discharge PMF of 21462 m®/s.
Intake Arrangement
The intake structure shall consist three bell mouth opening of 5m dia. with trash rack.
Penstock/Pressure Shaft
Three horizontal/vertical steel lined underground pressure shafts, each of 5m to feed the
three Francis turbine of 27 MW each.
Power House Complex
A surface power house of 86m long x 20 m wide x 44 high has been provided to house 3
units of 27 MW Francis turbines (Total capacity-81 MW).
A surface Transformer deck at Elevation 217.60 m of size has been provided to
accommodate (3+ 1 spare) nos. three phase 132 kV transformers( 2 in nos.), each of 33
MVA capacity.
Tail Race Conduit (TRC)
Two concrete lined conduit of 107.5 m and 113.5 m length have been proposed to
discharge the tailrace water directly into the river at an elevation of 207 m.
Project Benefits
The annual energy from the project has been assessed as 344.80 GWh on 90% dependable
basis and design energy as 323.77GWh. The project would also provide peaking benefits of
81 MW round the year.
Project Cost
The Project is estimated to cost Rs. 8591.00 million or as under:

ii) Cost of Generation at March 2012 Price Level

c) Civil Works Rs.6067.6 million

d) Electro-Mechanical Works Rs. 2523.4 million

The salient features of Teesta Low Dam | & Il HEP is given in Table-3.3.
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Salient features: Teesta Low Dam | & Il (combined) H. E. Project

LOCATION
a) River Badi Rangit or Great Rangit in West Bengal
b) Dam Site Near Melli Village
C) Power House Near Melli Village
d) District Darjeeling
e) Dam Axis 27°05°09”’ N to 27°05°16’’ N, 8824’53"’ E to
88%24’58”" E
HYDROLOGY
a) Catchment Area 2132 km?
b) Design Flood PMF  -21462 m’/sec
SPF -15961 m3/sec
RESERVOIR
a) Emergency Level E.L.257 m
b) Full Reservoir Level E.L.254m
C) Minimum Draw Down Level E.L.251 m
d) Total Volume 22.19 Million m3
e) Peaking Volume 2.98 Million m?3
f) Storage at MDDL 19.21 Million m?
g) Surface Area at FRL 1.63 km?
h) Reservoir extent along the river 8.575 Km (upto a point 1.214 Km d/s of Jorethang
loop HEP Tail Race Outfall)
DAM
a) Type Concrete gravity dam
b) Top elevation of dam E.L.258 m
C) Average river bed elevation E.L.210.5m
d) Length 248 m (Straight)
e) Dam Axis Orientation N 30°E to S 30°W
f) Spillways :
i) Sluice Spillway
-No. 8
-Size 11.50m (W) x 15.25m (H)
-Crest EL 226.0 m
-Gate Radial Type gates
ii) Overflow Spillway
-No. 1
-Size 5m (W) x 5m (H)
-Crest EL 251m
-Gate Vertical Lift fixed wheel gates
g) Energy Dissipator Trajectory Bucket type
INTAKE
a) Location Right Bank
b) Number 3
C) Type Straight intake with bell mouth.
d) Maximum discharge 75.933 m3/sec ( With 10% Overload)
e) Intake C/L level E.L. 245.50 m
f) Penstock 3 nos., 5.0 m Dia Circular Steel Lined
g) Gates 3 nos. 5.0 m x5.0 m Vertical lift fixed wheel gate

(service gate)

WAPCOS Limited
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PENSTOCK
a) Type Steel lined
b) Number of units 3 nos.
C) Diameter 5m
d) Length(PS-1,PS-11& PS-111) Length-229.81m
e) C/C distance between Penstock 15 m
f) Velocity flow at designed Q 3.52 m?/sec
DIVERSION TUNNEL
a) Location Right Bank
b) Length 624.50 m
C) Dia 12 m, Circular Shaped
d) Diversion discharge( 25 year 1764 m3/sec
Monsoon)
POWER HOUSE
a) Power House Surface Power House (3 Units)
b) Size (LxWxH) of Main Installed L-86.00m
capacity W-20m
H-44m
C) Centre Line of Turbine E.L. 205.60m
TAIL RACE CONDUIT
a) Size 6m D-shaped
b) Type of flow Free Flow
GENERATING PLANT
TURBINE
a) Type Vertical Francis
b) Number Three (3)
C) Capacity 27 MW
d) Design Net Head 42.83 m
e) Rated Discharge/Machine 69.03 m3/sec
f) Speed 187.50 rpm
GENERATOR
a) Type Vertical Shaft Synchronous Machine
b) Number Three(3)
C) Capacity 27 MVA
TRANSFORMER
a) Type Three Phase
b) Number 3+1(Spare)
C) Capacity 33 MVA
ENERGY GENERATION
a) Average power 13.66 MW
b) Annual Energy Generation 344.80 GWh
c) Load factor (lean period ) 16.87%
d) Load factor (average annual) 48.59%
TRANSMISSION
a) | 132 KV Lines Two Double Circuits
PROJECT COST
a) Civil works Rs. 6067.6 million
b) Electro mechanical works Rs. 2523.4 million
C) Total Cost Rs. 8591.0 million
TARIFF
a) Levellized Tariff (Rs./Kwh) 5.42
b) First Year Tariff (Rs./Kwh) 6.37
C) Internal Rate of Return(IRR) 14.02%
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