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EXECUTIVE SUMMARY REPORT OF CEIA STUDY FOR 
JAKHOL SANKARI HEP 

 
 
1. GENERAL 

 
The Satluj Jal Vidyut Nigam Ltd. (SJVNL), formerly Naptha-Jhakri Power Corporation 
Ltd. (NJPC) was incorporated on 24.5.1988 as a joint venture of Government of India 
and Govt. of Himachal Pradesh (H.P.). The 1500 MW Naptha Jhkakri H.E. Power 
project is the first project commissioned by the company. 
 
The Jakhol Sankri Hydroelectric Project (JSHEP) is proposed on Supin River in 
Uttarkashi district of Uttrakhand State. There are several hydropower projects under 
different stages of development on river Tons. These are mainly 60 MW Naitwar Mori 
HEP, Mori Hanol HEP and Hanol Tuini HEP. In addition, Tons has about 500 MW of 
identified hydropower projects under development. Jakhol Sankri HEP is one of the 
three hydropower projects awarded to Satluj Jal Vidyut Nigam Limited (SJVN Ltd.) in the 
State of Uttrakhand. The other two projects are Naitwar Mori HEP on river Tons 
downstream of Jakhol Sankri HEP (JSHEP) and Devasari HEP on river Pindar, a 
major tributary of river Alaknanda, in district Chamoli.  
 
2. PROJECT DESCRIPTION  

 
The project site and its components can be reached by National Highway NH-123 from 
state capital Dehradun which is connected very well by rail/road/air with the other parts 
of the country. Jakhol village which is located on the left bank of river Supin is 
approximately 220 km from Dehradun. Road between Dehradun Jakhol village passes 
through the places like Harbatpur, Barwala, Hatyari, Judoo, Nougaon, Purola, Mori and 
Naitwar. The Jakhol village is approximately 12 Km upstream of Naitwar village. 
Downstream of the project site a 60 MW Naitwar Mori HEP has been proposed between 
the stretches of Naitwar and Bainol  village. 
 
The proposed Barrage site is across river Supin near Dhara village. The width of the 
river at this section is about 33 m. The right bank is rather steep while the left bank is 
suitable for Power Intake. The selected layout takes into consideration the constraints 
that protected wildlife areas are not affected upon. The power intake, approach Tunnel, 
underground desilting tank; have been provided on the left bank terrace adjacent at 
Barrage location.. A pressure shaft carries water from surge shaft to the powerhouse. 
The powerhouse is proposed on the left bank of river Supin near Sankri village. A 
tailrace tunnel drains the discharge from the powerhouse back to Supin river. The 
general layout is shown in Figure-1. The salient features are given in Table-1 
 
Table-1: Salient features of Jakhol Sankari HEP  

LOCATION  

State Uttarakhand (formerly Uttranchal) 

District Uttarkashi 

Tehsil Mori 

Latitude 31°05'19"N - 31°07’06"N 

Longitude 78°11' 10"E - 78°14'07"E 

Nearest Rail head Dehradun 
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Nearest Airport / approach Dehradun 

Name of River / Tributary Supin (Tributary of Tons) 

Name of River Basin Yamuna River Basin 

HYDROLOGY AND CLIMATE  

Catchment Area upto head works (km2) 268.20 km2 

Snow Catchment area (km2) 29.50 km2 (11% of total) 

Average annual Yield (Mm3) 359.72 

Maximum / Minimum Yield 
667.96 - Year 1990-91/ 
214.07 - Year 2000-01  

Design Flood (m3/s) 270 (in 100 year) 

90% available discharge (Mm3) 225.53 - Year 1984-85 

DIVERSION STRUCTURE  

Type Barrage  

Maximum height above deepest foundation    17 m 

Average River Bed Level at Barrage Axis EL 1955.00 m 

Elevation at top of Barrage   EL 1962.20m 

Length of Barrage bay at top (m)  33.0 m 

FRL (m) EL 1959.4 m 

MWL (m) EL 1961.20 m 

No. & size of gates 4 Nos. - 5.00m (W) x 4.4 m (H) 

RIVER DIVERSION ARRANGEMENT  

Pipe Size (dia. in m), type and number 1.6 M diameter Steel Pipes, 3 No. 

Pipe  Length(m) 187.4 m (approximately) 

DESIL TING TANK  

Type Underground, twin chamber 

Number and size - L (m) x B (m) x H (m) 
Two, 
100 (L) x 12.0(W) x 12.27 (H) 

Particle size to be removed (mm) 0.2 

Number of adit One  

HEAD RACE TUNNEL  

Length (m) and shape 
6624.48m, modified Horse shoe 
shaped  

Diameter (m) 3.0 m (finished) 

Design discharge (m3/s) 11.40 

Number of adits Four 

SURGE SHAFT  

Type Underground restricted orifice  

Diameter (m) 7.5 m 

Height (m) 
42.87 m (EL difference between crown 
of Surge Shaft and sill level of Surge 
Shaft orifice) 

Top Elevation EL 1979.55 m (Crown of Surge Shaft) 

Invert Level of Surge Shaft orifice EL 1936.68 m  

PRESSURE SHAFT / PENSTOCK  

Type 
Steel Lined Partly Pressure Shaft & 
partly penstock 

Number of Pressure shafts  One 

Normal discharge through pressure 
shaft/penstock (m3/s) 

11.40 
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Internal Diameter of pressure shaft (m) 1.85  

Maximum velocity (m/sec) 4.24 

Length of pressure shaft (m)  707.34  

Length of unit penstock (m) 50.55  

Penstock Gate at Surge Shaft 1 no. 

Main Inlet valve, if any (type & diameter) 2 Nos., 1.3 m (Spherical type) 

UNDERGROUND POWERHOUSE  

Type Underground 

Location 
Left bank of river Supin, about 200 m 
upstream of confluence of Supin and 
Tons. 

Installed Capacity 2x22 MW 

Efficiency of Turbine 92% 

Maximum Gross Head 445.80 m 

Net Design Head 436.36 m 

Type of turbine Vertical Pelton 

Rated Discharge through each unit (m3/s) 5.7 m3/sec 

For Generator/Generator motor  

- type  Synchronous, single phase 

- Efficiency  98% 

Size of transformer Cavern  
 

73.11m(L)x12.00m(W)x26.78m(H) ace 
Conduits 02 

TAlLRACE CHANNEL  

Tailrace Channel 
D-shaped, 3.5 m Diameter and 3.75 m 
(height)  

Length of Tailrace  channel 155.52 m 

EL of the downstream crest 1508.36 m 

POWER BENEFITS  

Design Energy (GWh/annum) 166.19 MU 

CONSTRUCTION PERIOD 4 Years (48 Months) 

COST ESTIMATES (Rs. In Crores) Present Day 

Civil & HM 250.23 

Electrical/Mechanical 170.60 

Sub-Total (Generation) 420.83 

IDC  52.98 

Financial charges & Front End Free  3.34 

Total cost with IDC & Front End Fee  477.15 

LEVELISED TARRIF  

Levelised Tariff (Rs./kWh) (with free power to 
home state) 

7.56 

First Year Tariff (Rs./kWh) (with free power to 
home state)  

7.55 

Cost per MW (with IDC & FC) – in Crore 10.84 

Cost per MW (without IDC & FC) – in Crore 9.56 

 
 
The land to be acquired for the project is 39.088 ha. Out of this, about 14.771 ha is 
private land and about 2.250 ha is forest land. The ownership status is given in Table-2. 
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Table-2 Total Land proposed for Acquisition for Jakhol Sankari HEP 

S.No Type of Land Area (ha) 

1. Govt./Civil Soyam Land (Including Notional Land) 22.067 

2. Private Land 14.771 

3. Forest Land 2.250 

 Total 39.088 

 
 
3. STUDY AREA 
The study area covered as a part of the CEIA study is as below  

  Land to be acquired for various project appurtenances including reservoir 
submergence. 

 10 km on either side from the periphery of reservoir submergence. 

 Area within 10 km on either side of various project appurtenances. 

 Catchment area intercepted at barrage site. 
 
 
The FCC of the Study Area is enclosed as Figure-2. 
 
 
4.     ENVIRONMENTAL BASELINE STATUS 
The baseline status for the above referred categories has been described in the 
following sections. 
 
4.1 PHYSCIO-CHEMICAL ASPECTS 
4.1.1 Meteorology 
The climatic conditions in the project area and its surroundings vary with elevation. The 
average meteorological conditions in the project area are given in below Table-3. 
 
Table-3: Average meteorological conditions in the project area 

Month Temperature (oC) Rainfall 
(mm) 

No. of 
rainy days 

Relative 
humidity 
(%) 

Maximum Minimum 

January 10.6 2.5 51.8 4.5 63 

February 12.4 3.8 52.8 4.1 60 

March 16.5 7.5 57.7 4.4 55 

April 21.2 12.0 30.0 2.5 48 

May 24.1 14.7 58.4 4.1 50 

June 23.7 16.2 174.9 8.6 71 

July 20.8 15.5 662.0 21.9 91 

August 20.2 15.2 670.6 21.8 92 

September 19.9 14.0 277.5 11.1 84 

October 18.9 11.2 64.7 3.0 64 

November 15.9 7.3 14.8 0.9 58 

December 13.1 4.6 18.2 1.3 56 

Average 18.1 10.4 2176.4 88.2 66 

Source: India Meteorological Department (IMD) 
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4.1.2 Soils 
The pH in soils of the command area lies within neutral range, i.e. 5.25 to 7.63. The 
Electrical Conductivity indicates that salt content is low in the soils. The sodium levels do 
not indicate any potential for soil salinization or adverse impacts on soil productivity. The 
concentration of Available Potassium, Available Calcium and Available Magnesium 
ranged from 2887.54 to 9542 mg/kg, 215.6 to 4758.mg/kg, and 1716.4 to 6621.07 
mg/kg. The organic carbon in various samples indicates low to moderate productivity. 
The porosity ranged from 50.18 to 69.62%. 
 
4.1.3 Surface Water Quality 
The total hardness in various water samples ranged from 24-44 mg/l and from 21-42 
mg/l and from 20-44 mg/l in winter, pre-monsoon and monsoon seasons respectively. 
The low calcium and magnesium levels are responsible for soft nature of water. The 
carbonate hardness (for water with alkalinity level as observed in the study area) is 
equal to the alkalinity level, i.e. ranging from 14.42 to 28.92, from 12.36 to 40.2 mg/l and 
from 13.22 to 28.86 mg/l in winter, pre-monsoon and monsoon seasons respectively. 
The non-carbonate hardness accounts for the balance hardness. Normally non-
carbonate hardness can be removed by boiling. However, hardness levels in the area do 
not need any treatment. The total hardness level in the water is well below the 
permissible limit of 200 mg/l. 
 
The low EC and TDS values indicate the lower concentration of cations and anions.  The 
concentration of TDS level ranged from 36 to 48 mg/l, from 36-47 mg/l and from 28-50 
mg/l in winter, pre-monsoon and monsoon season respectively which is much lower than 
the permissible limit of 500 mg/l specified for domestic use. This is also reflected by the 
fact that the concentration of most of the cations and anions are well within the 
permissible limit. The fluorides level was lower than the permissible limit (1 mg/l) for 
drinking purposes. Use of water with such fluorides level could lead to dental curies. 
  
The BOD values are well within the permissible limits, 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 low COD values also indicate the absence of chemical 
pollution loading in the area. The marginal quantity of pollution load, which enters river 
Supin, gets diluted. In fact, even for the minimum flow, there is more than adequate 
water available for dilution. Level of heavy metal in the water of the project area is below 
the permissible limit used for drinking purposes. Total Coliform count is nil in the study 
area. It can be concluded that water quality was observed to be quite good. 
 
4.1.4    Ambient Air Quality 
The average PM10 levels as observed at various stations in the study area ranged from 
42.0 to 55.0 µg/m3.  All the values of PM10 monitored during the field survey were below 

the permissible limit of 100 g/m3 for industrial, residential, rural and other areas. The 
average PM2.5 levels as observed at various stations in the study area ranged from 14.0 
to 27.0 µg/m3.  All the values of PM2.5 monitored during the field survey were below the 

permissible limit of 60 g/m3 for industrial, residential, rural and other areas. The highest 
values of NO2 were observed in the winter, pre-monsoon and monsoon season are 6.2, 

7 and 7 g/m3 respectively, at station AQ1. The highest value of 7.0 g/m3 too was also 
observed at the same station. The NO2 level observed at various sampling stations was 

much lower than the permissible limit of 80 g/m3 for industrial, residential, rural and 

other areas. The maximum SO2 level of 10.7, 11.1 and 10.0 g/m3 was observed at 
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station AQ1 in the winter, pre-monsoon and monsoon season respectively. The SO2 

level observed at various stations was below detectable limit (5.0g/m3). The SO2 level 
observed at various sampling stations was much lower than the permissible limit of 80 

g/m3 for industrial, residential, rural and other areas 
 
4.1.5      Noise Environment 
The day time equivalent noise level in post monsoon season at various sampling 
stations ranged from 36 to 38 dB(A). The noise level in winter and summer seasons at 
various sampling stations ranged from 37.5 to 38.1 dB(A) and  38.9 to 40.3 dB(A).The 
noise level monitored at various locations in three seasons were well within the 
permissible limit specified for residential area. 
 
4.1.6 Land use pattern  
The land use pattern of the study area is given in Table-4. 
Table-4: Land use pattern of the study area  

Landuse Cover Area (ha) Area (%) 

Dense vegetation 17140.3 36.19 

Open vegetation 22877.81 48.30 

Barren land  3160.42 6.7 

Agricultural land 2593.65 5.48 

Water body 522.34 1.10 

Alpine pasture land 329.57 0.69 

Snow covered area 613.43 1.3 

Settlement 125.01 0.26 

Total 47362.53 100 

 
The major land use category in the study area is forest, which accounts for almost 
84.49% of the study area. The other major category is barren land accounting for about 
6.7% of the study area. The agriculture land accounts for about 5.48% of the study area. 
The area under snow and water body account for about 1.3% and 1.10% of the study 
area.   The area under settlement is about 0.26% of the study area. 
 
4.2 ECOLOGICAL ASPECTS 
4.2.1 Flora 
Uttarakhand is reported to have 45.82 per cent of its total geographic area under forest 
cover, which includes very dense, moderately dense, open forest and scrub (FSI, 2013). 
The major forest types occurring in the state are Tropical Moist Deciduous, Tropical Dry 
Deciduous, Sub-tropical Pine, Himalayan Moist Temperate, Himalayan Dry Temperate, 
Sub-alpine and Alpine forests. The catchment area of the proposed Jakhol Sankri Project 
covers almost of these forests. The forests in the project area fall in the Tons Forest 
Division. 
 
The major forest types found in this catchment are described below. 
 
Sub-tropical chir pine forest (9/C1b): This type of forest can extends up to 1800m. It 
can be observed near Power house site of the project area. The forests are of pure chir 
pine with admixture of other species along the river and higher elevations. The 
associates are Banj (Quercus leucotrichophora), Anyar (Lyonia ovalifolia), Burans 
(Rhododendron arboretum) and near nallas Kunis (Alnus nepalensis). Shrubs are rare, 
chief ones being Buddleja crispa, Inula cappa, Prinsepia utilis, Rubus ellipticus, 
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Woodfordia fruticosa, Leptodermis lanceolata etc. The under growth is usually of herbs 
and grasses, mainly Bergenia ciliate, Artemisia nilagirica, Eriophorum comosum, 
Gnaphalium luteo-album, Chrysopogon serrulatus, Heteropogon contortus, Arundo 
donax etc. 
 
 12/C1a Banj Oak forests (Quercus leucotricophora): This sub-type is moderately 
represented in the project area and is only found along the transitional belt between 
temperate mixed coniferous forest and sub-tropical pine forest. This type of forest is 
observed left bank of Supin river near Jakhol village. Important associates of Ban oak 
forests are Anyar (Lyonia ovalifolia), Burans (Rhododendron arboretum), Narikh (Litsea 
elongata), Pyrus pashia etc. The shrubby undergrowth is scanty, fairly dense in moisture 
places and comprises of Sarcococca saligna, Berberis lycium, Buddleja asiatica, 
Daphne papyracea, Berberis aristata, Rosa brunonii, Indigofera heterantha, Plectranthus 
rugosus, Prinsepia utilis etc. There are a few climbers, which include Hedera nepalensis, 
Parthenocissus semicordata, Clematis montana, and Vitis sp.  Ringal (Arundinaria 
falcate) is found as undergrowth with in protected shady portions.  
 
Moru oak forest (Quercus floribunda): The Moru forest forest types is found in small 
patches above the Ban oak forests between 1800 m to 2500m elevations and are more 
mesophytic than Ban oak. This type of forest found in left bank of the river. No forest 
cover was observed in right bank of thr river Supin. The top canopy of these forests 
associates with moru consists of Betula alnoides, Abies pindrow, Cedrus deodara, Acer 
aecium, Phoebe lanceolata, Alnus nepalensis etc. The second storey consists of 
Juglans regia, Pyrus pashia, Sorbus cuspidate, Rhododendron arboretum etc. The 
undergrowth consists of Berberis lycium, Coriaria nepalensis, Deutzia staminea, 
Indigofera heterantha, Rosa macrophylla, Sarcococca saligna, etc. The leaves of Moru 
(Quercus floribunda) are extensively used for fodder by locals hence these forests are 
heavily lopped. 
 
12/CIC   Moist deodar forest (Cedrus deodara) 
These forests grow between altitude ranges of 1,900m and 2,700m and sometimes 
extend up to 2800m on sunny ridges. This type of forest observed in Catchment area 
and completely absent in proposed project area of Jakhol Sankri. In the project area 
deodar zone is occupied mainly by kail (Pinus wallichiana). The second storey of 
scattered trees of Lyonia ovalifolia, Rhododendron arboretum, Quercus floribunda etc. is 
present. The ground cover consists of shrubs like Berberis aristata, Daphne papyracea, 
Hypericum oblongifolium, Coriaria nepalensis, Indigofera heterantha, Leea asiatica, etc. 
Clematis Montana, Hedera nepalensis, Parthenocissus semicordata etc. are found 
among climbers. 
 
12 (C1d) Western mixed coniferous forest: These forests are found from an altitude of 
2400m. to 3000m. It is composed of four elements viz. fir, spruice, deodar and kail. In 
various proportions mixed with broad leaved species. The proportion for fir (Albizia 
julibrissin), and spruce (Picea smithiana) is high in the coolar aspects and on easier 
ground while deodar has higher on steeper areas.  The growth is very fine and hight 
upto 50m. may be attained. The lower parts have maily spruce with silver fir and some 
deodar. Kail is found through out in small patvhes.  Ban, Moru, Burans are found in 
lower elevations. In the moisture areas along streame or nallas deciduous species like 
Acer aecium, Aesculus indica, Juglans regia Juglans regia etc. are found. Viburnum 
cotinifolium, Sorbaria tomentosa, Spiraea canescens, Rubus macilentus, and Salix sp 
are found among shrubs. The ground flora is consists of herbs, grasses and ferns. 
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12/ 2C    Moist Temperate Deciduous Forest: This forest type is commonly found 
between 2500 m and 3200 m elevations in moist depressions and damp areas. The 
forest often grows in riparian strips along the hill streams and also on gentle slopes. The 
tree canopy of these forests is comprised of Ulmus wallichiana, Acer cappadocicum, 
Aesculus indica, Fraxinus xanthoxyloides, Rhododendron arboretum, Betula alnoides, 
Juglans regia, etc. The shrubby undergrowth is represented by Viburnum cotinifolium, 
Cotoneaster bacillaris, Sorbaria tomentosa, Rosa macrophylla, Sarcococca saligna, 
Spiraea canescens, etc. Climbers in the forest include Clematis montana, Hedera 
nepalensis, and Parthenocissus semicordata etc. 
 
Floristics  
During the field study for proposed JSHE project, a total of 226 plant species belonging 
to 183 genera and 75 families were recorded. The results of the present study reveals 
that herbaceous group of plant contributed highest number of species with 99 species 
(43.81%) followed by shrubs with 42 species (18.58%), trees with 40 species(17.70 %), 
grasses with 30 species (13.27%) and  climbers with 11 species (6.64%). The details of 
number of floral species recorded at various study sites are given in Table-5. 
 
Table-5: Vegetation composition of the study area in various seasons 

Plant habit Number of Species % of Species 

Trees 40 17.70 

Shrubs 42 18.58 

Herbs 99 43.81 

Grasses 30 13.27 

Climber 15 6.64 

Total 226 100% 

 
4.2.2 Fauna 
The fauna of the study area consists mostly of species with zoo-geographic affinities of 
palaearctic, Indo-Malayan and indigenous variably. However, to gain an insight in the 
following respects for species of carnivore, ungulates, non-human primates, mammals, 
birds/butterflies, reptiles and other  fauna, the survey was conducted in the study area 
up to 10km radius from the project appurtenances in catchment-submergence zone, 
Barrage site, power house site and d/s power house site upto 5km river reach length. 
Ground surveys was carried out by trekking the impact zone for identification of faunal 
species inhabiting the area along the riverbanks, adjoining forest on the slopes, nallahs, 
hill top and agricultural fields.  
 
4.2.2.1 Biodiversity 
4.2.2.1.1Mammals 
Ranging from area under permanent snow cover to the hot sub-tropical jungles of the 
foothills, the catchment area presents diverse habitats with significant levels of variation. 
This area is the home of a wide variety of mammals, reptiles and birds. However, due to 
the presence of scattered discontinuous patches of forest cover in the area of Jakhol-
Sankri HEP, the wild animals would not prefer to come in the project area from the 
dense forest of protected area.The study of fauna takes substantial amount of time to 
understand the specific faunal characheristics of the area. Apart from direct sightings 
and primary data generated through animal call, footmark and excreta, intraction with 
local people and forest staff were also made to generate secondary data on distribution, 
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species diversity and their conservation implications in the study area. On the basis of 
secondary data review and information collected the wild mammals are found in the 
upper reaches of forested area. Some of the common mammals found in the area are 
Wild Boar (Sus scrofa), Jackal (Canis aureus), Common Langur (Semnopithecus 
entellus), Rhesus Macaque (Macaca mulatta) and Yellow throated marten (Martes 
flavigula). Other mammals which are generally remain at higher altitude peaks and 
alpine pature land are Barking deer (Muntiacus muntjak), Snow Leopards (Panthera 
pardus), Himalayan black bear (Selenarctos thibetanus), Goral (Naemorhedus goral), 
Jungle Cat (Felis chaus) etc. 
 
4.2.2.1.2 Avifauna 
The commonly observed bird species include White-cheeked Bulbul, Indian Myna, 
Hoopoe, Spotted Forktail, Black Partridge, Spotted Turtle Dove, Jungle Babbler, Grey 
Wagtail, Red-billed Magpie, Slaty-Blue Flycatcher etc. Most of the species of birds are 
protected as their respective families have been listed under Schedule IV of Indian 
Wildlife (Protection) Act 1972. 
 
4.2.2.1.3 Butterflies 
Insects are the most numerous, and dominant life forms on the earth. Among insects 
butterflies are considered as environment indicator which plays an important role in 
pollination. Some of the butterflies like Small copper (Lycaena phlaeas), Common Sailor 
(Neptis sp), Common leopard (Phalantha Phalentha), Common marmom (Papilio polytes 
romulus), Pale clouded yellow (Colias erate) and Indian cabbage white (Pieris canidia 
indica) were common and found throughout the study area. 
 
4.2.2.1.4 Herpetofauna 
As per secondary data sources, total 9 species of reptiles and 4 species of amphibians 
has been recorded from the area. However, during priamary survey, no such species 
was encountered except the rock agama and skinks. 
 

4.2.3 Aquatic Ecology 

4.2.3.1 Biotic Resources (Biological Characteristics) 
Biotic resources study involved the assessment of status of phytoplankton, zooplankton, 
phytobenthos, benthos and macro-invertebrates, macrophytes, fishes and other aquatic 
fauna. Biotic resources are divided into two groups i.e. autotrophs and heterotrophs. 
Autotroph constitutes the aquatic flora whereas heterotrophs constitutes of aquatic 
fauna. Aquatic flora comprises of algae in suspended form (plankton) and benthic form 
(phyto-benthos). Micro flora is comprised of Phytoplankton and Phytobenthos.  Aquatic 
fauna includes zooplankton, micro- invertebrates and fish & fisheries. Aquatic flora 
includes microflora as phytoplankton, phytobenthos, and periphytons and macroflora 
consist of aquatic plants.  
 
4.2.3.2 Phytoplanktons  
A total 23 taxa were recorded from the study sites during field study in various seasons. 
The number of taxa /species was recorded higher in side streams /tributaries than in the 
main river course. The stream being a freshwater body, the presence of Chlorophyceae 
was more prominent. Chlorophyceae included Spirogyra, Zygnema and Cladophora as 
filamentous algae forming sheets on the river / streams edges. Other green algae found 
predominate are chlorella and scenedesmus with other flagellates. Blue green algae are 
represented by Oscillatoria, and Schizothrix taxon. After diatoms (Bacillariophyceae), 
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green algae are found in abundance. At most of the sampling sites Synedra, 
Achnanthes, Cocconeis, Fragilaria and Gomphonema taxon were the most common 
species in river Supin and its tributaries recorded during study period.  
 
4.2.3.3 Macroflora/ Macrophytes 
No growth of macrophytes seen in the area that may be due to rapid currents and fall 
habitat which has river wash affects.  However, macrophytes that remain attached to the 
rocks, boulders; stones, etc. belong to various genera of bryophytes (mosses). These 
mosses grow on stone and boulders that protrude a few centimeters above the surface 
of water sometimes growth reaches in the flowing water edges stones. 
 
4.2.3.4 Zooplanktons 
Microfauna: Zooplanktons are represented by protozoa, rotifer and crustaceans. Among 
protozoans Arcella, Peridinium, and Ceratium taxon are commonly observed. Rotifers 
are represented by Keratella, Brachionus and Philodina taxon. Copepod consists of 
Cyclopes species whereas cladocerans are represented by Daphnia and Bosmina sp. 
The occurrence are mainly from the edge pools of side stream and river banks, however, 
the group in totality is poorly represented due to climate conditions followed by long 
winters and torrential flow. The low occurrence is also linked to rapid habitat and rocky 
substratum in the deep gorge narrow valley.  
 
4.2.3.5 Macro-invertebrates (Zoo benthos) 
Macro-invertebrate fauna of river Supin are comprised by Heptageniidae, Baetidae, 
Ephemerellidae, Perlidae, Hydropsychidae, Hydroptilidae, Chironomidae, Simulidae, 
Elmiade, Blepharoceridae and Amphizoidae families. Species of genera Stenonema, 
Epeorus, Baetis, Ephemeralla, Ochrotrichia and Chironimds are observed in the region. 
The distribution and occurrence is directly related to the habitat structure and substratum 
of Supin river and its tributaries. The poor occurrence of benthos during study period 
could be due to low water temperature, high turbidity, torrent flow and rocky substratum 
in river and its tributaries.  
 
4.2.4 Fisheries 
The fisheries in the project area are poorly developed since the potential has remained 
unexploited owing to difficult terrain, unfavorable climate and poor infrastructure 
facilities. The elevation, temperature, current, velocity and natural biota are the factors 
governing the growth of fish in the rivers and water bodies in the area. Commercial 
fishing is not in practices in the study area. A total of 6 species were found close to the 
confluence of Tons and Supin River at downstream site of power house (AE-VII) under 
the area of Jakhol-Sankari HEP however, no fish was found at other sites. This may be 
due to high elevation, low temperature and fast water velocity. The commercial fisheries 
in the area are non- existent. The growth of the coldwater fish is also very poor due to 
low temperature and scarcity of food resources for fish. Therefore, present ecological 
survey revealed that there is no substantive loss of fish habitat due to the construction of 
Jakhol-Sankari HEP. 
 
4.3 SOCIO-ECONOMIC ASPECTS 
4.3.1 Demographic profile 
4.3.1.1 Population 
As per 2011 Census the total population of the area is about 17243.The male and 
female population in the villages is 50.92% and 49.08% respectively and population 
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below 6 years of age accounts for 18.92% of the total population. The number of 
females per 1000 males is 964 and average family (persons per family) size is 6. 
 
4.3.1.2  Caste Profile 
According to Census 2011 data that the General Caste population accounts for 70.21% 
of the total population in the Study area villages followed by Schedule Caste accounting 
for 29.57% and Schedule Tribe accounting for the 0.21% of total population. 
 
4.3.1.3  Literacy rate 
The total literate population in villages is of the order of 46.0% (as per 2011 census 
data). The overall illiterate population in the villages is 54.0%. The male and female 
literacy rate in the villages is 57.76% and 33.81% respectively. 
 
4.3.1.4  Occupational Profile 
The total working population in the area constitutes for 52.17% and dependent 
population or non-workers in the villages are 47.83% of the total population. It is further 
observed that 90.56% of the total population falls under main worker category. The 
marginal workers account for about 9.44% of the total population. 
 
4.3.2    Property Survey 
A total of 216 PAFs are losing land. These affected families will be losing homestead as 
well as the land shall be compensated on the terms of the “Right to Fair Compensation and 
Transparency in Land Acquisition, Rehabilitation and Resettlement Act, 2013”. The land to 
be acquired for the project is 39.088 ha. Out of this, about 14.771 ha is private land and 
about 2.250 ha is forest land (Refer Table-2) 

5.       PREDICTION OF IMPACTS 
The impacts on various aspects of environment are briefly described in the following 
sections. 
 
5.1     IMPACTS ON WATER ENVIRONMENT 
a)       Construction Phase 
Sewage from labour camps 
The increase in the population as a result of migration of labour population during 
construction phase is expected to be of the order of 3200.Total quantum of sewage 
generated is expected to be of the order of 0.18 mld. The BOD load contributed by 
domestic sources will be about 144 kg/day. It is assumed that the sewage is discharged 
without any treatment for which, the minimum flow required for dilution of sewage is 
about 2 cumec. No impact is anticipated on river water quality, as a result of disposal of 
sewage from labour camps. Even though no impact is envisaged on water quality of river 
Supin, as a result of disposal of untreated sewage, it is recommended to treat the 
sewage generated from labour camps. 
 
Effluent from crushers 
The natural slope in the area is such that, the effluent from the crushers will ultimately 
find its way in river Supin. This amounts to a discharge of 0.0033 to 0.0042 cumec. Even 
the lowest 10 day minimum flow in river Supin is 2.31 cumec. The effluent from crusher 
will have suspended solids level of 3000-4000 mg/l. On the other hand, suspended 
solids as observed at various sampling locations, during water quality monitoring studies 
was observed to be <0.1 mg/l. The composite value of suspended solids would increase 
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by 0.25 mg/l, which is insignificant. Thus, no adverse impacts, are anticipated due to 
small quantity of effluent and large volume of water available in river Supin for dilution. 
 Effluent from other sources 
Substantial quantities of water would be used in the construction activities. With regard 
to water quality, waste water from construction activities and runoff from construction site 
would mostly contain suspended impurities. Adequate care should be taken so that 
excess suspended solids in the wastewater are removed before discharge into water 
body. The effluent is proposed to be treated by collecting the waste water and runoff 
from construction sites and treating the same in settling tanks. 
 
b) Operation phase 
Effluent from project colony 
In the operation phase, about 100 families (total population of 500) will be residing in the 
project colony. About 0.23 to 0.27 mld of sewage will be generated. The total BOD 
loading will be order of 68 to 81 kg/day. It is proposed to provide biological treatment 
facilities including secondary treatment units for sewage so generated from the BOD 
load after treatment will reduce to 10 to 12 kg/day. It shall be ensured that sewage from 
the project colony be treated in a sewage treatment plant so as to meet the disposal 
standards for effluent. Thus, with commissioning of facilities for sewage treatment, no 
impact on receiving water body is anticipated. Thus, no impacts are anticipated as a 
result of disposal of effluents from the project colony. 
Impacts on reservoir water quality 
The flooding of previously forest and agricultural land in the submergence area will 
increase the availability of nutrients resulting from decomposition of vegetative matter. In 
the proposed project a barrage is proposed to be constructed.  
The proposed project is envisaged as a runoff the river scheme, with significant diurnal 
variations in water level. In such a scenario, significant re-aeration from natural 
atmosphere takes place, which maintains Dissolved Oxygen in the water body. Thus, in 
the proposed project, no significant reduction in D.O. level in reservoir water is 
anticipated. 
 
5.2    IMPACTS ON AIR ENVIRONMENT 
Pollution due to fuel combustion in various equipment 
The major pollutant which gets emitted as a result of combustion of diesel is SO2. The 
SPM emissions are minimal due to low ash content in diesel. The short-term increase in 
SO2, even assuming that all the equipment are operating at a common point, is quite 

low, i.e. of the order of less than 1g/m3. Hence, no major impact is anticipated on this 
account on ambient air quality. 
 
Emissions from crushers 
The operation of the crusher during the construction phase is likely to generate fugitive 
emissions, which can move even up to 1 km in predominant wind direction. During 
construction phase, one crusher each is likely to be commissioned near proposed 
barrage and proposed power house sites. During crushing operations, fugitive emissions 
comprising mainly the suspended particulate will be generated. Since, there are no 
major settlements close to the barrage and power house, hence, no major adverse 
impacts on this account are anticipated.  
Fugitive Emissions from various sources 
During construction phase, there will be increased vehicular movement. Lot of 
construction material like sand, fine aggregate are stored at various sites, during the 
project construction phase. Normally, due to blowing of winds, especially when the 
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environment is dry, some of the stored material can get entrained in the atmosphere. 
However, such impacts are visible only in and around the storage sites. The impacts on 
this account are generally, insignificant in nature. 
Blasting Operations 
During tunneling operations, dust will be generated during blasting. ID blowers will be 
provided with dust handling system to capture and generated dust. The dust will settle 
on vegetation, in the predominant down wind direction. Appropriate control measures 
have been recommended to minimize the adverse impacts on this account. 
Pollution due to increased vehicular movement 
The increase in vehicular density is not expected to significant. In addition, these ground 
level emissions do not travel for long distances. Thus, no major adverse impacts are 
anticipated on this account. 
Dust emission from muck disposal 
The loading and unloading of muck is one of the source of dust generation. Since, muck 
will be mainly in form of small rock pieces, stone, etc., with very little dust particles. 
Significant amount of dust is not expected to be generated on this account. Thus, adverse 
impacts due to dust generation during muck disposal are not expected. 
 
5.3    IMPACTS ON NOISE ENVIRONMENT 
a) Construction phase 
Impacts due to operation of construction equipment 
No increase in noise levels is anticipated as a result of various activities, during the 
project construction phase. The noise generated due to blasting is not likely to have any 
effect on habitations. However, blasting can have adverse impact on wildlife, especially 
along the alignment of the tunnel portion. It would be worthwhile to mention that no 
major wildlife is observed in and around the project site. Hence, no significant impact is 
expected on this account. 
Impacts due to increased vehicular movement 
During construction phase, there will be significant increase in vehicular movement for 
transportation of construction material. At present, there is no vehicular movement near 
the barrage site. During construction phase, the increase in vehicular movement is 
expected to increase upto a maximum of 5 to 6 trucks/hour. 
Impacts on labour 
The effect of high noise levels on the operating personnel, has to be considered as this 
may be particularly harmful. It is known that continuous exposures to high noise levels 
above 90 dB(A) affects the hearing acuity of the workers/operators and hence, should be 
avoided. To prevent these effects, it has been recommended by Occupational Safety 
and Health Administration (OSHA) that the exposure period of affected persons be 
limited as per the maximum exposure period specified in Table-6 
 
Table-6: Maximum Exposure Periods specified by OSHA 

Maximum equivalent continuous 
Noise level dB(A) 

Unprotected exposure period per day for 8 
hrs/day and 5 days/week 

90 8 

95 4 

100 2 

105 1 

110 ½ 

115 ¼ 

120 No exposure permitted at or above this level 
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Noise generated due to drilling 
The Director General of Mines Safety in its circular no. DG(Tech)/18 of 1975, has 
prescribed the noise level in mining operations for workers in 8 hour shift period with 
unprotected ear as 90 dB(A) or less. Similar norms can be considered for construction 
phase of the proposed project as well. The workers who are expected to be exposed to 
noise levels greater than 90 dB(A), should not work in these areas beyond 6 to 8 hours. 
In addition, they also need to be provided with ear plugs. Thus, increased noise levels 
due to drilling are not expected to adversely affect the workers operating the drill or 
involved in other mining activities closely. 
Noise generated due to blasting 
That noise level due to blasting operations are expected to be of the order of 75-86 
dB(A). Since, the nearest settlement are about 0.8 to 1.0 km away, the incremental 
noise due to blasting is expected to be 50-60 dB(A). As the blasting is likely to last for 4 
to 5 seconds depending on the charge, noise levels over this time would be 
instantaneous and short in duration. Considering attenuation due to various sources, 
even the instantaneous increase in noise level is not expected to 60 dB(A). Hence, noise 
level due to blasting is not expected to cause any significant adverse impact. 
 
5.4 IMPACTS ON LAND ENVIRONMENT 
a) Construction phase 
Quarrying operations 
The quarrying operations are semi-mechanized in nature.   
In JSHEP the construction material is excavated from river bed. From past experience it 
is seen that these area get filled up with silt and sand during subsequent monsoon 
season. Therefore, no restoration measures are necessary for these sites.  

Operation of construction equipment 
During construction phase, various types of equipment will be brought to the site. These 
include crushers, batching plant, drillers, earth movers, rock bolters, etc. The siting of 
this construction equipment would require significant amount of space. Similarly, space 
will be required for storing of various other construction equipment. In addition, land will 
also be temporarily acquired, i.e. for the duration of project construction for storage of 
quarried material before crushing, crushed material, cement, rubble, etc.  
Efforts must be made to site the contractor’s working space in such a way that the 
adverse impacts on environment are minimal, i.e. to locate the construction equipment, 
so that impacts on human and faunal population is minimal. 
 
 
Muck disposal 
The muck disposal sites will be suitably stabilized on completion of the muck disposal. 
The details of stabilization of muck disposal sites are covered in Environmental 
Management Plan  
 
 
Construction of roads 
The project construction would entail significant vehicular movement for transportation of 
large construction material, heavy construction equipment. New access roads would 
have to be constructed. Some of the existing roads in the project area, would require 
widening. 
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Acquisition of land 
The land to be acquired for the project is 39.088 ha. Based on the ownership status of 
land, appropriate compensatory measures of land will be suggested.  
 
5.5 IMPACTS ON BIOLOGICAL ENVIRONMENT 
a) Construction phase 
5.5.1   Impacts on Terrestrial flora 
Increased human interferences 
There will be an increase in population by about 3200 of which about 2400 are likely to 
use fuel wood. On an average, the fuel wood requirements will be of the order of (1.0 x 
365 x 2400 x 10-3) 879 m3. The wood generated by cutting tree is about 2 to 3 m3. Thus 
every year fuel wood equivalent to about 400-500 trees will be cut, which means every 
year on an average about 1-2 ha of forest area will be cleared for meeting fuel wood 
requirements, if no alternate sources of fuel are provided. Hence to minimize impacts, 
community kitchens have been recommended. These community kitchens shall use 
LPG as fuel. The details are covered in Environmental Management Plan  
Acquisition of forest land 
The total forest land to be acquired for the project shall be 24.126 ha including Civil 
Soyam land. The forest in the area has already been degraded due to a large-scale 
human interference. Though the project area is located in an ecologically sensitive area, 
the forests in and around the project area are quite degraded. The tree density in the 
submergence area and power house area is about 344 and 352 trees/ha. Normally in a 
dense forest, tree density is of the order of 1000-1200 trees/ha. Thus, in land to be 
acquired for the project, the tree density is low to moderate.  
 
5.5.2   Impacts on Terrestrial fauna 
Disturbance to wildlife 
During construction phase, large number of machinery and construction labour will have 
to be mobilized. The operation of various construction equipment, and blasting is likely to 
generate noise. These activities can lead to some disturbance to wildlife population. 
Likewise, siting of construction equipment, godowns, stores, labour camps, etc. can lead 
to adverse impacts on fauna in the area. 
It is proposed that during construction phase, strict surveillance measures be adopted to 
minimize adverse impacts due to increased human interferences.  
 
b) Operation phase 
Increased accessibility 
During the project operation phase, the accessibility to the area will improve due to 
construction of roads, which in turn may increase human interferences leading to 
marginal adverse impacts on the terrestrial ecosystem. The increased accessibility to the 
area can lead to increased human interferences in the form of illegal logging, lopping of 
trees, collection of non-timber forest produce, etc. Since significant wildlife population is 
not found in the region, adverse impacts of such interferences are likely to be marginal. 
 
5.5.3     Aquatic Flora 
a) Construction phase 
During construction phase wastewater mostly from domestic source will be discharged 
mostly from various camps of workers actively engaged in the project area. Around 0.22 
mld of water is required for the workers during the peak construction phase out of which 
80% (i.e. about 0.18 mld) will be discharged back to the river as wastes, more or less as 
a point sources from various congregation sites where workers will reside. Sufficient 
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water for dilution will be available in Supin to keep the DO of the river to significantly high 
levels.  
 
b) Operation phase 
The completion of Jakhol Sankari hydroelectric Project would bring about significant 
changes in the riverine ecology, as the river transforms from a fast-flowing water system 
to a quiescent lacustrine environment. Such an alteration of the habitat would bring 
changes in physical, chemical and biotic life. Among the biotic communities, certain 
species can survive the transitional phase and can adapt to the changed riverine habitat. 
There are other species amongst the biotic communities, which, however, for varied 
reasons related to feeding and reproductive characteristics cannot acclimatize to the 
changed environment, and may disappear in the early years of impoundment of water. 
The micro-biotic organisms especially diatoms, blue-green and green algae before the 
operation of project, have their habitats beneath boulders, stones, fallen logs along the 
river, where depth is such that light penetration can take place. But with the damming of 
river, these organisms may perish as a result of increase in depth. 
 
5.5.4 Impacts on Aquatic Fauna 
a) Construction phase 
Extraction of gravel and sand causes considerable damage to fish stocks and other 
aquatic life by destabilizing the sub-stratum, increasing the turbidity of water, silting of 
the channel bottom and modifying the flow, which in turn may result in erosion of the 
river channel. These alterations upset the composition and balance of aquatic 
organisms. The material at the river sub-stratum like stones and pebbles often provide 
anchorage and home to the invertebrates that remain attached in a fast flowing stream. 
During fish spawning season, the fertilized eggs are laid amidst the gravel, where it is 
made sure, that eggs are not washed away in fast flowing stream. The eggs of almost all 
species are sticky in nature, which provide additional safety. The turbidity in excess of 
100 ppm brought by suspended solids chokes the gills of young fish. Fine solids in 
concentration greater than 25 mg/l, adversely affects the development of fish eggs and 
fish. 
b)  Operation phase 
Among the aquatic animals, it is the fish life, which would be most affected. The migratory 
fish species, e.g. snow trouts are likely to be adversely affected due to obstruction created 
by the proposed barrage.  
With the completion of barrage, flow in the downstream stretch of the river would be 
reduced considerably more so during the lean period. The most important changes, 
which can be expected, are: 
- Reduced flow rate 
- Increase in water temperature 
- Reduction in availability of stano-thermal aquatic animals 
- Increase in population of euro-thermal species. 
Unless the desired flow is maintained downstream of the barrage, aquatic ecology in 
general and fisheries in particular would be affected.  
 
5.6 INCREASED INCIDENCE OF WATER-RELATED DISEASES 
 
Increased incidence of water-related diseases 
This is a run-of river project in a mountainous region, increase in water spread area will be 
marginal and it would remain mostly confined in the gorge of the river, the increase in the 
incidence of water borne disease is not expected.   Further, mosquitoes are normally 
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observed upto a maximum elevation of about 1950-1960 m above sea level. The power 
house is located at an elevation of about 1400-1500 m above men sea level. Thus at this 
site and at the location of other project appurtenances, which are at a lower elevation could 
face increased incidence of malaria as a result of various factors like aggregation of labour, 
formation of stagnant pools near labour camps, colonies, etc. may lead to the increased 
incidence of such diseases around the project area. 
Labour camps located at lower elevations, especially close to the power house site could 
be vulnerable to increased incidence of water-borne diseases, if adequate measures are 
not undertaken. 
 
Aggregation of labour 
The labourers and technical staff will congregate in the project area during peak 
construction phase. Most of the labour would come from various parts of the country. The 
labourer would live in dormitories provided by the Contractor. Proper sanitary facilities are 
generally provided. Hence, a proper surveillance and immunization schedule needs to be 
developed for the labour population migrating into the project area. 
 
Excavations 
in the present case, the borrow areas are within the river bed, which in any case remain 
under water. Thus, no additional habitat for mosquito breeding is created due to excavation. 
The flight of mosquito is generally limited up to 1 to 2 km from the breeding sites. Since, no 
residential areas are located within 1 km from the reservoir, periphery, increased 
incidences of malaria are not anticipated. However, labour camps, etc. could be vulnerable 
to increased incidence of malaria, if proper control measures are not undertaken. 
 
Inadequate facilities in labour camps 
Improperly planned labour camps generally tend to become slums, with inadequate 
facilities for potable water supply and sewage treatment and disposal. This could lead to 
outbreak of epidemics of water-borne diseases. Adequate measures for supply of potable 
water and sewage treatment have been recommended as a part of Environmental 
Management Plan outlined in Volume-III of this Report. 
 
6.  ENVIRONMENTAL MANAGEMENT PLAN 
 
6.1 ENVIRONMENTAL MEASURES DURING CONSTRUCTION PHASE 
Facilities in Labour Camps 
It is proposed that it should be made mandatory for the contractor involved in the 
construction activities to provide adequate facilities for water supply and sanitation. The 
contractor can make a block of two large rooms in which about 30-40 workers can stay. 
It is proposed to provide a central heating system which shall provide hot water to 
workers throughout the year. The project is located at an elevation of about 1900 to 
1950 m, where hot water will be required throughout the year. 
Total provision of Rs. 490.43 lakh has been earmarked for implementation of various 
measures in labour camps. The details are given in Table-7 
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Table-7: Cost estimate for implementation of various measures in labour camps 

S. No. Fuel Cost (Rs. lakh) 

1. Solid waste management in labour camps 39.0 

2. Sanitation facilities for labour camps  95.0 

3. Fuel distribution in labour camps 356.43 

 Total 490.43 

 
Water supply 
The water for drinking purpose is collected from the rivers or streams flowing upstream 
of the labour camps. The water is stored in tanks and supplied for use. The water quality 
in general is good and does not require any elaborate treatment.  
 
Sanitation facilities 
One community latrine shall be provided per 20 persons. The sewage from the 
community latrines shall be treated in septic tanks. For each 500 persons, one septic 
tank shall be provided. The effluent from these septic tanks shall be disposed off through 
absorption trenches. As mentioned earlier, the drinking water facilities and waste 
disposal sites will be located away from each other. 
 
Provision for Free Fuel 
It is proposed to establish a gas agency at appropriate site, which shall provide LPG for 
cooking purpose for the technical staff & labour employed in project construction 
activities. 
 
Solid waste management 
About 3,200 persons are likely to congregate during the construction phases resulting in 
generation of about 0.67 tonnes of solid waste/day. Adequate facilities for collection 
conveyance and disposal of municipal waste generated from labour camps should be 
developed. For solid waste collection, masonry storage vats, each of 2 m3 capacity at 
convenient dumping points in the labour camp will be constructed. Each vat will have a 
storage capacity of 150 kg (dry weight) of garbage, which will be emptied at regular 
intervals and will be transported to the landfill site. One covered truck to collect the solid 
waste from the common collection point and transfer it to the disposal site needs to be 
put to service. Various aspects of solid waste management include: 
• Reuse/Recycling 
• Refuse storage 
• Collection and Transportation 
• Disposal 
 A suitable landfill site can be identified and designed to contain the municipal waste 
from all the project township, labour colonies, etc. A total provision of Rs.39.0 lakh needs 
to be earmarked for this purpose. The details are given in Table-8 
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Table-8: Details of Expenditure required for solid waste management 

Item Cost (Rs. lakh) 

 One covered truck for conveyance of solid waste up to 
landfill site. 

 Manpower cost for 6 persons @ Rs.5000/month for 4 
years including 10% escalation/year. 

 Waste collection hand carts 9 @ Rs.25,000/unit 

 Preparation of landfill site 

15.0 
 
16.7 
 
2.3 
5.0 

Total 39.0 

 
6.2 MAINTENANCE OF WATER QUALITY 
In the project operation phase, a colony is likely to be set up. It is proposed to provide 
sewage treatment plant in the project colony, cost of which shall be included in the 
contract for constructing the project colony.  
 
6.3 HEALTH DELIVERY SYSTEM 
The various measures for control of Public Health are listed as below: 

- The site selected for habitation of workers should not be in the path of 
natural drainage. 

- Adequate drainage system to dispose storm water drainage from the 
labour colonies should be provided. 

- Adequate vaccination and immunization facilities should be provided for 
workers at various construction sites. 

- The labour camps should be at least 2 to 3 km away from quarry areas. 
 
It is proposed to develop one dispensary if the proposed project area. The staffing 
details are given in Table-9 
Table-9: Details of staff in the dispensary  

Para medical staff Numbers 

Doctors 2 

Nurse 4 

Health Workers 2 

Attendants 2 

Drivers 2 

 
A first aid post shall be provided at the major construction sites. These posts will have 
the following facilities: 

- First aid box with essential medicines including ORS packets 
- First aid appliances-splints and dressing materials 
- Stretcher, wheel chair, etc. 

 
6.4    SUSTENANCE & ENHANCEMENT OF FISHERIES POTENTIAL 
A river valley project may have adverse or beneficial effects on the fish fauna, depending 
upon the particular situation and the fish fauna inhabiting the concerned river. Similarly it 
has various impacts on the people, the livelihood of whom depends on the fish. The 
construction of the dam leads the fragmentation of habitat, modification in hydrologic 
regime and may have adverse effects on indigenous and migratory fish. On the other 
hand pondage provides a large volume of water, which is beneficial with respect to fish 
culture and can play an important role in the upliftment of economic growth. 
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6.5 CONTROL OF AIR POLLUTION 
The following measures are recommended:  

 The contractor will be responsible for maintaining properly functioning 
construction equipment to minimize exhaust.  

 Construction equipment and vehicles will be turned off when not used for 
extended periods of time.  

 Unnecessary idling of construction vehicles to be prohibited.  

 Effective traffic management to be undertaken to avoid significant delays in and 
around the project area.  

 Road damage caused by sub-project activities will be promptly attended to with p 
Identification of construction limits (minimal area required for construction 
activities).  

 When practical, excavated spoils will be removed as the contractor proceeds 
along the length of the activity.  

 When necessary, stockpiling of excavated material will be covered or staged 
offsite location with muck being delivered as needed during the course of 
construction.  

 Excessive soil on paved areas will be sprayed (wet) and/or swept and unpaved 
areas will be sprayed and/or mulched. The use of petroleum products or similar 
products for such activities will be strictly prohibited.  

 Contractors will be required to cover stockpiled soils and trucks hauling soil, 
sand, and other loose materials (or require trucks to maintain at least two feet of 
freeboard).  

 Contractor shall ensure that there is effective traffic management at site. The 
number of trucks/vehicles to move at various construction sites to be fixed. Three 
personnel will be earmarked for this purpose. 

 Dust sweeping - The construction area and vicinity (access roads, and working 
areas) shall be swept with water sweepers on a daily basis or as necessary to 
ensure there is no visible dust. Five sweepers will be earmarked for this purpose 

 Roper road repair and maintenance work.  
 

6.6 NOISE CONTROL MEASURES                                           
The contractors will be required to maintain properly functioning equipment and comply 
with occupational safety and health standards.  The construction equipment will be 
required to use available noise suppression devices and properly maintained mufflers. 

 Vehicles to be equipped with mufflers recommended by the vehicle 
manufacturer. 

 Staging of construction equipment and unnecessary idling of equipment 
within noise sensitive areas to be avoided whenever possible.  

 use of temporary sound fences or barriers to be evaluated.  

 Notification will be given to residents within 300 feet (about 90 m) of major 
noise generating activities. The notification will describe the noise 
abatement measures that will be implemented.  

 Monitoring of noise levels will be conducted during the construction phase 
of the project. In case of exceeding of pre-determined acceptable noise 
levels by the machinery will require the contractor(s) to stop work and 
remedy the situation prior to continuing construction. 

The following Noise Standards for DG sets are recommended for the running of DG 
sets during the construction: 
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 The maximum permissible sound pressure level for new diesel generator sets 
with rated capacity upto 1000 KVA shall be  75 dB(A) at  1 m from the enclosure 
surface. 

 Noise from the DG set should be controlled by providing an acoustic enclosure or 
by treating the enclosure acoustically. 

 The Acoustic Enclosure should be made of CRCA sheets of appropriate 
thickness and structural/ sheet metal base. The walls of the enclosure should be 
insulated with fire retardant foam so as to comply with the 75 dB(A) at 1m sound 
levels specified by CPCB, Ministry of Environment & Forests. An amount of Rs. 
5.0 lakh is earmarked for this purpose. 

 The acoustic enclosure/acoustic treatment of the room should be designed for 
minimum 25 dB(A) Insertion Loss or for meeting the ambient noise standards, 
whichever is on the higher side.  

 The DG set should also be provided with proper exhaust muffler with insertion 
loss of minimum 25 dB(A). 

 Proper efforts to be made to bring down the noise levels due to the DG set, 
outside its premises, within the ambient noise requirements by proper siting and 
control measures.  

 A proper routine and preventive maintenance procedure for the DG set should be 
set and followed in consultation with the DG set manufacturer which would help 
prevent noise levels of the DG set from deteriorating with use. An amount of Rs. 
6.0 lakh is earmarked for this purpose. 
 

6.7 MANAGEMENT MEASURES 
The basic aim and objectives of the muck management plan are to: 

  protect these areas from soil erosion  

  develop these areas by afforestation 

  develop them into parks, gardens etc. 

  utilize the maximum quantity of muck for development of infrastructure of   the 
project 

  develop these areas in harmony with the landscape of the project area. 
 
Various activities proposed as a part of the management plan are given as below: 

 Land acquisition for muck dumping sites 

 Civil works (construction of retaining walls, boulder crate walls etc.) 

 Dumping of muck 

 Levelling of the area, terracing and implementation of various engineering control 
measures e.g., boulder, crate wall, masonry wall, catch water drain.  

 Spreading of soil 

 Application of fertilizers to facilitate vegetation growth over disposal sites. 
For stabilization of muck dumping areas following measures of engineering and 
biological measures have been proposed 
Engineering Measures 

 Wire crate wall 

 Boulder crate wall 

 R.C.C 

 Catch water Drain 
Biological Measures 

 Plantation of suitable tree species and soil binding species  
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 Plantation of ornamental plants  

 Barbed wire fencing 
 
6.8 ROAD CONSTRUCTION  

 The clearing area shall be properly demarcated to save desirable trees and 
shrubs and to keep tree cutting to the minimum. 

 Where erosion is likely to be a problem, clearing operations shall be so 
scheduled and performed that grading operations and permanent erosion control of 
features can follow immediately thereafter, if the project conditions permit; otherwise 
temporary erosion control measures shall be provided between successive 
construction stages. Under no circumstances, however, should very large surface 
area of erodible earth material be exposed at any one time by clearing and 
grubbing.  

 The method of balanced cut and fill formation shall be adopted to avoid large 
difference in cut and fill quantities. 

 The cut slopes shall be suitably protected by breast walls, provision of flat stable 
slopes, construction of catch water and intercepting drains, treatment of slopes 
and unstable areas above and underneath the road, etc. 

 Where rock blasting is involved, controlled blasting techniques shall be adopted 
to avoid over-shattering of hill faces. 

Excavated material shall be dumped after duly dressing up the same in a suitable form 
at appropriate places where it cannot get easily washed away by rain, and such spoil 
deposits may be duly trapped or provided with some vegetative cover 
 
6.9 PUBLIC AWARENESS PROGRAMME  
The main objective is to slow down the spread of HIV/AIDS infection through creation of 
awareness and aiming at behavioral change. The awareness programme has the 
following components: 

 Ensuring Blood Safety 

 Control of sexually transmitted diseases 

 Public awareness and community support. 
 
 Ensuring blood safety 
The training programe for the doctors and the blood bank staffs in consultation National 
or State AIDS Control Organization which includes the diagnosis of AIDS cases, 
mandatory licensing of blood banks and promotion of voluntary blood donation.  
 
 Control of Sexually Transmitted Diseases 
The main strategy for prevention and control of HIV/AIDS is to control of sexually 
transmitted diseases in the labour camp by the suggested measures of National or State 
AIDS Control Organization  
 
 Public awareness and community support 
A wide campaign using various media to spread awareness about the HIV/AIDS in the 
project area shall be taken up as Environmental management programme. This includes 
the use of radio, print media and folk theatre by the contractor and project proponent.  
The counseling centre shall be set up in government Hospital at  Mori, which have the 
following objectives:  

 To provide pre-test, post-test, follow-up, general and family counselling to 
general public, workers and technical staff coming to the hospital.  
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 To provide support services and after care services for HIV positive clients.  
 To disseminate information regarding STD, HIV/AIDS and measures suggested 

by National or State AIDS Control Organization. 
  

 
6.10 GREENBELT DEVELOPMENT PLAN 
Although the forest loss due to reservoir submergence and other project appurtenances 
have been compensated as a part of compensatory afforestation. However in addition to 
above, it is proposed to develop greenbelt around the perimeter of various project 
appurtenances, selected stretches along reservoir periphery, etc. The general 
consideration involved while developing the greenbelt are: 

- Trees growing up to 10 m or above in height with perennial foliage should 
be planted around various appurtenances of the proposed project. 

- Planting of trees should be undertaken in appropriate encircling rows 
around the project site. 

- Generally fast growing trees should be planted 
- Since, the tree trunk area is normally devoid of foliage upto a height of 3 

m, it may be useful to have shrubbery in front of the trees so as to give 
coverage to this portion. 

The details of Greenbelt development are given as below: 

 Plantation will be done along the boundaries of project colony 

 The inter-connecting/approach roads of various project components, within the 
colonies, working sites, etc. shall be covered with avenue plantation. 

 Available space within the colonies will be brought under Greenbelt for plantation 
of fruit, ornamental and shade trees along with shrubs, climbers etc. Fruit trees 
can be protected with angle iron guards. 

 During the initial phase of plantation and summer seasons, watering of plants 
can be done. In addition if required farm yard manure and agro-chemicals can 
also be applied. 

 Along the road sides, 2 to 3 rows of ornamental trees can be planted. 

 At the construction site and colony sites, the width of Greenbelt development can 
be increased depending on the quantum of land available. 

 Thickness of greenbelt along reservoir periphery can be about 4 – 6 m. 

 The saplings for Greenbelt can be processed from nearby nurseries of the Forest 
Department. 

 
7.    CATCHMENT AREA TREATMENT PLAN 
The Catchment Area Treatment (CAT) plan highlights the management techniques to 
control erosion in the catchment area of a water resource project. The life span of a 
reservoir is greatly reduced due to erosion in the catchment area. Adequate preventive 
measures are thus needed for the treatment of catchment for its stabilization against 
future erosion. The total catchment considered for treatment under the present project 
i.e. Jakhol Sankari hydroelectric project.  
The catchment area treatment involves 

 Understanding of  the erosion characteristics of the terrain and, 

 Suggesting remedial measures to reduce the erosion rate. 
 
Following Engineering and Biological measures have been suggested for the catchment 
area treatment. 
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1. Engineering measures 
- Step drain 
- Angle iron barbed wire fencing 
- Stone masonry 
- Check dams 

2. Biological measures 
- Development of nurseries 
- Plantation/afforestation 
- Pasture development 
- Social forestry 

 
8.  RESETTLEMENT AND REHABILITATION PLAN 
The R&R plan has been devised using the norms and guidelines of the “Right to Fair 
Compensation and Transparency in Land Acquisition, Rehabilitation and Resettlement Act, 
2013”. There are no families losing homesteads hence there is no Resettlement Plan needs 
to be prepared. As per the data there are 216 families that are affected due to the proposed 
project. The Rehabilitation Plan is prepared for the 216 families that will be losing land only. 

8.1 MEASURES FOR REHABILITATION 
In the proposed project, majority of the population depends on land for their livelihood. 
Privately owned land is also expected to be acquired. The rehabilitation plan would be 
formulated in line with the norms of “Right to Fair Compensation and Transparency in 
Land Acquisition, Rehabilitation and Resettlement Act, 2013”. The market value of 
private land to be acquired in various villages is given in Table-10. The cost estimate for 
implementation of Rehabilitation measures is given in Table-11 
 
Table-10: Market value of the private land acquired in various villages 

S.No Village 
Name 

Land 
Acquired 
(Ha.) 

Total 
Value of 
Land 
(Rs.) 

Factors to 
be 
multiplied 
in rural area 
B=(A*2) 
(Rs.) 

Solatium 
(C) (Rs.) 

Final 
Award 
(B+C) 
(Rs.) 

1 Dhara 4.772 19.37 38.7486 38.7486 77.4973 

2 Sunkundi 1.359 5.52 11.0351 11.0351 22.0702 

3 Paon Malla 0.673 2.62 5.2494 5.2494 10.4988 

4 Paon Talla 7.967 32.35 64.692 64.692 129.384 

  Total  14.771 59.86 119.7251 119.7251 239.45 

 

Table-11: Provisions for Rehabilitation Plan for families losing land as per the 
“SECOND SCHEDULE” 

S. 
No 

Description Unit Assumed 
Provision# 

Cost 
 (Rs. lakh) 

1. Total Market Value of the Project affected 
villages ( Refer Table-4.3) 

ha 14.771 239.45 

2. Rural artisans / Self-employed    

 One-time financial assistance of a minimum 
of Rs. 25,000/- to each affected family of an 

216 216 PAFs x 
Rs.25000/P

54.00 
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S. 
No 

Description Unit Assumed 
Provision# 

Cost 
 (Rs. lakh) 

artisan, small trader or self-employed person 
or an affected family which owned non-
agricultural land or commercial, industrial or 
institutional structure in the affected area, and 
which has been involuntarily displaced from 
the affected area due to land acquisition 

AF 

3. Choice of Annuity or Employment    

 a) At least one member per affected family 
will be provided job (either in the project or 
arrange for a job in such other project), 
after providing suitable training and skill 
development in the required field 
         Or 

b) Onetime payment of Rs. 500,000 per 
affected family 
        Or 

c) Annuity policies that shall pay not less than 
Rs. 2000 per month per family for 20 
years, with appropriate indexation to the 
Consumer Price Index for Agricultural 
Labourers 

 
 
 
 
 
 
 
 
 
216 
 

 
 
 
 
 
 
 
 
 
216 PAFs x 
Rs.2000/mo
nth x 20 
years x 12 
months for 
each PAF 

Livelihood 
plan been 
prepared for 
each PAF 
losing land 
 
 
 
 
 
1036.80 

4. Training of the affected persons, so as to 
enable such persons to take on suitable jobs 

216 
 

216 PAFs x 
Rs.500/mon
th x  6 
months for 
each PAF 

6.48 

5. Scholarships and other skill development 
opportunities to the eligible persons from the 
affected families as per the criteria as may be 
fixed by the appropriate Government 

216 
 

216PAFs x 
Rs.500/mon
th x  12 
months for 
each PAF 

12.96 

6. Skill development opportunities to the eligible 
persons from the affected families as per the 
criteria as may be fixed by the appropriate 
Government 

216 
 

216PAFs x 
Rs.500/mon
th x  6 
months  for 
each PAF 

6.48 

7. Affected persons shall be offered the 
necessary training facilities for development 
of entrepreneurship, technical and 
professional skills for self-employment 

216 
 

216 PAFs x 
Rs.1000/mo
nth x  6 
months for 
each PAF 

12.96 

Total 1369.13 
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8.2  BUDGET 
The total budget for implementation of the Rehabilitation Plan is Rs.1369.13 lakh or say 

Rs.13.84 crore. The details are given in Table-12 

Table-12: Budget for implementation of the Rehabilitation Plan 
S. No. Components of Rehabilitation Plan 

 
Cost  
(Rs. lakh) 

1. Compensation for Land 239.45 

2. Grant to Rural Artisans 54.00 

3. Annuity payment 1036.80 

4. Training to take on suitable jobs 6.48 

5. Scholarships 12.96 

6. Other Skill Development 6.48 

7. Training facilities for development of entrepreneurship, technical 
and professional skills for self-employment 

12.96 

 Total 1369.13 

 
9.  LOCAL AREA DEVELOPMENT PLAN 
The following aspects have been covered under the Local Area Development Plan: 

 Educational Facilities 

 Health Care and Medical Facilities 

 Infrastructure Development  

 Economic Development 

 Social and Cultural Development 
 
An amount of Rs.238.0lakh is being made for implementation of the LADP Activities. The 
details are shown in Table-13 
Table-13: Budget for implementation of Local Area Development Plan 

S. No. Items Budget 
(Rs. lakh) 

1 Construction/ Up-gradation schools in Study Area   125.0 

2 Scholarships to students in the Study Area  48.0 

3 Improvement of Public Health Facility   65.0 

 Total 238.0 

 
10.   DISASTER MANAGEMENT PLAN 
The following measures have been suggested as a part of the Disaster Management 
Plan: 

 Dam Safety and Maintenance Manual 

 Emergency Action Plan (EAP) 

 Administration and Procedural Aspects 

 Preventive Action 

 Communication System 

 Notifications 

 Evacuations Plans and Evacuation Team 

 Public Awareness for Disaster Mitigation 

 Management after receding of Flood Water 
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The budget for different activities required to be carried out for mitigation and prevention 
of dam/barrage break hazard exclusively from the barrage is Rs 60.00 lakh as per 
details given in Table-14. 
 
 
 
Table-14: Budget earmarked for implementation of Disaster Management Plan 

S. No. Particular Cost (Rs. lakh) 

1. Installation of alert system in control room 10.0 

2 Setting up of communication between various 
projects on river Supin /Tons 

10.0 

3 Setting up of communication system between 
barrage and d/s settlements  

15.0 

4 Public information system  15.0 

5 Training and miscellaneous expenses 10.0 

 Total 60.0 

 
11.        ENVIRONMENTAL MONITORING PROGRAMME 
An Environmental Monitoring Programme should be undertaken during construction and 
operation phase of the project. The details of environmental monitoring programme are 
given in Tables-15 and 16 respectively.  
 
Table-15: Environmental Monitoring Programme during Construction Phase 

S. No. Item Parameters Frequency Location 

1. Effluent from septic 
tanks 

pH, BOD, COD, TSS, 
TDS 

Once every 
month 

Before and after 
treatment from 
STP 

2. Water-related 
diseases 

Identification of water 
related diseases, 
adequacy of local 
vector control and 
curative measure, etc. 

Three times a 
year 

Labour camps 
and colonies 

3. Air quality PM10, PM2.5, SO2 and 
NO2 

Once every 
season 

At major 
construction sites 

4. Noise Equivalent noise level 
(Leq) 

Once in three 
months 

At major 
construction sites 

5. Meteorological 
aspects 

Wind direction & 
velocity temperature 
humidity, rain 

Once every 
season 

At two of the 
ambient air 
quality sampling 
sites 

 
Table-16: Summary of Environmental Monitoring Programme during Project 
Operation Phase 

S. 
No. 

Items Parameters Frequency Location 

1. Water pH, Temperature, EC, 
Turbidity, Total Dissolved 
Solids, Calcium, 
Magnesium, Total 
Hardness, Chlorides, 

Thrice a 
year 

 1 km upstream of 
reservoir 

 Reservoir area 

 1, 3 and 5 km 
downstream of dam 
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S. 
No. 

Items Parameters Frequency Location 

Sulphates, Nitrates, DO, 
COD, BOD, Iron, Zinc, 
Manganese 

site 
 

2. Effluent 
from 
Aerated 
Lagoon  

pH, BOD, COD, TSS, TDS Once every 
week 

 Before and after 
treatment from STP  

3. Water 
related 
diseases 

Identification of water 
related diseases, sites, 
adequacy of local vector 
control measures, etc. 

Three times 
in a year 

 Villages adjacent to 
project sites 

4. Terrestrial 
Ecology 

Status of afforestation 
programme of green belt 
development 

Once in a 
year 

- 

5. Aquatic 
ecology 

Phytoplanktons, 
zooplanktons, benthic life, 
fish composition 

Three time 
in a year 

 1 km upstream of 
reservoir 

 Reservoir area 

 1, 3 and 5 km 
downstream of  dam 
site 

 
12. FOR IMPLEMENTING ENVIRONMENTAL MANAGEMENT PLAN 
12.1 COST FOR IMPLEMENTING ENVIRONMENTAL MANAGEMENT PLAN 
The total amount to be spent for implementation of Environmental Management Plan 
(EMP) would be Rs. 50.53 crore. The details of the cost are given in Table-17. 
 
Table-17: Cost for implementing Environmental Management Plan 

S. No. Item Cost (Rs. Lakh) 

1 Biodiversity Conservation Plan 724.50 

2 Catchment Area Treatment Plan 680.0 

3 Sustenance  of riverine fisheries 105.88 

4 Health Delivery System 142.30 

5 Environmental Management in Labour Camps 490.43 

6. Stabilization of Muck Disposal Sites 421.00 

7. Landscaping and Restoration of Construction Area 100.00 

8. Environmental Management in Road Construction 270.00 

9. Greenbelt Development 30.00 

10 Control of Air Pollution 66.80 

11. Control for Noise Pollution  11.00 

12. Water Pollution Control 10.00 

13. Public Awareness Program 50.00 

14. Disaster Management Plan 60.00 

14. Resettlement and Rehabilitation Plan  1369.13 

15. Livelihood Plan for PAF 192.64 

16. Local Area Development Plan 238.0 

17. Monitoring and Evaluation Aspects for social aspects 30.0 

18. Implementation of Environmental Monitoring Programme 45.6 
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S. No. Item Cost (Rs. Lakh) 

during construction stage (Refer Table-18) 

19. Purchase of Meteorological Instruments and Noise Meter 15.0 

 Total 5052.28 lakh say 
50.53 crore 

 
 
 
12.1 COST FOR IMPLIMENTING ENVIRONMENTAL MONITORING PRORAMME 

DURING CONSTRUCTION PHASE 
The cost required for implementation of Environmental Monitoring programme during 
project construction phase is Rs. 45.6 lakh. The details are given in Table-18. 
 
Table-18: Cost for implementing Environmental Monitoring Programme during 

project construction phase 

Item Cost (Rs. lakh) 

Effluent from labour camps 11.2 

Ambient air quality monitoring 11.2 

Incidence of water related diseases 23.2 

Total 45.6 

 

12.2 COST FOR IMPLIMENTING ENVIRONMENTAL MONITORING PRORAMME 
DURING OPERATION PHASE 

The cost required for implementation of the Environmental Monitoring Programme during 
operation phase is the order of Rs.18.6 lakh/year. A 10% annual price increase may be 
considered for every year. The details are given in below Table-19. 
 
 
Table-19: Cost for implementing Environmental Monitoring Programme during 

project operation phase 

Item Cost  (Rs. lakh/year) 

Water quality and effluent from project colony 2.6 

Ecology 5.0 

Riverine fisheries 6.0 

Incidence of water related diseases 5.0 

Total 18.6 

 
 
 
 
 
 
 
 



Jakhol Sankari HEP 
  Executive Summary Report 

  

 30 

 

Figure-1: General Layout 
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Figure-2: Study Area Map 
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