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CHAPTER-1: INTRODUCTION AND PROJECT BACKGROUND 

1.1 BACKGROUND 

During the construction of Beas Sutlej Link Project, it was conceived that a power plant could be 
constructed at the exit of Pandoh- Baggi Tunnel (PBT) as sufficient head was available between 
Pandoh Reservoir and at the start of Sunder Nagar Hydel Channel (SNHC). Consequently a 
Bypass Tunnel at 170 metres upstream of Baggi Control Works (BCW) was constructed to 
divert the water for the prospective power plant. The upcoming Baggi Power Plant is proposed 
to have two units of 21 MW each on the basis of head and water availability. The proposed 
Baggi Power project will harness the head available between Pandoh Reservoir Level of 
Sundernagar Hydel Channel at Baggi. At present this hydro energy is dissipated through a 
stilling basin downstream of Baggi Control Works (BCW). The existing by-pass tunnel of dia 6.1 
m will be used as a headrace tunnel for feeding the powerhouse. The gate being used for 
closing the by-pass tunnel will be used as an emergency gate for closing the powerhouse. 

1.2  HYDROELECTRIC POTENTIAL IN HIMANCHAL PRADESH 

Electricity has a vital and significant role to play in the economic development of any state. In 
fact the growth of any country is dependent on the availability of power. Hydropower is perhaps 
the cleanest source of energy with bulk of its potential yet to be harnessed in many developing 
countries. In India, hydropower  potential  is  largely  available  in  Himalayan  states  viz,  
Himachal  Pradesh,  Uttarakhand, Sikkim and Arunachal Pradesh. The state of Himachal 
Pradesh (where the proposed project is planned to be located), with its five major rivers flowing 
through it, namely Satluj, Ravi, Beas, Chenab and Tons (Yamuna), is endowed with 
approximately 21337 MW of hydroelectric potential in its five river basins,  out  of  which  only  
6153  MW  has  been  developed  so  far  and  3912  MW  is  presently  under execution. The 
first hydropower project in Himachal Pradesh was laid in 1912 at Chabba near Shimla.  
 
The Beas River Basin is the major part of Indus River Basin. It rises near the Rohtang Pass in 
Kullu and flows through a gorge from Larji to Talwara and then enters the Punjab plains to meet 
the Sutlej at Harike. Its total length is 460 km and catchment area is 20,303 sq km. 
 
The project wise generation data of large hydro with installed capacity of the basin in the latest 
year 2012-13. Detail is is shown in Table 1.1. 

Table 1.1: Hydroelectric Potential of Himanchal Pradesh 

Sr. 
No. 

Project Name Capacity 
in 

MW 

District River/Basin Executing Agency Status 

1 Uhl-II ( Bassi) 66 Mandi Beas Himachal Pradesh State 
Electricity 
Board Limited ( HPSEBL) 

Commissioned 

2 Malana -1 86 Kullu Beas Malana Power Company Limited Commissioned 

3 Sainj 100 Kullu Beas Himachal Pradesh Power 
Corporation Limited (HPPCL) 

Commissioned 

4 Malana-II 100 Kullu Beas Everest Power private Limited Commissioned 

5 Uhl-I (Shanan) 110 Mandi Beas Punjab State Power Corporation 
Limited (PSPCL) 

Commissioned 

6 Laiji 126 Mandi Beas Himachal Pradesh State 
Electricity 
Board Limited ( HPSEBL) 

Commissioned 
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7 Allain 
Duhangan 

192 Kullu Beas AD Hydro Power Corporation 
Limited 

Commissioned 

8 Pong Dam 396 Kangra Beas Bhakra Beas Manangement 
Board 
(BBMB) 

Commissioned 

9 Parbati-III 520 Kullu Beas National Hydro Power 
Corporation 
Limited (NHPCL) 

Commissioned 

10 Beas Satluj 
Link 

990 Mandi Beas Bhakra Beas Manangement 
Board 
(BBMB) 

Commissioned 

11 Uhl-IIl 100 Mandi Beas Himachal Pradesh State 
Electricity 
Board Limited ( HPSEBL) 

Under 
Construction 

12 Parbati-II 800 Kullu Beas National Hydro Power 
Corporation 
Limited ( NHPCL) 

Under 
Construction 

13 Raison 18 Kullu Beas Himachal Pradesh State 
Electricity 
Board Limited ( HPSEBL) 

At under 
Clearances 
& Investigation 

14 Dhauiasidh 66 Hamipur Beas Satluj Jal Vidyut Nigam Limited ( 
SJVN) 

At under 
Clearances 
& Investigation 15 Triven mahadev 78 kangra Beas Himachal Pradesh Power 

Corporation Limited ( HPPCL) 
At under 
Clearances 
& Investigation 

16 Thana plaun 191 Mandi Beas Himachal Pradesh Power 
Corporation Limited (HPPCL) 

At under 
Clearances 
& Investigation 

17 Nakthan 460 Kullu Beas Himachal Pradesh Power 
Corporation Limited (HPPCL) 

At under 
Clearances 
& Investigation 

18 Baggi 42 Mandi Beas Bhakra Beas Manangement 
Board 
(BBMB) 

At under 
Clearances 
& Investigation  Total 4441     

In addition there is about 800 MW of below 5 MW HEPs 

Total Capacity of in terms of hydroelectricity generation potential of the river = 5241MW 

 

*Source: https://sandrp.in/2013/06/22/hydropower-generation-performance-in-beas-river-basin/ 

1.3 OVERVIEW OF THE PROJECT 

It is a run-of-river scheme utilising a variable head from 21.34 m to 49.54 m depending upon the 
discharge in Pandoh Baggi Tunnel (PBT). The weighted average head of the Powerhouse shall 
be 38.94m. The proposed Scheme does not have any canal irrigation system or other irrigation 
proposal and therefore no culturable command area (CCA) will be involved. The project is 
planned to be constructed in 3.5 years. This project has no land submergence. The land 
required for the execution of various project components including infra-structure facilities is 
mostly on BBMB land. The total Land requirement for the project is 1.047 hectare out of which 
0.877 ha forest land and 0.170 ha is private land.  

 

https://sandrp.in/2013/06/22/hydropower-generation-performance-in-beas-river-basin/
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Figure 1.1: Lay out Plan of Project 
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Figure 1.2: Satellite Image of Project Site  

1.4 JUSTIFICATION OF THE PROJECT 

The Beas Sutlej link project comprises two components viz. Unit - I and Unit -II. Beas Project   
Unit -I provides diversion of Beas water at Pandoh into river Sutlej up to 212.4 cumecs utilizing 
fall of about 320m at its tail end at Slapper and about 122 m at Bhakra for generation of power. 
Beas project Unit - II harnesses the irrigation and power potential of the remaining river Beas 
supplies. The Beas Sutlej Link Project comprises the following engineering works:  

 
a) Earth -cum-rock fill dam, 76 m high, on river Beas near Pandoh diverts 0.43 and 0.51 

million hectare meters of water in a dry and mean year respectively.  
 

b) Pandoh Baggi Tunnel 13.2 km long and 7.62 m dia. 
 

c) Sunder Nagar Hydel Channel concrete lined 11.8 km long with a silt ejector in the head 
reach of the channel.  
 

d) Balancing reservoir of about 370 hectare meters capacity at tail end of hydel channel to 
take care of daily fluctuations in power requirement and to enable Dehar Power Plant to 
act as a peaking station.  
 

e) Sundernagar-Sutlej Tunnel 12.5 km long and 8.53 m in diameter.  
 

f) Surge shaft of 22.86 m dia and 125 m high feeding three steel-lined penstock headers of 
4.88m dia leading to valve chamber.  
 

g) Butterfly Valves provided on all three headers and thereafter each header bifurcated into 
two branches to feed six units of Dehar Power Plant.  
 

h) Dehar Power Plant houses six units each of 165 MW capacity. 
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i) Controlled by-pass off-taking from surge shaft and discharging into river Sutlej through a 

chute. 
 
The proposed Baggi Power project will harness the head available between Pandoh Reservoir 
Level of Sundernagar Hydel Channel at Baggi. At present this hydro energy is dissipated 
through a stilling basin downstream of Baggi Control Works (BCW). The existing by-pass tunnel 
of dia 6.1 m will be used as a headrace tunnel for feeding the powerhouse. The gate being used 
for closing the by-pass tunnel will be used as an emergency gate for closing the powerhouse. 
It is a run-of-river scheme utilising a variable head from 21.34 m to 49.54 m depending upon the 
discharge in Pandoh Baggi Tunnel (PBT). The weighted average head of the Powerhouse shall 
be 38.94 m. 
 

1.5 NEED FOR THE EIA STUDY 

The purpose of environmental impact assessment of the proposed irrigation project is to identify 
and evaluate the nature, magnitude and significance of the potential adverse environmental 
impacts arising during construction and operation of the project. 

River valley projects are among the most sensitive of all development projects in terms of 
pervasively of their influence in altering environmental resources, since these create a major 
alteration in the hydrologic regime of the watershed involved. To identify and evaluate the 
anticipated environmental impacts during construction and operation phase of the proposed 
Hydroelecrtric Project, Environmental Impact Assessment (EIA) study has been carried out as 
per EIA Notification 2006 and amendments thereafter. 

1.6 PROJECT PROPONENT 

Bhakra Beas Management Board (popularly known as BBMB) Sector-19 B, Chandigarh is the 

inherent project proponent. Bhakra Beas Management Board (BBMB) is responsible for 

estimation, planning and comprehensive utilization of surface and ground water resources of 

the State. 

1.7 EIA CONSULTANT 

The task of preparation of EIA/EMP report of the project has been awarded to M/s Enviro Infra 
Solutions Private Limited, 301,302 &305, SRBC, Plot No., INS-12, Sector-9, Vasundhara, 
Ghaziabad (NCR) -201012.The organization is accredited with NABET/ Quality Control of India 
to conduct the Environment Impact Assessment Studies for river valley projects among others 
(IA-173 AC Meeting, November 30, 2016) The agency has embarked upon the task to complete 
it with due diligence in the scheduled time. 

1.8 POLICY, LEGAL, AND ADMINISTRATIVE STATUTORY 

The emerging environmental scenario calls for requisite attention on conservation and proper 
use of natural resources and development without destruction. The environmental consideration 
in any development process has become a necessity for achieving sustainable development. 
To achieve these goals, the Ministry of Environment & Forests, Govt. of India, has enacted 
various acts, legislations, guidelines and standards from time to time. The principal 
environmental regulatory agency in India is the Ministry of Environment & Forests, New Delhi. 
Ministry of Environment and Forests formulates environmental policies and accords 
environmental clearances for different projects. The important environmental legislations in 
India are given in Table 1.2. 
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Table 1.2: Key Environmental Legislations 

Name Scope and Objective Key Areas 
Operational 

Agencies/Key 
player 

Water (Prevention and 
Control of Pollution) 
Act, 1974, 1988  

To provide for the 
prevention and control 
of water pollution and 
enhancing the quality of 
water  

Control sewage and 
industrial effluent 
discharges  

Central and 
State Pollution 
Control Boards  

Air (Prevention and 
Control of Pollution) 
Act, 1981, 1987  

To provide for the 
prevention and control 
of air pollution  

Controls emission of air 
pollutants  

Central and 
State Pollution 
Control Board  

Forest(Conservation) 
Act, 1980, 1988  

To consolidate 
acquisition of common 
property such as forest, 
halt India’s rapid 
deforestation and 
resulting environmental 
degradation 

Regulates access to  
natural resources, state 
has a monopoly right 
over land, categories 
forests, restriction on 
de-reservation and 
using forest for non-
forest  
purpose  

State 
Government 
and Central 
Government  

Wildlife(Protection) Act, 
1972, 1993  

To protect wildlife  Creates protected 
areas (national parks / 
sanctuaries) categories 
of wildlife which are 
protected  

Wildlife Advisory 
Boards, Central 
Zoo Authorities  

Environment 
(Protection) Act, 1986  

To provide for the 
protection and 
improvement of 
environment  

An umbrella legislation, 
supplements pollution 
laws  

Central 
government 
nodal agency, 
MoEFCC can 
delegate to state 
departments of 
environment  

EIA Notification 14th 
Sep 2006 and 
amendment  
thereof  

Environment Impact 
Assessment  

Environmental 
Protection  

Project 
Development, 
State and 
Central  
Government  

National Water Policy, 
2012 

Legislation needed in 
view of inequities in 
distribution and lack of 
unified perspective in 
planning, management 
and use of water 
resources with due 
consideration to 
environmental 
sustainability and 
holistic benefit to the 
people.  

To recognize and 
consider while planning 
the environmental 
needs of aquatic eco-
system, wetlands and 
embanked flood plains 
besides adaptation to 
strategies to provide a 
mechanism for dealing 
with increased 
variability due to 
climate change.   

State and 
Central 
Government 
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Name Scope and Objective Key Areas 
Operational 

Agencies/Key 
player 

Right to Fair 
Compensation and 
Transparency in Land 
Acquisition, 
Rehabilitation and 
Resettlement Act, 2013  

To address concerns of 
farmers and those 
whose livelihoods is 
dependent on land 
being acquired and at 
the same time 
facilitating land 
acquisition in a timely 
and transparent 
manner and for 
ensuring 
comprehensive 
package for the land 
owners for calculation 
of market value of the 
land besides 
comprehensive 
rehabilitation and 
resettlement package 
for land owners. 

Social issues Central and 
State 
Government 

1.9 SCOPING OF THE PROJECT 

In consonance with the provision under section-6 of the MoEFCC notification, dated 
14thSeptember 2006, the project proponent moved an application in the prescribed Form-I duly 
filled along with a copy of the PFR of the project to the MoEFCC, New Delhi. In view of the 
project being classified as Category “B” project in terms of Notification dated, 25th June, 2014, 
though the Capacity of the project is less than 50 MW. The first step required in the 
environment clearance process is scoping by which the Expert Appraisal Committee determines 
detailed and comprehensive Terms of Reference (TOR) addressing all relevant environment 
concerns for the preparation of Environmental Impact Assessment (EIA) Report in respect of 
the project for which prior environment clearance is sought. 

The Expert Appraisal Committee for River Valley and Hydro Electric Projects, after examining 
the project in great depth in its meeting held on 29-30th December, 2021, accorded ToR. The 
SEIAA, HP decided that the EIA should be prepared on the lines of approved ToR issued by 
SEIAA, HP vide letter No. F.No.HP SEIAA/2021/876-24-31 dated 03.02.2022. 

1.10 TOR COMPLIANCE 

The EIA/EMP report has been prepared in conformity with all issues brought out in detailed ToR 
issued by SEIAA, HP vide letter No. F.No.HP SEIAA/2021/876-24-31 Dated 03.02.2022. The 
brief issues involved and their reference of compliance have been provided in Table 1.3. Copy 
of ToR is attached as Annexure II. 
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 Table 1.3: Compliance of ToR 

Point 
No. 

Comment Reference of 
compliance 

A Physical and Chemical Environment  

1 Geological and Geophysical Aspects and Seismo-
Tectonics: 

 

• Physical Geography, Topography, Regional Geological 
aspects and structure of the catchment. 
 
• Tectonics, Seismicity and History of past earthquakes in 
the area. A site-specific study of earthquake parameters will 
be done. The results of the site-specific earthquake design 
shall be sent for approval of the NCSDP (National 
Committee of Seismic design parameters, Central Water 
Commission, New Delhi for large dams.  
• Landslide zone or area prone to landslide existing in the 
study area should be examined. 
• Presence of important economic mineral deposit, if any. 
 • Justification for location & execution of the project in 
relation to structural components (dam height). 
• Impact of project on geological environment.         

Section 3.5.1, 
3.5.2,3.5.3 and 3.5.4 
of EIA 
Section 3.4.5 of EIA 
 
 
 
 
Section 3.5.8 of EIA 
 
Section 3.5.7 of EIA 
 
Section 2.11 of EIA 
 
Section 4.3.2 of EIA 

2 Meteorology, Air and Noise  

 • Meteorology (viz., Temperature, Relative Humidity, wind 
speed/direction etc.) to be collected from nearest IMD 
station. 
• Ambient Air Quality with parameters viz., Suspended 
Particulate Matter (SPM), Respirable Suspended Particulate 
Matter (RSPM) i.e., suspended particulate materials <10-
microns, Sulphur Dioxide (SO2), Oxides of Nitrogen (NOx), 
in the study area at 5-6 locations. 
• Existing noise levels and traffic density in the study area at 
5-6 locations.  

Section 3.6.1 through 
section 3.6.5 of EIA 
 
Section 3.6.6 of EIA 
 
 
 
Section 3.6.7 and 
3.6.8 of EIA 

3 Soil Characteristics  

 • Soil classification, physical parameters (viz., texture, 
porosity, bulk density and water holding capacity) and 
chemical parameters (viz. pH, electrical conductivity, 
Magnesium, calcium, total alkalinity, chlorides, sodium, 
potassium, organic carbon, available potassium, available 
phosphorus, SAR, nitrogen and salinity, etc.,) (at 6 
locations). 

Section 3.7 of EIA 
 

4 Remote sensing and GIS Studies  

 • Generation of thematic maps viz., slope map, drainage 
map, soil map, land use and land cover map, etc. Based on 
these, thematic maps, an erosion intensity map should be 
prepared. New Configuration map to be given in EIA report 

Drainage Map: 
Figure 3.18 
Soil Map: Figure 3.12 
Land use and land 
cover map :Figure 
3.5  

5 Water Quality  

 • History of the ground water table fluctuation in the study 
area. 
• Water quality for both surface water and ground water for 
(i)Physical parameters'(pH, temperature, electrical 
conductivity, TSS);  

Section 3.8.1 and 
3.8.2 of EIA 
 
Section 3.8 of EIA 
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(ii)Chemical parameters (Alkalinity, Hardness, BOD, COD, 
NO2, PO4, CI, SO4, Na, K, Ca Mg, Silica, Oil & Grease, 
phenolic compounds, residual sodium carbonate);  
(iii) Bacteriological parameters (MPN, Total coliforms) and 
(iv) Heavy Metals (Pb, As, Hg, cd, cr-6, total Cr, Cu, Zn, Fe) 
at minimum 10 locations.  
• Delineation of sub and micro-watersheds, their locations 
and extent based on the All India Soil and Land Use Survey 
of India (AISLUS), Department of Agriculture, Government 
of India. Erosion levels in each micro-watershed and 
prioritization of micro-watershed through silt yield index 
(SYI) method of AISLUS. 

 
 
 
 
 
 
 

Not Appicable 
 

B Water Environment & Hydrology  

 •Hydro-Meteorology of the project viz. precipitation 
(snowfall, rainfall), temperature, relative humidity, etc. 
Hydro-meteorological studies in the catchment area should 
be established along-with real time telemetry and data 
acquisition system for inflows monitoring.  
•Run-off, discharge, water availability for the project, 
sedimentation rate, etc.  
•Basin characteristic’s  
•Catastrophic events like cloud bursts and flash floods, if 
any, should be documented. 
•For estimation of Sedimentation Rate, direct sampling of 
river flow is to be done during the EIA study. The study 
should be conducted for minimum one year. Actual silt flow 
rate to be expressed in ha-m km2 year-I.  
•Set-up a G&D monitoring station and a few rain gauge 
stations in the catchment area for collecting data during the 
investigation.  
•Flow series, 10 daily with 90%, 75% and 50% dependable 
years discharges. 
 
• Environmental flow release should be 20% of the average 
of 4 lean months of 90% dependable year during the lean 
season and, 30% of monsoon flow during monsoon season. 
For remaining months, the flow shall be decided by the 
committee based on the hydrology and available discharge. 
• A site-specific study on minimum environmental flow 
should be carried out. 

 
 
Section 3.9 of EIA 

 
 
 

Section 3.9.7 of EIA 
 
Section 3.9.1 of EIA 
Section 3.9.12  of 
EIA 
 
Section 3.9.7 of EIA 
 
Section 3.9  of EIA 
 
 
Section 3.9.13  
 
 
 
 
 
 
Section 3.9.13 of EIA 
 

C Biological Environment  

 Flora: 
• Characterization of forest types (as per Champion and 
Seth method) in the study area and extent of each forest 
type as per the Forest Working Plan. 
• Documentation of all plant species i.e. Angiosperm, 
Gymnosperm, Pteridophytes, Bryophytes (all groups). 
• General vegetation profile and floral diversity covering all 
groups of flora including lichens and orchids. A species wise 
list may be provided. 
• Assessment of plant species with respect to dominance, 
density, frequency, abundance, diversity index, similarity 
index, importance value index (IVD, Shannon Weiner index 
etc. of the species to be provided. Methodology used for 

Section 3.10 of EIA 
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calculating various diversity indices along with details of 
locations of quadrates, size of quadrates etc. to be reported 
within the study area in different ecosystems. 
• Existence of National park, Sanctuary, Biosphere Reserve 
etc. in the study area, if, any, should be detailed. 
• Economically important species like medicinal plants, 
timber, fuel wood etc. 
• Details of endemic species found in the project area. 
• Flora under RET categories should be documented using 
International Union for the Conservation of Nature and 
Natural Resources (IUCN) criteria and Botanical Survey of 
India's Red Data list along-with economic significance. 
Species diversity curve for RET species should be given. 
Fauna: 
Fauna study and inventorisation should be carried out for all 
groups of animals in the study area. Their present status 
along with Schedule of the species. 
• Documentation of fauna plankton (phyto and zooplankton), 
periphyton, benthos and fish should be done and analyzed. 
• Information (authenticated) on Avi-fauna and wildlife in the 
study area. 
• Status of avifauna their resident/ migratory/ passage 
migrants etc. 
Documentation of butterflies, if any, found in the area. 
• Details of endemic species found in the project area. 
• RET species-voucher specimens should be collected 
along-with GPS readings to facilitate rehabilitation. RET 
faunal species to be classified as per IUCN Red Data list 
and as per different schedule of Indian Wildlife (Protection) 
Act, 1972. 
• Existence of barriers and corridors, if any, for wild animals. 
• Compensatory afforestation to compensate the green belt 
area that will be removed, if any, as part of the proposed 
project development and loss of biodiversity. 
• Collection of primary data on agricultural activity, crop and 
their productivity and irrigation facilities components. 
• For categorization of sub-catchment into various erosion 
classes and for the consequent CAT plan, the entire 
catchment (Indian Portion) is to be considered and not only 
the directly the draining catchment. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Section 3.10 of EIA 

 

D Aquatic Ecology  

 • Documentation of aquatic fauna like macro-invertebrates, 
zooplankton, phyto-planktons, benthos etc. 
• Fish and fisheries, their migration and breeding grounds. 
• Fish diversity composition and maximum length & weight 
of the measured populations to be studied for estimation of 
environmental flow. 
• Conservation status of aquatic fauna. 
• Sampling for aquatic ecology and fisheries and fisheries 
must be conducted during three Seasons-Pre-monsoon 
(summer), monsoon and winter. Sizes (length & weight) of 
important fish species need to be collected and breeding 
and feeding grounds should also be identified along the 
project site or in vicinity. 

Section 3.10 of EIA 
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E Irrigation and Cropping Pattern Not applicable as it is 
hydropower project 

 • Cropping Pattern and Horticulture practices in the study 
area. 
• Collection of primary data on agriculture activities, crops 
and their productivity and irrigation facilities component. 
•  Component of pressurized/drip irrigation and micro 
irrigation 
•  Details of conjective use of water for irrigation 

 

F Socio-economic  

 • Collection of baseline data on human settlements, health 
status of the community and existing infrastructure facilities 
for social welfare including sources of livelihood, job 
opportunities and safety and security of workers and 
surroundings population. 
• Collection of information with respect to social awareness 
about the developmental activity in the area and social 
welfare measures existing and proposed by project 
Proponent. 
• Collection of information on sensitive habitat of historical, 
cultural and religious and ecological importance. 
• The socio-economic survey/ profile within 10 km of the 
study area for demographic profile; Economic Structure; 
Developmental Profile; Agricultural Practices; Infrastructure, 
education facilities; health and sanitation facilities; available 
communication network etc. 
• Documentation of demographic, Ethnographic, Economic 
Structure and development profile of the area. 
• Information on Agricultural Practices, Cultural and 
aesthetic sites, Infrastructure facilities etc. 
• Information on the dependence of the local people on 
minor forest produce and their cattle grazing rights in the 
forest land. 
• List of all the Project Affected Families with their names, 
education, land holdings, other properties, occupation, 
source of income, land and other properties to be acquired, 
etc.  
•In addition to socio-economic aspects of the study area, a 
separate chapter on socio-culture aspects based upon study 
on Ethnography of the area should be provided. 

Section 3.11 of EIA 
 

2 Impact Prediction and Mitigation Measures 
The adverse impact due to the proposed project should be 
assessed and effective mitigation steps to abate these 
impacts should be described. 

 

 Air Environment  

 • Changes in ambient and ground level concentrations due 
to total emissions from point, line and area sources. 
• Effect on soil, material, vegetation and human health. 
• Impact of emissions from DG set used for power during the 
construction, if any, on air environment. 
• Pollution due to fuel combustion in equipment and vehicles  
• Fugitive emissions from various sources 
• Impact on micro climate 

Not applicable 
Section 4.16.2 of EIA  
Section 4.16.3 of EIA 
Section 4.16.4 of EIA 
Section 4.16.4 of EIA 
Section 4.16.5 of EIA 
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 Water Environment  

 • Changes in surface and ground water quality.  
• Steps to develop pisci-culture and recreational facilities  
• Changes in hydraulic regime and downstream flow. 
• Water pollution due to disposal of sewage  
• water pollution from labor colonies/ camps and washing 
equipment. 

Section 4.17.1 of EIA 
Not Applicable 
 
Section 4.17.3 of EIA 
Section 4.17.2 of EIA 
Section 4.17.2 of EIA 

 Land Environment  

 • Adverse impact on land stability, catchment of soil erosion, 
reservoir sedimentation and spring flow (if any) (a) due to 
considerable road construction/widening activity (b) 
interference of reservoir with the inflowing stream (c) 
blasting for commissioning of HRT, TRT and some other 
structures.   
• Changes in land use / land cover and drainage pattern  
• Immigration of labour population  
• Quarrying operation and muck disposal 
• Changes in land quality including effects of waste disposal. 
 • River bank and their stability 
• Impact due to submergence. 

Section 4.4 of EIA 
 
 
 
 
 
Section 4.4.4 of EIA 
Section 4.4.1 of EIA 
Section 4.4.6 of EIA 
 
 
Not Applicable 
Not Applicable 

 Biological Environment:  

 • Impact on forests, flora, fauna including wildlife, migratory 
avi-fauna rare and endangered species, medicinal plants 
etc.  
• Pressure on existing natural resources. 
•Deforestation and disturbance to wildlife, habitat 
fragmentation and wild animal's migratory corridors. 
•Compensatory afforestation-identification of suitable native 
tree species for compensatory afforestation and green belt. 
•Impact on fish migration and habitat degradation due to 
decreased flow of water. 
•Impact on breeding and nesting grounds of animals and 
fish. 
 

Section 4.13 of EIA 
 

 Socio-economic Aspects:  

 • Impact on local community including demographic profile. 
•Impact on socio-economic status. 
•Impact on economic status. 
 • Impact on human health due to water / water borne 
disease 
 • Impact on increase traffic. 
•Impact on Holy Places and Tourism.  
•Impacts of blasting activity during project construction 
which generally destabilize the land mass and leads to 
landslides, damage to properties and drying-up of natural 
springs and cause noise pollution will be studied. Proper 
record shall be maintained of the baseline information in the 
post project period. 
•Positive and negative impacts likely to be accrued due to 
the project are listed. 
 
 

 

Section 4.6.1of EIA 
 
Section 4.6.2 of EIA 
Section 4.6.2 of EIA 
 
Section 4.6.3 of EIA 
 
Section 4.6.4 of EIA 
 
 
Section 4.6.5 of EIA 
 
Section 4.6.6 of EIA 
 
Section 4.6.7 of EIA 
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3 Environmental Management Plans  

i) Catchment Area Treatment (CAT) Plan should be prepared 
micro-watershed wise. Identification of free draining/ directly 
draining catchment based upon Remote Sensing and 
Geographical Information System (GIS) methodology and 
Sediment Yield Index (SYI) Method of AISLUS, Dept. of 
Agriculture, Govt. of India coupled with ground survey. 
Areas or watersheds falling under 'very severe' and 'severe' 
erosion categories should be provided and required to be 
treated. Both biological as well as engineering measures 
should be proposed in consultation with State Forest 
Department for areas requiring treatment. Year-wise 
schedule of work and monetary allocation should be 
provided. Mitigation measures to check shifting cultivation in 
the catchment area with provision for alternative and better 
agricultural practices should be included. 

Not applicable, 
catchment treatment 
plan of BSL project is 
attached in Annexure 
and described in 
Chapter 3. 

ii)  Command area Development (CAD) Plan details of 
implementation Schedule with a sample CAD plan 

Not applicable 

iii) Compensatory Afforestation in lieu of the forest land 
required for the project needs to be proposed. Choice of 
plants should be made in consultation with State Forest 
Department including native and RET species, if any. 

Section 10.1 
Chapter-10 (EMP) 

iv) Biodiversity and Wild Life Conservation & Management Plan 
for conservation and preservation of endemic, rare and 
endangered species of flora and fauna to be prepared in 
consultation with State Forest Department 

Section 10.2 
Chapter-10 (EMP) 

v) Resettlement and Rehabilitation (R&R) Plan need to be 
prepared with due consultation with Project Affected 
Families (PAFs). The provision of the d R&R plan should be 
according to the National Resettlement and Rehabilitation 
Policy (NRRP-2007) as well as State Resettlement and 
Rehabilitation Policy. Detailed budgetary estimates are to be 
provided. Resettlements sites should be identified. 

Not applicable 

vi) Plan for Green Belt Development along the periphery of 
reservoir, colonies, approach road, canals etc. to be 
prepared in consultation with the State Forest Department. 
Local plant species suitable for greenbelt development 
should be selected 

Section 10.3 
Chapter-10 (EMP) 

vii) Reservoir Rim Treatment Plan for stabilization of land 
slide/land slip zones if any, around the reservoir periphery to 
be prepared. Suitable engineering and biological measures 
for treatment of the identified slip zones to be provided with 
physical and financial schedule. 

 
Not applicable 

viii) Plan for Land Restoration and Landscaping of project sites. Section 10.4 
Chapter-10 (EMP) 

ix) Fisheries Conservation & Management Plan-Fish fauna 
inhabiting the affected stretch of river, a specific fisheries 
management plan should be prepared for river and 
reservoir. 

Not applicable 

x) Muck Disposal Plan- suitable sites for dumping of excavated 
material should be   identified in consultation with the State 
Pollution Control Board and Forest Department. All Muck 
disposal sites should be minimum 30 m away from the HFL 

Section 10.5 
Chapter-10 (EMP) 
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of river.  Plan for rehabilitation of muck disposal sites should 
also be given.  The L- section/ cross section of muck 
disposal sites and approach roads to be given. Financial out 
lay for this may be given separately 

xi) Plan for Restoration of quarry sites and landscaping of 
colony areas, working areas, roads, etc. 

Section 10.6 
Chapter-10 (EMP) 

xii) Study of Design Earthquake Parameters: A site specific 
study of earthquake parameters should be done. Results of 
the site-specific earthquake design parameters should be 
approved by National Committee of Seismic Design 
Parameters, Central Water Commission (NCSDP) New 
Delhi. 

Section 10.7 
Chapter-3 (EIA) 

xiii) Dam Break Analysis and Disaster Management Plan: The 
outputs of Dam Break Model should be illustrated with 
appropriate graphs and maps clearly bringing out the impact 
of Dam break scenario. Provision for early warning systems 
should be provided 

Not applicable 

xiv) Water, Air and Noise Management Plans to be implemented 
during construction and post construction periods. 

Section 10.8 
Chapter-10 (EMP) 

xv) Mitigating measures for impacts due to Blasting on the 
structures in the vicinity. 

Section 10.8 
Chapter-1 0(EMP) 

xvi) Ground Water Management Plan Section 10.9 
Chapter-10 (EMP) 

xvii) Public Health Delivery Plan including the provisions of 
drinking water supply for local community 
 

Section 10.10& 
Section 10.11 
Chapter-10 (EMP) 

xviii) Labour Management Plan for their Health and Safety. Section 10.12 
Chapter-10 (EMP) 

xix) Sanitation and Solid-waste management plan for domestic 
waste from colonies and labour camps etc. 

Section 10.13 
Chapter-10(EMP) 

xx) Local Area Development Plan to be formulated in 
consultation with the Revenue Officials and Village 
Panchayats. Local skill development schemes should be 
given. Details of various activities to be undertaken along 
with its financial out lay should be provided. 

Section 10.14 
Chapter-10(EMP) 

xxi) Environmental Safeguards during construction activities 
including Road Construction. 

Section 10.15 
Chapter-10 (EMP) 

xxii) Energy Conservation Measures Section 10.16 
Chapter-10 (EMP) 

xxiii) Environmental Monitoring Programme with physical & 
financial details covering all the aspects of EMP. A summary 
of cost estimate for all the plans, cost for implementing all 
Environmental Management Plans including the cost for 
implementing environmental monitoring programme should 
be given. Provision for an Environmental Management Cell 
should be made 

Chapter-10 (EMP) 

xxiv) A Summary of Cost Estimates for all the plans, cost for 
implementing all the Environmental Management Plans. 

Chapter-10(EMP)  
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Sl. No. Comment of Specific TOR Reference of Compliance 

1. The project proponent shall also assess the air 

quality of the area using Air Quality Models 

 

The project is river valley 

project and no emmisions 

thorugh process.  No effective 

air emission in the proposed 

project  

2. The project proponent shall assess and 

provide comprehensive details of muck 

disposal in the final EIA/ EMP report. 

 

Comprehensive details of 

muck disposal is given in 

section 10.5 and Table 

10.10 of Chapter 10 in  

Draft EIA/ EMP report 

3. The project proponent shall provide details of 
labour, its management 

 

Details of labour, its 

management is given in 

Chapter 10 of Draft EIA/ 

EMP report 

4. Traffic, Vehicle Flux assess ment shall be included 
in EIA/ EMP 
 

Traffic, Vehicle Flux assess 
ment is given in section 3.6.8 
and table 3.10 of Chapter 3 in 
EIA/ EMP 

5. The project proponent shall make provision to 

provide 10 plastic waste shredders, 10 plastic 

waste compactors/baling machines to the 

concerned ULBs/ PRls through Department of 

Environment, Science & Technology, GoHP. 

 

The project proponent will 

make provision to provide 10 

plastic waste shredders, 10 

plastic waste 

compactors/baling machines 

to the concerned ULBs/ PRls 

through Department of 

Environment, Science & 

Technology, GoHP in line 

with ToR and budget will be 

provided in final EIA report. 

MoU will be signed with 

concerned authority for 

effective implementation.  

6. The project proponent shall make provision to 

provide 20 solar lights through Department of 

Environment, Science & Technology, GoHP 

 

The project proponent will 

make provision to provide 20 

solar lights through 

Department of Environment, 

Science & Technology, 

GoHP 

MoU will be signed with 

concerned authority for 
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effective implementation.  

7. The project proponent shall submit FCA before 

submission of the case for Environment Clearance 

 

Proposal was submitted on 

06/07/2021. Proposal is lying 

with the IRO, Shimla, 

MoEFCC and Forest 

Clearance is under process. 

8. The project proponent shall adopt MC, 

Nerchaowk and shall prepare detailed plan with 

budgetary provisions for effective Solid Waste 

Management in collaboration with Department of 

Environment, Science & Technology & UD 

Department area render CER. 

Point will be complied and  

MoU will be signed with 

concerned authority for 

effective implementation.  
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CHAPTER-2: PROJECT DESCRIPTION 

2 Project Description 

The proposed Baggi Power project will harness the head available between Pandoh Reservoir 
Level of Sundernagar Hydel Channel at Baggi. At present this hydro energy is dissipated 
through a stilling basin downstream of Baggi Control Works (BCW). The existing by-pass tunnel 
of dia 6.1 m will be used as a headrace tunnel for feeding the powerhouse. The gate being used 
for closing the by-pass tunnel will be used as an emergency gate for closing the powerhouse. 

It is a run-of-river scheme utilising a variable head from 21.34m to 49.54m depending upon the 
discharge in Pandoh Baggi Tunnel (PBT). The weightage average head of the Powerhouse 
shall be 38.94m.The satellite view of Baggi Project site is shown in Figure 2.1. 

 

Figure 2.1: Index map of Project 

  

The proposed Baggi Power Plant (42 MW) is located very near to National Highway No.21 
about 12 KM upstream of Sundernagar Town in District Mandi of Himachal Pradesh. The 
project is located 33 km upstream of Dehar Power house (990 MW) which was commissioned 
during seventies. The scheme is located between latitude 31o35’11.60” to 31o35’16.37” N and 
longitude 76o58’14.10” to 76o58’22.97” E. The Survey of India (SoI) topo sheet53A/14 and 
53E/2 in the scale of 1:50,000 and 1:10000 scale is available for the project area. Topo 
sheet53A/14 and 53E/26 cover the project area as well as catchment area of the project. 
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2.1 ACCESSIBILITY 

The proposed Baggi Power Plant (42 MW) is located very near to National Highway No.21 
about 12 KM upstream of Sundernagar Town in District Mandi of Himachal Pradesh. The 
nearest broad gauge railway station at Kiratpur sahib will be utilized for the transportation of 
construction material (not available at site) to the project site. The project site is situated very 
near to the National Highway No.21 and is 12 km from Sunder Nagar Colony. As the project site 
is well connected to the main road, as such transportation of material/equipment will not pose 
any problem. 

(i) Roads to the project:-The project is approachable from Sunder Nagar through all-weather 

metalled road up to Dadour which is at a distance of about 8 km from Sunder Nagar on NH 21. 
From Dadour the project site is 5 Km from Dadour connected through Dadour-Baggi-Chail 
Chock road up to Baggi.  

(ii) Roads in the project area:- The nearest road head available is at BCW and from here 
about 350 m long project road to Surge Shaft  location of Baggi HEP. There is an existing 
mortable road of 1.5 Km length for access from project site to dumping site.   

 

2.2 SALIENT FEATURES 

The salient features of the project are detailed in Table 2.1. 

Table 2.1: Project Salient Features 

S. No. Description Details 

i.  Installed Capacity 42 MW 

ii.  Number and Size of units 2 units of 21 MW each 

iii.  Continuous Overload 10% COL  

iv.  Type of Power House Surface 

v.  Full Reservoir Level EL 896.4 m 

vi.  Minimum Draw Down level EL 883.9 m 

vii.  Max Tail Water Level EL 844.23m 

viii.  Min. Tail Water Level EL 842.59 m 

ix.  Max Net Head 49.54 m 

x.  Min Net Head 21.34 m 

xi.  Rated Net Design Head 38.94 m 

xii.  Total Design Discharge 119.6 m3/sec 
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S. No. Description Details 

xiii.  Design Discharge  for 1 unit 59.8 m3/sec 

xiv.  Turbine Type Francis, Vertical Shaft 

xv.  Generator Type Vertical shaft, Umbrella type 

xvi.  Synchronous Speed 187.5 rpm 

xvii.  Generation Voltage 11 kV 

xviii.  Transmission Voltage 132  kV 

xix.  Generator Step up Transformer 27  MVA, 3 Phase, 11 kV/132 kV 

xx.  Switchyard 132 kV  outdoor switchyard 

xxi.  Elevation  of  Transformer Cavern EL 848 m 

xxii.  Elevation of  outdoor switch yard EL 850 m 

By Pass Tunnel (Already Constructed) 

xxiii.  Number 01 

xxiv.  Shape & size Circular 6.10 m dia 

xxv.  Length 32.0 m 

xxvi.  Design discharge 174 cumec 

Surge Shaft 

xxvii.  Type Orifice type 

xxviii.  Diameter a) 7m dia from EL 842.21m to 882 m 
b) 10 m dia from EL 882 m to EL 892 m 

xxix.  Height 49.79 m 

xxx.  Orifice shape Irregular shape 

Catcher Chamber 

xxxi.  Diameter 33.0 m 
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S. No. Description Details 

xxxii.  Height 14.40 m (from EL 882 m to EL 
896.4 m) 

Penstock Header 

xxxiii.  Number 01 

xxxiv.  Type Circular, steel lined 

xxxv.  Diameter 6.10 m 

xxxvi.  Length 160.60 m 

xxxvii.  Thickness of steel liner 18 mm 

Penstock 

xxxviii.  Number 02 

xxxix.  Type Circular, steel lined 

xl.  Diameter 4.40 m 

xli.  Length 45.12 m 

xlii.  Thickness of steel liner 18 mm 

Drain  Pipes (Catcher Chamber to Tail race Channel) 

xliii.  Number 02 

xliv.  Diameter 2.50 m 

xlv.  Length 300 m 

Power House 

xlvi.  Type Surface 

xlvii.  Type of Turbine Vertical Francis 

xlviii.  Design Discharge- 2 Units 169.0 cumecs 

xlix.  Installed Capacity 4 2MW 
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S. No. Description Details 

l.  No. of Units 02 
 

Turbine Output 

li.  Maximum 23 MW 

lii.  Rated  21 MW 

Land Requirement 

liii.  Forest Land 0.877 Hectare 

liv.  Private Land 0.170 Hectare 

lv.  Total Land requirement 1.047 Hectare  

 

2.3 CATCHMENT AREA OF PROJECT 

Baggi hydro Power Plant, located in the Mandi District of Himachal Pradesh envisages 
utilization of water of river Beas already being diverted to Sutlej through Pandoh-Baggi 
Tunnel (PBT).The river Beas is a major river of Indus Basin originating in the Himalayas 
from Beas Kund, a spring near Rohtang Pass, Unlike other major rivers of Northern 
India, this river is not fed by any natural lake. The river passed through the famous valley 
of Kullu, Which is known for its scenic beauty and grandeur ranges, Beas river is fed by 
tributaries from both sides. Some of the major tributaries which join upstream of Pandoh 
Dam site are: 

i) Sarbarikhad near Kullu 
ii) Parbati River near bhuntar 
iii) Hurla nala 4.82 km below Bhuntar 
iv) Tirthan and SainjKhads join together and meet river Beas near larji. 
v) Bakhlikhad 0.8 km upstream of Dam Site. 

The river Beas is by and large a rain-fed river. At Pandoh, 20 km downstream of Larji 
Dam, the river Beas water is being diverted by Pandoh Diversion Dam for feeding the 
water conductor system of Dehar Power House located at Right Bank of river Sutlej at 
Slapper, thus diverting the Beas water to river Sutlej.The water conductor system from 
Pandoh Reservoir to the river Sutlej consists of: 

a. 13.1 km long Pandoh-Baggi Tunnel of dia 7.62 m. 
b. 11.8 km long Sundernagar Hydel Channel terminating into a Balancing Reservoir 
c. 12.3 km long Sundernagar Sutlej Tunnel of dia 8.53 m which has a surge shaft 

as its end at Slapper for feeding 6 units of 165 MW each of Dehar Power House 
(DPH) . 

The already available hydrological data with BBMB for the diverted matter has been 

utilized to : 
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 Assess the water availability for power generation by establishment a long-
term ten daily discharge series in PBT. 

 Assess the weighted average head of the machine. 

 Decide the period during which the generation of power will be feasible. 

 Finalize the size and type of machines to be installed. 

 Assess the annual energy availability for a mean, dependable and dry year. 

2.4 COMMAND AREA OF PROJECT 

It is a run-of-river scheme utilising a variable head from 21.34 m to 49.54 m depending upon the 
discharge in Pandoh Baggi Tunnel (PBT). The weightage average head of the Powerhouse 
shall be 38.94m. The proposed Scheme does not have any canal irrigation system or other 
irrigation proposal and therefore no culturable command area (CCA). The location and vicinity 
map of the project is provided in Figure 2.2 
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Figure 2.2:  Location of Project Site and Vicinity Map 

2.5 BRIEF DESCRIPTION OF PROJECT COMPONENT 

The proposed Civil Engineering Structures has been planned and designed to divert 169 
cumecs of water from Baggi Control Works (BCW) for generation of 42 MW (2x21MW) of power 
by utilising a gross head between Pandoh Reservoir Level (PRL) and full supply Level (FSL) of 
Sundernagar Hydel Channel at Baggi. The main works of the project comprise construction of 
penstock header of 6.1 m dia, 160.6 m long, extension of 7m dia gate shaft from EL 856 m to 
EL 882m, thereafter with an extended dia of 10m upto EL892, excavation and construction of 
33m dia catcher chamber from EL- 882m to El-896.4m and providing two drainpipes of dia 2.5m 
each from the bottom of catcher chamber to tailrace,  bifurcation of penstock header into two 
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penstocks of dia 4.4m for feeding two units,  construction of tailrace and its linkage with 
Sundernagar Hydel channel. The unit transformers are proposed to be kept on the right side of 
power house. Power from these units shall be fed into outdoor 132KV switchyard through link 
line. The general layout of these structures is covered in drawing No. 42-BP-4. 

2.5.1 Water Conductor System 

Water conductor system of Baggi Power Plant will consist of the following components: 

 Pandoh-Baggi Tunnel concrete-lined  13.2 km long 7.62m dia 
 Bypass Tunnel upstream of emergency 32.0 m  
 long gate concrete-lined    6.1m dia 
 Emergency gate portion -             30.48m long 
 Penstock header steel-lined 6.1m dia 160.6m long 
 Steel penstock 4.4m dia (including 35.05m long Wye branch up to 

butterfly valve). 

Penstock header 6.1m dia would start from the downstream end of transition of the emergency 
gate shaft and would bifurcate near the downstream end of Baggi Bypass Tunnel to feed two 
units of 21MW each. 

2.5.2 Surge shaft and gate Hoist 

Existing surge shaft of 7m dia would be extended to EL 882m and of 10m dia up to EL 892m. 
The existing gate of Bypass Tunnel would be used as emergency gate for inspection, 
maintenance and repair of penstock header, and the penstocks in the portion downstream of 
the emergency gate. The emergency gate would be operated through a hydraulic hoist located 
at EL 896.7m so that it is possible to take out the gate for servicing and maintenance. Slots and 
guides for the gates would be extended up to the top of surge shaft. 

2.5.3 Catcher chamber and drainpipes 

A catcher chamber of 33m dia concentric with the surge shaft will be constructed from EL 882m 
to EL 896.4m. The catcher chamber will be provided with two steel drainpipes having dia 2.5m 
each from the bottom of catcher chamber to the tailrace for draining the  spilled water collected 
in the catcher chamber during upsurge. The exit of these drainpipes shall be submerged in the 
tailrace, the submergence of pipe is required for assisting in killing of energy in the drained 
water discharged in the channel and  suitable arrangement for energy dissipator will be design 
during detail engineering.  

The layout of Project Site is shown in Figure 2.3 and Figure 2.4 and Annexure I respectively. 
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Figure 2.3: Layout Plan of Project 
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 Figure 2.4: Schematic layout  

2.5.4 Rated head and Discharge through Penstock 

 The rated head for Baggi Power Plant has been tentatively fixed as 38.98m. Maximum 
discharge that is required through the penstock header for feeding two units, would be about 
169 cumecs. 

2.5.5 Diameter of Penstock 

The diameter of penstock header has been kept as 6.1m, because the already excavated Baggi 
Bypass Tunnel can only accommodate a penstock header up to a diameter of 6.1m. Wye 
branch would be provided to match with the header. The area of penstock branch would be half 
of that for the main header so that the velocity in the penstock branch is the same as that in the 
penstock header. 

2.5.6  Other Details 

Annular space between penstock header and the excavated tunnel would be filled with 
concrete. Contact grouting between steel liner and concrete as well as between concrete and 
rock would be provided to ensure thorough embedment of the header. If necessary, 
consolidation grouting of the rock around penstock header would also be done. To avoid 
excessive hydrostatic pressure being exerted on the penstock header when empty, drainage 
would be provided in the surrounding concrete. Butterfly valve along with an expansion coupling 
would be provided on each penstock branch. Suitable provision would be made for penstock 
unwatering, piezometer installation, discharge measuring devices, access to interior of penstock 
for inspection, repair etc. 

2.5.7 Civil Engineering structures 

Civil engineering structures are planned based on natural features and topography/geological 
condition at site to optimize the power potential of rivers Beas and Sutlej. The following major 
components / structures are proposed:  

 Diversion Structure (Earth cum Rock fill Dam at Pandoh) on River Beas 

 Dam Reservoir 

 Tunnel Intake 

 Intake and Feeder Tunnel (Pandoh Baggi Tunnel, i.e. PBT)  
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Other Civil Engineering Structures have been planned based on natural features and 
topography/geological condition at site to optimize the power potential of diverted water from 
Beas River. The following major components / structures are proposed:  

 Existing Bye Pass Tunnel as Headrace Tunnel  

 Surge Shaft and its Catcher Chamber 

 Pressure Shaft/ Surface Penstock  

 Surface Powerhouse  

 Tailrace Channel 

 Drain Pipes for release of Spill over water from Surge Shaft to Tail Race Channel  

 Switchyard  

 Transmission 

 Energy Benefit 

2.6 POWER PLANT 

Preliminary geological investigations of Baggi Power Plant area have shown that the rock in this 
area consists of phyllite and quartzite phyllites. 

2.6.1 Location 

While fixing the location of the Baggi Power Plant building, following points have been kept in 
view: - 

 Power plant building is founded on relatively good geological strata 

 There is enough space between downstream portal of Baggi Bypass Tunnel and 
upstream of Power Plant building to accommodate the penstock bifurcation. 

 The location of junction of tailrace channel with Sunder Nagar Hydel Channel being a 
fixed one, the layout of tailrace channel between the above mentioned junction and the 
power plant building should permit a smooth flow of water discharged by the turbine. 

2.6.2 Power plant structure 

The power plant building would be a reinforced concrete framed structure. The service bay 
would be located on the left of the unit bays, keeping in view the already planned approach 
road. The minimum tail water at the power plant structure would be at EL 842.59m (2764.4 ft). 
The turbine setting is proposed to be kept at EL 839.60m (2752.4 ft) to avoid cavitation. The 
units are spaced 16.5m centre to centre. Thearrangement of the power plant building is based 
upon two main considerations, firstly, to have a proper location for the synchronous bypass 
valve on the scroll casing and secondly, to place the butterfly valve inside the generator hall to 
facilate its handling. Total size of power house is 59.60m x 26.00m, in which machine hall of 
size 40.90m x 26m housing two units is proposed in between erection bay and control bay. The 
size of erection bay is 16.00m x 26.00m and of control bay is 35.20 m x 8.20m. Space for 
compressor room, battery room and A.C. Plant etc. has been proposed on different floors of 
control bay. . The center line of units/turbine has been proposed at ± El. 839.60 m. EOT crane is 
proposed at El. 859.50 m. Ceiling level of power house building has been proposed at 
El.861.70.00 m. Adequate dewatering system will be provided with sump pumps for draining out 
the water during excavation and concreting of substructure. Provision for ceiling, doors, 
windows, flooring and finishing etc. has also been kept in the cost estimate of power house. The 
layout plan and other details of power house complex are shown on Drawing No. 42-BP-9 to 12. 

2.6.3 Tail race Channel 

A tailrace channel would carry the water discharge by the units to the Sunder Nagar Hydel 
Channel.  Tail race channel having width at exit of draft tube or at start of tail race is 29 m and 
at 14.32 m wide at the junction entry of the tailrace channel with the Sunder Nagar Hydel 
Channel. The junction entry of the tailrace channel with the Sunder Nagar Hydel Channel has 
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already been constructed as part of the Beas Sutlej Link Project. The bottom level of tail race 
channel at starting is 832.69 m, at the exit of inverse portion is 838.040 m, and at the junction of 
SNHC is 838.02m. As per the physical model studies of drain pipe discharge into tail race 
channel concluded that the submergence of the pipe is required for assisting in killing of energy 
in the drained water discharged in the channel and the drainpipes of 2.5m dia is to be laid from 
bottom of catcher chamber to tail race with opening submerged by 1.5 m. further type of energy 
dissipater or any special material provided at sides or bottom of TRC are designed during detail 
design if any required. 

2.6.4 Seismic Design of Civil structure 

The project area falls in Zone-V of the seismic zoning map of India (IS: 1893). Hence, all 
important civil engineering structures will be designed as per IS: 1893:2016 during detailed 
engineering. The design acceleration spectrum from which the design acceleration coefficient 
will be derived, may be site specific or will be calculated as per the procedure mentioned in IS: 
1893: 2016. Seismic design loads will be applied to the structure and solutions be obtained 
using Equivalent Static Method or Dynamic Analysis Method. Further, ductile detailing of the 
power house building will be as per IS: 13920:1993 

2.6.5 Turbine 

For the available head and discharge conditions, 187.5 rpm vertical shaft Francis Turbine has 
been found to the most optimal. The turbine shall be rated at 21MW with continuous 
overloading capacity of 10% and having a weighted average head of 38.94 m. The speed of 
187.5 rpm has been selected to minimize the effect of erosion of the runner. The provision for 
bottom removal runner is to be made preferably.  Charecteritics of turbine is given in Table 2.2. 

Table 2.2: Turbine Charecteristics 

Type Francis, Vertical Shaft 

Maximum Operating head  49.54 m 

Minimum Operating head  21.34 m 

Weighted Average head 38.94 m 

Turbine output 21.32 MW 

Specific Speed 283 rpm 

Synchronous speed 187.5 rpm 

Setting of turbine 3 m below minimum Tailrace level 

Speed rise 55%  

Pressure rise 35% 

Efficiency 93.5% 
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2.6.6 Generator 

The power would be generated by two 21 MW, 24.7 MVA, 0.85 p.f., 11000+ 5% Volts, 3 phase, 
50HZ, 187.5 rpm, Vertical Shaft umbrella type synchronous generator with closed air circulation. 
These generators would be directly coupled to Francis type, Vertical Shaft turbines of 29000 
bhp and to be designed for 10% continuous over rating. The umbrella type generators are 
proposed because such generators are of lower height and less weight as compared to the 
conventional type and would result in overall economy in height of buildings, capacity of crane 
and in the cost of equipment (Table 2.3). 

 

Table 2.3: Generator Charecteristics 

 Type of generator Vertical shaft, Synchronous generator, Umbrella type 

Power Output 2 X 21 MW  

Continuous Overload 10% COL  

Power factor 0.85 lag 

Generation voltage 11 kV 

Class of insulation Class ‘F’ limited to class ‘B’ temperature 

Type of cooling Closed Air Circuit Water (CACW) Cooling System 

Generator inertia 254227.7 kgm2 

Efficiency 98.5 % 

2.6.7 Generator-Transformer Connection 

Generators and generator-transformers will be connected in YNd11 vector group.  Each 
generator shall be connected to 11 kV bus with SF6 Circuit Breakers of suitable capacity. The 
common Segregated Phase Bus Duct shall be used to transfer power from 11kV bus in 
Machine Floor to Transformer Cavern. The Segregated Phase Bus Duct shall be wall supported 
with provision of Tapping to Station Service Transformers. For synchronisation of machines, 
132 KV HV SF6 circuit breakers shall be used.  

2.6.8 Main Inlet valve 

Both the turbines shall be fed from separate penstocks. A butterfly valve of 4 m dia as a main 
inlet valve shall be provided between each penstock and the turbine inlet. This valve has its own 
hydraulic operating system. For closing any unit for inspection and maintenance of scroll casing, 
turbine wicket gates and drafts tubes, one butterfly valve on each unit has been provided. 

2.6.9 Surge Protection &Neutral earthing System 

It is proposed to provide two main ground mats, one below the power plant building and the 
other below the tailrace foundation. A mat is also proposed under switchyard equipment. All 
metal parts in the power plant including crane, penstock, metal staircases, frames of electrical 
equipment etc. would be connected to the ground mats by a grid of buses and connectors. A 
continuous metallic path for fault current would be ensured. The switchyard grounding mats and 
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the planned grounding mats of the power House are proposed to the interconnected through 
double interconnector.  

2.6.10 Supervisory Control and data Acquisition System 

Full-fledged SCADA system is proposed for control & monitoring of Power house. Additional 
provision of “Remote Operation and Control” from SLDC Chandigarh shall be provided. GPS 
system is also proposed for time stamping of events etc.  

2.6.11 Synchronous Bypass Valve 

At present it is proposed to install synchronous bypass valve of a suitable capacity on each 
scroll case for reducing water hammer in the penstock and tunnel. Provision of synchronous 
bypass valve has been made in preference to a surge tank because, in case of non-overflow 
type of surge tank, the diameter of the surge tank works out to be very excessive, Baggi Power 
Plant being a low head power plant, and in case of overflow type of surge tank, there are 
difficulties regarding acquisition of more land for surge tank and overflow chute, and suitable 
disposal of the spilled water back into the Sunder Nagar Hydel Channel.  

2.6.12 Main Step-Up Transformer 

2 Nos. outdoor generator transformers each of three phase 27 MVA, 11/ 132 kV, 50 Hz rating 
will be provided adjacent to power house building towards the tail race. The Oil forced Water 
forced (OFWF) type of cooling is proposed for generator transformers. For fire protection of 
Transformers, Nitrogen Injection Fire Prevention System (NIFPS) shall be provided with the 
Transformers. 

2.6.13 Switchyard Equiopment 

A 132 KV switchyard is proposed to be located on a level bench on the downstream side of the 
power plant building. An area of about 75 m x 65 m approximately is proposed for this purpose. 
Keeping in view, the space constraint, a mesh bus-bar arrangement is proposed for two 
incoming and two ongoing feeders. The control and power cables would be taken from the 
switchyard directly to control room and other places in power building in cable ducts. 

2.6.14 Single Line Scheme 

Single line scheme depicting connection from machines to 132 kV Switchyard is attached in the 
drawings enclosed. 

2.6.15 Control & Protection Equipment 

All common equipment control shall be provided in Control room and remote and local option 
shall be provided in various panels for ease of operation. Control equipment will include 
metering and control panels, protections for supervision and operation of the generator, turbine, 
11 kV switch gear, auxiliary power system, transformers and 132 kV switch gear. The control 
equipment will also include the PLCC and Telecommunication equipment required for the 
transmission lines. 

2.6.16 Auxiliary Mechanical services 

EOT Cranes 

Generator Hall Crane 

It is proposed to have electrically operated, overhead travelling crane of suitable capacity in the 
generator hall for the installation and maintenance of the equipments. EOT crane of 125 T/ 30T 
capacity shall be provided in the Power House. 
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Synchronous By-pass Valve/ Draft Tube Gantry Crane 

The crane would be located on the downstream deck and would operate the gates through a 
suitable lifting beam capable of grappling and releasing the gates. For raising and lowering the 
draft tube gates and gates for Synchronous bypass, a gantry crane of 20 T capacity shall be 
provided. 

2.6.17 Electrical Lifts and elevators 

One no. goods cum passenger elevator will be provided in the powerhouse for shifting men and 
material. The elevator shall be designed for 10 passengers or 680 kg as per IS 14665. The 
elevator shall be driven by an electric hoisting machine of the traction type complete with motor, 
brake, gearing, drive sheave, drive shaft, all mounted in proper alignment on a steel bed plate. 
Lift has been provisioned with upper and lower buffer arrangement and equipped with the limit 
switches and separate control devices for normal terminal stoppings. 

A round stair case with the lift has been proposed for the accessibility to lift machine room.  

2.6.18  Workshop Equipment and Test Laboratory 

Electrical and Mechanical workshops have been planned in the power house. It shall comprise 
of the necessary mechanical equipments for drilling, grinding, workshop tools, mechanical 
measuring equipments, welding equipments etc. for mechanical workshop & universal vices for 
bench mounting, insulation tester, millimetres, resistors of different ratings, toroidal 
transformers, ammeters, voltmeters, stop watches, safety equipments, earth resistance 
measuring device etc. for electrical workshop. 

Primary injection kits, relay testing kits, high voltage insulating oil testing device, recorders, 
drying oven etc. shall be kept in power house. 

2.6.19 Draft Tube Gates 

Draft Tube Gates would be provided for closure and unwatering of the draft tubes. Since not 
more than one draft tube would be required to be closed at a time, only one set of gates has 
been provided to cater for both the units. The gates are interchangeable and any gate can be 
lowered in front of any opening.  

The gates would be designed to be raised and lowered under balanced head and to withstand 
the maximum tail water level. 

2.6.20 Ventillation & Air-Conditioning Systems 

It is proposed to have fresh air ventilation for the galleries of the powerhouseby   providing fans 
at various floors. Offices, reception room and control room shall be air-conditioned.  

2.6.21 Fire Protection 

The fire protection at different locations of the plant has been envisaged to cater the demand of 
fire fighting system in case of fire. For the Powerhouse, a conventional Fire-fighting system will 
be provided based on Tariff Advisory Committee (TAC) recommendations/ National Fire 
Protection Association (NFPA) guidelines. The water for the fire fighting system shall be tapped 
from elevated storage tank installed in the power house. 

2.6.22 Cooling water System 

Provision of Closed Loop Cooling water system shall be provided in the Power house for all 
type of cooling for turbine, Generator and transformers. The  cooling  water  system  shall  be  
comprised  of  closed  loop,  dual  circuit  cooling water system.  For  raw  water  circuit,  the  
water  shall  be  tapped  off from the  draft  tube. The raw water shall be further pumped using 
booster pumps. Then it shall pass through the heat exchanger and finally discharged back into 
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the draft tube. Necessary valves,   pressure gauges, pressure switches and temperature 
switches shall be provided. 

For  closed  water  circuit  the  water  shall  be  taken  from  the  clean  water  over  head tank. 
The  necessary  valves,  pressure  gauges  and  pressure  switches  and  temperature switches 
shall be provided. The  closed  water  circuit  shall  supply  the  return  water  from  the  heat  
exchanger  to specific points of turbine and generator bearings. 

2.6.23 Water for other purposes 

Water required for air-conditioning, compressors, fire suppression system, potable water etc. 
shall be pumped from tail race and stored at elevated storage tanks of adequate capacities. 

The main components of the system are: 

1. Three circulating pumps of the same capacity (two working as main pump and third as 
standby) with necessary piping, valves, fittings etc. 

2. Duplex strainer along with its end connections as required 

3. Common Header. 

4. Fine filter for shaft sealing 

3. Motor operated valves for remote or manual operation 

4. Flow relays 

5. Pressure gauges 

6. Isolating and Non-return type valves 

7. Starter / local control panel consisting of all instruments & their fittings, cable, etc. 

8. Foundation base plates, anchors, fasteners, fittings, piping, etc. for complete installation of 
equipments for the cooling water system 

9. Pressure reducers may be required depending upon the circulating water pressure of the 
Generator Transformers. 

2.6.24  Dewatering System 

For inspection of the draft tube and turbine, dewatering of draft tube and penstock would 
become a necessity. After closing the butterfly valve and lowering of draft tube gates, the 
penstock downstream of butterfly valve would be drained into the draft tube from where water 
would be lead to the sump in the service bay through a pipe header and then pumped out into 
the tailrace.  

2.6.25  Expansion Couplings 

Just upstream of the butterfly valves, an expansion coupling has been provided to cater for the 
differential movement between penstock and power plant. 

2.6.26 Emergency gates and Hoist 

In order to permit the construction of Baggi Power Plant works at a later date, the provision for a 
fixed wheel gate installed in the gate chamber was made in Beas Sutlej Link Project. This gate 
would now be used for emergency closures of penstock header. Hoist for this gate would be 
operated from the control room of Baggi Power Plant. 

2.7 AUXILLIARY ELECTRICAL SERVICES 

AC Power Supply 
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The station service supply is proposed to be taken through 132/11kV back feed systemand 
11kV bus supplied by own Generators, due to unreliable supply in the area. 

One number station service transformers of 500 KVA is proposed for meeting the power 
requirements of power house. This SST shall be kept in the Power House. For reliability, One 
500 KVA DG sets shall also be provided. In addition to above, Unit Auxiliary transformer 
11/0.415 KV, 500 KVA shall be provided for each unit. 

DC power supply 

The powerhouse DC supply system will comprise 220V installation consisting of two DC main 
switchboards, sub-distribution boards as required, two battery chargers, and two lead acid 
battery banks of 800AH capacity. Also 1 set of 48V, 250 AH capacity lead acid batteries 
complete with DC main switchboard, sub -distribution boards as required will be provided for 
PLCC equipment. Separate DC -DC/ AC converters will be provided in case the concerned 
equipment will require a voltage other than 220 V. 

CABLES 

The following types of Cables are proposed: 

 11kV, 3-core, Aluminum Conductor, XLPE insulated unarmored PVC- sheathed cables 
as per IS-7098. 

 415V, Power Cables (with Copper Conductor up to 16 mm2 cross-section and Aluminum 
Conductor over 16 mm2) of 1100V Grade, XLPE insulated, PVC- sheathed as per IS-
7098. 

 11 kV,3core, cable suitable to overhead transmission of 11kV Grade, XLPE insulated, 
armored PVC-sheathed for connecting SAB to OH line at PH as per IS-7098. 

 Multi-core, 1.1 kV Grade, XLPE insulated, Copper Conductor, PVC insulated, armored 
Control Cables IS-7098. 

 1.1kV, twin conductor, 1.5 mm2, XLPE insulated, PVC sheathed, screens, 
Instrumentation Cables for Transducers, RTDs and Thermocouples Devices, and 
Communication System IS-7098. 

 Fiber optical cable for control and instrumentation as per respective international 
standard (ITU-T652.) 

 Coaxial cable for PLCC system 

2.8 TRANSPORT LIMITATION 

 Maximum limiting dimensions of package for transport 

 Maximum  limiting  dimensions   of  package  for  transport   is  10   m  x  4.5   m  x  6.0 
(L x W x H) tentatively. 

 Maximum limiting weight of package for transport 

 Maximum limiting weight of package for transport is 45 T tentatively. 

2.9 CONSTRUCTION MATERIAL REQUIREMENT AND SOURCE 

In all, a total quantity of 35,840 cum concrete is estimated to be placed Surge Shaft, Catcher 
Chamber, Pressure shaft, power house, tail race tunnel and other infrastructural works. For this 
purpose, an estimated 27599 cum of coarse aggregate and 13800 cum sand will be required as 
detailed here under Table 2.4. 
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Table 2.4: Details of construction Material 

Sr.No. Description Coarse aggregate (in 

cum) 

Sand (in cum) 

1 Surge Shaft & Catcher Chamber 3496 1748 

2 Tail Race 6854 3427 

3 Pressure Shaft 3696 1848 

4 Power House 13167 6584 

5 Other infrastructural works 386 193 

2.10 LAND REQUIREMENT FOR THE PROPOSED PROJECT 

Baggi HEP is a run off river scheme on already commissioned BSL project. This project has no 
land submergence. The land required for the execution of various project components including 
infra-structure facilities is available with BBMB. A small part of forest and private land is also 
involved for surge shaft and catcher chamber which is under process of diversion / acquisition. 

All the components except surge shaft of Baggi Hydroelectric Power Project fall under BBMB 
land (land detail plan annexed). Surge shaft of this project falls under khasra No. 501/1 and 
khasra No. 467/1 mohal“ khuiriDoum “ which is not BBMB land . For construction of this surge 
shaft approximately 10-17-4 Bigha of forest land and 2-2-1 Bigha of private land will be 
required. Process has been intimated for transfer of forest land (H.P Govt) and acquisition of 
private land and the same will be completed before start of this project. Status of forest 
clearance application is given in Annexure V. Approval of Ministry of Power (MOP) for Baggi 
power execution and Baggi Power Project Allotment Letter is given in Annexure VI and 
Annexure VII respectively.  

Land for dumping site is available with BBMB as the existing BBMB’s dumping site at Village- 
khuiri will be utilized for dumping of muck generated from construction of Baggi Power Project. 
Sufficient Land is available with BBMB for establishing machinery workshop, batching plant, site 
office and labour huts for execution of this project. In addition to this adequate land is also 
available for compensating plantation purpose. 

Hence only small area of extra land will be required for this project and the process of 
acquisition of this extra land shall be completed before starting of this project. Lay out plan of 
the site is given in Figure 2.5 and Annexure I. 
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Figure 2.5: layout Plan for Land Detail 

Table 2.5: Component wise Land Requirement for Project 

1. Forest Land 0.877 Hectare 

2. Private Land 0.170 Hectare 

3. Total Land requirement 1.047 Hectare  
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2.11 JUSTIFICATION FOR LOCATION AND EXECUTION OF PROJECT  

The share of Hydro power in the total power generation in the country has been declining 
steadily during the last five decades. The contribution of Hydro generation has declined from 44 
per cent in the year 1970 to 11 per cent in FY 2018-19 creating peaking problem. The Hydro-
thermal mix should be in the ratio of 40:60. Special emphasis is required for Hydro development 
to arrest further decline in ratio and to make up to desired level. 

Power is the most important and essential input for the economic development of any country. 
Among the sources of power, namely hydroelectric, thermal, nuclear etc., the hydroelectric 
power is the most important and ideal one on account of its being renewable, pollution-free and 
usually low generation cost. The power sector in India has grown from small isolated power 
system to large regional power grids with an installed capacity of 3, 72,693 MW as on 
31.08.2020. As per assessment made by CEA, India is endowed with economically exploitable 
hydro-power potential to the tune of 1, 48,701 MW of installed capacity. In addition, 56 number 
of pumped storage projects have also been identified with probable installed capacity of 94,000 
MW.  

In addition to this, hydro-potential from small, mini & micro schemes has been estimated as 
6,782 MW from 1,512 sites. Thus, in totality India is endowed with exploitable hydro-potential of 
about 2, 50,000 MW. However, only 28% of the hydroelectric potential has been harnessed, so 
far and 7% is under various stages of development. Thus 65% of the Hydro potential remains 
untapped. 

For the purpose of the System planning and operation, the country has been divided into five 
different regions. For the FY 2019-20, the peak demand of the Northern Region was 66,559 
MW whereas all India Peak Electricity demand was 183,804 MW. This all-India Peak Electricity 
Demand is projected to reach 298,776 MW in the FY 2026-27. As on 31.08.2020, the installed 
Hydropower capacity in India is about 50440 MW including 4740 MW from Small Hydro Power 
project (less than 25 MW). The ratio of Hydro generation is approximately 13% of the total 
generation comprising major portion from thermal power stations. In long term, cost of Hydro 
generation is very less than the cost of Thermal Power generation and even Hydro generation 
is more environment friendly than Thermal. 

Most of the major hydro projects in the past had usually taken 10 to 15 years for completion 
which gave precedence to the development of thermal and gas power stations. Bhakra Beas 
Management Board was set up by Govt. of India to manage the facilities created for 
harnessing the water impounded at Bhakra and Pong in addition to those diverted at Pandoh 
through the BSL water conductor system. In the past, BBMB has also completed renovation 
and uprating of some of old power plants in a phased manner and for remaining power plants, 
work of RM&U is under active progress that will increase the peaking capacity of the grid. 

Baggi Power Project, being an offshoot of Beas Sutlej Link Project, can be completed in a 
comparatively much shorter period i.e. in a period of four years, as major portion of the water 
conductor system had already been constructed as a part of Beas Sutlej Link Project. The 
project would not involve submergence of land, dislocation of inhabitants and distress to the 
public as the land required for this project already stands acquired under BSL project, which is 
now the property of BBMB. 

The actual power position in India from year 2017 to 2020 and projected power position from 
the year 2021 up to the year 2027 are given in table no. 2.1, appended herewith after Para 2.5 
of the chapter. From the table, it is observed that the Peak Load availability (in MW) for the 
year 2021 to 2027 is slightly higher than the Peakdemand (in MW) for this particular span and 
similarly, Energy Availability (in MU) is also on the marginally higher side than the Energy 
Requirement (in MU). 
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As per Load Generation Balance report (LGBR) of CEA for the year 2017 to 2020 given in 
table 2.2, appended herewith after Para 2.5 of the chapter, it can be observed that the 
projected Peak availability and Energy availability position for the year 2017 to 2020 are also 
higher than the projected Peak demand and Energy requirement for this period. However, later 
on, the actual peak demand and Energy requirement were found much higher than actual 
peak availability (MW) and energy availability (MU) for this period. Therefore, for the period of 
2021 to 2027, there is every possibility that the gap of demand – supply power position may go 
on deficit side contrary to projection as mentioned in table 2.1. 

In this scenario, Baggi Power Project will definitely play a major role in strengthening the 
Power Supply Position of Northern Grid. Baggi Power project is planned for commissioning by 
the year 2026. This project will generate 135.6 MUs of energy in a 90% dependable year and 
will augment the peak Hydro capacity of the Northern Grid. Based on the above capacity 
addition, anticipatory power supply position for the year 2026 and 2027 for two scenarios, 
excluding and including Baggi Power Project is given under para no. 2.5. 

2.12 MANPOWER REQUIREMENTS 

About 700 workers (labour and staff) would be engaged temporarily during peak construction 
period. It is expected that 75% of the total work force shall be locally available from adjacent 
areas.  

2.13 WATER REQUIREMENT 

The water requirement (100 KLD) for construction shall be mainly met from the existing 
Sundernager Hydel Channel and the domestic/drinking water demand will be met with existing 
water supply scheme. 

2.14 POWER REQUIREMENT 

There will be a moderate requirement of power during construction of Baggi HEP. Assessment of 
construction power has been made based upon the type, capacity and quantity of construction 
machinery, Tools & Equipment, Fabrication & workshop, Lighting for labour hutments, offices, 
project site area and for lighting of local area in vicinity of the project site. Total power required 
during construction of Baggi HEP is approx. 2.0 MW. 

There are 02 no. existing 11kV HT feeder lines of BBMB (Sundernagar to Baggi) which are for 
dedicated power supply to Baggi Control works. The capacity of this HT feeder line is sufficient 
enough for this additional demand of 2.0 MW. A compact sub station with 02 no. 1.5 MVA 
transfers equipped with Switch Gear system will be established at Baggi for further distribution of 
power for Baggi Power Project. 

2.15 CONSTRUCTION SCHEDULE 

Climatic conditions are normal and work can be carried out throughout the year. Completion of 
Baggi Hydro Electric Power Project has been planned in 48 months for which Construction 
programme has been prepared. 

2.16 PROJECT COST 

The total cost of the project for which administrative approval has been granted by the State 
Government is Rs. 284.87 crores inclusive of IDC and 1.5% LADF charges. Copy of Techno-
Economic Clearance issued by Department of Energy (DoE) is enclosed Annexure IX. 
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CHAPTER-3: DESCRIPTION OF BASELINE ENVIRONMENT 

3 Description of Baseline Environment 

3.1 INTRODUCTION 

As a precursor for the prediction of several types of environmental impacts likely to arise due to 
implementation of this project, it is essential to establish the base line environmental status of 
the physico-chemical, biological and socio-economic parameters in the project area and within 
the project influence area.  

The information on relevant environmental parameters has been collected through primary and 
secondary sources to understand the present environmental setting of the proposed project site. 
The major purpose of describing the environmental settings of the study area is: 

 To understand the project, need and environmental characteristics of the area.  

 To assess the existing environmental quality, as well as the environmental impacts 
of the future developments being studied; and 

 To identify environmentally significant factors or geographical areas that could 
preclude any future development. 

The basic parameter on which data has been collected is as follows: 

 Physico-chemical aspects 

 Biological aspects 

 Socio-economic aspects 

The several factors that have been considered towards the formulation of a proper strategy for 
conducting the baseline studies are described in the next section. 

3.2 STUDY AREA 

For EIA study of the proposed project, following study areas have been considered: 

 Project area or the direct impact area within 10 Km of the main project components 
(power house) 

 The study area map comprising direct impact area covered under 10 km radius from 
the power house is shown in Figure 3.1. 

.
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Figure 3.1: Study Area Map 

3.3 CATCHMENT AREA 

The Survey of India (SoI) topo sheet 53A/14 and 53E/2 in the scale of 1:50,000 and 1:10000 

scale is available for the project area. Topo sheet53A/14 and 53E/26 cover the project area as 

well as catchment area of the project. 

The Beas originates from Beas Kund at an El 4085 m above msl near the Rohtang pass, at El 
4062m above msl, on the southern end of Pir Panjal range, close to the source of the Ravi. 
After traversing 460 Km, it is confluences with the Satluj river at Harike. The river is 
comparatively a short river when compared to other major river of Indus basin, but entirely lies 
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in the Indian Territory and has a total catchment of 20,303 sq Km and carries annual flow of 
15,800 MCM at Mandi. The total catchment of the Beas at Pandoh Dam and Larji Dam has 
been assessed as 5278 sq km and 4921 sq km respectively. Out of total 5278 sq km catchment 
area at Pandoh the total snow-bound catchment is 780 sq km. 
The CAT Plan has been formulated with the main object of the soil and water conservation 
measures, in the free draining catchments are of Pandoh Dam to contain the precious soil being 
washed away particularly in the crucial area, where the foci of erosion is located. The area 
where the various soil conservation measures have been proposed, were prioritized on the 
basis of SYI methodology as well as ground truth reality. The effectiveness of the conservation 
measures can be fathomed by way of reduction in sediment load of the streams draining though 
the sub-watershed and increase in the output from the land, provided. The treated sub-
watershed is not made to produce more sediment load than before by taking up the works due 
to various anthropogenic reasons like, excavation of roads, setting fires in jungle, overgrazing 
and burning of grasslands. 
The rate of sediment flow in the stream viz. Chuli Nal, Gurshan gad and Bakhli Khad, in whose 
sub-watershed the soil and water conservation works have been proposed under the CAT plan, 
is bound to decrease with the implementation of integrated soil conservation measures. This 
flows from the corollary of the projects mentioned ibid. The success of the work per se is 
dependent upon host of factors, which are elucidated in the following sub paragraphs. 
 
Improved Agronomic Practices: 
Faulty agronomic practices lead to erosion of fertile agriculture land. The improved agronomic 
practices include such measures as containing farming crop rotation, strip cropping, cover crops 
and mulching usually carried out as a part of farm operation to protect the soil against wind and 
water erosion. Through public awareness program, the local farmers should be explained to 
adopt such practices for their benefits. 
 
Development Work: 
The infrastructure development works like construction of roads, construction of buildings etc., 
which involve direct intervention of the land environment, must be carried out in a scientific 
manner and the asset should be created in a sustainable eco-friendly manner. The excavated 
material should be used to optimum wherever possible and the surplus excavated material 
should be stacked in properly managed dumpsites. The unstable excavated slopes should be 
properly 
retained and the ground surface should be stabilized by growing vegetation. It has been 
observed that the muck from the road excavation is being disposed as rolling material, which is 
creating gully formation/erosion. All the good work done by implementing the CAT plan shall be 
meaningless if more sources of sediment production are created in the name of development. 
The success of the CAT plan implementation is mostly dependent upon eco- friendly activities in 
the area. 
 
Mining: 
The mining wastes are generally left in a position favorable to erosion. Therefore, while leasing 
out any new mine in the catchment area, the lessee should be bound to stack the mine - 
waste/spoils in the form of stable dumps and develop vegetation on the tip of the spoils by 
applying bio-technical methods. The used up mines in the forest land must be reclaimed and 
rehabilitated to check the erosion. The lease for the operation of the new mines in the 
catchment area should be given after recommendation of the proposed Monitoring Committee 
of Pandoh dam catchment. 
 
Upper Development of Bakhli Khad: 
The sub-watershed IBIC6 (4) through which Bakhli khad drains has an area of 62.8 sq. km out 
of 212.89 sq.km free draining catchment area of Pandoh dam. Bakhli khad originates from 
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Shikari Devi and has many tributaries in the upper catchment. Patikari Hydroelectric project (15 
MW) is an upper development of Bakhli khad and therefore its catchment has not been included 
in the free draining catchment of Pandoh dam. A separate CAT plan has been formulated by the 
project proponent viz. Patikari Power Private Limited. t 
The observations of sediment inflows are being done in Bakhli khad at a site, which is about 2.5 
km from its confluence with Beas. Therefore, the average annual sediment rate also includes 
the sediment generated in the catchment of Patikari Power Project. The effectiveness of the soil 
and water conservation measures being implemented under Patikari project shall certainly have 
a bearing upon the overall sediment flow in Bakhli khad for whose lower catchment (62.8 
sq.km), CAT plan entails treatment of 500 ha area under very severe erosion intensity class. It 
is also worthwhile here to note that under the CAT plan of Patikari Power Project afforestation 
and silvi-pastoral development have been proposed only in 60 ha and 30 ha area respectively 
although its catchment is 217 sq. km 
 
Upper Development of Pandoh Dam: 
Many hydroelectric projects have either been constructed or are under construction or proposed 
in the Basin of Beas River upstream of Pandoh Dam. All such upper development works of the 
Beas and its tributaries shall have separate CAT Plans for their free draining catchment. 
Though the schemes are generally R-O-R schemes, which have insignificant, trapping 
efficiency, the sediment production rate of these streams in particular and the Beas in general 
shall reduce after the implementation of proposed schemes. Thus the silt inflow into Pandoh 
Dam reservoir is likely to reduce with the cascading development of power in the basin. 
Therefore, overall sediment inflow in the reservoir of Pandoh Dam shall undoubtedly reduce 
with the implementation of the CAT Plan for the designated area, which drains directly into the 
reservoir (Figure 3.2) and Annexure IV. 
  

 

Figure 3.2: Catchment Detail 
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3.4 METHODOLOGY OF CONDUCTING BASELINE STUDY 

The guiding factors for the present baseline study are the Ministry of Environment, Forests & 
Climate Change’s (MoEFCC) requirements for the Environmental Impact Assessment (EIA) 
notification and local regulations and directives. The impact zone is within a radius of 10 km 
from the center of the development site since most of the potential impacts are most likely to 
occur within this area.  

Further, a buffer area extending up to 10 km radius from the site has also been studied, though 
with less detail. The baseline study and primary data collection has been carried out during 
monsoon and post -monsoon season of the year 2022 and pre-monsoon 2022. The studies 
were conducted by considering the following: 

 The various environmental attributes were divided into primary and secondary studies. 
Primary attributes such as air environment, water, soil, noise, flora and fauna, and Socio- 
economic were assessed by conducting field studies, on-site monitoring and review of the 
past studies conducted. 

 Baseline data on environmental attributes (Air, Noise, Water and Soil) have been 
collected for 3 seasons (Pre-monsoon, monsoon and post-monsoon) in the study area by 
the EIA Consultant by engaging Noida Testing Laboratory, Noida (a NABL accredited 
laboratory). 

 Secondary attributes such as land use studies, geology, physiological characteristics, and 
socio-economic environment have been assessed by literature review of previous studies 
conducted by various government publications.  

 An interdisciplinary team through discussions, criteria questions and professional 
judgement formulated the scoping and the extent of data generation. The baseline studies 
started with site visits and reconnaissance survey in the study area for fixing the 
monitoring locations for the primary data. As a secondary data review, various 
Government agencies were approached for procuring information and relevant data of the 
area. 

3.5 PHYSICO-CHEMICAL ENVIRONMENT 

3.5.1 Topography 

 The project area lies in lesser Himalayas. The hills are generally steep and covered with pine 
forest. The hill slopes are covered with boulders and are mostly not suitable for cultivation. The 
Survey of India (SoI) topo sheet 53A/14 and 53E/2 in the scale of 1:50,000. 

Physiography 

General information 14 Area: 3950 km2  

Population: 90100  

Clothing: Cotton clothes in summer and woollen to heavy woollen in winter. 

Language: Hindi, Punjabi, English, Pahari and Mandyali are understood and spoken by the 
people engaged in tourism trade.  

Divisions: Divided into nine tehsils and seven sub-tehsil; Kharsog, Chachyot, Mandi Sadar  

3.5.2 Local Geology 

 Geologically the area is occupied by Kullu, Vaikrita, Sundernagar and Shali groups, 
Palaeogene and Neogene are constituted of Sirmur and Siwalik Groups of rocks 
respectively. Undifferentiated Quaternary deposits of late Pleistocene to Holocene age 
along with Palaeozoic Mandi Granitoid are also exposed as Sundernagar plain in this 
area. Kullu Group represented by Khamrada, Gahr and Khokan Formations. The 
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Khamrada Fm occurs as thin band to the east of Mandi town, where it is constituted of 
carb phyllite and quartzite sequence. Its contact with overlying Gahr Fm is sheared. The 
Gahr Fm comprises the gneissic sequence of streaky, banded and augen para -gneisses, 
quartzite and schist bands. It rests tectonically over the different rock units of the ShaliGp 
along the Kulu Thrust. Gradually it passes into the overlying Khokan Fm constituted of 
chlorite schist and quartzite. The VaikritaGp is represented the Morang Fm constituted of 
by the quartz- biotite schist, garnet mica schist and quartzite. It rests over the KuluGp 
along the Vaikrita thrust. The Palaeo Proterozoic Sundernagar Gp comprises low grade 
volcano-sedimentary sequences which is divisible into the Mandi volcanics and overlying 
Maloh quartzite. 

 

 The Mandi volcanics are dominantly constituted of basic flows and interstratified buff to 
white quartzite. The overlying Maloh Fm is characterized by cross bedded quartzite, 
occasional basic flows and grey shale appearing on the top parts. The base of 
Sundernagar Gp is not exposed, but it is thrusted over the Palaeogene Sirmaur Gp in the 
west and is succeeded para conformably by the ShaliGp in the east. The Shali Gp, 
primarily a carbonate suite, is divisible into the Ropri, Khaira, Khatpul, Sorgharwari and 
Tattapani formations. The Ropri Fm at the base is represented by dolomite and red shale. 
The Kharia Formation comprises cross bedded purple quartzite. The Khatpul Fm is 
constituted of massive stromatolitic dolomite while the succeeding Sorgharwari Fm is 
represented by pink limestone with red shale partings. The Tattapani Fm is the youngest 
unit of ShaliGp exposed in the area and is constituted of bedded dolomite and grey shale 
litho – sequence. The Palaeogene Sirmaur Gp is divisible into the Subathu, Dagshai and 
Kasauli Formations. The marine Subathu sequence is constituted of olive green shale, 
minor nummulitic limestone and coaly beds. 

 

 The brackish water sediments of Dagshai Fm are represented by red to purple shale and 
micaceous siltstone/sandstone. The Kasauli Fm is a fresh water sequence of massive 
sandstone and subordinate grey to red shale. The Neogene Siwalik Gp, a coarser clastic 
fluviatile deposit is divisible into the Lower, Middle and Upper Siwalik Formations confined 
to the north western part of the area. The Lower Siwaliks comprise sandstone and sandy 
clays, while the Middle Siwaliks represent sandstone and red to chocolate clays sequence 
and Upper Siwaliks are composed of gravel beds, conglomerate and sandstone. The 
undifferentiated Quaternary deposits represent lacustrine and alluvial deposits of Suket or 
Balh valley to the north of Sundarnagar. These deposits comprise gravel beds, silt and 
clay bed enclosing Kankr and gastropod shells. The early Palaeozoic Mandi Granitoid, 
confined to the eastern margin of the area, is emplaced within the Morang Fm of the 
VaikritaGp. The Granitoid comprises biotite- muscovite granite, porphyroblastic granite 
gneiss and lecuco granite. 

 

 The project is proposed to be constructed in the Chail Phyllites and Quartzite Phyllites. 
These are the two major types of rock that will be encountered in the project area. 
Geological Map of Mandi-Manali District is given in Figure 3.3. 
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Figure 3.3: Geological Map of Mandi-Kulu Area 

3.5.3 Seismicity, Tectonics and Past Earthquake in the Area 

The geographical area of Himanchal Pradesh lies in Zone V as per the seismic zoning 
map of India prepared by Bureau of Indian Standards (BIS code: IS 1893: Part-1:2002). 
The seismic zoning map of India and Himanchal Pradesh is shown in Figure 3.3.  As per 
seismic zoning map of India (IS 1893:2000), the project area falls within Zone V. On 29th 
July 1997 at 23:30hrs, an earthquake of magnitude ML=5.0 struck the Sundernagar 
region and its surroundings of Mandi district in Himachal Pradesh. The epicentral zone 
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lies within 2 km radius of Sunder Nagar town. Therefore, it is very necessary that a 
suitable earthquake factor be included in the design of the powerhouse and surge shaft.  
The GSHAP map of the state of Himanchal Pradesh is shown in Figure 3.4 & Figure 3.5. 

 

Figure 3.4: Map of Seismic Zones of India. 
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Figure 3.5: Seismic Hazardous Map of Himanchal Pradesh 

The state of Himachal Pradesh lies almost entirely in the Himalayan Mountains, and is 
part of the Punjab Himalayas. Due to its location it weathers dozens of mild earthquakes 
every year. Large earthquakes have occurred in all parts of Himachal Pradesh, the 
biggest being the Kangra Earthquake of 1905. The Himalayan Frontal Thrust, the Main 
boundary Thrust, the Krol, the Giri, Jutogh and Nahan thrusts lie in this region. Besides 
that there are scores of smaller faults, like the Kaurik Fault which triggered the 1975 
earthquake. However, it must be stated that proximity to faults does not necessarily 
translate into a higher hazard as compared to areas located further away, as damage 
from earthquakes depends on numerous factors such as subsurface geology as well as 
adherence to the building codes. 

Chamba, Kullu, Kangra, Una, Hamirpur, Mandi, and Bilaspur Districts lie in Zone V. The 
remaining districts of Lahual and Spiti, Kinnaur, Shimla, Solan and Sirmaur lie in Zone 
IV. Since the earthquake database in India is still incomplete, especially with regards to 
earthquakes prior to the historical period (before 1800 A.D.), these zones offer a rough 
guide of the earthquake hazard in any particular region and need to be regularly 
updated (See also: GSHAP Hazard Map for Himachal Pradesh).   

http://asc-india.org/maps/hazard/haz-himachal-pradesh.htm
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Largest Instrumented Earthquake in Himachal Pradesh 4 April 1905 - Kangra (Himachal 
Pradesh), Mw 7.8 33.00 N, 76.00 E, OT=00:50 UTC At leats 28,000 people were killed in 
the Kangra-Dharamsala region of Himachal Pradesh. Damage and casualties also 
occurred in adjoining parts of Punjab including in the cities of Amritsar, Lahore, Jalandhar, 
Ludhiana and Sialkot. 

Significant Earthquakes in Himachal Pradesh The following list briefly outlines known 
earthquakes in this region. General locations are provided for historical events for which 
"generalized" epicentral co-ordinates are available. Some events which were significant 
for other reasons are also included. This list will be updated whenever newer information 
is available. Please note that Magnitude and Intensity are NOT THE SAME. All events are 
within the state or union territory covered on this page unless stated otherwise. 4 April 
1905 - Kangra (Himachal Pradesh), Mw 7.8 33.00 N, 76.00 E, OT=00:50 UTCAt leats 
28,000 people were killed in the Kangra-Dharamsala region of Himachal Pradesh. 
Damage and casualties also occurred in adjoining parts of Punjab including in the cities of 
Amritsar, Lahore, Jalandhar, Ludhiana and Sialkot.28 February 1906 - Near Kullu 
(Himachal Pradesh), Mw 6.4 32.00N, 77.00E 

Damage and casualties in the Bashahr-Shimla hills states.   

 11 May 1930 - East of Sultanpur (Himachal Pradesh), 6.0 (TS) 11:30:36 UTC, 31.70N, 
77.00E 22 June 1945 - Near Padua, Kathwa District, J&K (H.P.-J&K Border region), 6.0 
(TS) 18:00:51 UTC, 32.599N, 75.90E 

 10 July 1947 - Near Padua, Kathwad District, J&K (H.P.-J&K Border region), 6.0 (TS) 
10:19:20 UTC, 32.599N, 75.90E 

 12 August 1950 - Near Padua, Kathwad District, J&K (H.P.-J&K Border region), 6.0 (TS) 
03:59:06 UTC, 32.599N, 75.90E 

 12 September 1951 - Chamba-Udhampur Districts (H.P.--J&K Border region), 6.0 (TS) 
20:41:48UTC, 33.30N, 76.50E 17 June 1955 - Lahual-Spiti District (Himachal Pradesh), 
6.0 (TS) 10:14:09UTC, 32.50N, 78.60E 17 June 1962 - Chamba-Udhampur Districts 
(Himacahl Pradesh-J&K Border region), 6.0 (TS) 04:39:26.60 UTC, 33.30N, 76.20E 

 19 January 1975 -SW of Dutung, Himachal Pradesh (Indo-China Bdr region), Ms 6.8 
(NEIC) 08:02:02.50, 32.455N, 78.430N, 33kms depth This earthquake struck in the early 
afternoon of January 19, 1975. It registered 6.2 on the Richter Scale. It caused havoc in 
parts of the Kinnaur, Lahaul and Spiti regions of India. 60 people were killed in this 
sparsely populated region. 

 21 October 1991 - Near Pilang (Uttarkashi District), Uttaranchal, Mw 6.8 (NEIC) 21:23:14 
UTC / 02:53:14 IST, 30.78N, 78.77E Between 750 to 2000 
people killed in the Gharwal region. It was also felt very strongly in Uttar Pradesh, 
Chandigarh, Delhi, Haryana and Punjab. Fatalities were also reported from Himachal 
Pradesh. Some minor damage was reported in Chandigarh and New Delhi.  

 29th March 1999 - Near Gopeshwar (Chamoli District), Uttaranchal, Mw 6.5 (HRV) 
19:05:11 UTC, 30.492N, 79.288E 115 people killed in the Gharwal region. The quake was 
felt very strongly in Uttar Pradesh, Chandigarh, Delhi and Haryana. In Haryana, one 
person was killed in the city of Ambala and 2 at Nakodar in the neighbouring state of 
Punjab. Minor damage to buildings in New Delhi, most significantly in Patparganj. Minor 
damage also reported from Chandigarh. 

 11 November 2004 - Bharmour, Kangra region, Mb 5.1 32.442 N, 76.512 E, D=34 kms, 
OT=02:13:45 UTC A moderate earthquake struck the Kangra Valley and the Dhauladhar 
Mountains on 11 November 2004 at 07:43 AM local time. It was felt strongly in the 
Kangra-Dharamsala region and event caused minor damage to buildings in the region. It 
had a magnitude of Mb=5.1.   

http://asc-india.org/lib/20041111-kangra.htm
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 8 October 2005 - Kashmir-Kohistan, Pakistan-India border, Mw 7.6 34.432 N, 73.537 E, 
D=020.0 kms, OT=03:50:40 UTC A major earthquake struck the India-Pakistan border on 
the morning of 8 October 2005. It had a magnitude of Mw=7.6 and was felt strongly in 
much of Pakistan, northern India and eastern Afghanistan. The earthquake resulted 
in more than 80,000 deaths in northern Pakistan and adjoining parts of Jammu & Kashmir, 
India and is by far one of the deadliest in the sub-continent. At least 10 people also died in 
other parts of north India and 4 in Afghanistan due to this earthquake. Tremors from the 
earthquake were felt more than a thousand kilometres away in the Indian states of 
Gujarat, Madhya Pradesh, Himanchal Pradesh and Uttar Pradesh. 

3.5.4 Land Use and Land Cover of Study Area 

Land use pattern has a considerable influence on the quality and quantity of runoff available for 
a project. It plays a key role in determining the various hydrological phenomenons like infiltration 
rate, overland flow, evaporation and interception. As already stated under physiography that the 
study area is characterized by hills and plains, the dominating classes are, Forest land (59.64 
%), crop land (36.82 %), settlement (1.43 %), water bodies (1.06 %), waste land (0.67 %) and 
fallow land (0.38 %). The land use pattern of study area is enumerated in Table 3.1 and its 
disposition in Figure 3.6. 

Table 3.1: Land Use Details of Study Area 

Sl.No. Land use category Area in Sq. km Area in % 

1.  Settlements 1050 3.34 

2.  Waste land 1850 5.89 

3.  Water bodies 3435 10.94 

4.  Forest land 18115 57.69 

5.  Crop land 6950 22.14 

 Total 31400 100 

 

Figure 3.6: Land use Map of the Study Area 

3.5.5  Cascading Effect 

The Beas  Sutlej Link Project comprises two components viz. Unit-I and Unit –II .Beas Project 
Unit –I provides diversion of Beas water at Pandoh into River Sutlej upto 212 cumecs utilising 

http://asc-india.org/lib/20051008-kashkoh.htm
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fall of about 320m at its Tail end Slapper and about 122 M at Bhakra for Generation of 
power.The Beas Sutlej link Project comprises the following engineering works:- 

a) Earth-cum-Rock fill dam 76m high. On river Beas near Pandoh diverts 0.43 and 0.51 
million hectare meters of water in a dry and mean year respectively. 

b) Pandoh Baggi Tunnel13.2km long and 7.62m Dia. 
c) Sundernagar Hydel Channel concrete lines 11.4 km long with a Silt Ejector in head reach 

of the channel. 
d) Balancing Reservoir of about 370 hectare meters capacity at tail end of Hydel channel to 

take of daily fluctuations in power requirement and to enable Dehar power Plant to act as 
peaking station. 

e) Sundernagar-Sutlej Tunnel 12.05 km long and 8.53m in diameter. 
f) Surge Shaft of 22.86m dia and 125m high feeding three steel-lined penstock headers of 

4.88m dia leading to valve chamber. 
g) Butterfly valves provided on all three headers and thereafter each header bifurcated into 

two branches to feed six units of Dehar Power Plant. 
h) Dehar Power houses six units each of 165MW capacity, 

Controlled by-pass off-taking from surge shaft and discharging into river Sutlej through a chute. 

During the construction of Beas Sutlej Link Project, it was conceived that a power plant could be 
constructed at the exit of Pandoh- Baggi Tunnel (PBT) as sufficient head was available between 
Pandoh Reservoir and at the start of Sunder Nagar Hydel Channel (SNHC). Consequently a 
Bypass Tunnel at 170 metres upstream of Baggi Control Works (BCW) was constructed to 
divert the water for the prospective power plant. The extension of BSL project i.e. Baggi Power 
Plant was proposed to have two units of 21MW each on the basis of head and water availability. 
 
As no water storage is involved in the construction of Baggi power plant, therefore the existing 
reservoir at Pandoh dam is to be used for proposed power plant. The reservoir operation at 
Pandoh dam for Dehar power house could not be affected by the construction of power house 
at Baggi. As this project is to be located at the exit of Pandoh Baggi tunnel so it does not affect 
the existing water conveyed system. Before the construction of Baggi power plant the water 
from Pandoh Baggi tunnel is passes through Baggi control works but after construction, the 
water is diverted to power house through surge shaft followed by Penstock and finally the water 
from power house is discharge into hydel channel by TRC. 

   The salient feature of Pandoh dam reservoir is as follows:- 

Maximum reservoir level   EI 896.42 m (2941 feet) 

Normal reservoir level    EI 883.92 m (2900 feet) 

Minimum reservoir level  EI 883.92 m (2900 feet) 

Gross storage capacity    41 X 106 m3 (33240 acre ft) 

Storage capacity above normal level 18.55 x 106 m3 (15039 acre ft) 

Length of reservoir      9.25 km (5.75 miles) 

Water spread area at maximum reservoir level  1.75 km2 (0.675 sq. Miles) 

3.5.6 Detailed Geological Mapping 

Detailed geological mapping has been carried out at the proposed powerhouse and surge shaft 
area selected by BBMB and its surrounding area in 1:1,000 scale with the help of the total 
station. At the proposed powerhouse area (EL.± 845m), a thick lacustrine clay deposits is 
exposed in the surface while fine grained, grey to dark grey, thinly foliated Phyllite, arenacous 
Phyllite and Schist of Morang Fm of  VaikrataGp is exposed within the bypass (penstoke) 
tunnel. The rock mass exposed in the tunnel seems to be hard and compact. Besides, the 
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proposed powerhouse area is occupied with very limited rock exposure where mostly lacustrine 
deposits with terrace gravel are noticed. But the drill core executed at the powerhouse area 
exhibits the subsurface rock mass is present at the 3.45m depth from the surface level. The 
Phyllite, Phyllitic quartzite is dipping north eastern side i.e. hill side. The foliation of the bedding 
joint recorded in this area is 300-400/N0600-0800. The discontinuities present in the project 
area are recorded during the mapping (Table.3.2 & 3.3). The rock mass present in the surge 
shaft area exhibits weak, open joints filled with clay/debris material categorised as poor.  

The proposed surge shaft area (EL.± 910m) at the hill side exhibits thin debris cover with rock 
exposures in upper part whereas rest of downslope part of hill is covered with 
colluviam/overburden material. The catching chamber of the surge shaft is falling under the 
debris cover where adequacy of lateral rock cover is doubtful. Hence, two additional drill holes 
were suggested by Director, EG division, GSI Chandigarh during the field inspection visit in the 
month of February, 2021. 

Table 3.2: Nature of the joints present at the BSL service road  

Set Dip 
Amount 

Dip 
Direction 

Spacing 
(cm) 

Aperture 
(mm) 

Roughness Filling 

S0 30°-40° 60°-80° 5-20 Tight to 10 SP-SU NIL to coating 

J1 20o 75o 4-15 1-10 SP-SU NIL to coating Minor 
Clay ad overburden 

filling 

J2 82o 155o 18-40 Tight-5 RP NIL to coating Broken 
Debris & OB 

J3 55o 225o 5-20 Nil-4 RP NIL to coating Clay 
OB 

RP - Rough planar, SP - Smoot Planar, SU - smooth undulatory  

On the other hand, slope stability issue may occur at the western side of the proposed surge 
shaft area due to inadequate lateral rock cover and poor rock mass presents at the surge shaft 
area. The rock obtained in the drill core is moderate to highly weathered Phyllite indicating 
distressed rock mass condition. The rock breakage along foliation and joints with occasional 

clay seam and frequent heavy weather has been observed in the drill cores.  

Table 3.3: Nature of the joints present at surge shaft area. 

Joint 

Set 

Dip 

Amount 

Dip 

Direction 

Spacing 

(cm) 

Aperture 

(mm) 

Roughness Filling 

S0 30°-40° 60°-80° 5-20 Tight  SP-SU NIL to 

coating 

J1 32o-35o 60o-65o 2-12 Tight-20 SP NIL to 

coating  

J2 80o 140o 40-50 Open-10 RU NIL to 

coating 

Clay filling 

J3 52o-68o 240o-250o ±190 Tight to very 

tight 

RU Not seen 
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3.5.7 Presence of important economic mineral deposit, if any 

No major occurrence of economic deposit (major mineral) has been found in the reservoir area, 
except materials like boulder, shingle, pebbles and sand that are minor mineral and important 
as the construction material. 

3.5.8 Land Slide Zonation 

No dynamic land slide/slips have been observed within the reservoir area, near axis of dam and 
downstream of the dam and in other project areas. 

3.5.9  Archaeological/Religious/Historical Monuments 

No archaeological monument of national importance lies either in the project area or in its 
submergence area. There is also no structure of national heritage in the area. 

3.5.10 Sensitive Areas 

The Detail of sensitive areas are given below 

Sl. 
No. 

Areas 
Name/ 
Identity 

Aerial distance (within 15 
km.) proposed project 
location boundary 

1 Areas protected under 
international conventions, 
national or local legislation 
for their ecological, 
landscape, cultural or other 
related value 

i) Shikari 
Devi WLS 
ii) Bandli  
WLS 
 

i) Approx. 14 Km. 
 
ii) Approx 13 Km. 

2 Areas which are important 
or sensitive for ecological 
reasons - Wetlands, 
watercourses or other water 
bodies, coastal zone, 
biospheres, mountains, 
forests 

Nagin 
Protected 
Forest 

Approximately 2.0 Km 

3 Areas used by protected, 
important or sensitive   
species of flora or fauna for 
breeding, nesting, foraging, 
resting, over wintering, 
migration 

No The land is not used by any 
important or sensitive   species 
of flora or fauna for breeding, 
nesting, migration however, 
further study will be conducted 
during EIA report. 

4  Inland, coastal, marine or 
underground waters 

No - 

5  State, National boundaries No - 

6  Routes or facilities used by 
the public for access to 
recreation or other tourist, 
pilgrim areas 

No -- 

7  Defense installations No There are no defense 
installations in or around the 
project area. 

8  Densely populated or built-
up area 

No The project area is not densely 
populated or built-up area 



Draft EIA/EMP for obtaining Environmental clearance for 2X21 MW Baggi Hydroelectric 
Power Project 
 

Enviro Infra Solutions Pvt. Ltd. Page 52 

 

9 Areas occupied by sensitive 
man-made land uses    
(hospitals, schools, places 
of worship, community 
facilities) 

No - 

10 Areas containing important, 
high quality or scarce 
resources 
(ground water resources, 
surface resources, forestry, 
agriculture, fisheries, 
tourism, minerals) 

No No 

11  Areas already subjected to 
pollution or      
environmental damage. 
(those where existing legal 
environmental standards     
are exceeded) 

No None 

12  Areas susceptible to 
natural hazard which could      
cause the project to present 
environmental problems 
 (earthquakes, subsidence, 
landslides, erosion, flooding 
or extreme or adverse 
climatic conditions) 
 

Yes The project area lies within 
Seismic Zone-V as per seismic 
zoning map of India (IS: 
1893:2000) 

 

3.6 METETROLOGY, AIR AND NOISE 

Meteorological factors have a direct bearing on the dispersion and dilution of 
pollutants/contaminants, discharged into the atmosphere with consequent impact on air 
Environment. Micro-meteorological properties of the atmosphere govern the concentration of 
pollutants and its variations with time and location with respect to their sources. Meteorological 
information is required to understand the climatic profile of the area as well as for devising the 
baseline ambient air quality monitoring plans. The nearest IMD meteorological station in 
Sundernagar, Himachal Pradesh is located at a distance of about 10 km (Aerial) from the 
project site. The climatologically summary for station at Sundernagar is given in Table 3.4 and 
the interpretation of the data is given in sub sections. 

Table 3.4: Climatological Summary for IMD Station in Sundernagar   

Month Max. 
temp 
(0C) 

Min. temp 
(0 C) 

Monthly 
Rainfall 
 (mm) 

R.H.at 
8:30 
(%) 

R.H.at 
17:30 
(%)  

Mean wind 
speed 
(Km/h) 

January 20.6 5.7 61.7 90 53 1.2 

February 21.3 7.8 72.6 85 47 1.6 

March 32.1 9.0 78.3 76 41 1.8 

April 37.5 16.3 50.2 65 33 1.7 

May 44.6 17.8 83.4 58 36 2.0 

June 45.0 22.0 176.9 69 47 1.9 

July 42.6 23.0 347.5 84 70 1.4 
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Month Max. 
temp 
(0C) 

Min. temp 
(0 C) 

Monthly 
Rainfall 
 (mm) 

R.H.at 
8:30 
(%) 

R.H.at 
17:30 
(%)  

Mean wind 
speed 
(Km/h) 

August 37.0 23.4 313.2 90 75 1.1 

September 36.2 21.0 136.9 89 68 1.2 

October 35.6 15.2 35.2 86 53 0.9 

November 29.3 8.0 13.8 88 52 0.7 

December 27.8 4.3 34.9 91 55 0.8 

*Source: Government of India, Indian Meteorological Department, Climatologically Tables  

3.6.1 Temperature 

The maximum temperature was 45.0° C during the month of June while minimum temperature 
was -4.3° C during the month of December. Seasonal variation of daily maximum and minimum 
temperature is shown in Figure 3.7.  

  

  

*Source: IMD Climatological Table 1981-2010 

Figure 3.7: Seasonal variation of daily maximum and minimum temperature 

3.6.2 Rainfall 

The district receives precipitation in the form of rainfall, mainly during the monsoon period from 

July to September. The average annual rainfall in the district is about 1331.50 mm. The 

maximum total monthly rainfall is 347.5 mm. There are about 74.3 no. of rainy days in a year. 

The rainfall pattern is given in Figure 3.8  
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*Source: IMD Climatological Table 1981-2010 

Figure 3.8: Seasonal variation of Total Rainfall 

3.6.3 Relative Humidity 

During the pre-monsoon season, relative humidity generally varies between 88% to 91% in the 
morning and 52% to 55% in the afternoon. The air becomes dry after the withdrawal of the 
monsoon. The driest part of the year is the summer season when in the afternoon’s relative 
humidity becomes as low as 33%. 

3.6.4 Wind Pattern 

Predominant wind direction is from South-West. Winds are moderate to high particularly during 
the morning hours while during the afternoon hours the winds are stronger. Average wind speed 
during the month from April, 2022 to June, 2022 is 1.86 km/hr. Average wind speed during the 
month from July, 2022 to September, 2022 is 1.15 km/hr. Average wind speed during the month 
from October, 2022 to December, 2022 is 0.9 km/hr.The wind-rose diagram as sketched from 
the IMD Station at Sundernagar, Himachal Pradesh is shown in Figure 3.9. 
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Post-monsoon 

 

Figure 3.9: Wind rose diagrams 

3.6.5 Cloud Cover 

30 years’average data reveal that maximum cloud cover is observed around 8 oktas in the 
month of July and August. Generally, cloud cover is observed around 0.5 (in oktas) in the month 
of November, December, January, February, March and April. 
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. 

3.6.6 Air Environment 

Air pollution can cause significant effects on the environment and subsequently on human, 
animals, vegetation and materials. In most cases, air pollution aggravates pre-existing diseases 
or degrades health status, making people easily susceptible to other infections and 
development of chronic respiratory and cardiovascular diseases. Further, environmental 
impacts from air pollution can include acidic deposition and reduction in visibility. The proposed 
project is irrigation project where no air pollution is envisaged during operation phase. During 
construction phase, minor air pollution may occur due to quarrying, blasting, drilling, vehicle and 
D.G set operation.  

A site–specific background of air quality monitoring program was conducted for the proposed 
project site during winter season. Background data was collected for PM10, PM2.5, SO2, NOx. 
Since the proposed site has no pollution intensive activities in its vicinity, five sampling stations 
located within 10.0 km of the site was considered to provide the surrounding baseline air quality. 
For the selection of the monitoring locations, long-term meteorological trends were taken into 
consideration to obtain the predominant wind direction during the sampling period. The 
monitoring was carried out following CPCB standard protocol.  

The ambient air quality monitoring locations are detailed in Table 3.5 and shown in Figure3.10. 
Sampling photographs are shown in Annexure VIII.The ambient air quality monitoring during 
monsoon, post-monsoon and pre-monsoon 2022-23 was conducted by the EIA consultant 
through Noida Testing Laboratories (NABL accredited Laboratory). Monitoring was carried out 
for Particulate Matter (PM10& PM2.5), Sulphur dioxide (SO2), and Oxides of Nitrogen (NOx) as 
per TOR. Sampling was carried out on 24hourly twice a week. 

Table 3.5: Air Monitoring Locations 

Station Code Locations 
Approximate Distance 

(km)/Direction from Power House 

AAQ-1 Baggi Site 0.0  
AAQ-2 Ner Chowk 4.5 (NW) 

AAQ-3 Khiuridom 5.0 (NE) 

AAQ-4 Chail Chowk 3.5 (SE) 
AAQ-5 Baggi Village 1.2 (SW) 
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Figure 3.10: Sampling and Monitoring Locations  

 
Ambient air quality levels were assessed with respect to National ambient air quality standards 
prescribed by Central Pollution Control board (CPCB) 2009 Summary results of ambient air 
quality monitoring data are shown in Table 3.6 to Table 3.7. 

The monitoring results of ambient air quality were compared with the National Ambient Air 
Quality Standards (NAAQS) prescribed by MoEFCC, GoI Notification dated 16.11.2009. The 
maximum concentration of PM10, PM2.5 and NOX was 66.2 µg/m3, 48.9 µg/m3 21.4 µg/m3 
respectively, while concentration of SO2 was 13.5 µg/m3. Thus, it was found that concentration 
of pollutants was within the limits of standards prescribed by CPCB. 

Table 3.6: Summary of Ambient Air Quality Data (µg/m3) during Pre-Monsoon season, 2022 
 

 Monitoring 
Locations  

St. Code PM10 PM2.5 NOx SO2 

MIN MAX MIN MAX MIN MAX MIN MAX 

Baggi AAQ-1 38.4 47.5 30.1 38.9 11.7 15.8 <5.0 <5.0 

Ner Chowk AAQ-2 45.2 61.4 31.4 40.6 14.4 20.6 8.2 10.5 

Khiuridom AAQ-3 39.3 53.4 29.2 37.8 11.9 15.7 7.4 8.7 

Chail Chowk AAQ-4 43.1 66.2 31.6 48.9 13.6 21.4 8.3 13.5 

Baggi Village AAQ-5 39.5 50.2 32.6 40.1 12.4 16.1 7.6 9.1 

NAAQS for 24-hour monitoring 100 60 80 80 

The maximum concentration of PM10, PM2.5 and NOX was 58.2 µg/m3, 42.9 µg/m3, 18.4 µg/m3 
respectively, while concentration of SO2 was 10.5 µg/m3 
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Table 3.7: Summary of Ambient Air Quality Data (µg/m3) During Monsoon, 2022 

 Monitoring 
Locations  

St. Code PM10 PM2.5 NOx SO2 

MIN MAX MIN MAX MIN MAX MIN MAX 

Baggi AAQ-1 36.3 46.4 30.1 37.8 10.6 14.2 <5.0 <5.0 

Ner Chowk AAQ-2 41.2 56.4 28.4 36.6 12.4 16.6 7.2 9.5 

Khiuridom AAQ-3 37.6 50.7 22.6 33.2 10.9 14.6 6.4 7.2 

Chail Chowk AAQ-4 39.3 58.2 32.6 42.9 11.6 18.4 7.3 10.5 

Baggi Village AAQ-5 37.5 48.2 31.2 38.2 11.1 14.2 7.2 8.2 

NAAQS for 24-hour monitoring 100 60 80 80 

The maximum concentration of PM10, PM2.5 and NOX was 59.6 µg/m3, 44.2 µg/m3, 19.6 µg/m3 
respectively, while concentration of SO2 was 10.7 µg/m3. 

Table 3.8: Summary of Ambient Air Quality Data (µg/m3) During Post monsoon, 2022 

 Monitoring 
Locations  

St. Code PM10 PM2.5 NOx SO2 

MIN MAX MIN MAX MIN MAX MIN MAX 

Baggi AAQ-1 38.4 47.6 31.6 38.9 11.7 15.6 <5.0 <5.0 

Ner Chowk AAQ-2 43.6 57.8 29.2 37.6 12.8 17.8 7.6 9.7 

Khiuridom AAQ-3 39.7 52.8 24.8 34.7 12.9 15.6 7.4 7.8 

Chail Chowk AAQ-4 40.8 59.6 35.8 44.2 11.9 19.6 7.7 10.7 

Baggi Village AAQ-5 38.6 49.4 33.4 39.4 11.3 14.6 7.4 8.6 

NAAQS for 24-hour monitoring 100 60 80 80 

 
Source: Noida Testing Laboratory (NABL & MOEFCC accredited) 

3.6.7 Noise Environment 

Noise can be defined as any sound that is undesirable because it interferes with speech and 
hearing, and is intense enough to damage hearing or is otherwise annoying. Noise impacts can 
be of concern during construction and operational phases of the project. Factors those are 
important in determining noise levels include distance from the noise source, natural or manmade 
barriers between the source and the receptors, whether conditions, etc. In assessing noise, an 
empirical measure called "dBA" indicates damage to hearing. The higher the dB (A) number, the 
greater is the risk of damage to hearing.  Loud noise may adversely affect people in many ways. 
For example, noise may interface with sleep, speech, communication and can cause infuriation 
and other physiological problems. Occupational noise exposure is also the most common cause 
of Noise-Induced Hearing Loss (NIHL), threatening the hearing of individuals exposed to noise 
pollution for longer periods of time, at a less intense level. For example, repeated exposure to 
noise pollution at a construction site can cause NIHL to construction workers, an effect that cannot 
be reversed.  

An assessment of baseline noise quality was undertaken to (a) establish the status of exposure of 
the major sensitive receptors, and (b) to identify the noise pollution levels in and around the site. 
The noise monitoring was done following CPCB protocol of Noise Monitoring. Noise monitoring 
was conducted at six locations within the study area wherever possible including the project site, 
approach roads and sensitive locations. The background monitoring program was carried out in 
accordance with the requirements of EIA study. Sound pressure level (SPL) measurements were 
automatically recorded to give the noise level for every hour continuously for 24 hours in a day. 
Accordingly, one full day (i.e. 24-hourly values) of data was collected at each of the locations for 
each season. The noise level monitoring during pre-monsoon and monsoon, 2022 and post-
monsoon 2022 were conducted and Sampling photographs are shown in Annexure VIII. The 
results show that the Leq day time noise varied from 37.5 to 39.9 dB (A) The monitoring locations 
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are provided in Table 3.9 and shown in Figure 3.11. The Noise monitoring results have been 
detailed in Table 3.10 & Table 3.11. Leq day time (6 am to 10 pm) and Leq night time (10 pm to 
6 am) was calculated using the following equation: 














 
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n

i

L

Teq

i
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10
, 10/1log10

 

Where, Li = levels observed at n equally spaced times during interval T. Leq day and night (Ldn) 
was also worked out by using the following equation: dB(A)Ldn =10 Log10[0.666X10 Ld/10+0.333 
X10 (Ln+10)/10 

Table 3.9: Noise monitoring locations 

S. No Location  Code Zone 

1 Baggi Site N1 Residential 

2 Ner Chowk N2 commercial 

3 Khiuridom N3 Residential 

4 Chail Chowk N4 commercial 

5 Baggi Village N5 Residential 

 

Figure 3.11:Sampling and Monitoring Locations  

During Pre Monsoon Period, The noise monitoring shows the day and night time noise level at 
Chail Chowk (commercial) recorded are 59.8dB (A) Leq during day time and 47.6dB (A) Leq 
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during night time and were within the prescribed limit. The noise levels for the rest of 3 stations 
are within the prescribed limits. 

During Monsoon Period, The noise monitoring shows the day and night time noise level at Chail 
Chowk (commercial) recorded are 60.2 dB (A) Leq during day time and 48.2 dB (A) Leq during 
night time and were within the prescribed limit. The noise levels for the rest of 3 stations are within 
the prescribed limits. 

Table 3.10: Leq day time and night time noise levels and Leq day and night time noise 

levels  

S. 
No 

Statio
n  

Code 

Pre Monsoon (2022) Monsoon (2022) 
CPCB Limits 
Leq. dB(A) 

Leq 
Day 

dB(A) 

Leq 
Night 
dB(A) 

Leq 
Dayand 
Night 
dB(A) 

Leq 
DaydB(

A) 

Leq 
Night 
dB(A) 

Leq 
Dayand 
Night 
dB(A) 

Day* Night* 

1 N1 41.8 32.5 41.2 42.9 33.6 42.2 55 45 

2 N2 55.3 42.7 54.5 56.7 43.9 56.3 65 55 

3 N3 51.5 41.6 50.4 52.6 42.8 52.1 55 45 

4 N4 59.8 47.6 58.7 60.2 48.2 59.7 65 55 

5 N5 44.5 36.7 43.5 45.2 38.9 44.7 55 45 

During Post Monsoon Period, The noise monitoring shows the day and night time noise level at 
Chail Chowk (commercial) recorded are 58.6 dB (A) Leq during day time and 46.4 dB (A) Leq 
during night time and were within the prescribed limit. The noise levels for the rest of 3 stations 
are within the prescribed limits. The major source of the noise in the study area is vehicular 
movement as well as rural activity. 

Table 3.11: Leq day time and night time noise levels and Leq day and night time noise 
levels  

 

S. No 
Station  
Code 

Post Monsoon (2022) 
CPCB Limits Leq. 

dB(A) 

Leq 
DaydB(A) 

Leq Night 
dB(A) 

Leq Day and 
Night dB(A) 

Day* Night* 

1 N1 40.2 32.4 41.4 55 45 

2 N2 54.2 42.3 54.4 65 55 

3 N3 50.2 41.2 49.2 55 45 

4 N4 58.6 46.4 53.4 65 55 

5 N5 43.2 37.3 43.2 55 45 

Source: Noida Testing Laboratory (NABL & MOEFCC accredited) 

The ambient air quality standards in respect of noise are 75, 65, 55 and 50 dB (A) Leq in daytime 
and 70, 55, 45 and 40 dB (A) Leq during nighttime for industrial, commercial, residential and 
silence zone respectively. The daytime noise level measured during 6:00 a.m. to 10:00 p.m. and 
nighttime measured from 10:00 p.m. to 6:00 a.m. 
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3.6.8 Traffic Density 

The traffic survey is essential to realistically and accurately assess the prevailing traffic volumes 
and travel characteristics by undertaking classified volume count. The objective of traffic volume 
count survey is to assess the traffic intensity on the most vulnerable section of the road under 
question. Two  days, 24 hrs., continuous volume counts were manually undertaken during  2022 
at Ner Chowk and Chail Chowk road connected to NH-13, Chandigarh Manali road for capturing 
the realistic picture of the current volume and composition of traffic motorized i.e. passenger 
vehicles (two-wheeler, three-wheeler, bicycle, passenger car); utility vehicles (Jeep, Van, Mini 
Bus, Standard Bus); Goods vehicles – LCV (Freight), MCV (2 axle rigid chassis), MCV (3 axle 
rigid chassis), MAV and tractor trailer and non-motorized like animal driven cart. The survey 
work was conducted by engaging educated people familiar with traffic characteristics. Before 
the start of survey, the enumerated engaged were briefed and trained by an expert supervisor 
about the task. 

The analysis of traffic counts provides an estimate of average daily traffic (ADT). To convert 
recorded vehicles into a common scale, the passenger car units (PCU) equivalent factor as per 
IRC:64 -1990 has been adopted. The Table 3.12 reveals that the total ADT at NH-21 were 923 
in terms of number which translates into 884 in terms of PCU. Traffic sheet of Baggi site and 
Khiuridom is attached in the Annexure III. 

Table 3.12: Traffic volume counts at Ner Chowk and Chail Chowk road Link Road 

S. 
No.  Nomenclature of Vehicle 

PCU 
factor 

No. of 
Vehicles/day 

No. of 
PCU/day 

1 Car / Jeep / Van 1.0 298 298 

2 Two-Wheelers 0.5 394 197 

3 Three – Wheelers 1.0 35 35 

4 Mini- Bus 1.5 18 27 

5 Bus 3.0 16 48 

6 Tempo / LCV 1.5 45 68 

7 Two Axle Truck 3.0 38 114 

8 Three Axle Truck 3.0 6 18 

9 
More than three Axle 
Truck 4.5 1 5 

10 Tractor 1.5 38 57 

11 Cycle 0.5 34 17 

Total 923 884 

 

3.7 SOIL 

3.7.1 Soil Type 

Two types of soils are mainly observed in the district viz. Sub-Mountainous Soil occurring in 
Seraj and Karsog blocks and Mountainous Soil occurring in remaining eight blocks of the 
district. The sub-mountainous soil is high in organic carbon, low in available phosphorous and 
medium in potash, whereas the mountainous soil is brown in colour, medium in available 
nitrogen & potash and deficient in available phosphorous. The soil reaction is slightly acidic to 
neutral and texture in general varies from loam to sandy loam, except in low valley areas being 
heavy textured. Soil resource map of Himanchal Pradesh is shown in Figure 3.12.  
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.  

Figure 3.12: Soil map of Himanchal Pradesh 

3.7.2 Soil Characteristics 

Soil fertility is an important aspect of the soil-plant relationship. Fertility status of the soils is 
primarily and importantly dependent upon both the macro and micronutrient reserve of the soil. 
Continued removal of nutrients by crops, with little or no replacement will increase the nutrient 
stress in plants and ultimately lowers the productivity. The fertility status of soil mainly depends 
upon the nature of vegetation, climate topography, and texture & decomposition rate of organic 
matter in the soil. Optimum productivity of any cropping systems depends upon adequate 
supply of plant nutrients. 

The fertility of soil depends on the concentration of N, P, K, organic and inorganic materials and 
water. Nitrogen is required for growth of plant and is a constituent of chlorophyll, plant protein, 
and nucleic acids. Phosphorus is most often limiting nutrients remains present in plant cell 
nuclei and act as energy storage. It helps in transfer of energy. Potassium is found in its mineral 
form and affect plant cell division, carbohydrate formation, translocation of sugar, various 
enzyme actions and resistance to certain plant disease, over 60 enzymes are known to require 
potassium for activation.  

It is essential to determine the potential of soil in the area to identify the current impacts of 
urbanization and industrialization on soil quality and predict impacts, which may arise due to the 
project operations. Accordingly, a study of assessment of the baseline soil quality has been 
carried out. 

3.7.3 Soil Monitoring 

For studying soil quality of the study area and with a view to ascertain the impacts due to 
construction activities on the nearby agriculture land and due to application of water on the soil 
of command area, six sampling locations, representing various land use conditions, were 
selected to assess the existing soil conditions in and around the project area of impact area. 
The samples have been collected from the depth of 5cm to 15cm and representative samples 
prepared by thoroughly mixing. The homogenized samples were analyzed for physico chemical 
characteristics. 

The detail of sampling locations is given in Table 3.13 and shown in Figure 3.13. The soil 
quality at all the locations during the study period is tabulated in Table 3.14 to Table 3.16. 
Sampling photographs are shown in Annexure VIII 
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Table 3.13: Soil Sampling Location 

S. 
No. 

Location Station code Environmental Setting 

1.  Baggi Power House S-1 Agriculture 

2.  Nichli Bahli S-2 Agriculture 

3.  Nalsar S-3 Agriculture 

4.  Khiuridom S-4 Agriculture 

5.  Mandar S-5 Forest 

6.  Padharu S-6 Forest 

7.  Khiuri Abbal S-7 Forest 

8.  Kanaid S-8 Agriculture 

9.  Gulkar S-9 Agriculture 

10.  Gohar S-10 Forest 

 

Figure 3.13: Sampling Locations of soil  
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Table 3.14: Physico-Chemical Characterstics of Soil (Pre Monsoon-2022) 

 

Sl. 
No. 

Parameters UNIT S-1 S-2 S-3 S-4 S-5 S-6 

1 Texture - 
 Sandy 
loam 

 Loam Loam 
Sandy 
Loam 

Sandy 
Loam 

Loam 

2 Sand % 52.70 45.40 46.60 54.38 56.80 44.20 

3 Silt % 29.60 42.20 36.3 28.41 25.70 42.50 

4 Clay % 17.70 12.40 17.1 17.21 17.50 13.30 

5 pH (10% Slurry) - 6.94 7.21 7.84 7.78 7.18 7.12 

6 Conductivity μs/cm 218 268 261 229 244 265 

7 Organic Matter % 0.82 0.96 0.82 0.95 0.96 1.12 

8 Bulk density gm/cc 1.54 1.33 1.56 1.66 1.34 1.44 

9 Porosity % v/v 43.6 48.5 47.9 48.4 46.6 46.8 

10 S.A. R - 0.4 0.7 0.7 1.3 0.7 1.5 

11 Bicarbonates mg/kg 186.7 242.8 187.2 237.3 191.6 224.4 

12 Calcium as Ca mg/kg 1295.97 1236.7 1263.8 1347.4 1282.8 1172.6 

13 
Magnesium as 
Mg 

mg/kg 316.3 398.6 339.3 378.9 294.5 256.1 

14 Sodium as Na mg/kg 53.9 69.4 84.7 112.1 88.36 102.3 

15 Potassium as K mg/kg 82.4 83.2 89.8 88.37 90.4 78.6 

16 Phosphorus as P mg/kg 7.5 6.7 9.2 8.4 7.8 7.7 

17 Chloride as Cl mg/kg 373.9 384.6 296.6 334.3 330.44 371.2 

18 Zinc as Zn mg/kg 2.7 3.5 3.7 2.2 2.4 4.9 

19 Copper as Cu. mg/kg 11.2 19.37 17.41 12.5 13.90 16.50 

20 Iron as Fe mg/kg 40.1 50.2 43.2 40.24 34.24 30.8 

21 Nitrogen as N mg/kg 50.8 83.4 88.4 112.9 79.8 90.9 

22 Organic Carbon % 0.59 0.63 0.67 0.54 0.67 0.65 

23 Sulphate as SO4 mg/kg 79.6 99.21 81.2 81.8 70.8 80.8 

24 Sulphur as S mg/kg 20.52 34.62 27.3 25.6 24.04 26.37 

25 Fluoride as F mg/kg 2.7 4.87 2.07 2.7 2.30 2.88 

26 Selenium as Se mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

27 
Manganese as 
Mn 

mg/kg 7.74 9.4 9.2 9.43 12.62 9.20 

28 Chromium as Cr mg/kg 6.78 8.78 6.7 6.38 8.1 7.7 

29 Nickel as Ni mg/kg 2.6 1.9 4.5 3.2 5.8 2.5 

30 CEC meq/100g 9.8 6.8 5.6 6.7 6.6 6.6 

         

Sl. No. Parameters UNIT S-7 S-8 S-9 S-10 

1 Texture - 
 Sandy 
loam 

 Sandy 
Loam 

Loam Loam 

2 Sand % 53.6 53.1 45.3 47.1 

3 Silt % 30.2 27.4 33.85 33.6 

4 Clay % 16.2 19.5 20.85 19.3 

5 pH (10% Slurry) - 7.37 7.45 6.84 7.12 

6 Conductivity μs/cm 274 281 277 246 

7 Organic Matter % 0.85 1.12 0.85 1.28 

8 Bulk density gm/cc 1.69 1.64 1.56 1.63 
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Sl. 
No. 

Parameters UNIT S-1 S-2 S-3 S-4 S-5 S-6 

9 Porosity % v/v 42.5 44.9 46.3 47.9 

10 S.A. R - 0.8 0.8 0.9 1.8 

11 Bicarbonates mg/kg 192.6 193.4 217.8 227.3 

12 Calcium as Ca mg/kg 1135.7 1176.6 1145.6 1186.9 

13 Magnesium as Mg mg/kg 254.2 243.4 298.2 240.4 

14 Sodium as Na mg/kg 51.7 65.8 86.6 102.6 

15 Potassium as K mg/kg 74.6 90.2 83.7 90.4 

16 Phosphorus as P mg/kg 7.4 8.7 7.9 8.8 

17 Chloride as Cl mg/kg 368.2 409.4 268.7 348.4 

18 Zinc as Zn mg/kg 2.1 2.7 2.8 3.6 

19 Copper as Cu. mg/kg 9.81 14.60 14.60 12.30 

20 Iron as Fe mg/kg 38.2 40.20 38.92 41.7 

21 Nitrogen as N mg/kg 59.7 83.6 88.7 113.6 

22 Organic Carbon % 0.58 0.49 0.58 0.68 

23 Sulphate as SO4 mg/kg 79.62 96.5 80.8 79.2 

24 Sulphur as S mg/kg 9.87 10.66 11.66 12.48 

25 Fluoride as F mg/kg 1.55 4.62 2.41 3.75 

26 Selenium as Se mg/kg <0.1 <0.1 <0.1 <0.1 

27 Manganese as Mn mg/kg 7.38 9.75 11.23 9.66 

28 Chromium as Cr mg/kg 6.45 9.9 15.69 13.45 

29 Nickel as Ni mg/kg 7.68 6.32 7.84 3.87 

30 CEC meq/100g 4.7 3.8 9.5 6.6 

Table 3.15: Physico-Chemical Characterstics of Soil (Monsoon-2022) 

Sl. 
No. 

Parameters UNIT S-1 S-2 S-3 S-4 S-5 S-6 

1 Texture - 
 Sandy 
loam 

 Loam Loam 
Sandy 
Loam 

Sandy 
Loam 

Loam 

2 Sand % 53.70 47.40 47.60 55.37 57.20 45.22 

3 Silt % 28.60 41.20 33.2 27.31 24.80 41.20 

4 Clay % 17.70 11.40 19.2 17.32 18.0 13.58 

5 pH (10% Slurry) - 7.02 7.11 7.54 7.38 7.06 7.04 

6 Conductivity μs/cm 212 261 251 221 234 244 

7 Organic Matter % 0.78 0.86 0.79 0.87 0.89 0.98 

8 Bulk density gm/cc 1.54 1.28 1.52 1.61 1.30 1.42 

9 Porosity % v/v 43.8 48.9 48.9 49.4 47.6 47.2 

10 S.A. R - 0.6 0.5 0.7 1.4 0.8 1.7 

11 Bicarbonates mg/kg 185.7 232.4 185.6 231.5 190.2 222.1 

12 Calcium as Ca mg/kg 1285.87 1232.2 1253.2 1345.1 1272.2 1162.8 

13 
Magnesium as 
Mg 

mg/kg 314.3 394.3 333.6 372.2 291.2 252.2 

14 Sodium as Na mg/kg 54.1 69.8 84.9 112.9 89.46 101.4 

15 Potassium as K mg/kg 82.4 83.2 89.8 88.37 90.4 78.6 

16 Phosphorus as P mg/kg 7.6 6.8 9.3 8.5 7.9 7.9 

17 Chloride as Cl mg/kg 371.2 386.2 297.8 338.9 332.7 372.8 

18 Zinc as Zn mg/kg 2.6 3.4 3.3 2.1 2.2 4.2 

19 Copper as Cu. mg/kg 10.2 18.4 16.3 11.5 13.20 15.50 

20 Iron as Fe mg/kg 38.1 48.2 42.7 38. 4 33. 4 29.8 

21 Nitrogen as N mg/kg 48.8 81.4 86.4 110.9 73.8 89.9 
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Sl. 
No. 

Parameters UNIT S-1 S-2 S-3 S-4 S-5 S-6 

22 Organic Carbon % 0.59 0.61 0.66 0.51 0.62 0.59 

23 Sulphate as SO4 mg/kg 78.6 98.4 78.4 79.8 68.8 78.8 

24 Sulphur as S mg/kg 19.52 33.62 26.3 24.6 23.5 24.6 

25 Fluoride as F mg/kg 1.8 2.57 1.87 1.8 1.89 2.12 

26 Selenium as Se mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

27 
Manganese as 
Mn 

mg/kg 7.4 8.8 9.0 9.2 10.9 8.7 

28 Chromium as Cr mg/kg 5.78 7.8 6.2 5.9 7.8 7.1 

29 Nickel as Ni mg/kg 2.3 1.6 3.5 3.6 4.8 1.8 

30 CEC meq/100g 7.8 7.2 6.2 7.3 8.2 7.9 

 

Sl. No. Parameters UNIT S-7 S-8 S-9 S-10 

1 Texture - 
 Sandy 
loam 

 Sandy 
Loam 

Loam Loam 

2 Sand % 56.6 54.8 49.9 49.2 

3 Silt % 28.2 26.4 31.2 31.2 

4 Clay % 15.2 18.8 18.9 19.6 

5 pH (10% Slurry) - 7.27 7.13 6.89 7.08 

6 Conductivity μs/cm 284 287 279 252 

7 Organic Matter % 0.82 1.09 0.81 1.22 

8 Bulk density gm/cc 1.56 1.54 1.45 1.58 

9 Porosity % v/v 43.6 45.9 46.8 48.9 

10 S.A. R - 0.9 0.7 0.8 1.6 

11 Bicarbonates mg/kg 182.6 190.4 210.8 221.4 

12 Calcium as Ca mg/kg 1128.7 1166.6 1122.6 1166.9 

13 Magnesium as Mg mg/kg 253.2 242.2 297.1 238.2 

14 Sodium as Na mg/kg 50.2 63.4 82.3 99.6 

15 Potassium as K mg/kg 72.6 91.2 82.7 88.4 

16 Phosphorus as P mg/kg 7.6 8.8 7.7 8.9 

17 Chloride as Cl mg/kg 378.2 412.4 267.7 342.4 

18 Zinc as Zn mg/kg 2.0 2.2 2.2 3.2 

19 Copper as Cu. mg/kg 9.2 13.60 14.20 11.30 

20 Iron as Fe mg/kg 36.2 39.20 37.2 38.4 

21 Nitrogen as N mg/kg 52.7 82.6 82.3 110.6 

22 Organic Carbon % 0.52 0.47 0.59 0.62 

23 Sulphate as SO4 mg/kg 76.7 95.6 78.8 77.2 

24 Sulphur as S mg/kg 9.2 8.66 9.7 10.7 

25 Fluoride as F mg/kg 1.34 3.24 1.23 2.38 

26 Selenium as Se mg/kg <0.1 <0.1 <0.1 <0.1 

27 Manganese as Mn mg/kg 7.18 8.7 10. 3 8.6 

28 Chromium as Cr mg/kg 6.1 8.7 10.9 8.9 

29 Nickel as Ni mg/kg 7.34 6.34 7.84 3.17 

30 CEC meq/100g 3.7 3.2 9.1 6.2 
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Table 3.16: Physico-Chemical Characterstics of Soil, Post monsoon, 2022 

Sl. 
No. 

Parameters UNIT S-1 S-2 S-3 S-4 S-5 S-6 

1 Texture - 
 Sandy 
loam 

 Loam Loam 
Sandy 
Loam 

Sandy 
Loam 

Loam 

2 Sand % 54.70 49.60 48.90 59.6 59.70 48.53 

3 Silt % 29.4 38.30 34.2 28.41 24.32 38.20 

4 Clay % 15.9 12.1 16.9 11.99 15.98 13.27 

5 pH (10% Slurry) - 6.8 7.08 7.07 7.04 7.1 7.2 

6 Conductivity μs/cm 214 266 258 225 236 248 

7 Organic Matter % 0.76 0.87 0.72 0.89 0.78 0.95 

8 Bulk density gm/cc 1.52 1.31 1.48 1.45 1.38 1.46 

9 Porosity % v/v 44.7 49.7 49.2 48.7 49.9 48.2 

10 S.A. R - 0.5 0.6 0.5 0.7 0.7 1.4 

11 Bicarbonates mg/kg 183.2 235.7 188.6 233.6 192.9 227.6 

12 Calcium as Ca mg/kg 1286.8 1235.6 1254.6 1347.8 1277.8 1167.9 

13 
Magnesium as 
Mg 

mg/kg 312.4 391.7 330.2 371.6 296.7 254.2 

14 Sodium as Na mg/kg 55.5 718 82.9 109.9 86.46 98.4 

15 Potassium as K mg/kg 84.4 85.2 89.2 87.37 92.4 78.9 

16 Phosphorus as P mg/kg 7.7 6.9 9.7 8.9 7.6 7.8 

17 Chloride as Cl mg/kg 373.5 388.2 298.8 339.9 334.7 373.8 

18 Zinc as Zn mg/kg 2.5 3.7 3.4 2.3 2.1 3.8 

19 Copper as Cu. mg/kg 9.8 17.4 15.7 12.7 15.30 14.2 

20 Iron as Fe mg/kg 36.2 45.2 43.7 35. 4 35. 7 28.9 

21 Nitrogen as N mg/kg 49.9 82.7 87.8 108.9 76.9 88.7 

22 Organic Carbon % 0.56 0.62 0.67 0.54 0.63 0.57 

23 Sulphate as SO4 mg/kg 77.6 98.8 79.6 78.9 66.8 76.9 

24 Sulphur as S mg/kg 18.6 34.7 28.4 25.8 26.7 25.7 

25 Fluoride as F mg/kg 1.6 2.8 1.7 1.5 1.7 1.92 

26 Selenium as Se mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

27 
Manganese as 
Mn 

mg/kg 7.6 8.4 8.8 8.7 9.8 8.9 

28 Chromium as Cr mg/kg 6.2 7.4 7.8 6.7 7.2 7.6 

29 Nickel as Ni mg/kg 2.5 1.7 3.8 3.2 4.2 2.3 

30 CEC meq/100g 7.4 7.5 6.5 7.6 8.7 7.4 

 

Sl. No. Parameters UNIT S-7 S-8 S-9 S-10 

1 Texture - 
 Sandy 
loam 

 Sandy 
Loam 

Loam Loam 

2 Sand % 57.6 55.2 51.9 51.2 

3 Silt % 27.2 27.6 31.5 30.6 

4 Clay % 15.2 17.2 16.6 18.2 

5 pH (10% Slurry) - 7.1 7.2 7.0 7.1 

6 Conductivity μs/cm 282 289 277 258 

7 Organic Matter % 0.80 1.07 0.85 1.26 

8 Bulk density gm/cc 1.58 1.56 1.48 1.52 

9 Porosity % v/v 43.1 45.2 46.1 48.2 
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Sl. No. Parameters UNIT S-7 S-8 S-9 S-10 

10 S.A. R - 0.6 0.6 0.7 1.3 

11 Bicarbonates mg/kg 183.7 191.6 212.9 222.7 

12 Calcium as Ca mg/kg 1128.7 1166.8 1123.8 1167.2 

13 Magnesium as Mg mg/kg 254.4 243.4 298.2 236.4 

14 Sodium as Na mg/kg 51.2 62.4 81.4 98.4 

15 Potassium as K mg/kg 73.1 90.1 83.7 87.6 

16 Phosphorus as P mg/kg 7.7 8.4 7.8 8.3 

17 Chloride as Cl mg/kg 375.2 411.6 265.2 343.6 

18 Zinc as Zn mg/kg 2.6 2.1 2.0 2.8 

19 Copper as Cu. mg/kg 9.3 12.6 13.8 12.80 

20 Iron as Fe mg/kg 37.2 39.60 37.8 38.8 

21 Nitrogen as N mg/kg 53.9 84.7 83.4 112.6 

22 Organic Carbon % 0.54 0.42 0.53 0.60 

23 Sulphate as SO4 mg/kg 75.7 92.6 78.2 76.2 

24 Sulphur as S mg/kg 9.3 8.7 9.3 10.2 

25 Fluoride as F mg/kg 1.32 3.14 1.2 2.1 

26 Selenium as Se mg/kg <0.1 <0.1 <0.1 <0.1 

27 Manganese as Mn mg/kg 7.05 8.2 10. 1 8.2 

28 Chromium as Cr mg/kg 6.3 8.8 10.9 8.2 

29 Nickel as Ni mg/kg 7.4 6.3 7.4 3.2 

30 CEC meq/100g 3.6 3.3 9.3 6.3 

 

Source: Noida Testing Laboratory (NABL & MOEFCC accredited) 

According to Soil Survey Manual (IARI, 1970), the soils are grouped under different soil reaction 
classes viz extremely acidic (pH<4.5), very strongly acidic (pH 4.5 – 5.0 ), strongly acidic (pH 
5.1 – 5.5), moderately acidic (pH 5.6-6.0), slightly acidic (pH 6.1-6.5), neutral (pH 6.6- 7.3), 
slightly alkaline (pH 7.4-7.8), moderately alkaline (pH 7.9-8.4), strongly alkaline (pH 8.5-9.0).The 
soils are rated as low (below 0.50 %), medium (0.50-0.75 %) and high (above 0.75 %) in case 
of organic carbon, low (<280 kg ha-1), medium (280 to 560 kg ha-1) and high (>560 kg ha-1) in 
case of available nitrogen, low (< 10 kg ha-1), medium (10 to 25 kg ha-1) and high (> 25 kg ha-
1) for available phosphorus, low (< 108 kg ha-1), medium (108 to 280 kg ha-1) and high (> 280 
kg ha-1) for available potassium and low (<10 mg kg-1), medium (10-20 mg kg-1) and high (> 
20 mg kg-1) for available sulphur (Singh et. al. 2004, Mehta et. al.1988). Critical limits of Fe, 
Mn, Zn, Cu and B, which separate deficient from non-deficient soils followed in India, are 4.5, 
2.0, 0.5, 0.2 and 0.5 mg kg-1 respectively (Follet and Lindsay, 1970 and Berger and Truog, 
1940). 

3.7.4 Interpretation of Soil Characteristics  

Interpretation of Soil Characteristic has been dwelled in following sub-sections: 

Soil Texture: The soil textures refer to proportion of mineral composition of soil i.e., sand, clay 
and silt present in the soil sample. The most commonly observed soil textures are sandy clay 
loam and clay loam. 

Soil pH: Soil pH is an important soil property, which affects the availability of several plant 
nutrients. It is a measure of acidity and alkalinity and reflects the status of base saturation.  It 
measures the -ve logarithm of hydrogen ions activity of soil solution and defines the soil acidity 
and alkanity. The soil pH ranges from 6.8 to 7.84, thereby indicating the soils are neutral to 
slightly alkaline in nature. 
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Organic Matter: The effect of soil organic matter on soil properties is well recognized. Soil 
organic matter plays a vital role in supplying plant nutrients, cation exchange capacity, 
improving soil aggregation and hence water retention and soil biological activity. The organic 
matter content of soil varied from 0.72 to 1.8 % (0.42 to 0.67% as organic carbon), thereby 
implying that soils are low to medium in organic content. 

Macronutrients: Nutrients like nitrogen (N), phosphorus (P) and potassium (K) are considered 
as primary nutrients and Sulphur (S) as secondary nutrient. These nutrients help in proper 
growth, development and yield differentiation of plants and are generally required by plants in 
large quantity.   

Available Nitrogen: Nitrogen is an integral component of many compounds including 
chlorophyll and enzyme essential for plant growth. It is an essential constituent for amino acids 
which is building blocks for plant tissue, cell nuclei and protoplasm. It encourages the 
aboveground vegetative growth and deep green color to leaves. Deficiency of Nitrogen 
decreasing rate and extent of protein-synthesis and result into stunted growth and develop 
chlorosis.  Available nitrogen content in the surface soils ranges between 78.8 to 113.6, thereby 
implying that soil are low to medium in nitrogen content. 

Available Phosphorus: Phosphorus is important component of adenosine di-phosphate (ADP) 
and adenosine tri-phosphate (ATP), which involves in energy transformation in plant. It is 
essential component of deoxyribonucleic acid (DNA), the seat of genetic inheritance in plant 
and animal. Phosphorous take part in essential functions like photosynthesis, nitrogen fixation, 
crop maturation, root development, strengthening straw in cereal crops etc. The availability of 
phosphorous is restricted under acidic and alkaline soil reaction mainly due to P-fixation. In 
acidic condition, it gets fixed with aluminum and iron and in alkaline condition with calcium. 
Available phosphorus content ranges between 6.7 to 11.6 mg/kg thereby indicating that soils 
are low to medium in available phosphorus. 

Available Potassium: Potassium is an activator of various enzymes responsible for plant 
processes like energy metabolism, starch synthesis, nitrate reduction and sugar degradation. It 
is extremely mobile in plant and help to regulate opening and closing of stomata in the leaves 
and uptake of water by root cells. It is important in grain formation and tuber development and 
encourages crop resistance for certain fungal and bacterial diseases. Available potassium 
content in these soils ranges between 70.2 to 97.8 mg/kg, thereby indicating soils are high in 
potassium content in the area. 

Micronutrients: Proper understanding of micronutrients availability in soils and extent of their 
deficiencies is the pre-requisite for efficient management of micronutrient fertilizer to sustain 
crop productivity. Therefore, it is essential to know the micronutrients status of soil before 
introducing any type of land use. 

Available Manganese: Manganese is essential in photosynthesis and nitrogen transformations 
in plants. It activates decarboxylase, dehydrogenize, and oxides enzymes. The available 
manganese content in surface soils ranged from 7.05 to 13.77 mg/kg i.e. above the critical llimit 
of available manganese (2.0 mg/kg) 

Available Zinc: Zinc plays role in protein synthesis, reproductive process of certain plants and 
in the formation of starch and some growth hormones. It promotes seed maturation and 
production. As zinc content in soil of study area ranged from 2.0 to 4.9 mg/kg is more than the 
critical limit (0.5mg/kg), most of the study area soils are more than sufficient in available zinc. 

Available Copper: It is important for reproduction growth. It aids in root metabolism and helps 
in utilization of protein. The available copper in surface soils of the study area ranges from 9.2 
to 19.37 mg/kg. As per the critical limit of available copper (0.2mg/kg), most of the study area 
soils are more than sufficient in available copper near the project. 
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Available Iron: Iron in soil is important for formation of chlorophyll. As per the critical limit of 
available zinc (0.5mg/kg), most of the study area soils are more than sufficient in available iron 
(28.9 -50.2) near the project. 

3.8 WATER QUALITY 

Selected water quality parameters of ground water and surface water resources within 10 km 
radius of the study area has been studied for assessing the water environment and evaluate 
anticipated impact of the project activity. Understanding the water quality is essential in 
preparation of Environmental Impact Assessment and to identify critical issues with a view to 
suggest appropriate mitigation measures for implementation. The purpose of this study is to: 

 Assess the water quality characteristics for critical parameters; and 

 Predict the impact of water quality by these mining and related activities. 

3.8.1 Sampling Location  

The information required has been collected through primary surveys and secondary sources. 
Twenty-eight groundwater sources and seven surface water sources covering 10 km radial 
distance, submergence and commonad area were examined for physico-chemical, heavy metals 
and bacteriological parameters in order to assess the effect of existing industrial and other 
activities on water. The samples were collected and analyzed for pre-monsoon monsoon and 
post-monsoon, 2022. Sampling photographs are shown in Annexure VIII Water sampling and 
analysis has been carried out to determine the existing baseline water quality of the river water to 
be applied for irrigation and also the baseline data of ground water quality in the command area 
villages. Sampling and analysis has been carried out with following standard guidelines for 
physical, chemical and bacteriological parameters.  The surface and ground water sampling 
locations are presented in Table 3.17 and shown in Figure 3.14. 

Table 3.17: Water Quality Monitoring Locations 

S. No. Station Code Locations Source 

Ground Water Sampling Locations 

1 GW1 Baggi Village Handpump 

2 GW2 Nalsar Handpump 

3 GW3 Khiuridom Handpump 

4 GW4 Nichli Bahli Handpump 

5 GW5 Kanaid Handpump 

6 GW6 Gohar Handpump 

7 GW7 Khiuri Handpump 

8 GW8 Mandar Handpump 

Surface Water Sampling Locations 

1 SW1 
BSL Canal near Baggi (Upstream to Power 
House) 

Canal 

2 SW2 BSL Canal (D/s Power House, near Hatgarh) Canal 
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Figure 3.14: Ground and Surface Water Sampling Locations 

3.8.2 Interpretation of Ground Water Quality  

Pre Monsoon Season 

Table 3.18 shows the physico -chemical characteristics of ground water samples collected from 
the selected villages during May, 2022, as compared with the standard (IS 10500: 2012). 
 
The analysis results indicate that the pH ranged between 7.28 to 7.94, which is well within the 
specified standard of 6.5 to 8.5 limit. Total Dissolved solids were recorded to range from 330.62 to 
392.04mg/l, which is within the permissible limits (2000 mg/l). 
 
Chlorides at all the locations were within the desirable limits (200 mg/l) as it ranged between 
56.7–72.9mg/l.Sulphates at all the locations were within the permissible limits (400 mg/l) as it 
ranged between35.6–44.8mg/l.  Fluorides recorded ranged between 0.26 to 0.58 mg/l and were 
within the permissible limit (1.5mg/l). Nitrates were recorded to be ranging in between 15.6 to 40.9 
mg/l and are found to be within the desirable limit (45mg/l). Bacteriological studies reveal that no 
coliform bacterial are present in the samples. The heavy metal contents were observed to be in 
below detectable limits. All physical and general parameters were observed within the desirable 
limit at all the four sampling locations as per IS10500:2012. 
 
Thus, it is recommended that water be filtered and disinfected prior to be given tovillages for 
meeting their drinking water requirements. The oil & grease level was belowdetectable limits in all 
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the samples, which is expected in the project area, as there are no sources of pollution which can 
lead to increase oil & grease content in surface water. Apart from domestic sources, there are no 
sources of pollution in the project area. The project has no industries. Likewise, the fertilizer 
consumption is also low. 

Monsoon Season 

Table 3.19 shows the physico -chemical characteristics of ground water samples collected from 
the selected villages during August, 2022, as compared with the standard (IS 10500: 2012). 
 
The analysis results indicate that the pH ranged between 7.18 to 7.83, which is well within the 
specified standard of 6.5 to 8.5 limit. Total Dissolved solids were recorded to range from 334.15 to 
394.26 mg/l, which is within the permissible limits (2000 mg/l). 
 
Chlorides at all the locations were within the desirable limits (200 mg/l) as it ranged between 
57.7–72.3 mg/l.Sulphates at all the locations were within the permissible limits (400 mg/l) as it 
ranged between 34.2–44.9 mg/l.  Fluorides recorded ranged between 0.22 to 0.49 mg/l and were 
within the permissible limit (1.5 mg/l). Nitrates were recorded to be ranging in between 16.6 to 
41.9 mg/l and are found to be within the desirable limit (45 mg/l). Bacteriological studies reveal 
that no coliform bacterial are present in the samples. The heavy metal contents were observed to 
be in below detectable limits. All physical and general parameters were observed within the 
desirable limit at all the four sampling locations as per IS10500:2012. 
Thus, it is recommended that water be filtered and disinfected prior to be given tovillages for 
meeting their drinking water requirements. The oil & grease level was belowdetectable limits in all 
the samples, which is expected in the project area, as there are no sources of pollution which can 
lead to increase oil & grease content in surface water. Apart from domestic sources, there are no 
sources of pollution in the project area. The project has no industries. Likewise, the fertilizer 
consumption is also low. 

Post Monsoon Season 

Table 3.20 shows the physico -chemical characteristics of ground water samples collected from 
the selected villages during October, 2022, as compared with the standard (IS 10500: 2012). 
 
The analysis results indicate that the pH ranged between 7.28 to 7.78, which is well within the 
specified standard of 6.5 to 8.5 limit. Total Dissolved solids were recorded to range from 332.52 to 
391.66mg/l, which is within the permissible limits (2000 mg/l). 
 
Chlorides at all the locations were within the desirable limits (200 mg/l) as it ranged between 56.2–
72.6 mg/l.Sulphates at all the locations were within the permissible limits (400 mg/l) as it ranged 
between 32.2–45.2mg/l.  Fluorides recorded ranged between 0.20 to 0.47 mg/l and were within 
the permissible limit (1.5 mg/l). Nitrates were recorded to be ranging in between 17.6 to 42.7 mg/l 
and are found to be within the desirable limit (45 mg/l). Bacteriological studies reveal that no 
coliform bacterial are present in the samples. The heavy metal contents were observed to be in 
below detectable limits. All physical and general parameters were observed within the desirable 
limit at all the four sampling locations as per IS10500:2012. 
Thus, it is recommended that water be filtered and disinfected prior to be given tovillages for 
meeting their drinking water requirements. The oil & grease level was belowdetectable limits in all 
the samples, which is expected in the project area, as there are no sources of pollution which can 
lead to increase oil & grease content in surface water. Apart from domestic sources, there are no 
sources of pollution in the project area. Theproject has no industries. Likewise, the fertilizer 
consumption is also low. 
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Table 3.18: Ground Water Quality in the Study Area ( Pre-Monsoon, 2022) 

 

S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

1 pH at 25°C 
IS:3025 part 
11 1983 RA-

2012 
-- 7.28 7.47 7.52 7.86 6.5 - 8.5 No Relaxation 

2 Turbidity 
IS: 3025 Part 
10 1984 RA-

2002 
NTU < 1.0 < 1.0 < 1.0 < 1.0 1 5 

 3 
Electrical 

Conductivity 
IS: 3025 Part 

14 
mg/L 550.68 551.97 516.23 580.28   

4 
Total Dissolved 

Solids 

IS: 3025 Part 
16 1984 RA-

2006 
mg/L 357.94 358.78 335.55 377.18 500 2000 

5 Colour 
IS: 3025 Part 
4 1983 RA-

2006 
Hazen < 5 < 5 < 5 < 5 5 15 

6 Taste 
IS:3025 part 
08 1984 RA-

2002 
-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

7 Odour 
IS:3025 part 

05 1983 
-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

8 
Total Alkalinity as 

CaCO3 

IS: 3025 Part 
23 1986, RA-

2003 
mg/L 152.9 166.3 181.9 206.3 200 600 

9 Chlorides as Cl- 
IS: 3025 Part 
32 1988, RA-

2009 
mg/L 72.9 71.7 60.24 68.2 250 1000 

10 Sulphates as SO4
-2 

IS: 3025 Part 
24 1986, RA-

2003 
mg/L 43.7 35.6 44.3 45.9 200 400 
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S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

11 Nitrates as NO3 
IS: 3025 Part 
34 1988, RA-

2003 
mg/L 40.9 34.7 15.6 16.3 45 No Relaxation 

12 Phosphates as PO4 
IS: 3025 Part 
31 1988, RA-

2003 
mg/L 0.005 0.016 0.011 0.020 - - 

13 
Total Hardness as 

CaCO3 
IS: 3025 Part 

21 2009 
mg/L 207.72 226.63 195.92 220.68 200 600 

14 Calcium as Ca2+ 
IS: 3025 Part 

40 
mg/L 43.4 42.6 43.6 47.6 75 200 

15 Magnesium as Mg2+ 
IS: 3025 Part 

46 
mg/L 24.2 29.3 21.2 24.8 30 100 

16 Sodium as Na 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 36.9 40.5 40.2 48.2 -- -- 

17 Potassium as K 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 4.2 4.6 1.27 2.4 -- -- 

18 Fluorides as F- 
IS: 3025 Part 

60 2008 
mg/L 0.26 0.31 0.31 0.50 1 1.5 

19 Iron as Fe 
IS: 3025 Part 
53 2003, RA-

2003 
mg/L 0.14 0.12 0.19 0.14 0.3 No Relaxation 

20 SAR USDA manual meq/L 0.71 1.16 1.34 1.12   

21 Phenolic Compounds 
APHA 22nd 

Edition 5330D 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.002 

22 Cyanide as CN 
IS 3025 Part 

27 1986 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 No Relaxation 

23 
Residual Chlorine as 

Cl- 
IS 3025 Part 

26 1986 
mg/L < 0.1 < 0.1 < 0.1 < 0.1   
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S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

24 Cadmium as Cd 
IS 3025 Part 

41 1992 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 ND ND 

25 
Total Chromium as 

Cr 
IS 3025 Part 

52 2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 ND ND 

26 Lead as Pb 
IS 3025 Part 

47 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.01 No Relaxation 

27 Zinc as Zn 
IS 3025 Part 

49 
mg/L 0.24 0.81 0.42 0.33 5 15 

28 Manganese as Mn 
IS: 3025 Part 

46 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 30 100 

29 Copper as Cu 
IS 3025 Part 

42 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 1.5 

30 Nickel as Ni 
IS 3025 Part 

54 2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.02 No Relaxation 

31 Boron 
IS 3025 Part 

57 
mg/L < 0.1 < 0.1 < 0.1 < 0.1 0.5 1 

32 Anionic Detergents 
IS 13428 
Annex K 

mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.2 1 

33 Aluminium as Al 
IS 3025 Part 

55 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.03 0.2 

34 Arsenic (as As) 
IS:3025 Part - 

37 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.01 0.05 

35 Mercury as Hg 
IS 3025 Part 

48 1994 
mg/L < 0.002 < 0.002 < 0.002 < 0.002 0.001 No Relaxation 
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S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

1 pH at 25°C 
IS:3025 part 11 
1983 RA-2012 

-- 7.64 7.78 7.56 7.94 6.5 - 8.5 
No 

Relaxation 

2 Turbidity 
IS: 3025 Part 
10 1984 RA-

2002 
NTU < 1.0 < 1.0 < 1.0 < 1.0 1 5 

 3 
Electrical 

Conductivity 
IS: 3025 Part 

14 
mg/L 508.65 603.14 541.05 577.11   

4 
Total Dissolved 

Solids 

IS: 3025 Part 
16 1984 RA-

2006 
mg/L 330.62 392.04 351.68 375.12 500 2000 

5 Colour 
IS: 3025 Part 4 
1983 RA-2006 

Hazen < 5 < 5 < 5 < 5 5 15 

6 Taste 
IS:3025 part 08 
1984 RA-2002 

-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

7 Odour 
IS:3025 part 05 

1983 
-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

8 
Total Alkalinity as 

CaCO3 

IS: 3025 Part 
23 1986, RA-

2003 
mg/L 178.2 222.6 193.4 212.9 200 600 

9 Chlorides as Cl- 
IS: 3025 Part 
32 1988, RA-

2009 
mg/L 56.7 65.4 62.6 64.3 250 1000 

10 Sulphates as SO4-2 
IS: 3025 Part 
24 1986, RA-

2003 
mg/L 35.2 45.9 40.2 44.8 200 400 

11 Nitrates as NO3 
IS: 3025 Part 
34 1988, RA-

2003 
mg/L 23.2 21.3 20.7 20.48 45 

No 
Relaxation 

12 Phosphates as PO4 
IS: 3025 Part 
31 1988, RA-

2003 
mg/L 0.007 0.021 0.012 0.022 - - 



Draft EIA/EMP for obtaining Environmental clearance for 2X21 MW Baggi Hydroelectric Power Project 
 

Enviro Infra Solutions Pvt. Ltd. Page 77 

 

S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

13 
Total Hardness as 

CaCO3 
IS: 3025 Part 

21 2009 
mg/L 198.90 246.9 211.24 229.04 200 600 

14 Calcium as Ca 
IS: 3025 Part 

40 
mg/L 44.3 49.1 45.3 47.5 75 200 

15 Magnesium as Mg 
IS: 3025 Part 

46 
mg/L 21.5 30.28 23.9 26.9 30 100 

16 Sodium as Na 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 40.2 44.9 41.2 40.5 -- - 

17 Potassium as K 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 2.2 1.6 1.74 3.4 -- - 

18 Fluorides as F- 
IS: 3025 Part 

60 2008 
mg/L 0.32 0.41 0.49 0.58 1 1.5 

19 Iron as Fe 
IS: 3025 Part 
53 2003, RA-

2003 
mg/L 0.14 0.12 0.19 0.11 0.3 

No 
Relaxation 

20 SAR USDA manual meq/L 0.96 1.20 1.42 0.78   

21 Phenolic Compounds 
APHA 22nd 

Edition 5330D 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.002 

22 Cyanide as CN 
IS 3025 Part 27 

1986 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 

No 
Relaxation 

23 
Residual Chlorine as 

Cl- 
IS 3025 Part 26 

1986 
mg/L < 0.1 < 0.1 < 0.1 < 0.1   

24 Cadmium as Cd 
IS 3025 Part 41 

1992 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 ND ND 

25 
Total Chromium as 

Cr 
IS 3025 Part 52 

2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 ND ND 

26 Lead as Pb IS 3025 Part 47 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.01 
No 

Relaxation 
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S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

27 Zinc as Zn IS 3025 Part 49 mg/L 0.25 0.29 0.44 0.32 5 15 

28 Manganese as Mn 
IS: 3025 Part 

46 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 30 100 

29 Copper as Cu IS 3025 Part 42 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 1.5 

30 Nickel as Ni 
IS 3025 Part 54 

2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.02 

No 
Relaxation 

31 Boron IS 3025 Part 57 mg/L < 0.1 < 0.1 < 0.1 < 0.1 0.5 1 

32 Anionic Detergents 
IS 13428 Annex 

K 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.2 1 

33 Aluminium as Al IS 3025 Part 55 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.03 0.2 

34 Arsenic (as As) 
IS:3025 Part - 

37 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.01 0.05 

35 Mercury as Hg 
IS 3025 Part 48 

1994 
mg/L < 0.002 < 0.002 < 0.002 < 0.002 0.001 

No 
Relaxation 

 

Table 3.19: Ground Water Quality in the Study Area (Monsoon, 2022) 

S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

1 pH at 25°C 
IS:3025 part 
11 1983 RA-

2012 
-- 7.18 7.37 7.62 7.76 6.5 - 8.5 No Relaxation 

2 Turbidity 
IS: 3025 Part 
10 1984 RA-

2002 
NTU < 1.0 < 1.0 < 1.0 < 1.0 1 5 

 3 
Electrical 

Conductivity 
IS: 3025 Part 

14 
mg/L 546.37 545..05 514.08 571.35   
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S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

4 
Total Dissolved 

Solids 

IS: 3025 Part 
16 1984 RA-

2006 
mg/L 355.14 354.28 334.15 371.38 500 2000 

5 Colour 
IS: 3025 Part 
4 1983 RA-

2006 
Hazen < 5 < 5 < 5 < 5 5 15 

6 Taste 
IS:3025 part 
08 1984 RA-

2002 
-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

7 Odour 
IS:3025 part 

05 1983 
-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

8 
Total Alkalinity as 

CaCO3 

IS: 3025 Part 
23 1986, RA-

2003 
mg/L 154.9 167.3 182.9 207.3 200 600 

9 Chlorides as Cl- 
IS: 3025 Part 
32 1988, RA-

2009 
mg/L 72.3 70.7 60.1 66.1 250 1000 

10 Sulphates as SO4
-2 

IS: 3025 Part 
24 1986, RA-

2003 
mg/L 42.7 34.2 43.8 44.8 200 400 

11 Nitrates as NO3 
IS: 3025 Part 
34 1988, RA-

2003 
mg/L 41.9 35.7 16.6 16.7 45 No Relaxation 

12 Phosphates as PO4 
IS: 3025 Part 
31 1988, RA-

2003 
mg/L 0.004 0.012 0.010 0.020 - - 

13 
Total Hardness as 

CaCO3 
IS: 3025 Part 

21 2009 
mg/L 205.22 223.13 192.67 209.68 200 600 

14 Calcium as Ca2+ 
IS: 3025 Part 

40 
mg/L 42.4 41.2 42.3 43.2 75 200 

15 Magnesium as Mg2+ IS: 3025 Part mg/L 24.2 29.3 21.2 24.8 30 100 
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S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

46 

16 Sodium as Na 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 34.9 38.6 39.2 49.2 -- -- 

17 Potassium as K 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 3.8 4.2 1.21 2.2 -- -- 

18 Fluorides as F- 
IS: 3025 Part 

60 2008 
mg/L 0.22 0.28 0.27 0.48 1 1.5 

19 Iron as Fe 
IS: 3025 Part 
53 2003, RA-

2003 
mg/L 0.12 0.10 0.17 0.12 0.3 No Relaxation 

20 SAR USDA manual meq/L 0.68 1.06 1.31 1.02   

21 Phenolic Compounds 
APHA 22nd 

Edition 5330D 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.002 

22 Cyanide as CN 
IS 3025 Part 

27 1986 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 No Relaxation 

23 
Residual Chlorine as 

Cl- 
IS 3025 Part 

26 1986 
mg/L < 0.1 < 0.1 < 0.1 < 0.1   

24 Cadmium as Cd 
IS 3025 Part 

41 1992 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 ND ND 

25 
Total Chromium as 

Cr 
IS 3025 Part 

52 2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 ND ND 

26 Lead as Pb 
IS 3025 Part 

47 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.01 No Relaxation 

27 Zinc as Zn 
IS 3025 Part 

49 
mg/L 0.24 0.81 0.42 0.33 5 15 

28 Manganese as Mn 
IS: 3025 Part 

46 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 30 100 

29 Copper as Cu IS 3025 Part mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 1.5 
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S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

42 

30 Nickel as Ni 
IS 3025 Part 

54 2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.02 No Relaxation 

31 Boron 
IS 3025 Part 

57 
mg/L < 0.1 < 0.1 < 0.1 < 0.1 0.5 1 

32 Anionic Detergents 
IS 13428 
Annex K 

mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.2 1 

33 Aluminium as Al 
IS 3025 Part 

55 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.03 0.2 

34 Arsenic (as As) 
IS:3025 Part - 

37 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.01 0.05 

35 Mercury as Hg 
IS 3025 Part 

48 1994 
mg/L < 0.002 < 0.002 < 0.002 < 0.002 0.001 No Relaxation 

 

S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

1 pH at 25°C 
IS:3025 part 11 
1983 RA-2012 

-- 7.54 7.68 7.57 7.83 6.5 - 8.5 
No 

Relaxation 

2 Turbidity 
IS: 3025 Part 
10 1984 RA-

2002 
NTU < 1.0 < 1.0 < 1.0 < 1.0 1 5 

 3 
Electrical 

Conductivity 
IS: 3025 Part 

14 
mg/L 515.57 603.14 606.55 576.80   

4 
Total Dissolved 

Solids 

IS: 3025 Part 
16 1984 RA-

2006 
mg/L 335.12 392.04 394.26 374.92 500 2000 

5 Colour 
IS: 3025 Part 4 
1983 RA-2006 

Hazen < 5 < 5 < 5 < 5 5 15 
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S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

6 Taste 
IS:3025 part 08 
1984 RA-2002 

-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

7 Odour 
IS:3025 part 05 

1983 
-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

8 
Total Alkalinity as 

CaCO3 

IS: 3025 Part 
23 1986, RA-

2003 
mg/L 179.2 223.6 194.6 213.2 200 600 

9 Chlorides as Cl- 
IS: 3025 Part 
32 1988, RA-

2009 
mg/L 57.7 66.4 61.6 63.6 250 1000 

10 Sulphates as SO4-2 
IS: 3025 Part 
24 1986, RA-

2003 
mg/L 34.2 44.9 41.2 42.2 200 400 

11 Nitrates as NO3 
IS: 3025 Part 
34 1988, RA-

2003 
mg/L 24.2 22.3 21.7 21.4 45 

No 
Relaxation 

12 Phosphates as PO4 
IS: 3025 Part 
31 1988, RA-

2003 
mg/L 0.008 0.022 0.013 0.020 - - 

13 
Total Hardness as 

CaCO3 
IS: 3025 Part 

21 2009 
mg/L 205.91 247.9 251.74 229.91 200 600 

14 Calcium as Ca 
IS: 3025 Part 

40 
mg/L 45.3 49.2 46.4 46.7 75 200 

15 Magnesium as Mg 
IS: 3025 Part 

46 
mg/L 22.6 31.4 24.4 27.6 30 100 

16 Sodium as Na 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 41.3 44.2 40.8 41.9 -- - 

17 Potassium as K 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 2.3 1.7 1.75 3.6 -- - 
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S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

18 Fluorides as F- 
IS: 3025 Part 

60 2008 
mg/L 0.28 0.38 0.41 0.49 1 1.5 

19 Iron as Fe 
IS: 3025 Part 
53 2003, RA-

2003 
mg/L 0.15 0.13 0.18 0.12 0.3 

No 
Relaxation 

20 SAR USDA manual meq/L 0.97 1.21 1.44 0.79   

21 Phenolic Compounds 
APHA 22nd 

Edition 5330D 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.002 

22 Cyanide as CN 
IS 3025 Part 27 

1986 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 

No 
Relaxation 

23 
Residual Chlorine as 

Cl- 
IS 3025 Part 26 

1986 
mg/L < 0.1 < 0.1 < 0.1 < 0.1   

24 Cadmium as Cd 
IS 3025 Part 41 

1992 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 ND ND 

25 
Total Chromium as 

Cr 
IS 3025 Part 52 

2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 ND ND 

26 Lead as Pb IS 3025 Part 47 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.01 
No 

Relaxation 

27 Zinc as Zn IS 3025 Part 49 mg/L 0.25 0.29 0.44 0.32 5 15 

28 Manganese as Mn 
IS: 3025 Part 

46 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 30 100 

29 Copper as Cu IS 3025 Part 42 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 1.5 

30 Nickel as Ni 
IS 3025 Part 54 

2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.02 

No 
Relaxation 

31 Boron IS 3025 Part 57 mg/L < 0.1 < 0.1 < 0.1 < 0.1 0.5 1 

32 Anionic Detergents 
IS 13428 Annex 

K 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.2 1 

33 Aluminium as Al IS 3025 Part 55 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.03 0.2 

34 Arsenic (as As) 
IS:3025 Part - 

37 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.01 0.05 
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S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

35 Mercury as Hg 
IS 3025 Part 48 

1994 
mg/L < 0.002 < 0.002 < 0.002 < 0.002 0.001 

No 
Relaxation 

Source: Noida Testing Laboratory (NABL & MOEFCC accredited) 

 

Table 3.20: Ground Water Quality in the Study Area (Post Monsoon, 2022) 

  

S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

1 pH at 25°C 
IS:3025 part 
11 1983 RA-

2012 
-- 7.28 7.26 7.56 7.67 6.5 - 8.5 No Relaxation 

2 Turbidity 
IS: 3025 Part 
10 1984 RA-

2002 
NTU < 1.0 < 1.0 < 1.0 < 1.0 1 5 

 3 
Electrical 

Conductivity 
IS: 3025 Part 

14 
mg/L 546.37 539.26 512.37 555.57   

4 
Total Dissolved 

Solids 

IS: 3025 Part 
16 1984 RA-

2006 
mg/L 347.30 350.52 333.04 361.12 500 2000 

5 Colour 
IS: 3025 Part 
4 1983 RA-

2006 
Hazen < 5 < 5 < 5 < 5 5 15 

6 Taste 
IS:3025 part 
08 1984 RA-

2002 
-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

7 Odour IS:3025 part -- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 
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S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

05 1983 

8 
Total Alkalinity as 

CaCO3 

IS: 3025 Part 
23 1986, RA-

2003 
mg/L 148 163.2 180.9 202.7 200 600 

9 Chlorides as Cl- 
IS: 3025 Part 
32 1988, RA-

2009 
mg/L 72 72.6 58.1 62.1 250 1000 

10 Sulphates as SO4
-2 

IS: 3025 Part 
24 1986, RA-

2003 
mg/L 43.2 32.2 42.8 42.9 200 400 

11 Nitrates as NO3 
IS: 3025 Part 
34 1988, RA-

2003 
mg/L 42.7 36.8 17.8 17.6 45 No Relaxation 

12 Phosphates as PO4 
IS: 3025 Part 
31 1988, RA-

2003 
mg/L 0.003 0.008 0.007 0.018 - - 

13 
Total Hardness as 

CaCO3 
IS: 3025 Part 

21 2009 
mg/L 210.22 222.33 198.84 206.51 200 600 

14 Calcium as Ca2+ 
IS: 3025 Part 

40 
mg/L 44.4 41.7 42.8 43.9 75 200 

15 Magnesium as Mg2+ 
IS: 3025 Part 

46 
mg/L 24.2 28.8 22.4 23.6 30 100 

16 Sodium as Na 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 28.2 36.4 38.4 47.2 -- -- 

17 Potassium as K 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 3.8 4.4 2.2 2.0 -- -- 

18 Fluorides as F- 
IS: 3025 Part 

60 2008 
mg/L 0.20 0.24 0.28 0.43 1 1.5 

19 Iron as Fe IS: 3025 Part mg/L 0.14 0.12 0.16 0.14 0.3 No Relaxation 
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S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

53 2003, RA-
2003 

20 SAR USDA manual meq/L 0.66 1.05 1.20 1.04   

21 Phenolic Compounds 
APHA 22nd 

Edition 5330D 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.002 

22 Cyanide as CN 
IS 3025 Part 

27 1986 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 No Relaxation 

23 
Residual Chlorine as 

Cl- 
IS 3025 Part 

26 1986 
mg/L < 0.1 < 0.1 < 0.1 < 0.1   

24 Cadmium as Cd 
IS 3025 Part 

41 1992 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 ND ND 

25 
Total Chromium as 

Cr 
IS 3025 Part 

52 2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 ND ND 

26 Lead as Pb 
IS 3025 Part 

47 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.01 No Relaxation 

27 Zinc as Zn 
IS 3025 Part 

49 
mg/L 0.26 0.82 0.46 0.38 5 15 

28 Manganese as Mn 
IS: 3025 Part 

46 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 30 100 

29 Copper as Cu 
IS 3025 Part 

42 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 1.5 

30 Nickel as Ni 
IS 3025 Part 

54 2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.02 No Relaxation 

31 Boron 
IS 3025 Part 

57 
mg/L < 0.1 < 0.1 < 0.1 < 0.1 0.5 1 

32 Anionic Detergents 
IS 13428 
Annex K 

mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.2 1 

33 Aluminium as Al 
IS 3025 Part 

55 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.03 0.2 

34 Arsenic (as As) IS:3025 Part - mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.01 0.05 
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S. N. Parameters Test Method Unit 
GW  

1 
GW 
 2 

GW  
3 

GW  
 4 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible Limit 

37 

35 Mercury as Hg 
IS 3025 Part 

48 1994 
mg/L < 0.002 < 0.002 < 0.002 < 0.002 0.001 No Relaxation 

 

 

S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

1 pH at 25°C 
IS:3025 part 11 
1983 RA-2012 

-- 7.6 7.7 7.45 7.78 6.5 - 8.5 
No 

Relaxation 

2 Turbidity 
IS: 3025 Part 
10 1984 RA-

2002 
NTU < 1.0 < 1.0 < 1.0 < 1.0 1 5 

 3 
Electrical 

Conductivity 
IS: 3025 Part 

14 
mg/L 511.57 602.55 559.23 576.55   

4 
Total Dissolved 

Solids 

IS: 3025 Part 
16 1984 RA-

2006 
mg/L 332.52 391.66 363.50 374.76 500 2000 

5 Colour 
IS: 3025 Part 4 
1983 RA-2006 

Hazen < 5 < 5 < 5 < 5 5 15 

6 Taste 
IS:3025 part 08 
1984 RA-2002 

-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

7 Odour 
IS:3025 part 05 

1983 
-- Agreeable Agreeable Agreeable Agreeable Agreeable Agreeable 

8 
Total Alkalinity as 

CaCO3 

IS: 3025 Part 
23 1986, RA-

2003 
mg/L 177.2 222.6 193.6 214.6 200 600 
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S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

9 Chlorides as Cl- 
IS: 3025 Part 
32 1988, RA-

2009 
mg/L 56.2 63.2 62.7 62.1 250 1000 

10 Sulphates as SO4-2 
IS: 3025 Part 
24 1986, RA-

2003 
mg/L 33.8 45.2 42.8 43.7 200 400 

11 Nitrates as NO3 
IS: 3025 Part 
34 1988, RA-

2003 
mg/L 25.3 23.2 20.8 20.6 45 

No 
Relaxation 

12 Phosphates as PO4 
IS: 3025 Part 
31 1988, RA-

2003 
mg/L 0.006 0.020 0.014 0.021 - - 

13 
Total Hardness as 

CaCO3 
IS: 3025 Part 

21 2009 
mg/L 199.47 254.41 242.5 228.39 200 600 

14 Calcium as Ca 
IS: 3025 Part 

40 
mg/L 44.2 48.3 44.3 45.6 75 200 

15 Magnesium as Mg 
IS: 3025 Part 

46 
mg/L 21.7 32.6 23.7 27.9 30 100 

16 Sodium as Na 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 42.6 43.7 41.2 42.6 -- - 

17 Potassium as K 
IS: 3025 Part 
45 1993, RA-

2009 
mg/L 2.4 1.9 1.6 3.5 -- - 

18 Fluorides as F- 
IS: 3025 Part 

60 2008 
mg/L 0.28 0.38 0.41 0.47 1 1.5 

19 Iron as Fe 
IS: 3025 Part 
53 2003, RA-

2003 
mg/L 0.15 0.13 0.18 0.12 0.3 

No 
Relaxation 

20 SAR USDA manual meq/L 0.97 1.21 1.44 0.79   
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S. N. Parameters Test Method Unit 
GW  

5 
GW 
 6 

GW  
7 

GW  
8 

Limits As per IS: 10500:2012 

Desirable 
 Limit 

Permissible 
Limit 

21 Phenolic Compounds 
APHA 22nd 

Edition 5330D 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.002 

22 Cyanide as CN 
IS 3025 Part 27 

1986 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 

No 
Relaxation 

23 
Residual Chlorine as 

Cl- 
IS 3025 Part 26 

1986 
mg/L < 0.1 < 0.1 < 0.1 < 0.1   

24 Cadmium as Cd 
IS 3025 Part 41 

1992 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 ND ND 

25 
Total Chromium as 

Cr 
IS 3025 Part 52 

2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 ND ND 

26 Lead as Pb IS 3025 Part 47 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.01 
No 

Relaxation 

27 Zinc as Zn IS 3025 Part 49 mg/L 0.25 0.29 0.44 0.32 5 15 

28 Manganese as Mn 
IS: 3025 Part 

46 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 30 100 

29 Copper as Cu IS 3025 Part 42 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.05 1.5 

30 Nickel as Ni 
IS 3025 Part 54 

2003 
mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.02 

No 
Relaxation 

31 Boron IS 3025 Part 57 mg/L < 0.1 < 0.1 < 0.1 < 0.1 0.5 1 

32 Anionic Detergents 
IS 13428 Annex 

K 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.2 1 

33 Aluminium as Al IS 3025 Part 55 mg/L < 0.01 < 0.01 < 0.01 < 0.01 0.03 0.2 

34 Arsenic (as As) 
IS:3025 Part - 

37 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 0.01 0.05 

35 Mercury as Hg 
IS 3025 Part 48 

1994 
mg/L < 0.002 < 0.002 < 0.002 < 0.002 0.001 

No 
Relaxation 
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Pre Monsoon Season 
Table 3-21 shows the physico-chemical characteristics of surface water samples collected from 
upstream and downstream of river/nala, during study period and compared with the surface water 
quality standard (IS: 2296-1982) reference values in respect of Classification C for use as drinking 
water source with conventional treatment followed by disinfection as the stored water shall be 
supplied for drinking purpose also besides mainly for irrigation, for which parameters as specified 
for Class E shall prevail. Since the tolerance limits for various parameters for Class C are more 
stringent comparison has been made with respect to it. 
 
The pH values of all analyzed samples are ranged between 7.63-7.87 and were within the 
permissible limit (6.5-8.5). The TDS levels ranged from 158.38to 174.42mg/l and were well below 
the desirable limit of 500 mg/l. The chlorides level in surface water samples ranged from 21.4 to 
25.2 mg/l and were below the desirable limit of 250 mg/l. The sulphates level ranged from 13.6 to 
14.8 mg/l and were below the desirable limit of 200 mg/l. The fluorides level ranged between 0.15 
to 0.17 mg/l was lower than the desirable limit of 1.0 mg/l. The nitrate level ranged between 2.16 
to 2.42mg/l and was lower than the desirable limit of 45 mg/l.The BOD values doesn’texceeded 
the permissible limits, which indicates the presence of low organic loading. The concentration of 
various heavy metals was below the detectable limits, indicating the suitability of water for meeting 
domestic requirements. The concentration of cyanides and phenolic compounds were also below 
the detectable limits. The Total Coliform level was within the limits specified for Class C water i.e. 
the water is suitable for meeting drinking water requirements after conventional treatment and 
disinfection.  
 

Monsoon Season 

Table 3-22 shows the physico-chemical characteristics of surface water samples collected from 
upstream and downstream of river/nala, during study period and compared with the surface water 
quality standard (IS: 2296-1982) reference values in respect of Classification C for use as drinking 
water source with conventional treatment followed by disinfection as the stored water shall be 
supplied for drinking purpose also besides mainly for irrigation, for which parameters as specified 
for Class E shall prevail. Since the tolerance limits for various parameters for Class C are more 
stringent comparison has been made with respect to it. 
 
The pH values of all analyzed samples ranged between 7.53-7.67 and were within the permissible 
limit (6.5-8.5). The TDS levels ranged from 151.77 to 163.00 mg/l and were well below the 
desirable limit of 500 mg/l. The chlorides level in surface water samples ranged from 20.2 to 24.3 

mg/l and were below the desirable limit of 250 mg/l. The sulphates level ranged from 12.6 to 13.2 
mg/l and were below the desirable limit of 200 mg/l. The fluorides level ranged between 0.12 to 
0.16 mg/l was lower than the desirable limit of 1.0 mg/l. The nitrate level ranged between 2.01 to 
2.34 mg/l and was lower than the desirable limit of 45 mg/l.The BOD values doesn’texceeded the 
permissible limits, which indicates the presence of low organic loading. The concentration of 
various heavy metals was below the detectable limits, indicating the suitability of water for meeting 
domestic requirements. The concentration of cyanides and phenolic compounds were also below 
the detectable limits. The Total Coliform level was within the limits specified for Class C water i.e. 
the water is suitable for meeting drinking water requirements after conventional treatment and 
disinfection.  
 

Post Monsoon season 

Table 3-23 shows the physico-chemical characteristics of surface water samples collected from 
upstream and downstream of river/nala, during study period and compared with the surface water 
quality standard (IS: 2296-1982) reference values in respect of Classification C for use as drinking 
water source with conventional treatment followed by disinfection as the stored water shall be 
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supplied for drinking purpose also besides mainly for irrigation, for which parameters as specified 
for Class E shall prevail. Since the tolerance limits for various parameters for Class C are more 
stringent comparison has been made with respect to it. 
 
The pH values of all analyzed samples ranged between 7.63-7.7 and were within the permissible 
limit (6.5-8.5). The TDS levels ranged from 145.68 to 157.4 mg/l and were well below the desirable 
limit of 500 mg/l. The chlorides level in surface water samples ranged from 18.2 to 22.1mg/l and 
were below the desirable limit of 250 mg/l. The sulphates level ranged from 12.2 to 13.1 mg/l and 
were below the desirable limit of 200 mg/l. The fluorides level ranged between 0.10 to 0.12 mg/l 
was lower than the desirable limit of 1.0 mg/l. The nitrate level ranged between 1.98 to 2.28 mg/l 
and was lower than the desirable limit of 45 mg/l.The BOD values doesn’texceeded the 
permissible limits, which indicates the presence of low organic loading. The concentration of 
various heavy metals was below the detectable limits, indicating the suitability of water for meeting 
domestic requirements. The concentration of cyanides and phenolic compounds were also below 
the detectable limits. The Total Coliform level was within the limits specified for Class C water i.e. 
the water is suitable for meeting drinking water requirements after conventional treatment and 
disinfection.  
 
All the analyzed parameters were within the limits specified for Class C water i.e. the water is 
suitable for meeting drinking water requirements after conventional treatment and disinfection. 
The river water is suitable for irrigation as the important parameters relevant to irrigation such as 
TDS, electrical conductivity, Sodium and SAR etc. are within the limits specified for Class E water. 
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Table 3.21: Surface water quality (Pre Monsoon, 2022) 

 

S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

1 pH  
IS:3025 part 11 1983 RA-
2012 

 - 7.87 7.63 6.5-8.5 
 
6.0-8.5 

2 E. Conductivity  
IS: 3025 Part 10 1984 RA-
2002 

µs/cm. 268.34 243.66  
 
2250 

3 Dissolved Oxygen 
IS: 3025 Part 38 1989 RA-
2003 

mg/L 7.6 7.2 4 Min. 
 

4 Total Dissolved Solids  
IS: 3025 Part 16 1984 RA-
2006 

mg/L 174.42 158.38 1500 Max. 
 
2100 

5 Total Hardness IS: 3025 Part 21 2009 mg/L 122.9 110.59  
 

6 Total Alkalinity 
IS: 3025 Part 23 1986, RA-
2003  

mg/L 125.6 114.2  
 

7 B.O.D (3 days at 27°C) 
IS: 3025 Part 44 1993 RA-
2009 

mg/L 2.6 2.9 3.0 Max. 
 

8 C.O. D APHA, 2000  mg/L 5.1 6.9  
 

9 Chloride as Cl 
IS: 3025 Part 32 1988, RA-
2009 

mg/L 25.2 21.4 600 Max. 
 
600 

10 Fluorides as F- IS: 3025 Part 60 2008 mg/L 0.17 0.15 1.5 Max. 
 

11 Sulphate as SO4-- 
IS: 3025 Part 24 1986, RA-
2003 

mg/L 14.8 13.6 400 Max. 
 
1000 

12 Nitrates as NO3 
IS: 3025 Part 34 1988, RA-
2003 

mg/L 2.42 2.16  50.0 Max. 
 

13 Phosphate as PO4 
IS: 3025 Part 31 1988, RA-
2003 

mg/L 0.05 0.06  
 

14 BI-carbonate as HCO3 IS: 3025 Part 51 mg/L 206.3 189.4  
 

15 Cyanides as CN 
IS: 3025 Part 27 1986, RA-
2009 

mg/L <0.001 <0.001 0.05 Max. 
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S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

16 Iron as Fe IS: 3025 Part 53  mg/L 0.08 0.09 50 Max. 
 

17 Chromium as Cr IS 3025 Part 52 2003 mg/L <0.001 <0.001 0.05 Max. 
 

18 Cadmium as Cd  IS 3025 Part 41 1992 mg/L <0.001 <0.001 0.01 Max. 
 

19 Lead as Pb IS 3025 Part 47 1994 mg/L <0.001 <0.001 0.1 Max. 
 

20 Copper as Cu IS 3025 Part 42 1992 mg/L <0.001 <0.001 1.5 Max. 
 

21 Arsenic as 
IS: 3025 Part 37 1988, RA-
2003 

mg/L <0.01 <0.01 0.2 Max. 
 

22 Selenium as Se IS: 3025 Part 56 2003 mg/L <0.001 <0.001 0.05 Max. 
 

23 
Phenolic Compound as 
C6H5OH 

IS: 3025 Part 43 1992, RA-
2003 

mg/L <0.001 <0.001 0.005 Max. 
 

24 Zinc as Zn IS 3025 Part 49 1994 mg/L 0.21 0.22 15 Max. 
 

25 Sodium 
IS: 3025 Part 45 1993, RA-
2009  

mg/L 15.2 14.7  
 
60 

26 Calcium 
IS: 3025 Part 40 
 

mg/L 26.3 23.9  
 

27 Magnesium IS: 3025 Part 46 mg/L 13.94 12.4  
 

28 
Anionic detergents as 
MBAS 

Annex K of IS 13428:2005 mg/L <0.01 <0.01 1.0 Max. 
 

29 Oil and grease IS 3025 Part 39 1991 mg/L <0.1 <0.1 0.1 Max. 
 

30 SAR --  0.40 0.42  
26 

31 Insecticides -- mg/L Absent Absent Absent 
 

32 Coliform Organisms  IS 15185: 2002 MPN/100ml 231 279 
Should not exceed 
5000 
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S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

33 Potassium as K 
IS:3025 part 45 1993, RA-
2009 

mg/l 1.2 1.7  
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Table 3.22: Surface water quality (Monsoon, 2022) 

S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

1 pH  
IS:3025 part 11 1983 RA-
2012 

 - 7.67 7.53 6.5-8.5 
 
6.0-8.5 

2 E. Conductivity  
IS: 3025 Part 10 1984 RA-
2002 

µs/cm. 250.77 233.49  
 
2250 

3 Dissolved Oxygen 
IS: 3025 Part 38 1989 RA-
2003 

mg/L 7.8 7.5 4 Min. 
 

4 Total Dissolved Solids  
IS: 3025 Part 16 1984 RA-
2006 

mg/L 163.00 151.77 1500 Max. 
 
2100 

5 Total Hardness IS: 3025 Part 21 2009 mg/L 106.42 103. 96  
 

6 Total Alkalinity 
IS: 3025 Part 23 1986, RA-
2003  

mg/L 121.1 112.1  
 

7 B.O.D (3 days at 27°C) 
IS: 3025 Part 44 1993 RA-
2009 

mg/L 2.1 2.2 3.0 Max. 
 

8 C.O. D APHA, 2000  mg/L 5.1 6.3  
 

9 Chloride as Cl 
IS: 3025 Part 32 1988, RA-
2009 

mg/L 24.3 20.2 600 Max. 
 
600 

10 Fluorides as F- IS: 3025 Part 60 2008 mg/L 0.16 0.12 1.5 Max. 
 

11 Sulphate as SO4-- 
IS: 3025 Part 24 1986, RA-
2003 

mg/L 13.2 12.6 400 Max. 
 
1000 

12 Nitrates as NO3 
IS: 3025 Part 34 1988, RA-
2003 

mg/L 2.34 2.01  50.0 Max. 
 

13 Phosphate as PO4 
IS: 3025 Part 31 1988, RA-
2003 

mg/L 0.04 0.05  
 

14 BI-carbonate as HCO3 IS: 3025 Part 51 mg/L 201.3 181.2  
 

15 Cyanides as CN 
IS: 3025 Part 27 1986, RA-
2009 

mg/L <0.001 <0.001 0.05 Max. 
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S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

16 Iron as Fe IS: 3025 Part 53  mg/L 0.08 0.09 50 Max. 
 

17 Chromium as Cr IS 3025 Part 52 2003 mg/L <0.001 <0.001 0.05 Max. 
 

18 Cadmium as Cd  IS 3025 Part 41 1992 mg/L <0.001 <0.001 0.01 Max. 
 

19 Lead as Pb IS 3025 Part 47 1994 mg/L <0.001 <0.001 0.1 Max. 
 

20 Copper as Cu IS 3025 Part 42 1992 mg/L <0.001 <0.001 1.5 Max. 
 

21 Arsenic as 
IS: 3025 Part 37 1988, RA-
2003 

mg/L <0.01 <0.01 0.2 Max. 
 

22 Selenium as Se IS: 3025 Part 56 2003 mg/L <0.001 <0.001 0.05 Max. 
 

23 
Phenolic Compound as 
C6H5OH 

IS: 3025 Part 43 1992, RA-
2003 

mg/L <0.001 <0.001 0.005 Max. 
 

24 Zinc as Zn IS 3025 Part 49 1994 mg/L 0.19 0.18 15 Max. 
 

25 Sodium 
IS: 3025 Part 45 1993, RA-
2009  

mg/L 14.2 13.7  
 
60 

26 Calcium 
IS: 3025 Part 40 
 

mg/L 24.2 24.2  
 

27 Magnesium IS: 3025 Part 46 mg/L 11.2 10.6  
 

28 
Anionic detergents as 
MBAS 

Annex K of IS 13428:2005 mg/L <0.01 <0.01 1.0 Max. 
 

29 Oil and grease IS 3025 Part 39 1991 mg/L <0.1 <0.1 0.1 Max. 
 

30 SAR --  0.40 0.42  
26 

31 Insecticides -- mg/L Absent Absent Absent 
 

32 Coliform Organisms  IS 15185: 2002 MPN/100ml 209 266 
Should not exceed 
5000 
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S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

33 Potassium as K 
IS:3025 part 45 1993, RA-
2009 

mg/l 0.9 1.2  
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Table 3.23: Surface Water Quality in the Study Area , Post monsoon 2022 

S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

1 pH  
IS:3025 part 11 1983 RA-
2012 

 - 7.7 7.63 6.5-8.5 
 
6.0-8.5 

2 E. Conductivity  
IS: 3025 Part 10 1984 RA-
2002 

µs/cm. 242.15 224.12  
 
2250 

3 Dissolved Oxygen 
IS: 3025 Part 38 1989 RA-
2003 

mg/L 7.6 7.3 4 Min. 
 

4 Total Dissolved Solids  
IS: 3025 Part 16 1984 RA-
2006 

mg/L 157.4 145.68 1500 Max. 
 
2100 

5 Total Hardness IS: 3025 Part 21 2009 mg/L 103.19 98.82  
 

6 Total Alkalinity 
IS: 3025 Part 23 1986, RA-
2003  

mg/L 118.2 110.0  
 

7 B.O.D (3 days at 27°C) 
IS: 3025 Part 44 1993 RA-
2009 

mg/L 2.0 1.8 3.0 Max. 
 

8 C.O. D APHA, 2000  mg/L 4.8 5.8  
 

9 Chloride as Cl 
IS: 3025 Part 32 1988, RA-
2009 

mg/L 22.1 18.2 600 Max. 
 
600 

10 Fluorides as F- IS: 3025 Part 60 2008 mg/L 0.12 0.10 1.5 Max. 
 

11 Sulphate as SO4-- 
IS: 3025 Part 24 1986, RA-
2003 

mg/L 13.1 12.2 400 Max. 
 
1000 

12 Nitrates as NO3 
IS: 3025 Part 34 1988, RA-
2003 

mg/L 2.28 1.98  50.0 Max. 
 

13 Phosphate as PO4 
IS: 3025 Part 31 1988, RA-
2003 

mg/L 0.03 0.04  
 

14 BI-carbonate as HCO3 IS: 3025 Part 51 mg/L 200.3 180.1  
 

15 Cyanides as CN 
IS: 3025 Part 27 1986, RA-
2009 

mg/L <0.001 <0.001 0.05 Max. 
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S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

16 Iron as Fe IS: 3025 Part 53  mg/L 0.08 0.09 50 Max. 
 

17 Chromium as Cr IS 3025 Part 52 2003 mg/L <0.001 <0.001 0.05 Max. 
 

18 Cadmium as Cd  IS 3025 Part 41 1992 mg/L <0.001 <0.001 0.01 Max. 
 

19 Lead as Pb IS 3025 Part 47 1994 mg/L <0.001 <0.001 0.1 Max. 
 

20 Copper as Cu IS 3025 Part 42 1992 mg/L <0.001 <0.001 1.5 Max. 
 

21 Arsenic as 
IS: 3025 Part 37 1988, RA-
2003 

mg/L <0.01 <0.01 0.2 Max. 
 

22 Selenium as Se IS: 3025 Part 56 2003 mg/L <0.001 <0.001 0.05 Max. 
 

23 
Phenolic Compound as 
C6H5OH 

IS: 3025 Part 43 1992, RA-
2003 

mg/L <0.001 <0.001 0.005 Max. 
 

24 Zinc as Zn IS 3025 Part 49 1994 mg/L 0.17 0.16 15 Max. 
 

25 Sodium 
IS: 3025 Part 45 1993, RA-
2009  

mg/L 13.8 13.1  
 
60 

26 Calcium 
IS: 3025 Part 40 
 

mg/L 23.4 22.8  
 

27 Magnesium IS: 3025 Part 46 mg/L 10.9 10.2  
 

28 
Anionic detergents as 
MBAS 

Annex K of IS 13428:2005 mg/L <0.01 <0.01 1.0 Max. 
 

29 Oil and grease IS 3025 Part 39 1991 mg/L <0.1 <0.1 0.1 Max. 
 

30 SAR --  0.38 0.36  
26 

31 Insecticides -- mg/L Absent Absent Absent 
 

32 Coliform Organisms  IS 15185: 2002 MPN/100ml 209 266 
Should not exceed 
5000 
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S.No. Parameter Test Method Units 
SW 
1 

SW 
2 

Tolerance 
As per IS:2296, 
Class-C 

Tolerance 
As per IS:2296, 
 Class-E 

33 Potassium as K 
IS:3025 part 45 1993, RA-
2009 

mg/l 0.9 1.2  
 

 

Source: noida testing laboratory (NABL & MOEFCC accredited) 
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3.9 WATER ENVIRONMENT AND HYDROLOGY 

3.9.1 Basin Characteristic 

Baggi (2x21MW) hydro power plant is proposed on Pandoh Baggi Tunnel (PBT). PBT is a 
component of 40 km BSL project consisting mainly components Pandoh dam, PBT, Sunder 
Nagar Hydel Channel, Sunder Nagar Satluj Tunnel and Dehar Power House commissioned on 
7.7.1977.During the construction of Beas Sutlej Link Project, it was conceived that a power 
plant could be constructed at the exit of PBT as sufficient head was available between Pandoh 
Reservoir and at the start of Sunder Nagar Hydel Channel (SNHC). Consequently a Bypass 
Tunnel at 170 metres upstream of Baggi Control Works (BCW) was constructed to divert the 
water for the prospective power plant. The extension of BSL project i.e. Baggi Power Plant was 
proposed to have two units of 20MW each on the basis of head and water availability. Now it is 
revised to 2x21 MW as efficiency of generator and turbine increased.  

A number of large and small hydroelectric projects have been constructed and identified in the 
Beas Basin as detailed in the Table 3.24 below:- 

Table 3.24: Details of large and small hydroelectric projects 

 

Sr. No. Name of  Project Installed Capacity (MW) Status 

1 Uhl-II(Bassi) 66 Under Operation 

2 BSL(Dehar) 990 Under Operation 

3 Larji 126 Under Operation 

4 Malana-I 86 Under Operation 

5 Toss 10 Under Operation 

6 Pong 396 Under Operation 

7 Uhl-I(Shanan) 110 Under Operation 

8 Allain Duhangan-II 192 Under Operation 

9 Malana-II 100 Under Operation 

10 Uhl-III 100 Under Construction  

11 Sainj 100 Under Operation 

12 Parbati-I 750 Under Operation 

13 Parbati-II 800 Under Operation 

14 Parbati-III 520 Under Construction 

15 Patikari 16 Under Operation 

16 Sarbari-II 5.40 Under Operation 

17 Beas Kund 9 Under Operation 

18 Neogal 15 Under Operation 

19 Binwa 6 Under Operation 

20 Baner 12 Under Operation 

21 Khauli 12 Under Operation 

22 Gaj 10.50 Under Operation 

23 Baner-II 6 Under Construction 

24 Fozal 9 Under Construction 

25 Lambadug 25 Under Construction 

26 Lower Uhl 13 Under Construction 

Sr. No. Name of  Project Installed Capacity (MW) Status 
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27 Baragaon 24 Under Construction 

28 Balargha 9 Under Construction 

29 Uhl 14 Obtaining Clearances 

30 Sarsadi-II 9 Obtaining Clearances 

31 Palchan Bhang 9 Obtaining Clearances 

32 UhlKhad 14 Obtaining Clearances 

33 Bhang 9 Obtaining Clearances 

34 Sharni 9.60 Obtaining Clearances 

35 Sarsadi 9.60 Obtaining Clearances 

36 Thana Plaun 191 Obtaining Clearances 

37 Triveni Mahadev 78 Obtaining Clearances 

38 Nakthan 520 Obtaining Clearances 

39 Dhaulasidh 66 Obtaining Clearances 

40 Parbati 14 Under Investigation 

41 Hurla-I 9.40 Under Investigation 

42 Kilhi- Bahl 7.50 Under Investigation 

43 Malana-III 30 Under Investigation 

44 Jobrie 12 Under Investigation 

45 Toss-II 10 Disputed 

46 Toss-III 10 Disputed 

47 Khauli-II 6 Cancelled 

Beas waters are diverted by Pandoh Diversion Dam for feeding the water conductor system of 
Dehar Power House located at Right Bank of river Sutlej at Slapper, thus diverting the Beas 
water to river Sutlej. Baggi HEP will not include diversion of water. Baggi HEP will utilise the 
head of PBT 21.34m to 49.54m available at Baggi. This project will not influenced by or impact 
on basin development projects.            

3.9.2 Drainage pattern 

The dominant drainage pattern is dendritic and radial in the hilly and plateau regions, while in 
the plains it is parallel to sub-parallel. The drainage pattern of the study area is shown in Figure 
3.15. Most of the area possesses a dendritic to sub-dendritic drainage containing irregular 
branching of the smaller tributaries. The closeness of these small branches is depending on the 
permeability of the underlying rocks and the amount and nature of precipitation. It is the most 
common drainage pattern of hillside slopes of the study area. 
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Figure 3.15 Drainage Map of Study Area 
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3.9.3 Hydro-meteorological Data 

The climate of the district is sub-tropical in the valleys and tends to be temperate near the hilltops. In the higher region, the climate remains cold throughout 
the year. In winter snow often comes down to 1300 m amsl. Normally, it starts melting from the end of March from places lying below 3300 m. In summer, 
the whole Balh valley and other low altitudes are quite hot. 

3.9.4 Water Availability At 50%, 75% and 90% Dependability   

In order to find out the water availability for a mean, dependable and dry year, the water study data available (year 1942-43 to 2018-19) have been used.The 
above data also includes the actual water diverted through PBT since 1977. From the above, it can be seen that the water availability is very near to the 
actual one. Since this project is a run-of-river scheme, any over-estimate in the ten daily flow of water can give wrong estimated generation. 

For assessing power and energy benefits, mandatory ecological releases (15% of the average of lean season flow from Dec to march of 90% dependable 
years according to availability of water) have been deducted from the inflows in present study. After considering minimum ecological release the water 
availability for Baggi HEP from year 1942-43 to 2018-19 is shown in Table-3.25.  

Table 3.25: WATER STUDY OF BAGGI POWER HOUSE FROM 1942-43 TO 2018-19 

Month Period 1942-43 1943-44 1944-45 1945-46 1946-47 1947-48 1948-49 1949-50 1950-51 1951-52 1952-53 1953-54 

June 

I 7809 8750 8750 8750 7298 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

July 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

August 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

September 
 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8144 8750 6287 8750 7221 8750 8750 8424 8750 8750 7931 8750 

October 

I 5790 7741 5941 8750 6246 8114 6845 4510 6533 5412 5618 8750 

II 4178 5418 3614 6388 3772 5429 6597 4139 5135 4858 3900 5929 

III 3185 4399 2763 4503 3253 4542 4490 2639 4230 3749 3135 4749 

November 

I 2675 3106 2509 3609 2741 3974 3018 2339 3306 2646 2430 4069 

II 2363 2718 2271 3065 2321 3816 2988 2029 3186 2401 2292 3689 

III 2078 2329 2006 2664 2241 3325 2597 1901 3149 1885 2041 3047 

December I 1888 2056 1891 2347 2156 2531 2395 1735 2577 1590 1895 2269 



Draft EIA/EMP for obtaining Environmental clearance for 2X21 MW Baggi Hydroelectric Power Project 
 

Enviro Infra Solutions Pvt. Ltd. Page 105 

 

II 1835 1894 1808 2143 1882 2146 2008 1586 2152 1363 1735 2056 

III 1687 2059 1841 2041 1762 2063 1784 1427 1893 1388 1739 1894 

January 

I 2324 1656 1887 1855 2024 1811 1415 1423 1745 1313 1783 1742 

II 2058 1580 1764 1744 1747 1642 1305 1664 1743 1296 1766 1697 

III 2006 1565 1835 1601 1545 1667 1310 1763 1627 1266 1674 1787 

February 

I 1846 1419 1691 1510 1742 1649 2245 3023 1719 1389 2263 1749 

II 1845 1496 1568 1420 1576 1547 2120 2105 1863 1439 4727 1665 

III 2767 1884 1675 1560 1698 2442 2535 2105 1862 1703 4261 1844 

March 

I 2588 1948 2716 1484 2105 4011 2770 2527 1878 2762 2901 2505 

II 3052 2146 3297 1715 2142 4778 2996 3531 1948 2462 3775 3190 

III 4014 3105 5216 2341 3081 4189 4551 3570 2018 3330 6930 3068 

April 

I 3983 3037 7606 5075 4015 5832 6065 3960 2218 5818 6466 4238 

II 4706 3918 5419 5345 4822 6299 6376 5679 3170 4479 7132 4104 

III 5271 7750 6285 7052 5146 7976 7495 7439 3434 4866 8542 5328 

May 

I 5126 8015 8741 6441 5335 8750 8750 8750 5449 8196 8750 5741 

II 6205 8495 8750 8750 8146 8620 8750 8750 7279 7435 8473 8750 

III 8722 8750 8750 5065 8750 8750 8750 8750 8750 6188 8750 5983 

 

Month Period 1954-55 1955-56 1956-57 1957-58 1958-59 1959-60 1960-61 1961-62 1962-63 1963-64 1964-65 1965-66 

June 

I 8750 8750 8750 8750 4817 8750 8750 8750 8750 8750 8120 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

July 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

August 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

September 
 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8317 8750 8750 8750 7442 8750 8750 8750 8750 6042 

October 

I 8750 8750 7615 6209 8750 8750 5881 7769 8750 6997 6480 4831 

II 5929 8750 8750 4857 6065 8750 4446 4869 6189 4661 4698 4075 

III 4749 8750 5124 4520 4561 4976 4046 3702 3982 4075 3793 3643 

November I 4069 6190 3540 3469 3435 3708 2833 3147 3492 3951 2586 3263 
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II 3689 4457 3240 2602 2892 3313 2180 2712 3128 3382 2713 2811 

III 3047 3289 2867 2605 2546 2696 1900 2633 3044 3155 2399 2412 

December 

I 2269 2869 2502 2490 2150 2430 1739 2413 2705 2997 2516 2088 

II 2056 2654 2140 3240 2274 2136 1679 2363 2614 2792 2449 1893 

III 1894 2377 2122 2464 2357 1997 1609 2255 2526 2448 2348 1710 

January 

I 1742 2698 2275 2065 2294 1926 1632 2206 2211 3178 2232 1596 

II 1697 2564 2081 2078 2114 1844 1427 2114 1991 3027 2235 1538 

III 1787 2174 2237 2176 2221 1803 1492 2082 1913 2346 2153 1412 

February 

I 1749 2018 2234 1919 2347 1868 1959 2067 1866 2213 2253 1421 

II 1665 1955 2232 1819 3489 1843 1880 2520 2141 2476 2622 1655 

III 1844 2036 1952 1723 3231 1764 2293 2724 1898 2585 2703 1909 

March 

I 2505 2544 1929 2159 3849 1724 2370 3121 3170 2756 2688 1987 

II 3190 4419 2904 2492 4356 1900 3330 2806 3726 3516 3238 2906 

III 3068 5024 3250 3571 5653 2687 3334 3798 4201 4933 4132 2667 

April 

I 4238 5894 6548 4808 5592 3445 3454 4280 4279 5259 4100 2804 

II 4104 6425 5347 5306 6237 4671 4755 4688 6117 6584 6016 3200 

III 5328 8750 4621 7182 7287 4453 5823 6951 4825 7338 6710 3702 

May 

I 5741 8750 5930 5586 7553 5838 5583 6151 6400 8556 6922 6098 

II 8750 8750 8750 5168 6828 8750 5703 5217 5952 7027 7232 6014 

III 5983 8750 8195 5327 8750 8750 6465 7033 7137 6892 8750 8323 

 

Month 
Perio

d 
1966-67 1967-68 1968-69 1969-70 1970-71 1971-72 1972-73 1973-74 1974-75 

1975-
76 

1976-77 
1977-

78 

June 

I 8495 8750 8750 8750 8750 8750 8750 8750 6294 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 6510 

III 8750 8750 8750 8750 8750 8750 8750 8750 8983 8750 8750 8750 

July 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

August 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

September 
 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8364 8750 8750 6736 8750 8750 8750 
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III 7395 8750 8750 8668 8750 6429 7974 8750 5700 8750 8243 8750 

October 

I 5530 7611 5472 6031 8750 5728 7070 5606 3779 8750 7201 7502 

II 4467 5069 3896 4738 6745 3958 4873 4162 3479 8750 5138 5293 

III 3293 3377 3350 3613 5167 3173 4084 3768 2461 7161 3785 4406 

November 

I 2831 3046 2747 3220 4183 3297 3478 3408 2179 4848 3338 4079 

II 2429 2982 2573 2863 3485 2845 3110 2847 2284 3287 2746 3595 

III 2104 2848 2461 2603 3032 2565 3074 2587 2210 2786 2230 3179 

December 

I 1844 2667 2237 2408 2652 2301 2569 2533 2131 2460 1878 2259 

II 1630 2437 2137 2050 2458 2156 2713 2396 2146 2179 1843 1952 

III 1829 2422 1927 1717 2199 2012 2636 2191 1995 2083 1683 2070 

January 

I 1602 2313 1973 1617 1881 1888 2569 2074 2056 1825 1649 1788 

II 1595 2331 1948 1633 1725 1792 2637 2051 2007 1836 1700 1866 

III 1552 2525 2036 1850 1973 1861 3202 2261 2102 2059 1767 1716 

February 

I 1510 2547 2007 1584 1927 2176 2880 2104 2425 1931 1472 1680 

II 1523 2386 2387 1540 2127 2035 3590 1901 2571 3008 1665 1985 

III 2019 3395 2264 1558 2219 1988 4904 1927 2524 3250 1835 1945 

March 

I 1767 4422 3138 1770 2143 2486 5192 2258 4208 3796 1863 2520 

II 3131 5580 4814 1783 3465 2901 6140 2741 5004 4457 2040 4628 

III 3015 4959 5441 2873 4503 4267 7439 4133 5467 6960 2834 3542 

April 

I 3074 5175 5071 3736 4955 4174 7718 3803 8225 6982 2911 3371 

II 4276 6501 7565 5231 5096 6243 8440 4303 7312 8710 2713 5229 

III 5828 7330 8316 8542 6004 6242 8750 5538 8093 8750 4341 6251 

May 

I 5165 7274 8750 6872 5142 6659 8750 7016 8482 8750 5001 8750 

II 5263 8750 8750 8750 5844 8750 8750 5179 8750 8750 5147 8750 

III 6120 8750 8750 8474 8750 8750 8750 4139 8750 8750 8710 8750 

 

Month 
Perio

d 
1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 

1987-
88 

1988-89 
1989-

90 

June 

I 8750 6492 8750 8565 8750 8750 8750 8750 5794 8750 8314 8750 

II 8750 8750 8750 7766 8750 8750 8750 8750 8750 8750 8419 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

July I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 
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II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

August 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

September 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 6040 7859 5895 8145 8750 8180 8621 6578 8750 8224 7472 

III 8750 3701 4953 5243 4997 8262 4177 6621 5999 7083 8750 5952 

October 

I 6472 3275 4066 3351 3100 5253 3039 5511 4335 3789 8750 4171 

II 4789 2763 2892 2551 2686 3967 2583 7200 3743 3095 5601 3012 

III 3847 2254 2324 2227 2534 3142 2355 3609 3013 2725 4060 2621 

November 

I 3100 2044 1990 2762 2268 2509 2005 2819 2399 2076 3302 2290 

II 3076 1812 1805 1985 2082 2223 1762 2454 2106 1911 2718 1993 

III 3012 1737 1645 1696 1885 2013 1668 2043 2180 1694 2350 1946 

December 

I 2624 1592 1523 1572 1712 1858 1520 1789 2173 1561 2116 1677 

II 2466 1404 1438 1410 1686 1650 1540 1699 2095 1448 1933 1543 

III 2126 1382 1399 1316 1648 1604 1364 1793 1795 1325 2483 1670 

January 

I 1978 1420 1263 1260 1491 1474 1464 1565 1637 1223 2731 1400 

II 1930 1277 1149 1233 1384 1375 1305 1396 1647 1240 2295 1321 

III 1819 1342 1253 1375 1653 1322 1329 1274 1621 1118 1998 1403 

February 

I 1775 1324 1387 1385 1522 1271 1351 1202 1467 1076 2053 1656 

II 1858 1325 1334 1647 1814 1273 1356 1477 1634 1010 1827 2117 

III 2399 1515 1532 1851 1897 1543 1487 1688 1943 1535 1720 1716 

March 

I 4324 1795 1974 2765 2457 1873 1833 1610 2138 2083 2142 2105 

II 4139 1716 2112 2801 3170 2303 1584 3099 2202 4969 2527 3583 

III 5034 2380 3674 5145 4603 3059 2349 2747 3249 3771 4026 9883 

April 

I 7126 3344 4187 7211 5523 3185 2506 3365 4594 4432 4186 5616 

II 7843 4241 7090 7376 6240 3284 3785 5800 4614 7723 4375 7463 

III 8542 5432 7551 8750 7914 4123 4028 6634 7171 6436 4660 8388 

May 

I 8101 6222 8750 8750 8750 5610 4467 7027 8750 7161 6871 8750 

II 6992 6088 8099 8750 8750 6708 4760 8447 8750 8750 8750 8750 

III 6808 6361 8750 8750 8750 8750 8750 6204 8437 8167 8750 8750 
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Month 
Perio

d 
1990-91 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 

1999-
00 

2000-01 
2001-

02 

June 

I 8750 8750 8750 8750 8750 8750 8750 7186 8750 4472 8750 8359 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8640 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

July 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

August 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

September 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 6197 

III 8204 6230 7355 5849 6681 7685 7060 6964 8750 8750 5612 4632 

October 

I 4947 4676 5364 4253 4951 5398 4932 4568 8391 5067 4190 3300 

II 3790 3267 4092 3443 3846 4378 3433 3594 8750 3324 3395 2664 

III 2932 2809 3283 2608 3003 3134 3026 3276 7015 2897 3177 2522 

November 

I 2453 2433 2741 2436 2533 2639 2466 2884 4530 2604 2924 2232 

II 2227 2114 2416 2057 2222 2380 2139 3209 3599 2155 2134 1830 

III 1992 1852 2197 1787 2024 2088 1888 3081 3034 1901 1876 1645 

December 

I 1781 1699 1891 1618 1881 1962 1685 3080 2604 1751 1674 1436 

II 1696 1565 1692 1500 1777 1857 1525 3023 2297 1590 1539 1515 

III 1758 1551 1567 1415 1753 1690 1453 2344 2070 1415 1397 1409 

January 

I 1734 1386 1866 1326 1592 1551 1346 2119 1899 1369 1310 1245 

II 1489 1432 1805 1440 1470 1620 1265 1978 1759 1481 1217 1350 

III 1497 2236 1545 1403 1414 1507 1346 1778 1942 1315 1225 1224 

February 

I 1473 2541 1681 1371 1365 1453 1322 1664 1651 1306 1086 1196 

II 2303 2333 1895 1421 1980 1451 1290 2204 1671 1453 1022 1640 

III 2051 1880 1886 1944 1547 1898 1461 3346 1778 1244 1070 1761 

March 

I 3465 2285 2065 1961 1646 1982 1743 5473 2050 1443 999 2889 

II 4125 3753 3915 2700 1614 3837 2023 4756 2033 1594 1022 3250 

III 5404 7033 5317 2749 4165 3947 2079 5356 1955 2558 1623 3674 

April I 6705 5357 3624 5732 3043 3925 2649 7553 2608 3306 1727 3880 
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II 8503 6384 5634 3495 4477 6794 3737 6661 3595 4077 2187 4770 

III 7521 8227 8432 3932 6573 7497 4867 8750 6352 4465 3117 7102 

May 

I 8750 7770 8750 7193 7033 7076 7030 8750 5601 6225 4597 7768 

II 8750 8750 6568 6754 8750 5646 5061 8750 5306 8750 7598 8750 

III 8750 8750 8750 8750 8750 7085 6218 8750 8750 8750 6299 8750 

 

 

Month 
Perio

d 
2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 

2011-
12 

2012-13 
2013-

14 

June 

I 8750 8750 5225 7220 8750 6319 8750 7540 8750 8750 8553 8470 

II 8750 8750 8750 8750 5934 8750 7162 5361 7162 8750 8207 8395 

III 8750 8750 8381 8750 8750 8750 8750 8750 8750 8750 8750 8750 

July 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

August 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

September 

I 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 6371 8750 8750 8750 8750 8750 8750 

III 6178 8318 4552 8678 6971 5474 8750 6494 8750 7624 8716 6659 

October 

I 4188 4314 5910 5211 4973 3315 6879 4929 6879 5913 5129 5545 

II 3394 3426 5334 3893 3571 2715 4923 3347 4923 4281 3676 4327 

III 2704 2701 3323 3214 2824 2216 4346 2523 4346 3322 3016 2931 

November 

I 2268 2447 2535 2788 2267 2033 2841 2237 3253 2709 2458 2573 

II 1983 2111 2202 2406 2016 1774 2534 2574 2797 2276 2147 2245 

III 1744 1814 1946 2110 1907 1727 2230 2052 2478 2171 1925 2015 

December 

I 1498 1607 1762 1886 2054 1586 1994 1850 2128 2066 1749 1797 

II 1592 1454 1592 1721 1834 1597 1824 1705 1885 1894 1801 1675 

III 1332 1401 1567 1609 1651 1331 1929 1565 1813 1672 1579 1616 

January I 1204 1349 1561 1587 1518 1311 1627 1457 1846 1616 1389 1528 
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II 1090 1299 1383 1948 1395 1984 1529 1300 1641 1775 1373 1378 

III 1033 1396 1423 1675 1293 1489 1537 1265 1431 1558 1427 1294 

February 

I 1068 1350 1603 1713 1270 1354 1449 1523 1702 1638 2292 1516 

II 1261 1609 2781 1821 1404 1449 1454 1632 2364 1519 1898 1715 

III 1439 1896 2052 1882 1498 1726 1408 1538 2036 2011 2203 1763 

March 

I 2786 1917 3215 1602 2475 2457 1378 2060 3372 2732 2965 1810 

II 1889 2674 5116 2097 3892 2708 1454 2228 3668 2382 3124 2836 

III 3130 2372 6027 2306 6248 2350 1623 3150 3825 3439 4109 3781 

April 

I 3264 2632 4417 2793 6709 2372 2249 2469 3007 4274 3843 4392 

II 5520 2748 4767 3039 8003 3447 2410 3813 5682 3333 4280 4045 

III 5705 3726 6951 4746 6067 4380 3184 4242 6666 4606 4306 5103 

May 

I 5657 3987 6795 6932 7781 5394 3689 5988 8457 4091 4658 8438 

II 8491 6924 6688 8750 8185 5723 5095 4220 8750 5635 6187 7185 

III 8440 6944 6496 8750 6209 7650 6184 7417 8750 7408 8228 7625 
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Month Period 2014-15 2015-16 2016-17 2017-18 2018-19 

June 

I 8750 7734 8612 8750 8750 

II 8750 8750 8750 7654 8750 

III 8750 8750 8750 8750 7845 

July 

I 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 

August 

I 8750 8750 8750 8750 8750 

II 8750 8750 8750 8750 8750 

III 8750 8750 8750 8750 8750 

September 
 

I 8750 8750 8750 8750 8750 

II 7855 7886 8750 6659 8750 

III 5740 7403 6876 8750 8750 

October 

I 4689 3924 5726 5254 7813 

II 2954 3512 3275 3748 4853 

III 2531 2809 2842 3094 3661 

November 

I 2126 2490 2277 2651 3417 

II 1904 2233 1931 2264 3161 

III 1710 2013 1726 2040 2611 

December 

I 1562 1753 1613 1778 2225 

II 1670 1925 1436 1764 2060 

III 1539 1650 1353 1582 1867 

January 

I 1485 1532 1308 1376 1763 

II 1452 1446 1268 1338 1711 

III 1495 1371 1631 1264 1713 

February 

I 1485 1221 1587 1110 1896 

II 1816 1121 1590 1095 2630 

III 4932 1810 1918 1204 4401 

March 

I 4122 1557 1650 1298 2983 

II 3345 3167 1773 1186 2984 

III 5655 2926 3045 1471 4583 

April 

I 6769 3673 4414 2025 6967 

II 6553 3835 6526 2114 6963 

III 8750 4016 6576 3465 7897 

May 

I 8750 5736 5041 3938 6970 

II 8750 7867 7468 3793 6838 

III 8750 8646 8714 5335 6972 

 

3.9.5 Design Flood 

This powerhouse shall be utilising the diverted river Beas water by bypassing the Baggi Control 
Works (BCW). The floods in the river Beas will not affect its operation so no any arrangement for 
flood control is envisaged. 

3.9.6 Diversion Flood 

No diversion flood arrangement is required for this powerhouse as the powerhouse itself is on 
the bypass tunnel to the main BCW. Thus diverted water in PBT shall either pass through the 
machines or in case of closure of the machines it will pass through BCW. However, the spilling at 
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the time of load rejection has been taken care of by providing a catcher chamber of 33 m dia and 
two drainpipes of 2.5 m dia each to tail race. 

3.9.7 Sedimentation 

Since the power house run only in non-monsoon period, As in non-monsoon period the 
sedimentation free water is delivered to power house. The sediment content increases with 
meeting of snow and the sediment content is higher during monsoon season. In monsoon 
season the proposed power house will be closed and water is pass through BCW instead of 
proposed power house. 

3.9.8 Hydrogeology 

The rock formations occupying the district range from pre-Cambrian to Quaternary 
period. The generalized geological succession in the district is given below. 

 

Hard formations, form hilly and mountainous terrain and mainly comprises of igneous 
and metamorphic rocks, belonging to the Jutogh, Shali/ Largi and Shimla group and 
occupy the major part of the area in the northern, central and eastern part. Granites and 
gneisses are intruded in the meta-sediments of Shali/Largi and Shimla group. In the 
western and southern parts sediments comprising of sandstone, shale, siltstone, 
conglomerate etc of Dharamshala/Sabathu group and Siwalik group of Tertiary age are 
observed. Alluvium, terrace deposits, fluvial deposits of Quaternary period occur in the 
intermontane valleys, viz., Balh valley, Sarkaghat valley etc., and constitute an important 
unit from ground water point of view. 

Hydrogeologically, the district is divided into two distinct and well defined units viz. 
porous formations constituted by unconsolidated sediments and the fissured formations or 
hard rock formation constituted mainly by semi-consolidated to consolidated rocks. 

The fissured formations includes the semi-consolidated to consolidated (hard) rocks 
exposed in the district and are of sedimentary, metamorphic and igneous origin. These form 

Age Formation Lithology 

Quaternary Alluvium; Terrace & 
Fluvial deposits 

Alluvium, clay, sands, gravels, 
pebbles, boulders and cobbles 

Lower Pleistocene to 
Middle Miocene 

Siwalik Group Clay, siltstones, sandstones, and 
boulder beds 

Oligocene to Lower 
Miocene 

Dharamsala/ 
Kasauli Formation (Sabathu 

Group) 

Grey/green sandstones, splintery 
shale, clay etc. 

Permian Basic Volcanic intrusives  

Proterozoic 

Shimla Group Phyllites, Quartzites, limestone, 
shale and dolomite 

Shali /Sundernagar /Kullu 
Formation 

Phyllites, Quartzites, dolomite 
conglomerate and limestone 

Jutogh Group Quartzites, Schists and phyllites 

 Dalhousie / Kullu granites and 
gneisses 
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low and high hill ranges throughout the district. Fractured and jointed sandstone, siltstone 
forms low potential aquifers in the area. In general weathered and fractured hard rocks are 
favorable for groundwater aquifer. Fracture zones and contact zones form the important 
aquifers in the topographic low areas, with poor to moderate yields. These fracture or fault 
zones form potential ground water zones. Ground water in these hilly areas oozes in the 
form of seepages, springs and utilized for domestic and other uses. At places, shallow 
boreholes fitted with hand pumps have been constructed to develop ground water. The yield 
of the bore wells constructed along the fault/fracture/contact zones varies from less than 1.The 
hydrogeological map of the district Mandi is depicted in Figure 3.16. 

 

Figure 3.16 Hydrogeological Map of Mandi 

3.9.9 Depth to ground water table 

The unconsolidated sediments comprising fluvial, channel deposits, valley fills and 
terrace deposits and alluvial fan constitute the porous aquifers in the district. These 
sediments consist of sand, gravels, cobbles, pebbles and boulders interlayered with clay 
beds. These sediments form prolific aquifers. In Balh valley, a part of Sarkaghat area, Kullu 
valley and isolated small pockets in the district, these unconsolidated sediments forming 
aquifer are observed. In Balh valley, ground water occurs under phreatic to confined 
conditions. Dug wells form major source of water for domestic and irrigation water supply. 
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The depth of the wells ranges from 8 m to 26 m bgl, where depth to water level ranges from 
near surface 0.86m bgl to 9.92m bgl. In low plains, water levels are shallow and less than 
5m and become deeper in terraces and fringe areas. Large number of tube wells, ranging in 
depth from 38.25 m to 140.98m have been drilled/constructed by tapping granular horizons, 
where water level ranges from artesian/free flow to about 19.35m bgl. The yield of the 
wells ranges from 15 to 999.24 lpm for economic drawdown. Free flowing conditions are 
observed in low-lying areas of Suketi khad in southwestern part of Balh valley. 

In Balh valley, CGWB monitors 9 hydrograph stations for groundwater regime 
monitoring under its National Network. The water levels are monitored four times and 
ground water quality once during pre-monsoon period every year. During the pre-monsoon 
(May 2012), depth to water level ranged between 0.86 to 9.92 mbgl. Similarly, during the 
post-monsoon (November 2012), depth to water level ranged between 0.37 to 5.83m bgl. 
 

Depth to ground water during pre-monsoon and post monsoon, 2012 is shown in Figure 3.17. 

 

 

Figure 3.17: Depth to Ground Water Level 

3.9.10 Ground water development 

Ground water development in the district on moderate scale is restricted to Balh valley, 
Karsog valley and small valleys along the major streams and rivers. In these areas, all the 
major irrigation and drinking water supplies depend on tube wells and dug wells, in 
addition to various water supply schemes based on rivers / nallas. 

Irrigation & Public Health Department, being a nodal agency in the State entrusted 
with water supply and irrigation, taps number of springs, yielding discharge less than 1 lps 
to more than 5 lps, which are perennial and water supply schemes are based on these 
springs. Generally, these springs are tapped at the source, so that the water can be supplied 
under gravity. These springs are generally contact or depression springs. 

State departments has also drilled handpumps in the district, with the depth ranging 
from 30 to 60 m depending upon the lithology of the area, with a discharge varying from 
0.5 lps to 2 lps. Few of them, have been energized with submersible pumps. 
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CGWB has so far constructed 19 exploratory wells in the district, in the depth range of 
38.25 to 140.98 m bgl. The discharge of these wells ranges from less than 15 lpm to 999.24 
lpm. Ground water Map of district is given in Figure 3.18. 

 

 

 Source: Ground Water Year Book (2014-2015) for Mandi  

Figure 3.18: Status of Ground water, Mandi District 

3.9.11  Ground water Resources 

 Rainfall is the major source of groundwater recharge, apart from the influent seepage 
from the rivers, irrigated fields and inflow from upland areas, whereas discharge from 
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ground water mainly takes place through wells and tube wells; effluent seepages of ground 
water in the form of springs and base flow in streams etc. 

Ground water resources and irrigation potential for Balh valley in Mandi district have 
been computed as per the GEC-97 methodology. The resources for the year 2011, are as 
follows. 

 The Net annual ground water availability and the existing gross draft and the category of stage 
development is shown in Table 3.26. 

Table 3.26 :Net annual ground water availability and the existing gross draft 

1. Area (Balh valley) considered for GW Assessment 9500 ha. 

2. Net Ground Water Available 5942.33 ham 

3. Annual Ground Water Draft 912.77 ham 

4. Stage of Ground Water Development 15.36% 

 

Source: Central Ground Water Board Mandi, 2013 

3.9.12 Catastrophic Events like Cloud Burst and Flash Floods 

As per available records no incidence of flash flood due to cloud burst or incessant rains from 
worst storm has been witnessed in catchment of Bada Nala. The study of rainfall data of the rain 
gauges in the catchment manifest that there has not been any disastrous flood in the Nala.  

3.9.13 Environmental Flows 

For assessing power and energy benefits, mandatory ecological releases (15% of the average 
of lean season flow from Dec to march of 90% dependable years according to availability of 
water) have been deducted from the inflows in present study. After considering minimum 
ecological release the water availability for Baggi HEP from year 1942-43 to 2018-19 is as per 
Table-6.1. for calculating minimum environmental flow the annual Beas inflow at Pandoh dam is 
arranged in descending order and according to Weibull’s formula the 90 % dependable year is 
calculated.After calculating the dependable year, 15 % of the average of lean season flow from 
December to march has been calculated. Beas River at monsoon season is much higher than 
the calculated minimum environmental flow therefore release of minimum ecological flow is 
considering only in non-monsoon periods. Minimum environmental flow for year 2002-2003 is 
given in Table 3.27.  

Table 3.27: Minimum environmental flow for year 2002-2003 

 

Month Period Beas river 
inflow 

Minimum 
environmental 

flow 

Inlow 
available 

Inflow consider 
for Baggi HEP 

June 01-10 10834 284 10550 8750 

11-20 13273 284 12989 8750 

21-30 14190 284 13906 8750 

July 01-10 17373 284 17089 8750 

11-20 15759 284 15475 8750 

21-31 13351 284 13067 8750 

August 01-10 15264 284 14980 8750 

11-20 21993 284 21709 8750 
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21-31 16579 284 16295 8750 

September 01-10 13608 284 13324 8750 

11-20 14200 284 13916 8750 

21-30 6462 284 6178 6178 

October 01-10 4472 284 4188 4188 

11-20 3678 284 3394 3394 

21-31 2988 284 2704 2704 

November 01-10 2552 284 2268 2268 

11-20 2267 284 1983 1983 

21-30 2028 284 1744 1744 

December 01-10 1782 284 1498 1498 

11-20 1876 284 1592 1592 

21-31 1616 284 1332 1332 

January 01-10 1488 284 1204 1204 

11-20 1374 284 1090 1090 

21-31 1317 284 1033 1033 

February 01-10 1352 284 1068 1068 

11-20 1545 284 1261 1261 

21-28/29 1723 284 1439 1439 

March 01-10 3070 284 2786 2786 

11-20 2173 284 1889 1889 

21-31 3414 284 3130 3130 

April 01-10 3548 284 3264 3264 

11-20 5804 284 5520 5520 

21-30 5989 284 5705 5705 

May 01-10 5941 284 5657 5657 

11-20 8775 284 8491 8491 

21-31 8724 284 8440 8440 

 

3.10 ECOLOGICAL ENVIRONMENT 

The baseline study for existing ecological environment was carried out during Pre monsoon, 
Monsoon and Post Monsoon season A phased and consultative approach was followed to carry 
out ecological assessment. Successive phases of the assessment include (i) Secondary data 
collection through desktop review of available literature and (ii) Onsite data collection for 
determining vegetation and wildlife in the study area and (iii) Reconnaissance survey. 
 
Secondary Data Collection  
 
An extensive desktop review of available published literature (books, websites, scientific papers, 
articles etc.) was conducted. The Forest Working Plans of the Suket Forest Division was also 
referred for secondary information. Additional information was sourced from the project 
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proponent, governmental institutions and local residents of the survey-area. The secondary data 
was appropriately supplemented by a field survey for primary data collection.  
 
In order to understand the composition of the vegetation, most of the plant species were 
identified in the field itself whereas in case of the species that could not be identified at the site, 
a herbarium specimen of the same was collected without uprooting the plant, and in addition 
their photographs were also taken wherever necessary for identification later with the help of 
available published literature and flora of the region of Himachal Pradesh. 

3.10.1 Methodology for the Study 

Following the TOR for the project “Baggi Hydroelectric Project” of Mandi district, Himanchal 
Pradesh, the studies on ecology and biological environment assessment were undertaken 
during pre-monsoon, monsoon and post-monsoon seasons. A phased and consultative 
approach was followed to carry out the ecological assessment. The successive phases include: 
(i) Reconnaissance survey, (ii) on-site primary data collection for flora and fauna, and (iii) 
secondary data collection through review of available literature and government documents. 
Wherever necessary, the required information was collected through formal and informal 
discussions with the project staff, personnel of Water Resource Department and local 
inhabitants and natural resource users. Both the terrestrial and aquatic ecosystems were 
studied. The primary data were collected through extensive field visits and using ecological 
methods as per requirements as described in Mishra (1968). 

In order to understand the composition of the vegetation, most of the plant species could be 
identified in the field itself whereas in case of the species that could not be identified, a 
herbarium specimen of the same were collected without uprooting the plant and in addition their 
photographs were also taken wherever necessary for identification later with the help of 
available published literature and flora of the region.  

The vegetation of forest and grassland was described following Champion and Seth (1968) 
and Dabadghao and Shankarnarayan (1973), respectively. The flora and fauna of the project 
site were classified and identified following published Floral and Faunal literature as cited in the 
section “References”. The conservation status of the species has been recorded following the 
Red Data Books of BSI, The Wild Life (Protection) Act, 1972 and IUCN Red list of threatened 
species.  

Analysis of existing flora and fauna (as described hereunder) indicate almost complete absence 
of endemic and threatened and endangered species of plants and animals, hence, quantitative 
analysis has been presented briefly. Local availability (based on field visits and interactions with 
the inhabitants) for each species of plants and animals has been indicated in each checklist 
which is an indicative of abundance and dominance of the existing species. 

3.10.2 Forest Cover   

Himachal Pradesh is one of the blessed states of India in terms of natural resources including 
rich and diverse forests. The states of Himachal, having an area of 55,673 sq km, constitute 
only 1.69% per cent of geographical area of the country. Himachal Pradesh physiographically 
falls in the Western Himalaya although majority of study area falls in mid hills. Based on the 
interpretation of satellite data 37033sq km which is 52% per cent of state’s geographical area 
comes under forest. In terms of forest canopy density classes, the state has 3,112.71 sq km 
under very dense forest 7,125.93 sq km under moderately dense forest and 5,194.88 sq km 
under open forest. Forest cover map of Himachal Pradesh showing the project area is provided 
in Figure 3.19 
 
The study area falls in Mandi district of Himachal Pradesh having a geographical area of 
3951km 2of which total forest area is about 368 km2. Table 3.28 exhibit the total forest covers of 
Mandi district of himachal Pradesh as per India State of the Forest Report, 2019 
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Table 3.28: Forest Cover of the Project Districts (area in km2) 

District 
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2017 Assessment 
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Forest 

Mod. 
Dense 
Forest 
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ta
l 

Mandi 3951 368 722 671 1761 44.5 

Himachal Pradesh 55673 3112 7125 5194 15431 27.7 

*Source: India State of the Forest Report, 2019, Forest Survey of India (FSI), Dehradun 
**change compared to updated 2015 assessment 

 
 

*Source: India State of Forest Report, 2019 
 

Figure 3.19: Forest cover map of Himachal Pradesh showing Project Site 

3.10.3 Forest Type 

As per Champion & Seth (1968) Classification, the study area belongs to 9/C1a Himalayan sub 
tropical pine forests. Lower Siwalik Chir Pine Forest includes Pinus roxburghii besides Mallotus 
phillippines and Pyrus pashia etc. 
 
Sub tropical pine forests occupy the sufficient area of the India’s forest. Such forests are 
characterized by closed and rather uneven canopy, composed of a mixture of a few species of 
deciduous trees, rising up-to a height of 25 m or so. Enough light reaches the ground to permit 
the growth of grass and climbers. 
  

Project site 
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(i) Reconnaissance Survey  
To get an overview of the overall ecological setting of the project area, a reconnaissance survey 
of the project locations was carried out including uphill and downhill areas of the project. The 
survey was focused on evaluating existing vegetation profile of the site and its surroundings.  

 
(ii) Onsite Data Collection  

3.10.4 Objectives 

The main objectives of the floristic studies are as follows: 
 

 To prepare inventory of plants belonging to different groups occurring in the study 
area; 

 To assess the vegetation community structure in the study area; 

 To identify the dominant plant species occurring in the study area by calculating 
Importance Value Index. To assess the Diversity of different tree, shrubs and 
herbaceous species by calculating the Shannon Wiener Diversity. 

 
In order to understand the composition of the vegetation, most of the plant species could be 
identified in the field itself whereas in case of the species that could not be identified an 
herbarium specimen of some flowers were collected without uprooting the plant itself and in 
addition their photographs were also taken for identification Later with the help of available 
published literature and floras of the region. 

 

3.10.5 Taxonomic Diversity: Floristics 

During the surveys, an inventory of different plant groups found in the study area was prepared. 
In the study area 179 species of angiospermic plants were recorded. These include 51 trees, 52 
shrubs, 55 species of herbs, 12 speceis of grasses and 9 species of climbers. 2 species of 
Gynosperms and 9 species of Pteridophytes were also recorded in study area. 

  

  

Figure 3.20:Photographs taken during site visit 

 

The life-form category-wise floral diversity is given in Table 3.29 and Figure 3.20 and 
Annexure VIII.  
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Table 3.29: Tree species (angiospermic) recorded in the study area  

 

Sl. No. Scientific Name Local name Family 

1.  Acacia catechu Khair Mimosaceae 

2.  Aegle marmelos Bel Rutaceae 

3.  Albizia lebbek Siris Mimosaceae 

4.  Albizia stipulata Siris Mimosaceae 

5.  Bambusa nutans Pacca bans Poaceae 

6.  Bauhinia variegata Kachnar Fabaceae 

7.  Bombax cieba Simbal Malvaceae 

8.  Broussonetia payrifera Broussonetia Moraceae 

9.  Butea monosperma Palash Fabaceae 

10.  Cassia fistula Amaltash Fabaceae 

11.  Celtis australis Khirak Ulmaceae 

12.  Cinnamomum tamala Tej Patta Lauraceae 

13.  Citrus medica Neembu Rutaceae 

14.  Dalbergia sissoo Shisham Fabaceae 

15.  Dendrocalamus strictus Bans Poaceae 

16.  Ehretia acuminate Punna Boraginaceae 

17.  Emblica officinalis Amla Euphorbiaceae 

18.  Erythrina suberosa Pariara Fabaceae 

19.  Eucalyptus hybrid Safeda Myrtaceae 

20.  Ficus bengalensis Bargad Moraceae 

21.  Ficus carica Anjeer Moraceae 

22.  Ficus palmata Khemri Moraceae 

23.  Ficus religiosa Peepal Moraceae 

24.  Ficus roxburghii Traimbal Moraceae 

25.  Grewia optiva Dhaman / Bihul Tiliaceae 

26.  Grevillea robusta Silver Oak Proteaceae 

27.  Juglans regia Akharot Juglandaceae 

28.  Mallotus philippinensis Kamabal Euphorbiaceae 

29.  Mangifera indica Aam Anacardiaceae 

30.  Melia azadarach Bakain Meliaceae 

31.  Morus alba Tut Moraceae 

32.  Morus serrata Pahari Tut Moraceae 

33.  Myrica esculenta Kaphal Myricaceae 

34.  Pistacia integerrima Kakre Anacardiaceae 

35.  Prunus puddum Paja Rosaceae 

36.  Populus cilia Poplar Salicaceae 

37.  Prosopis cineraria Chaunkar Mimosaceae 

38.  Psidium guajava Amrud Myrtaceae 

39.  Pyrus pashia Kainth Rosaceae 
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40.  Punica granatum Daru Puniceae 

41.  Robinia pseudoacacia Rubinia Fabaceae 

42.  Quercus incana Ban Fabaceae 

43.  Querus glauca  Ban Fabaceae 

44.  Salix retrasperma Salix Salicaceae 

45.  Sapindus mukorossi Reetha Sapindaceae 

46.  Sapium sebiferum Dudhla Euphorbiaceae 

47.  Syzygium cumini Jamun Myrtaceae 

48.  Toona ciliata Tun Meliaceae 

49.  Terminalia belerica Behra Combretaceae 

50.  Terminalia chebula Harar Combretaceae 

51.  Zizyphus jujube Ber Rhamnaceae 
Source: field survey 
 

As described before a total of 52 shrubs species were reported to be present in the study area 
during the site visit Pre monsoon, Monsoon and Post Monsoon season. All the shrub species 
reported to be present in the study area belongs to 31 families wherein family Rosaceae and 
Verbenaceae were reported to be the most dominant species in shrubs consisting 04 species 
followed by Solanaceae and Euphorbiaceae with 03 species. The species of shrubs recorded 
during different seassons are given in Table 3.30. 

 

Table 3.30: Shrub species (angiosperms) recorded in the study area  

Sl. No. Scientific Name Local name Family 

1.  Adhatoda vasica Basuti Acanthaceae 

2.  Agave american Ram Ban Asparagaceae 

3.  Arundinaria falcata Nirgal Poaceae 

4.  Barleria cristata Barleria Acanthaceae 

5.  Berberis aristata Rasont Berberidaceae 

6.  Berberis lyceum Kasamal Berberidaceae 

7.  Carrisa carundas Garna Apocynaceae 

8.  Colebrooakea oppositifolia Basuti Lamiaceae 

9.  Calotropis procera Aak Asclepiadaceae 

10.  Cannabis sativa Bhang  Cannabinaceae 

11.  Capparis deciduas Kareel Capparaceae 

12.  Cassia occidentalis Chakunda Caesalpiniaceae 

13.  Cassia tora Pawar Caesalpiniaceae 

14.  Datura metel Datura Solanaceae 

15.  Debregesia longifolia Debregesia Urticaceae 

16.  Dodonea viscosa Mendar Sapindaceae 

17.  Datura metel Datura Solanaceae 

18.  Duranta erecta Duranta Verbenaceae 

19.  Elaeagnus umbellate Elaeagnus Elaeagnaceae 

20.  Euphorbia rayelana Chhoo Euphorbiaceae 

https://en.wikipedia.org/wiki/Myrtaceae
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21.  Flacourtia indica Kangu Salicaceae 

22.  Hypericum cernum Hypericum Hypericaceae 

23.  Indigofera tinctoria Indigofera Fabaceae 

24.  Jasminum arborescens Chameli Oleaceae 

25.  Lantana camara Kuri Verbenaceae 

26.  Lannea grandis Lannea Anacardiaceae 

27.  Litsaea glutinosa Litsaea Lauraceae 

28.  Leucaena leucocephala Leucaena Fabaceae 

29.  Malva rotundifolia Malva Malvaceae 

30.  Murraya koeingii Gandhela Rutaceae 

31.  Nerium oleander Nerium Apocynaceae 

32.  Phoebe lanceolate Phoebe Lauraceae 

33.  Phoenix humilis Khajare Arecaceae 

34.  Punica granatum Daru Punicaceae 

35.  Prunus cerasoides Prunus Rosaceae 

36.  Pyrus pashia Pyrus Rosaceae 

37.  Ricinus communis Jatropha Euphorbiaceae 

38.  Reinwardtia indica Reinwardtia Linaceae 

39.  Rosa moschata Gulab Rosaceae 

40.  Rubia cordifolia Rubia Rubiacease 

41.  Rubus elloptius Akhare Rosaceae 

42.  Sapium insigne Sapium Euphorbiaceae 

43.  Solanum xanthocarpum  Katkari Solanaceae 

44.  Tecoma stans Tecoma Bignoniaceae 

45.  Verbascum thapsus Verbascum Scrophulariaceae 

46.  Verbena bonariensis Verbena Verbenaceae 

47.  Vitex negundo Bana Verbenaceae 

48.  Woodfordia fruticosa Dhaon Lythraceae 

49.  Xanthium  strumarium Dhatura Asteraceae 

50.  Xylosma longifolia Drandu Salicaceae 

51.  Zanthoxylum alatum Tirmira Rutaceae 

52.  Ziziphus mauritiana Jharberi Rhamnaceae 
*Source: field survey  

As described before a total of 55 herbaceous species were reported to be present in the study 
area during the site visit. All the herbaceous species reported to be present in the study area 
belongs to 26 families. Asteraceae was observed to be the most dominant family representing 
the herbaceous diversity of the study area with 15 species. Other important families in the study 
area among the herbs and grasses were Apiaceae and Fabaceae etc. The species of herbs 
recorded are given in Table3.31. 

 

Table 3.31: Herb species (angiosperms) recorded in the study area  

Sl. No. Scientific Name Local name Family 

1.  Abrus precatorius Ghonghchi Fabaceae 

2.  Ageratum conyzoides Phulnu Asteraceae 
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3.  Amaranthus viridis Jungle Chaulai Amaranthaceae 

4.  Argemone mexicana Maxican Poppy Papaveraceae 

5.  Artemisia annua Artemisia Asteraceae 

6.  Asparagus racemosus Sanspali Liliceae 

7.  Bidens pilosa Bidens Asteraceae 

8.  Blumea wightiana lumea Asteraceae 

9.  Bupleurum falcatum Bupleurum Apiaceae 

10.  Capsella bursa-pastoris Capsella Brassicaceae 

11.  Campanula colorata Campanul Campanulaceae 

12.  Canabis sativa Bhang Canabinaceae 

13.  Chenopodium album Bathu Chenopodiaceae 

14.  Desmodium triflorum Kudaliya Fabaceae 

15.  Echinops niveus Echinops Asteraceae 

16.  Erigeron annus Erigeron Asteraceae 

17.  Euphorbia hirta Dudhee Euphorbiaceae 

18.  Impatiens balsamina Mendi Balaminaceae 

19.  Ipomoea eriocarpa Isakpecha Convolvulaceae 

20.  Inula cappa Inula Asteraceae 

21.  Launaea nudicaulis Launaea Asteraceae 

22.  Lepidium latofolium Lepidium Brassicaceae 

23.  Lonicera parvifolia Lonicera Caprifoliaceae 

24.  Melochia corchorifolia Bilpat Malvaceae 

25.  Mentha sylvestris Mentha Lamiaceae 

26.  Mimosa pudica Chui-mui Fabeaceae 

27.  Nepata elliptica Nepata Lamiaceae 

28.  Oenothera rosea Oenothera Onagraceae 

29.  Oldenlandia corymbosa Pitpapra Rubiaceae 

30.  Oxalis corniculata Amrul Oxalidaceae 

31.  Parthenium hysterophorus GajarGhas Asteraceae 

32.  Pogostemon bengalensis Pacholi Lamiaceae 

33.  Physalis minima Physalis Solanaceae 

34.  Plantago lanceolate Plantago Plantaginaceae 

35.  Plubago zeylanica Plubago Plumbagianaceae 

36.  Primula floribunda Primula Primulaceae 

37.  Ranunculus arvensis Ranunculus Ranunculaceae 

38.  Rumex hestatus Khatmith Polygonaceae 

39.  Salvia moocroftiana Salvia Lamiaceae 

40.  Sida acuta Wire Weed Malvaceae 

41.  Solidago Canadensis Solidago Asteraceae 

42.  Solanum indicum Bhatkataya Solanaceae 

43.  Solanum nigrum Makoy Solanaceae 

44.  Solanum sisymbrifolium Solanum  Solanaceae 
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45.  Sisymbrium Sophia Sisymbrium Brassicaceae 

46.  Sonchus arvensis Sonchus Asteraceae 

47.  Spilanthes acmella Spilanthe Asteraceae 

48.  Tagetes minuta Genda Asteraceae 

49.  Thalictrum foliolosum Thalictrum Ranunculaceae 

50.  Thymus serpyllum Thymus Lamiaceae 

51.  Taraxacum officinale Taraxacum Asteraceae 

52.  Urtica dioica Urtica Urticaceae 

53.  Veronica biloba Veronica Scrophulariaceae 

54.  Viburnum cotinfolium Viburnum Caprifoliaceae 

55.  Xanthium strumarium Xanthium Asteraceae 
*Source: field survey 

 
A total of 09 climber species were reportedly present in the study area were observed. The list 
of climbers species reportedly present during Pre monsoon, Monsoon and Post Monsoon 
season in the study area during the site visit are enumerated in Table 3.32. 
 

Table 3.32: Climber species (angiosperms) recorded in the study area during pre-monsoon 

Sl No Scientific name Common Name Family 

1.  Bauhinia vahlli Tor Fabaceae 

2.  Cissampelos pareira Bathindu Menispermaceae 

3.  Clematis barbellata Clematis Ranunculaceae 

4.  Cuscuta reflexa Amarbel Convolvulaceae 

5.  Hedera nepalensis Hedera Araliaceae 

6.  Smilax ocreata Smilax Liliaceae 

7.  Tinospora cordifolia  Giloi Menispermaceae 

8.  Vallaris solanacea Dudhi Bel Apocynaceae 

9.  Vitis latifolia Pani bel Vitaceae 
 
Source: field survey 
 

A total of 12 grass species were reportedly present in the study area were observed. The list of 
grass species are reportedly present in the study area during the site visit are enumerated in         
Table 3.33. 
 

Table 3.33: Grass species (angiosperms) recorded in the study area  

Sl No Scientific name Common Name Family 

1.  Andropogon annulatus Ghas Poaceae 

2.  Arundinella bengalensis ? Poaceae 

3.  Cynodon dactylon Dub Poaceae 

4.  Cyperus  rotundus Nagar Motha Cyperaceae 

5.  Dactyloctenium aegyptium Makra Poaceae 

6.  Eragrostis minor Grass Poaceae 

7.  Panicum plicatum Panicum Poaceae 
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8.  Poa annua Ghas Poaceae 

9.  Saccharum munja Munj Poaceae 

10.  Saccharum spontaneum Kans Poaceae 

11.  Setaria glauca Ghas Poaceae 

12.  Themeda quadrivalvis Guner Poaceae 

 
Source: field survey 

A total of 2 Gymnosperm species were reportedly present in the study area were observed. The 
list of Gymnosperm species are reportedly present in the study area during the site visit are 
enumerated in Table 3.34. 

 
Table 3.34: Gymnosperms recorded in the study area  

Sl No Scientific name Common Name Family 

1.  Cedrus deodara Deodar Pinaceae 

2.  Pinus roxburghi Chir Pinaceae 

 
Source: field survey 

A total of 9 Pteridophytes species were reportedly present in the study area were observed. The 
list of Pteridophytes species are reportedly present in the study area during the site visit are 
enumerated in Table 3.35. 

 

Table 3.35: Pteridophytes species recorded in the study area 

Sl No Scientific name Common Name Family 

1.  Adiantum capillus veneris Maidenhair fern Adiantaceae 

2.  Adiantum incisum Walking fern Adiantaceae 

3.  Adiantum lunulatum  Adiantaceae 

4.  Chcilanthes farinose Silver fern Sinopteriaceae 

5.  Cristella dantatus ? Thelypteridaeeae 

6.  Equisetum species  Equisetaceae 

7.  Hypodematium crenatum ? Hypodematiaceae 

8.  Pteris vittata Pteris Pteridaceae 

9.  Selaginella species  Selaginellaceae 
*Source: field survey 

3.10.6 Economically-Important Tree Species   

During the field survey, numbers of plant species which are of economic importance in the area 
were recorded. These plants are used by local people for various purposes in their day to day 
life. These species include timber wood, fruits yielding trees, gum, resin and tannin yielding 
trees etc. The information pertaining to the economic use of the locally found species was 
collected from knowledgeable and elderly persons from villages located in the study area and its 
environs. In addition, data and information on these plant species was also collected by 
consulting literature and relevant secondary sources.  
 
About 23 economically important plant species were recorded from the study area. Plants of 
economic importance such as timber yielding (Timber- Acacia catechu), edible fruitsyielding 
(Mango-Mangifera indica, Ber- Ziziphus mauritiana, Bel- Aegle marmelosetc.) were common in 
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the study area. The names economically important recorded during the survey have been listed 
in Table 3.36. 

 

Table 3.36: Economically important plant species recorded in Study area 

Sl. 
No.  

Species Family 
Common 
name 

Type 
Economic Importance 

1.  Acacia catechu Mimosoideae Khair Tree Timber yielding, Kattha 

2.  Aegle marmelos Rutaceae 
Bel, Bel 
patra 

Tree 
Fruit yielding 

3.  Berberis asiatica Berberidaceae Rasont Shrub Medicinal 

4.  Bombax ceiba Bombacaceae Semal 
Tree Dye and Oil yielding and 

for fabric 

5.  
Butea 
monosperma 

Fabaceae 
Palash, 
Chola 

Tree 
Dye yielding 

6.  
Cinnamomum 
tamala 

Lauraceae Tej Patta 
Tree 

Tej Patta 

7.  Dalbergia sissoo Fabaceae Shisham Tree Timber 

8.  
Emblica 
officinalis 

Euphorbiaceae Amla 
Tree 

Medicinal 

9.  Juglans regia Juglandaceae Akhrot Tree Dry Fruit 

10.  Mangifera indica Anacardiaceae Aam Tree Fruit yielding 

11.  
Murrayakoenigii Rutaceae Kari patta Shrub  Leaves used in 

spices;Medicinal 

12.  
Pistacia 
integerima 

Anacardiacae Kakarsinghi Tree 
Medicinal 

13.  
Phyllanthus 
emblica 

Euphorbiaceae 
Awala, 
Amla 

Tree 
Fruit yielding/medicinal 

14.  
Pongamia 
pinnata 

Fabaceae Karanj 
Tree 

Timber and oil yielding 

15.  
Punica 
granatum 

Lythraceae Daru 
Shrub 

Medicinal 

16.  Syzygiumcumini Myrtaceae Jamun Tree Fruit yielding;Medicinal 

17.  
Terminalia 
bellirica 

Combritaceae Baheda 
Tree 

Medicinal 

18.  
Terminalia 
chebula 

Combritaceae Harad 
Tree 

Medicinal 

19.  
Tinospora 
cordifolia 

Menispermaceae Giloi 
Climber 

Medicinal 

20.  Toona ciliate Meliaceae Tooni Tree Timber 

21.  Vitex negundo Verbenaceae Banna Shrub Medicinal 

22.  
Woodfordia 
fruticose 

Lythraceae Dhaon 
Shrub 

Medicinal 

23.  
Ziziphus 
mauritiana 

Rhamnaceae Ber Shrub 
Timber and Fruit yielding 

 
*Source: field survey 

** Existence of Protected Area Network 

Great Himalayan National Park is located about 40 km from nearest boundary of project. Kais 
Wild Life sanctuary Sanctuary is at a distance of 48 km and Kanawar Wild life Sanctuary at a 
distance of 48 km from the Project location. 
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3.10.7 Community Structure (Quantitative) 

3.10.7.1 METHODOLOGY 

A nested quadrats technique was used to assess the community structure of the vegetation. 
The entire study area was divided in grids of 5 km X 5 km and thereafter 25 % of the grids were 
randomly selected for phytosociological study.  
 
At each sampling location, two (02) quadrats of approximately 10 m x 10 m was laid out for 
sampling of the tree species, number of individuals of each species, falling within the quadrat 
was also noted.  Names and number of shrubs were enumerated from nested quadrate of 5 m x 
5 m.   
Similarly, nested 1m×1m quadrat was laid for estimation of ground vegetation. Name of species 
and percentage of herbs, grasses, weeds and climbers were recorded from each quadrat.  
 
The data recorded through the quadrat-studies was analyzed to estimate the percentage 
frequency, abundance and density of each floristic species. The importance value index (IVI) for 
different tree species were determined by summing up the Relative Density, Relative Frequency 
and Relative Cover values.  The following formulae were used for calculating the percentage 
frequency, abundance and density, as applicable, of the species identified in the twelve (16) 
quadrats studied at Eight (08) grids/locations: 
 
Frequency: It provides information on the number of times a species encountered. 

                         Total number of quadrats in which species occur 
Frequency (%) =       --------------------------------------------------------------            X100 

Total number of quadrats studied 
Density or plants per unit area: The reciprocal of density provides an estimate of the mean 
growing space per plant and be of interest in some ecological studies. 

Total number of individuals of a species 
Density =          -------------------------------------------------------           X Area of quadrats 

 Total number of quadrat studied 
Abundance:  The density and frequency can be combined to obtain an estimate of the number 
of individuals per quadrat, or unit area for the quadrat in which the species occur, this measure 
is referred as abundance.  

Total number of individuals of species occurring 
Abundance =   ---------------------------------------------------------------------------------------------- 

Total number of quadrats in which species occur 
 
Relative Frequency  

Frequency of the Species 
Relative Frequency =    -------------------------------------------------------------   x 100 

Total frequency of all species 
Relative Density 

Density of the Species 
Relative Density =     --------------------------------------------------------------   x 100 

Total density of all species 
 
Relative Dominance 

Dominance of the Species 
Relative Dominance =    ----------------------------------------------------------------   x 100 

Total dominance of all species 
Importance Value Index (IVI)  
 

IVI = Relative frequency + Relative Dominance + Relative Density 
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Index of Diversity: Species diversity is a product of two components: species richness and 
evenness (Simpson, 1949). Species diversity was estimated using Shannon Wiener Index 
(Pielou 1975 and Magurran 2004). This measurement considers subspecies richness and 
proportion of each species within a zone.  

)ln()('
1 N

n

N

n
H ii

s

i




  

 
Where, H´= Shannon-Wiener Diversity Index, S = Total number of species, N = Total number of 
individuals of all the species, and ni = number of individuals of the species. 
 
Vegetation in the project area is heterogeneous in nature and the components of the community 
differ from place to place, this is mainly due to intermittent habitation within the project area. 
Forest near villages are subjected to prolonged tree felling for timber and firewood therefore, the 
area near villages at many places are completely bared of any vegetation or degraded form of 
forest.Tree species such as Mallotus philippensis, Toona ciliate, Albizia lebbeck and Myrica 
esculenta sp. were the dominant species particularly along the roadside. The characteristic 
feature of forests is that top canopy is predominated by temperate evergreen species.  
 
To understand the community composition and profile of vegetation of the study area, quadrat-
based sampling has been carried out. The size and number of quadrats needed were 
determined using the species-area curve method (Misra, 1968). A total of three season surveys 
(Pre-Monsoon, Monsoon and Post monsoon Period) have been carried out to enumerate the 
seasonal variation in species composition especially in shrub and herb flora and to evaluate 
maximum species. The entire study area was divided in grids of 5 km X 5 km and thereafter 25 
% of the grids were randomly selected for phyto-sociological study. The sampling consisted with 
randomly placed quadrats of 10 x 10 m for trees, 5 x 5 m for shrubs and 1 x 1 m for herbs 
around the same sampling locations. All the quadrats were spatially distributed so as to 
minimize the autocorrelation among the vegetation. In this study a total of 20 quadrats were laid 
down for tree (05 in each location) and 40 for shrubs (10 at each location) and 100 for herbs (25 
in each location) at three sampling locations. The data on vegetation were quantitatively 
analyzed for density, frequency and abundance as per Curtis and McIntosh (1950). The 
Importance Value Index (IVI) for trees was determined as the sum of relative density, relative 
frequency and relative dominance (Curtis 1959). 

The data thus collected, were analyzed for frequency, density, total basal cover and Importance 
Value Index (IVI) following standard ecological formula.  

3.10.7.2 SAMPLING LOCATIONS 

Owing to large variation in topography, soils, disturbances of different frequency and magnitude, 
climate and biotic pressure, the vegetation showed patchiness with contagious type of 
distribution. It can be described as a rough grain mixture and, hence, restricted random 
sampling procedure was used for collection of quantitative data. However, for the collection of 
data on floristic composition, the entire area was extensively surveyed by trekking haphazardly 
in the forest and non-forest areas with a view to collect as many species as possible. The listing 
of sampling sites of BBMB Project for study of biodiversity is given in Table 3.37. 

Table 3.37: Sampling Location of floristic survey (quantitative) 
SITE SAMPLING LOCATION ELEVATION (M ASL) 

1 Downstream/right bank 800m of project site 958 

2 Beas Submergence area (Upstream) 853 

3 Upstream 600 m of project site 954 



Draft EIA/EMP for obtaining Environmental clearance for 2X21 MW Baggi Hydroelectric 
Power Project 
 

Enviro Infra Solutions Pvt Ltd. Page 131 
 

The most dominant species was found to be Albizia lebbeck (IVI=34.54) followed by Toona 
ciliate (IVI=31.23), Mallotus philippensis and Myrica esculenta (IVI=21.41). In this area 51 
species of tree were recorded (Table 3.38).   
 
Shrub growth is comprised of dominant Carissa carandas, Punica granatum, Vitex negundo and 
Murrayakoeingii. (Table 3.39). 
 
The herbaceous species density is moderate during April to June, 2022. The major herbaceous 
species recorded in the study area comprises of Artemisia vulgaris, Bidens pilosa, Ageratum 
conyzoides and Cannabis sativa. (Table 3.40).  

Table 3.38: Dominant Species (Trees) 

Sl. No. Name of Species Frequency 
(%) 

Density 
(ind./ha) 

Abundance IVI 

           Mallotus philippensis 50.00 0.50 1.00 21.41 

  Toona ciliate 50.00 0.5 1.00 31.23 

  Albizia lebbeck 60.00 1.00 1.69 34.54 

  Myrica esculenta 50.00 0.50 1.00 21.41 

 

Table 3.39: Dominant Species (Shrubs) 

Sl. 
No. 

Name of Species 
Frequenc

y 
(%) 

Density 
(ind./ha) 

Abundance IVI 

1 Carissa carandas 70 1.0 1.43 50.0167 

2 Punica granatum 60 0.7 1.17 39.14341 

3 Vitex negundo 40 0.5 1.25 31.54254 

4 Murrayakoeingii 60 0.5 0.91 32.4692 

 

Table 3.40: Dominant Species (Herbs) 

Sl 
No 

Species 
Frequenc

y 
Density 

(ind./ha.) 

Total Basal 
Cover(m2/ha.

) 
IVI 

1 Artemisia vulgaris 60 0.4 0.75 27.94 

2 Bidens pilosa 50 0.6 1.4 28.40 

3 Ageratum conyzoides 50 0.5 1 24.51 

4 Cannabis sativa 60 0.7 1 29.57 

 

3.10.8 Taxonomic Diversity: Faunistics  

 The list of faunal species found in the study area has been compiled with the help of secondary 
sources like Forest Working Plans and was supplemented with information provided by local 
people during field surveys in the study area. 
To study the probable occurrence of mammals in the area, 2-3 km long transects and trails were 
walked at each sampling site for any sighting and by collecting indirect evidence gathered by 
talking to locals during interaction. For compilation of list aid from Forest Working Plans was 
taken.  
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3.10.8.1 Mammals 
 
A list of 19 species of mammals reportedly found in the study area was compiled from 
secondary sources as well found during survey and the same is given at Table 3.41. 

 
Table 3.41: List of mammals reported from the study area with their conservation status area 

 

Sl. 
No. 

Species Common Name 
IUCN Red 

List 
Category 

WPA, 
1972 

Schedule 

1.  Axis axis Spotted Deer LC  III 

2.  Bandicota bengalensis Field Rat LC V 

3.  Boselaphustragocamelus Blue Bull LC  III 

4.  Canis aureus Jackel LC II 

5.  Felis chaus Common Jungle Cat LC II 

6.  Herpestes Edwardsi Common Mongoose LC II 

7.  Hystrix indica Indian Porcupine LC  IV 

8.  Lepus nigricollis Common Indian Hare LC  IV 

9.  Macaca mulatta Monkey LC II 

10.  Martes-Lavigula Himalayan Yellow Throated marte LC II 

11.  Muntiacus-Muntjak Barking Deer LC  III 

12.  Nemorhaedus-goral Goral LC  III 

13.  Paguma-Larvata Masked  Palm Civet LC II 

14.  Panthera pardus Leopard  VU  I 

15.  Petaurista-Spp Flying Squirrel LC II 

16.  Presbytis entellus Common Langur LC II 

17.  Rattus rattus Common House Rat LC V 

18.  Sus scrofa Indian Wild Pig LC  III 

19.  Vulpes bengalensis Indian Fox LC II 

IUCN- International Union for Conservation of Nature; WPA – Wildlife (Protection) Act, 1972; VU 
– Vulnerable; NT- Near Threatened; LC - Least Concern 
 
 

3.10.8.2 Avifauna 
To prepare inventory of the birds in the area, they were recoded while walking to and from the 
survey areas, identification through their calls. Birds were identified using the field guide of birds 
by Ali & Ripley (1983), Grimmettet al. (1998), Collin’s field Guide: birds of India (2015).  
 
During the field surveys, the major species recorded were Black Drongo, House sparrow, Common 
kingfisher, House crow, Common Myna, Rose-ringed parakeet, Rock Dove, and Indian Robin. 
However according to the inventory of the birds prepared from different secondary sources there are 
76 species of bird reportedly found in the study area. List of bird species composition and their 
conservation status has been described inTable 3.42. 
 

Table 3.42: List of avifauna reported from the study area with their conservation status 

Sl No Scientific name Common Name 
IUCN 

Status* 
WPA,1972 

Status 
Migrant/ 
Resident 
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Sl No Scientific name Common Name 
IUCN 

Status* 
WPA,1972 

Status 
Migrant/ 
Resident 

1.  Acridotheres tristis Common myna LC IV R 

2.  Aegithina tiphia Common Iora LC IV R 

3.  Alcedoatthis Common kingfisher LC IV R 

4.  Amaurornisphoenicurus White breasted waterhen LC IV R 

5.  Anas acuta Northern Pintail LC IV M 

6.  Anas clypeata Shovler LC IV M 

7.  Anas crecca Common teal LC IV M 

8.  Anas platyrhychos Mallard LC IV M 

9.  Anas poecilorhyncha Indian spot-billed duck LC IV R 

10.  Ardeolagrayii Indian Pond-Heron LC IV R 

11.  Athene brama Spotted Owlet LC IV R 

12.  Bubo Bird Indian great hored owl LC IV R 

13.  Caccabus Chucar Chukor LC IV R 

14.  Caprimulgus asiaticus Indian Nightjar LC IV R 

15.  Cerylerudis Pied kingfisher LC IV R 

16.  Ciconia Ciconia White Stork LC IV M 

17.  Columba livia Rock Dove LC IV R 

18.  Copsychussaularis Oriental magpie robin LC IV R 

19.  Coracias benghalensis Indian roller LC IV R 

20.  Corvus macrorhynchos Jungle Crow LC IV R 

21.  Corvus splendens House Crow LC V R 

22.  Coturnix Coturnise Common quail LC IV R 

23.  Cuculus varius Brain Fever Bird LC IV R 

24.  Dendrocittavagabunda Rufous  treepie LC IV R 

25.  Dendrocoposmahrattensis 
Yellow-crowned 
woodpecker 

LC 
IV 

R 

26.  Dicrurus Adsimilis Black Drongo LC IV R 

27.  Dinopiumbenghalense Lesser flameback LC IV R 

28.  Endyamys scolopacea Koel LC IV R 

29.  Enicurus maculatus Western spotted fork tail LC IV R 

30.  Falco Tinnunculus Kestrel LC IV R 

31.  Fracolinus Pondicerianus Grey Partridge LC IV R 

32.  Francolinusfrancolinus Black francolin LC IV R 

33.  Gallinula chloropus Mooorhen LC IV R 

34.  Gallus gallus Red Junglefowl LC IV R 

35.  Gennaeus Albicristatus Khalij Pheasat LC I M 

36.  Halcyon smyrnensis White-Throated Kingfisher LC IV R 

37.  Hierococcyxvarius Common hawk-cuckoo LC IV R 

38.  
Hypsipetes 
Madagaskarariansis 

Black Bulbul LC 
IV 

R 

39.  Juriodes striatus Jungle Babbler LC IV R 

40.  Laniusschach Long-tailed shrike LC IV R 
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Sl No Scientific name Common Name 
IUCN 

Status* 
WPA,1972 

Status 
Migrant/ 
Resident 

41.  Lonchuramalacca Black Headed Munia LC IV R 

42.  Mareca Penelope Wigeon LC IV M 

43.  Mareca strepera Gadwall LC IV M 

44.  Megalaima Asiatica Blue throated  barbet, LC IV R 

45.  Megalima Kacmacephala Crimson Breasted Barbet LC IV         R 

46.  Meropsorientalis Asian Green Bee-Eater LC IV M 

47.  Milvus migrans Black Kite LC I M 

48.  Muscicapa Thalassina Verditer fly catcher LC IV M 

49.  Ocycerosbirostris Indian grey hornbill LC IV R 

50.  Oriolus Oriolus Golden Oriole LC IV M/L 

51.  Parus major Gray Tit LC IV M 

52.  Passer domesticus House Sparrow LC IV R 

53.  Pavocristatus Indian peafowl LC I R 

54.  Psittacula Cyanocephala Plum Headed Parakeet LC IV R 

55.  Psittaculaeupatria Large Indian Parakeet LC IV R 

56.  Psittaculakrameri Rose-ringed parakeet LC IV R 

57.  Psittawla Spp Slaty Headed Parakeet LC IV R 

58.  Pycnono Leucogenys White cheeked Bulbul LC IV R 

59.  Pycnonotuscafer Red vented bulbul LC IV R 

60.  Rhipidura Aureola white-browed fantail  LC IV R 

61.  Saxicoloidesfulicatus Indian Robin LC IV R 

62.  Sexicola Caprata Pied BushChat LC IV R 

63.  Spilopeliasuratensis Western Spotted Dove LC IV R 

64.  Sterna aurantia River tern NT IV R 

65.  Streptopeliadecaocto Collared dove LC IV R 

66.  Sturniapagodarum Brahimay  Mya LC IV R 

67.  Tephrodornispondicerianus Common wood shrike LC IV R 

68.  Terpshphone Paradisi 
Paradise Fly Catcher Fly 
Cathcher 

LC 
IV 

M/L 

69.  Treronphoenicoptera Yellow footed green pegion LC IV R 

70.  Tringanebularia Common greenshank LC IV M 

71.  Turdoides striata Jungle babbler LC IV R 

72.  Turdoidescaudata Common babbler LC IV R 

73.  Tyto alba Barn owl LC IV R 

74.  Upupa epops Hoopoe  LC IV R 

75.  Vanellus indicus Red  wattled lapwing LC IV R 

76.  Zosteropspalpebrosus Oriental white eye LC IV R 

*IUCN- International Union for Conservation of Nature; WPA – Wildlife (Protection) Act, 1972 
* Status assigned by the International Union for Conservation of Nature and Natural Resources, 
where - LC �± Least Concern; NT=near threatenedin IUCN Red Data List 
*Sources: R. Grimmett, Collin’s field Guide: birds of India 
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3.10.8.3 Reptiles and Mammals 
Reptile and amphibians were sampled on the same transects marked for mammals and birds. 
The following species are recorded from the study area (Table 3.43). 

Table 3.43: List of Reptile and amphibians reported from the study area 

Sl. No. Species Common Name 
IUCN Red 

List 
Category* 

WPA, 1972 
Schedule  

1.  Calotes versicolor Garden lizard NA II 

2.  Duttaphrynusmelanostictus Common indian toad LC IV 

3.  Euphlyctiscyanophlyctis Indian skipper toad LC IV 

4.  Eutropismacularia Bronze Skink  NA IV 

5.  Hemidactylus brookii Brooks gecko NA II 

6.  Hemidactylus flaviviridis House gecko NA  II 

7.  Ptyas mucosa Rat snake NA II 

8.  Python molurus Python NT I  

9.  Varanus bengalensis Indian monitor LC I 

10.  Bungarus Caeruleus Common Krait Snake LC IV 

 
IUCN- International Union for Conservation of Nature; WPA – Wildlife (Protection) Act, 
1972 
* Status assigned by the International Union for Conservation of Nature and Natural Resources, 
where - LC �± Least Concern, NT=Near Threatened  
3.10.8.4 Aquatic Ecology 
Macrophyte is essential component of any aquatic ecosystem as it provides cover for fish and 
substrate for aquatic invertebrates, produce oxygen, and act as food for some fish and wildlife. 
Macrophyte is also considered as an indicator species and a decline in a macrophyte population 
may indicate water quality problems. Such problems may be the result of excessive turbidity, 
herbicides, or salinization. Conversely, overly high nutrient levels may create an overabundance 
of macrophytes, which may in turn interfere with eutrophication. The important aquatic 
phytoplankton observed in the project areas is given in Table3.44. 
 
Table 3.44: Important macrophytes in study area 

S.No. Species April to June, 2022 

1.  Arundo donax + 

2.  Azolla sp. + 

3.  Ceratophyllum sp. + 

4.  Cyperus spp. + 

5.  Eichornia crassipes  - 

6.  Hydrilla sp. + 

7.  Imperata cylindrica + 

8.  Ipomoea aquatica + 

9.  Ipomoea sp. + 

10.  Jussiaca sp. + 

11.  Limnophila chinensis + 

12.  Polygonum plibejum + 

13.  Potamogetonpectinatus + 
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14.  Sesbania sp. + 

15.  Trapa bispinosa + 

16.  Typha angustifolia + 

17.  Utricularia exoleta + 

 

 Source: field survey  

3.10.8.5 Fish diversity 

The present section provides an overview of the fish composition and fisheries based on 
secondary literature survey in the Beas River. The secondary data pertaining to fisheries in 
River Beas was collected from District Fisheries Department, Mandi district and through 
literature review as well. It was observed during field visit that no large-scale fishing activities 
are being practiced by the population in and around the project area (Table 3.45). During 
interaction with the local inhabitants and Fisheries Department, Mandi it was confirmed that 
there are no permanent fishermen in the project area. However, few locals are involved in 
fishing activities to augment their income. No family is fully dependent on fishery for their 
livelihood and income generation. The fisheries are done mostly for subsistence. 

Table 3.45: Ichthyofauna (fish species) recorded in the project area during study 

Sl. No. Species Common name IUCN Red List Category 

1.  Aspidopariamorar Chilwa LC 

2.  Bariliusbarila ? LC 

3.  Bariliusbendelisis Patha  LC 

4.  Bariliusvagra Lohari LC 

5.  Cirrhinusreba Sunni  NA 

6.  Labeoboga Mora  LC 

7.  Labeodero Rohu LC 

8.  Labeo calbasu Black Fish LC 

9.  Barbus Chilinadea Black Fish LC 

 

Source: field survey 

3.10.8.6 Plankton Studies 

Plankton study was conducted in study area and for carrying out the plankton study water 
samples were collected from surface region, littoral region and bottom substratum of river Beas. 
Three biotic communities namely phytoplanktonswere sampled to assess the status of the 
plankton population in the river Beas.  For Qualitative analysis, phytoplanktons were collected 
by the plankton nets using a sieve of 25μ mesh size by filtering a known volume of water (50 
liters) through the net. The sample was allowed to settle for 24-48 hours and was further 
concentrated to approximately 30 ml by decanting. The residues left in the sievewere collected 
in a 50 ml vial. The plankton sampleso collected was fixed in 70% ethyl alcohol.Three replicates 
were taken for each communityand pooled for further analysis. Phytoplankton samples were 
preserved using Lugol’s solution  

3.10.8.7 Phytoplankton 

Phytoplanktons are autotrophic components of plankton community and serve a key role in 
fresh water ecosystem.Phytoplanktons are generally found in the upper layer of aquatic body. 
They act as a primary producer in aquatic food chain and also good indicator of aquatic 
condition.  The occurrence Phytoplankton population was studied during pre monsoon, 
Monsoon and Post Monsoon season. The distribution of phytoplankton population with seasonal 
variation is given in Table3.46. 
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Table 3.46: Phytoplankton Diversity in the studya area 

Species April to June, 2022 

Cyanophyceae   

Anabaena spp. + 

Microcystis major + 

Bacillariophyceae   

Amphora sp. + 

Cyclotella sp + 

Cymbellasp. + 

Gomphonema - 

Synedra sp. + 

Chlorophyceae    

Cladophora sp. + 

Scenedesmus sp. + 

Spirogyra sp. + 

Ulothrix sp. + 

Volvox sp. + 

*Source: field survey (Present=’+’/ Absent= ‘-‘) 
 

3.11 SOCIO-ECONOMIC ENVIRONMENT 

The development projects are invariably planned based on the availability of exploitable natural 
resources. These projects attract flow of finances, investments, jobs and other livelihood 
opportunities, which brings in people from diverse cultural and social background. Such planned 
activities not only provide impetus to the local economy but also bring about a multi-dimensional 
economic, social and cultural change. Most often it has been observed that such development 
projects are commissioned in economically and socially backward areas, which are inhabited by 
some of the indigenous populations. The development of hydro-power unfortunately herald’s 
displacement of the local people due to formation of reservoir and land required for the project 
components. This unpleasant situation is mainly caused due to the agricultural land and 
settlements being situated near the river banks and due to location of the proposed diversion 
structures across the river bed and the formation of reservoir at higher levels generally cause 
submergence of private land and assets besides forests and revenue land. This un-toward 
situation brings heavy stress into the life of the indigenous people residing in the project area 
from centuries. The hapless persons are often socio-economically wracked if they are not 
rehabilitated and resettled and are allowed to continue their traditional activities even after 
resettlement. The plight of such persons who do not have rights over the land on which they are 
critically dependent for their bare subsistence becomes gory. The obtaining situation calls for 
proper assessment of the adverse impact such as economic and socio-cultural on project 
affected families.  

The present socio-economic assessment involves primary field survey of socio-economic status 
of the people of the study area in general and the project affected villages and the PAF in 
general. Review of secondary data, such as District Census Statistical Handbooks-2011 and the 
records of National Informatics Center data, for the parameters of demography, occupational 
structure of people within the study area which mainly comprises of the villages, where the 
project area is located as per revenue records. The information in this context was gathered on 
the following socio-economic parameters viz. 
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 Demographic profile 

 Educational levels 

 Occupational Profile 

 Cropping pattern 

 Other socio-economic parameters 

3.11.1.1 Mandi District 

The present  District  of  Mandi  was formed with the merger of two princely states Mandi and  
Suket  on  15th  April,  1948,  when  the  state  of Himachal  Pradesh  came  into  existence. 
Ever since the formation of the district, it has not witnessedany changes in its jurisdiction. The  
district  is  situated  between  31º-13′-50˝  and  32º-04′-30˝  north  latitude  and 76º-37′-20˝  and  
77º-23′-15˝  east longitude.   It is bounded by Kangra on the north-west, Hampirpur and Bilaspur 
in the west, Arki tehsil of Solan district in the south, Shimla district in the south-west and Kullu 
district in the east. The Mandi town is also located on the banks of this river. For the greater part 
of its length, it runs between high banks and as it is never of great width, though the current is 
swift, especially during the rains. Practically the whole of the district drains into the Beas with 
only the southeast corner situated on the Satluj watershed. The area of Mandi district is 3950 
square kilometers which makes up 7.10 per cent of the total state area.  

3.11.1.2 Population 

In official Census 2011 detail of Mandi, a district of Himachal Pradesh has been released by 
Directorate of Census Operations in Himachal Pradesh. Enumeration of key persons was also 
done by census officials in Mandi District of Himachal Pradesh. In 2011, Mandi had population 
of 999,777 of which male and female were 498,065 and 501,712 respectively. In 2001 census, 
Mandi had a population of 901,344 of which males were 447,872 and remaining 453,472 were 
females. Mandi District population constituted 14.56 percent of total Himachal Pradesh 
population. In 2001 census, this figure for Mandi District was at 14.83 percent of Himachal 
Pradesh population.  There was change of 10.92 percent in the population compared to 
population as per 2001. In the previous census of India 2001, Mandi District recorded increase 
of 16.10 percent to its population compared to 1991. Details are given in Table 3.47. 

Table 3.47: Demographic Details of Project District  

Sl. 
No. 

District/ 
Block 

Area 
Square Km 

Population 

Total Male % Female % 
Sex 

Ratio 

1 Mandi district 3,950 999,777 498,065 49.8 501,712 50.2 1007 

*Source: Census of India, 2011 
 

Demographic Details of Baggi (study Area) 
 

3.11.1.3 Caste wise Distribution of Population  
The Table 3.48 provides detailed information about the caste population in Mandi district. From 
the table it could be understood that Mandi has a total SC population of 293,739 which is 
29.38% of the total population. Similarly the Scheduled tribes in Mandi district are 12,787 which 
is 1.28% of total population which is negligible in population. Hence it could be inferred that SC 
are in majority in Mandi District. 

Table 3.48:  Caste wise distribution of population 

Sl. 
No. 

District Schedule Caste (SC) Schedule Tribes (ST) 

Total % of SC Total % of ST 

District 

1 Mandi 293,739 29.38 12,787 1.28 
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*Source: Census of India, 2011 

3.11.1.4 Literacy Rate  

According to 2011 census, the percentage of literacy was 81.53 per cent in Mandi district as 
against 82.8 per cent for the state as a whole. The literacy among females was found 73.66 per 
cent in contrast to males which was estimated at 89.56 per cent for the district as a whole. The 
literacy was higher in urban areas, as compared to the rural areas. This may be attributed to 
relatively strong educational facilities prevalent in urban areas. With the pace of development, in 
terms of transport, communication network, growth in financial institutions and industries it is 
expected that literacy rate will further improve. The detail of literacy rate of the mandi district is 
given in Table 3.49. 

Table 3.49: Literacy Rate of Project District  

 
 

Literates 

 Number Percentage 

Persons 723,747 81.53 

Males 393,669 89.56 

Females 330,078 73.66 

 

*Source: Census of India, 2011 

3.11.1.5 Working Population 

The proportion of main workers in the total working population works out to 57.28 per cent in 
Mandi district. The cultivators comprise of 67.74 per cent, Agricultural labourers 2.76 per cent; 
other workers 28.25 per cent. The marginal workers are around 28.86 per cent in the total 
working force. The Occupational distribution of the population in Mandi district according to 
census 2011 has been shown in Table 3.50. 
 

Table 3.50: Occupational distribution of the population in Mandi district according to census 
2011 

 

          
Total Workers (Main and 
Marginal) 

 Total Percentage 

Persons 3,559,422 57.28 

Males 2,043,373 59.72 

Females         1,516,049 54.85 

 
(i) Main Workers 

Persons 2,062,501 28.42 

Males 1,438,989 37.27 

Females 623,512 19.64 

 
(ii) Marginal Workers 

Persons 1,496,921 28.86 

Males 604,384 22.46 

Females 892,537 35.21 

 
Non-Workers 

Persons 3,305,180 42.72 

Males 1,438,500 40.28 

Females 1,866,680 45.15 

 
(i) Cultivators 

Persons 387,944 67.74 

Males 162,116 54.50 

Females 225,828 82.06 

 
(ii)Agricultural Labourers 

Persons 15,822 2.76 

Males 8,096 2.72 
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Females 7,726 2.81 

 
(iii)Workers in household 

industry 

Persons 7,134 1.25 

Males 4,777 1.61 

Females 2,357 0.86 

Persons 161,771 28.25 

Males 122,475 41.17 

Females 39,296 14.28 

 

3.11.1.6 Religion and Culture 

 The Table 3.51 provides detailed information about the caste population in Mandi district. 
From the table it could be understood that Mandi has a total SC population of 293,739 which is 
29.38% of the total population. Similarly the Scheduled tribes in Mandi district are 12,787 which 
is 1.28% of total population which is negligible in population. Hence it could be inferred that SC 
are in majority in Mandi District. 

Table 3.51:  Religion wise distribution of Population 

Sl. 
No. 

District Schedule Caste (SC) Schedule Tribes (ST) 

Total % of SC Total % of ST 

District 

1 Mandi 293,739 29.38 12,787 1.28 

 

*Source: Census of India, 2011 

3.11.1.7 Demographic Details of Baggi ( Study Area) 

Details are given in Table 3.52.  

Table 3.52:  Demographic detail of Baggi 

Census Parameter Census Data 

Total Population 1109 

Total No of Houses 236 

Female Population % 48.4 % ( 537) 

Total Literacy rate % 78.9 % ( 875) 

Female Literacy rate 36.4 % ( 404) 

Scheduled Tribes Population % 1.2 % ( 13) 

Scheduled Caste Population % 49.5 % ( 549) 

Working Population % 35.3 % 

Child(0 -6) Population by 2011 109 

Girl Child(0 -6) Population % by 2011 42.2 % ( 46) 

 

3.11.1.8 Agriculture Practices 

Balh Valley is known for producing quality wheat, paddy, and vegetable crop where the water 
drainage system and sprinkle system of irrigation have been adopted. The crops of corn maize, 
wheat, rice and vegetables are grown in other parts of the district, which cater to the demand of 
sizeable population. A milk processing plant run by H.P. State Co-Operation-Milk- Federation at 
Chakkar is 8 kilometres from Mandi. 
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The people of Mandi follow an agrarian economy and cultivate rice, pulses, millets, tea, sesame 
seed, groundnut, sunflower oil and herbal products. Himachal Pradesh Town and Planning 
Department works for Mandi Planning area (MPA). More than 9,000 farmers are directly 
involved in cocoon cultivation for producing Silk in lower hills of Mandi District. Mandi District is 
also facing tough competition from China, which is marketing raw silk at much lower rates in the 
market. 

Many Hectares of land in Mandi is also under Apple production. Apples are generally planted 
during December every year. The area under fruit in Mandi is about 15 per cent of the total area 
under fruits in Himachal Pradesh. Mandi raw silk has acquired wide fame but the salt mines at 
Drang and Guma are the special features of the economy. With abundant deposit of salt and 
limestone, possibilities are being investigated for the existence of magnasite coal and china-
clay. Mandi also has fish markets where brown trout is one of the most demanded fish species. 
In Mandi, a farmer gets around Rs.300 a kg for Brown Trout. 

3.11.1.9 Cultural and Aesthetic Practices 

The people of Mandi are informally called Mandyals & Mandeali language is generally used at 
local level for communication. Sepu Wadi is the official and main cuisine of Mandi which is 
served in Dham(Lunch) organised in local marriages, functions and parties.Himachal Darshan 
Photo Gallery is situated at about 4 km from Mandi near Sauli Khad on the Chandigarh-Manali 
National highway. This art gallery contains a beautiful collection of photographs of exotic 
locations of the entire state and reflects the social & cultural heritage of the people of Himachal 
Pradesh. District Library is located in Emerson House(District Court .Clothing in Mandi was 
Kurta-Pyjama for Boys and Sari-Suits for girls but with the Western Culture arriving to India, 
Mandi’s youth have started wearing Western styles. However, there are still large numbers of 
people who wear the traditional clothing of Himachal Pradesh. Banthra is the main folk dance 
performed in theatrical shows in Mandi and is the official folk dance of the District. 

Mandi is also famous for the International Mandi Shivaratri Fair, a fair held for seven days in the 
month of March every year. The celebration of Shivratri of Mandi is said to have started in the 
year 1526 to commemorate the foundation of present-day Mandi. Before this, the capital of 
Mandi was on the right bank of the river Beas, which is now known as Old Mandi (Purani 
Mandi). Mandi hosts a half marathon every year. 

Once when the tenth guru of the Sikhs was on a visit to Mandi, the king of Mandi invited him to 
stay at the royal palace. The guru accepted the invitation to stay in Mandi but not with the king. 
He put up outside the town in a secluded place, which had once been the hermitage of a rishi 
(Indian sage). The guru was touched by the king’s devotion and prophesized that Mandi would 
ever remain safe and if any enemy tries to harm it, bolts from heaven would crush the invader. 
He considered Mandi the safest place on the planet. 

3.11.1.10 Infrastructure facilities 

Infrastructure plays a pivotal role in the development of an area .Well managed infrastructure 
not only help in smooth functioning of a system but is also an indicator of prosperity, beauty, 
development and vision of inhabitants of that particular area. No doubts Infrastructure is 
sufficient according to need of people in our locality, but it is not up to mark with day by day 
growing need of people .We have well reputed educational institution including a Govt college in 
prime location which not only fulfill needs of local people but also of surrounding and distant 
areas. IIT. ITI, well equipped schools in Govt and private sector, many other private college as 
well as educational institution are running smoothly here. Same time we have sufficient health 
care centre in both Govt and Private sector, Hotels restaurant and Marriage hall like Bayas-
sadan, Khatri-sabha, etc Indira market located in mid point is center of attraction for visitor as a 
shopping mall and a meeting place for friends & relatives as well as a garden for children. Like 
wise. Distt High court, post office ,SDM office all are situated in one line, If you are visiting this 
place for first time , you can locate any of these places easily Tarna Temple Bhimakali temple, 



Draft EIA/EMP for obtaining Environmental clearance for 2X21 MW Baggi Hydroelectric 
Power Project 
 

Enviro Infra Solutions Pvt Ltd. Page 142 
 

Gurudawara, Bhuthnath temple Gayarh Rudrh temple fulfill religious needs of local people and 
centre of attraction for Visitor, In every street and corner we you see a temple here thatâ€™s 
the reason this place is known as Chotti Kassi. Fresh construction of Sabji Mandi, new pull and 
By pass through Mangbyain have sorted out many problem including Jam, crowdedness and 
garbage. Small industrial area developing at Sholi-khud which supply day to day commodities 
need a visionary & eco-friendly approach for its full-fledged growth. 
.New bus stand which is in completion stage will give relief form mud, garbage, and dirtiness 
which usually give bad impression about Mandi and spoil first site of tourist .So at present 
infrastructure which need to expand in sustainable manner fulfill current needs of inhabitant but 
its maintenance is problem here, To maintain proper infrastructure is the duty of municipal 
committee ,other local bodies along with common people, Due to poor management people 
have to suffer now and then In spite of paying taxes they have to bother about its miserable 
condition . Disposal of garbage is not proper in spite of Big dustbin people use to through things 
outside. Same time its cleaning up is also not regular so you have to pass by covering your 
nose .New pull is acc.to latest design but beggars are lying here and there distracting 
passengers, Raidivalys have occupied a huge space again making road crowdies. Cinema hall 
is in very Bad shape. Victoria pull has become too much crowdie, With increase in number of 
vehicle parking has become a big – big problem, Power cut to street light with delay of electricity 
bill is another big problem which people are suffering at present With passage of time there is 
huge urbanization resulted due to immigration of people from surrounding area which day by 
day causing shortage of required infrastructure so need of hour is to expand market and 
develop surrounding areas with proper vision in eco- friendly way and replacement of street light 
with solar light, Renovation of cinema hall & Victoria pull etc Finally I must say Municipal 
committee should concentrate about proper management and eminence of available resources 
by seeking common people assistance. 

Educational facilities: List of school in study area is shown in Table 3.53. 

Table 3.53:  List of school in study area 

Sl .no 
School 
Code 

School Place Pin Distt Center 

1 175035 
SHRI KRISHNA 
PUBLIC SCHOOL 

BAGGA 
CHANOGI 

Mandi Mandi  

2 170013 
GOVT SR SEC 
SCHOOL 

BAGGI 175027 Mandi 8003 

3 170568 
BEAS VIEW 
MODEL SCHOOL 

BAGGI – Mandi 
 

4 170014 
GOVT SR SEC 
SCHOOL 

BAGGI 
TUNGAL 

175052 Mandi 8284 

5 170015 
GOVT HIGH 
SCHOOL 

BAGI 
KATAULA 

175005 Mandi 8274 

 

3.11.1.11 Colleges near Baggi  

 Govt. Degree College Ladbharol 

Address: Tehsil Ladbharol Distt. Mandi Hp 

 Mlsm College 

Address: Sunder Nagar, distt. Mandi 

 Karsog 

Address: Gdc Karsog near Govt.school Karsog 
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 Abhilashi College Of Education 

Address: Village & P.o. Nerchowk; Mandi; Himachal Pradesh175008 

3.11.1.12 Medical facilities near Baggi  

 Battal PHC, NA , NA , Near GDC2) Utpur  

 PHC, VPO Utpur Tehsil Tauni Devi Distt. Hamirpur H.P., Utpur,  

 Karer SC, VPO Karer Tehsil Barsar Distt. Hamirpur H.P., Karer,  
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CHAPTER 4: ANTICIPATED ENVIRONMENTAL IMPACT & 

MITIGATION MEASURES 

4 Anticipated Environmental Impact & Mitigation Measures 

4.1 ASSESSMENT OF IMPACT ON ENVIRONMENT 

Identification and prediction of impacts are most important part of the technical process. The 
main purpose of collection of the environmental baseline data of the study area is to predict the 
effects of the project before it is carried out so that new plan may be designed accordingly. The 
key areas for which impacts are identified are Land environment, Water resources, Water 
quality, Terrestrial ecology, Aquatic ecology, ambient air quality, ambient noise levels and 
Socio-economic aspects.  

In the light of the predicted impacts, various mitigation measures are suggested emphasizing to 
avoid/ minimize the negative impacts. The quantum and magnitude of an impact is assessed 
based on its nature, viz. positive/ negative, reversible/ irreversible, short term (confined to 
construction phase)/ long term (remains in operational phase), local/ strategic, adverse/ 
beneficial and significant/ insignificant. 

In Hydroelectric projects, most of the activities occur in the construction phase and decreases 
significantly after the construction. The identification of the impacts, therefore, has been divided 
broadly into two categories, viz. impacts during the construction phase and impacts during 
operational phase. Impacts due to project location have also been discussed in the chapter. 
Wherever possible, the anticipated impacts have been quantified and otherwise, qualitative 
assessment has been undertaken.  

The methodology used for environmental impact assessment follows the sequence summarized 
in Figure 4.1. 

 

Figure 4.1: Methodology for Environmental Impact Assessment 
 

The main supporting information required for an assessment includes a description of both the 
project (Chapter 2) and the environment in which it is proposed (Chapter 3). The information 
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