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CIA&CCS- Beas Basin in HP Executive Summary

EXECUTIVE SUMMARY

BACKGROUND

Directorate of Energy, Government of Himachal Pradesh undertook the task of conducting
Cumulative Environmental Impact Assessment (CEIA) Study for Beas river basin in Himachal
Pradesh with an objective to assess the cumulative impacts of hydropower development in the
basin. In the meantime, MoEF&CC has taken over all the river basin/carrying capacity studies
being conducted by Central/State agencies and therefore, all reports were submitted directly
to MoEF&CC. RS Envirolink Technologies Pvt. Ltd. (RSET), Gurgaon has been awarded the study
based on techno-commercial bidding. Expert Appraisal Committee (EAC) for River Valley and
Hydroelectric Projects of Ministry of Environment & Forests (MoEF&CC) approved the Terms of
Reference (TOR) for the study. The study was initiated during February 2016, an inception
report was submitted in June 2016 to capture the progress made during first four months of the
study period and a Rapid CIA report was submitted in November 2016, which captured progress
in first 8 months. The draft report was discussed and appraised in 4th meeting of the Expert
Appraisal Committee for River Valley and Hydroelectric Projects held on 12th April 2017,
wherein a visit to the study area by a sub-committee of EAC was suggested, which was made
during April 2018 and post visit the outcome was discussed in EAC meeting during the same
month. Recommendations were discussed in detail and it was decided to share the
recommendations with the state government and thereafter the final report will be discussed
in EAC. Directorate of Energy, Government of Himachal Pradesh, on receipt of
recommendations, has shared their views/observations on the recommendations and made a
presentation during EAC meeting of June 2018. During presentation, EAC sought further
information from state government to justify their observations and matter was discussed in
subsequent EAC meetings of October and November 2018. EAC finally concluded all the
discussions on Beas River Basin study and directed the Consultant to update/finalize the basin
study report, keeping in view the matter discussed and recorded in various EAC meetings. The
present report is the final report prepared by incorporating recommendations finalised by EAC
in consultation with state government of Himachal Pradesh.

HYDROPOWER PROJECTS IN BEAS BASIN

Beas Basin in Himachal Pradesh has 4877.70 MW of power potential (for > 5 MW projects),
distributed among 51 hydropower projects spread throughout the basin (Table 1 and Figure
1). Out of these 51 projects, 22 projects are commissioned (total installed capacity 2820.90
MW), 5 are under construction (total installed capacity 947 MW), 20 are at various stages of
investigations (total installed capacity 1028.90 MW) and 4 are yet to be allotted.

Out of proposed 24 projects, many of which are under different stages of survey and
investigation, only 4 projects have installed capacity of more than 50 MW i.e. requiring
environment clearance as category “A” projects; two are with installed capacity greater than
25 MW but less than 50 MW i.e. environment clearance is applicable under category “B” and
remaining 18 projects are less than 25 MW of installed capacity i.e. environment clearance is
not applicable.

RSETS
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Table 1: Hydropower Projects in Beas Basin

S. No. Name of Project Capacity Developer Status Year of
(MW) Commiss
-ioning
1 Beas Sutlej Link 990 Bhakra Beas Management Board Commissioned 1977
2 Parbati-1ll HEP 520 NHPC Limited Commissioned 2014
3 Pong Dam 396 Bhakra Beas Management Board Commissioned 1978-83
4 Allain Duhangan HEP 192 AD Hydro Power Ltd. Commissioned 2010
5 Larji HEP 126 HPPCL Commissioned 2006
6 Uhl-I (Shanan) HEP 110 Punjab State Power Corporation Commissioned 1923
7 Malana-Il HEP 100 Everest Power Pvt. Ltd. Commissioned 2012
8 Sainj HEP 100 HPPCL Commissioned 2017
9 Malana-1 HEP 86 Malana Power Company Ltd. Commissioned 2001
10 UhL-II (Bassi) HEP 66 HPSEB Commissioned 1970-81
11 Baragaon SHEP 24 Kanchanjunga Hydro Power Ltd. Commissioned 2015
12 Patikari SHEP 16 Patikari Hydro Electric Project Ltd. Commissioned 2008
13 Neugal SHEP 15 Om Hydropower Ltd. Commissioned 2013
14 Baner SHEP 12 HPSEB Commissioned 1996
15 Khauli SHEP 12 HPSEB Commissioned 2007
16 Gaj SHEP 10.5 HPSEB Commissioned 1996
17 | Toss SHEP 10 Toss Mini Hydel Power Project Commissioned 2008
18 Beas Kund SHEP 9 Kapil Mohan and Associates Commissioned 2012
19 Binwa SHEP 6 HPSEB Commissioned 1984
20 Baner-Il SHEP 6 Podigy Hydro Power Pvt. Ltd. Commissioned 2015
21 Sarbari-1l SHEP 5.4 DSL Hydrowatt Ltd. Commissioned 2010
22 Balargha SHEP 9 Sandhya Hydro Power Projects Commissioned 2018
23 Parbati-1l HEP 800 NHPC Limited Under Construction
24 uhl 11l HEP 100 HPSEB Under Construction
25 Lambadug HEP 25 KU Hydro Power Pvt. Ltd. Under Construction
26 Lower Uhl SHEP 13 Trident Power Systems Ltd. Under Construction
27 Fozal SHEP 9 Fozal Power Pvt. Ltd. Under Construction
28 Nakthan HEP 460 HPPCL Under S&l
29 | Thana Plaun HEP 191 HPPCL Under S&l
30 | Triveni Mahadev HEP 96 HPPCL Under S&l
31 Dhaulasidh HEP 66 Satluj Jal Vidyut Nigam Ltd. Under S&l
32 Malana-11l HEP 30 BMD Pvt. Ltd. Under S&l
33 Raison SHEP 18 HPSEB Under S&l
34 Uhl SHEP 14 Puri Oil Mills Ltd. Under S&l
35 Uhl Khad SHEP 14 Kharnal Hydro Electric Project P Ltd. Under S&l
36 Parbati SHEP 12 Manimahesh Power Private Ltd. Under S&l
37 | Jari SHEP 12 WIL Power Projects Ltd. Under S&l
38 Jobrie SHEP 12 Green Infra Limited Under S&l
39 Sharni SHEP 9.6 Sharni Hydro Power Pvt. Ltd. Under S&l
40 Sarsadi SHEP 9.6 Himshakti Power Pvt. Ltd. Under S&l
41 Hurla-1 SHEP 9.4 Hurla Valley Power Pvt. Ltd. Under S&l
42 Sarsadi-Il SHEP 9 Aroma Colonisers Pvt. Ltd. Under S&l
43 Palchan Bhang SHEP 9 Palchan Bhang Power Pvt. Ltd. Under S&l
44 Bhang SHEP 9 Bhang Hydel Power L.L.P. Under S&l
45 Kilhi Bahl SHEP 7.5 Puri Oil Mills Ltd. Under S&l
46 | Makori 20.80 Sai Engineering Foundation Under S&l
47 Bhujling 20.00 Sai Engineering Foundation Under S&l
48 Kanda Pattan 40.00 Yet to be allotted
49 Manalsu 21.90 Yet to be allotted
50 Seri Rawla 13.00 Yet to be allotted
51 Khauli Il 6.00 Yet to be allotted
Total 4877.70
2
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Figure 1: Map showing locations of Hydro-power Projects in Beas Basin
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STUDY METHODOLOGY

To undertake Cumulative Impact Assessment and Carrying Capacity Study (CIA&CCS) of Beas
river basin vis-a-vis proposed hydropower development in Himachal Pradesh, it was essential
to establish the present environment setting in the basin on which impacts of development can
be predicted and strategy for sustainable development can be formulated. Scoping for the study
has set the requirement of extensive baseline data to be collected. Extensive baseline surveys
were carried out for data collection, sampling and analysis. Additionally, data was collected
from secondary sources, collated and analyzed. Entire data collection and analysis work was
undertaken scientifically based on the pre-defined methodology and following the terms of
reference issued by the department. The data on baseline status of various environmental
parameters in the study area was collected through primary surveys for three seasons as
specified in the approved TOR. Baseline data collection, compilation and analysis was followed
by cumulative impact assessment and formulation of recommendation for sustainable
hydropower development in the basin. Environmental flow release assessment was another
major component of the scope and based on the hydro-meteorological assessment of the basin
in general and for the locations of hydropower projects in particular, the exercise was
undertaken using hydro-dynamic modelling for hydropower projects locations.

BASIN CHARACTERISTICS

More than 90% of the drainage system of Himachal Pradesh is a part of Indus river system with
Jhelum, Chenab, Ravi, Beas and Sutlej its tributaries. Beas basin in comprised of Beas river
drainage catchment in Himachal Pradesh. Beas happens to be a principal tributary of Sutlej
river in India. Beas basin is flanked in the north by drainage catchment of Ravi and Chenab
rivers and in the south by Sutlej river. Beas river originates from Beas Kund at Rohtang Pass at
an elevation of 13,050 feet (3,978 m) and flows for a length of about 470 km before joining the
Sutlej River at Harike Pattan south of Amritsar in Punjab. After the confluence of two source
streams viz. Beas Kund and Beas Rishi at Palchan village, the river is known as Beas. The river
after passing through Manali town traverses dense evergreen forested slopes and enters the
town of Kullu. At Bhuntar Beas river is joined by Parbati river on its left bank which is a major
tributary. The river flows in north-south direction up to Larji and then turns west up to Pandoh
diversion dam. It is fed by number of streams in this stretch up to Pandoh. In addition to Parbati
river major tributaries of Beas River upstream of Pandoh are Sainj, Tirthan river and Bakhli
Khad joining from the east; Sanjoin, Manalsu, Fozal and Sarbari from the west. After Pandoh,
Beas river flows in northerly direction and is joined by Uhl river on its right bank along its
course. After this it again turns westward up to Mandi where it takes northerly turn again to be
joined by Rana Khad on its right bank. It then enters Kangra valley near Sandhol. In Kangra
valley Binwa, Neugal, Banganga, Gaj and Dehar are the major streams joining from the north
and Kunah, Maseh, Son, Khairan Man from south. The northern and eastern tributaries of the
Beas receive water from the melting snow and are perennial whereas the southern tributaries
are seasonal. After leaving Himachal Pradesh the river enters plains of Punjab at Talwara and
joins Sutlej at Harike Pattan.
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The Study Area covered as a part of the Beas Basin is comprised of part of Beas river catchment
falling within Himachal Pradesh i.e. Beas river catchment from its origin at Rohtang Pass up to
Pong Dam at the inter-state boundary with Punjab. The total catchment area of Beas river in
Himachal Pradesh is about 12591 sq km and its length in the study area is about 274 km.
Drainage map of the study area i.e. Beas river basin in Himachal Pradesh was prepared from
Survey of India Toposheets at 1:50000 scale as base map along with satellite data.

Beas basin is characterized by rugged topography with high ridges and peaks, with higher
reaches covered with glaciers, and massive ice and snowfields. The elevation in the basin varies
from high of 6619m to a low of 325m. In order to understand the relief profile of the basin it
has been divided into 600m elevation zones. In order to understand the terrain morphology
Digital Elevation Model (DEM) of the basin was prepared from SRTM 30m data. More than 70%
of the catchment area lies below elevation of 3000 m and about 21% of the area lies between
3000 and 4800m elevation zone. Slope map of the basin was also generated using SRTM 30m
data. First of all, a Digital Terrain Model (DTM) of the area was prepared, which was then used
to generate a slope map. More than 32% of Beas river basin area in Himachal Pradesh is
characterized by steep slopes while around 33% area is having moderately steep slopes. Soil
map of the study area has been produced using soil maps collected from National Bureau of Soil
Survey & Land use Planning (NBSS & LUP), Nagpur.

For the convenience of study and analysis of various physical and biological parameters and
their interpretation, entire Beas basin in India has been delineated into 11 sub-basins comprised
of major tributaries and covering varied domains as well as hydroelectric projects as given in
Table 2.

Table 2: Characteristics of Sub-basins of Beas river basin
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Sub- Altitudinal . . Area
No basin Range (m) Projects Status River/Stream (sq km)
Beas Kund Commissioned Beas Kund Nala
Beas | Palchan Bhang Proposed Kothi Nala
1 Sub- 1671-6002 Bhang Proposed Beas River 618.35
basin Jobrie Proposed Jobrie & Allain Nala
Allain Duhangan Commissioned Allain & Duhangan Nala
Beas || Baragaon Commissioned Sanjoin & Bijara Nala
2 Sub- 1168-4927 qual Under Construction Fozal Nala 798.21
basin Raison Proposed Beas
Sarbari Il Commissioned Sarbari Khad
Malana Malana | Commissioned Malana Nala
3 Sub- 1427-5756 Malana Il Commissioned Malana Nala 158.04
basin Malana 1l Proposed Malana Nala
Nakthan Proposed Tosh Nal{a & Parbati
. River
PSrbaU Toss Commissioned Tosh Nala
4 pper 1427-6619 Jari Proposed Parbati River 1437.11
Sub- — —
basin Balargha Commissioned Parbati River
Parbati Il Under Construction Parbati River
Parbati Proposed Parbati River
Parbati Sharni Proposed Parbati River
5 Lsol\:r)e:r 1168-3721 Sarsadi Proposed Parbati River 137.02
basin Sarsadi Il Proposed Parbati River
5
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Sub- Altitudinal . . Area
No basin Range (m) Projects Status River/Stream (sq km)
Sainj Sainj Under Construction Sainj River
6 Sub- 1168-5673 Parbati lll Commissioned Sainj River 1108.37
basin Hurla | Proposed Hurla Nala
Tirthan
7 Sub- 1168-5201 685.25
basin
Beas llI Patikari Commissioned Bakhli Khad
8 Sub- 798-3346 Pandoh Commissioned Beas River 703.44
basin Larji Commissioned Beas River
Lambadug Under Construction Lambadug Khad
uhl Proposed Uhl River
UhL Sub- Uhl | (Shanan) Commissioned Uhl River
9 basin 657-5171 UhL Il (Bassi) Commissioned Rana & Neri Khad 1711.71
Uht 111 Under Construction Rana & Neri Khad
Lower Uhl Under Construction Uhl River
Uhl Khad Proposed Uhl River
Gaj Commissioned Gaj Khad
Khauli Commissioned Khauli Khad
Beas [V Baner Commissioned Baner Khad
10 Sub- 414-4907 Neugal Comm!ss!oned Neugal Nala 3644.10
basin Baner Il Commissioned Baner Khad
Binwa Commissioned Binwa Khad
Kilhi Bahl Proposed Binwa & Awa Nala
Pong Dam Commissioned Beas River
Triveni .
g BSeats)_V 125.2039 Mahadev Proposed Beas River /585,10
b:sin Dhaulasidh Proposed Beas River )
Thana Plaun Proposed Beas River
5 HYDROMETEOROLOGY
For hydro meteorological assessment of the Beas basin, data pertaining to rainfall and discharge
was collected from various secondary sources. Project specific water availability information
was collected from various project developers through Directorate of Energy, Government of
Himachal Pradesh. Data was used for hydro-dynamic modelling carried out for project specific
environment flow assessment.
6 TERRESTRIAL BIODIVERSITY

6.1

Forest Cover in Beas Basin

Major part of Beas river basin is comprised of the Beas river system traversing the districts of
Kullu, Mandi, Hamirpur and Kangra of Himachal Pradesh. According to total forest cover as per
Forest Survey of India (2015) Mandi has the maximum forest cover (42.43%), while Kangra has
36.03%.

According to forest cover map of the basin non-forest constitutes main land use in the basin
and accounts for more than 60.60% of the entire Beas basin area. Very Dense forest constitutes
9.31% while Moderately Dense forest covers 17.79% of the total area.
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6.2 Forest Types
The forests in the Beas basin, the study area are covered under four administrative Circles viz.
Kullu, Hamirpur, Dharamshala and Mandi. Entire study area falls under 11 Forest Divisions with
Kullu and Parbati Forest Divisions under Kullu Circle; Suket, Mandi, Nachan and Joginder Nagar
under Mandi Circle, Dharamshala, Nurpur and Palampur under Dharamshala Circle and Dehra
under Hamirpur Circle.

According to ‘A Revised Survey of the Forest Types of India’ by Champion and Seth (1968) forests
in the basin are represented by 7 major Groups and 22 forest types viz. 5B/C2 Northern Dry
Mixed Deciduous forest, 9C1a: Himalayan sub-tropical pine forest 9/C1b: Upper or Himalayan
Chir Pine Forest 9/ C1/DS1: Himalayan sub-tropical scrub 9/C1/DS2: Sub tropical Euphorbia
scrub 10/C1a Olea cuspidata Scrub forest 12/C1a: Ban Oak Forests (Quercus incana) 12/C1b:
Moru Oak Forest (Q. dilatata) 12/C1b: (a, b) DS1/0ak scrub 12/C1c: Moist Deodar Forests
12/C1d: Western Mix Coniferous Forest 12/C1e: Moist Temperate deciduous forests 12/C1f:
Low-level blue pine forest (Pinus wallichiana) 12/C2a: Kharsu Oak forest (Quercus
semecarpifolia) 12/C2b: Himalayan upper oak-fir forest 12/DS1: Montane Bamboo brakes
12/DS3: Himalayan Temperate pastures 12/C1/DS2: Himalayan temperate secondary scrub
14/C1a: West Himalayan Sub Alpine fir forest 14C1b: West Himalayan Sub Alpine Birch/fir
forests 15C1: Birch-Rhododendron scrub forest 15/C3: Alpine Pasture 16C1: Dry alpine
scrub.

6.3 Floristics
Bio-geographically, the study area i.e. Beas basin is situated in the Biogeographic zone- 2A of
North West Himalaya (Rodgers et al., 1988). The entire area is comprised of complex hill system
with elevation ranging from 325 m to about 6620 m, traversed throughout by several rivers and

rivulets.

The flora of the study area covers the vast canvas of Himalayan ecosystem along an altitudinal
gradient, a meeting ground of cold deserts of trans Himalayan region to the temperate and
alpine Himalayan flora. At lower altitudes, there are forests of pine and at higher altitudes the
presence of oak-rhododendron forests with horse chestnuts and maples. The temperate zone
has coniferous forest of cedar, fir and spruce. The alpine areas harbor herbaceous flora like
species of Aconitum, Corydalis, Delphinium, Gentiana, Meconopsis, Pedicularis, Primula,
Saxifraga, etc. At higher elevations, the flora is of the cold desert type with prominence of
species of Astragalus, Caragana, Ephedra, Juniperus and stunted Hippophae and
rhododendrons. In the present study 1727 species of plants have been documented from the
study area. A brief overview of humber of plant species in various taxonomic groups.

GROUP Families Genera Species Total no. of species
Angiosperms

Dicots 133 600 1263

Monocots 29 165 318

Total 162 765 1581 1727
Gymnosperms 3 7 14
Pteridophytes 18 36 113
Bryophytes 11 12 19
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6.4 Rare, Endangered, Threatened (RET) and Endemic Plant Species

In Beas basin, there are 14 plant species that are under different threat categories as per Red
Data Book of Plants published by Botanical Survey of India. According to Red-list Status of
candidate species as per Shimla Conservation Assessment Management Prioritisation (CAMP)
December, 2010 by Foundation for Revitalisation of Local Health Traditions (FRLHT), 41 species
are found in Beas basin. However according to IUCN (Ver. 2017-2) only 107 species have been
assessed for their conservation status globally and most of them are listed in ‘Least Concern’
category and only 8 are in VU category, 2 in Near Threatened, 4 each in Critically Endangered
and Endangered category.

Of 84 plant species endemic to North West Himalaya (Included here are the Himalaya above
about 1000 m in the area westward of the Kali Gandaki River Gorge in Central Nepal - Jain &
Rao, 1983; Kanai, 1963; Rau, 1974) and Himachal Pradesh (Chaudhery, 1999) 64 species are
reported from Beas basin.

6.5 Medicinal & Economically Important Plants

This region harbours a wide range of medicinal plants used in Ayurvedic, Homoeopathic and
Unani medicines or used by the local people. In the present study 146 plant species have been
documented which are used for various medicinal purposes in the basin.

6.6 Floristic Profile across the Basin

To understand the vegetation profile across the basin i.e. in different sub-basins species
richness was documented. According to this species richness ranges from 94 to 171 with
maximum in the Parbati Upper sub-basin and minimum in Beas |. Important trees of this basin
are Taxus wallichiana, Cedrus deodara, Pinus wallichiana, Picea smithiana, Abies pindrow. It
is home to large number of medicinal plants also. Uhl sub-basin is another biodiversity rich due
to diverse habitats congenial for growth of different species. Dominant trees of Uhl sub-basin
are Aegle marmelos, Bauhinia variegata, Cinnamomum tamala, Neolitsea umbrosa, Mallotus
philippensis and Sapium insigne. At lower to mid elevations Pinus roxburghii is a very common
species. However, with the increasing altitude montane Himalayan species become more
prominent and lowland species are rare or absent. Beas | and Beas Il sub-basins located in the
high altitudinal zone are mainly comprised of coniferous species like Abies pindrow, Cedrus
deodara, Picea smithiana and Pinus wallichiana.

As already discussed in previous section on medicinal plants large number of medicinal plants
are found in the basin owing diverse habitats and elevation range. Some of the important
medicinal plants like Aconitum chasmanthum, A. heterophyllum, Arnebia benthami,
Dactylorhiza hatagirea, Dioscorea deltoidea, Ephedra gerardiana, Ferula jaeschkeana,
Nardostachys grandiflora, Picrorhiza kurroa, Rheum australe, etc. are found in higher altitude
areas of Beas |, Beas Il, Parbati Upper, Sainj and Tirthan sub-basins.

6.7 Community Structure
The phytosociological studies were carried out for the analysis of community structure coverings
all three season (pre-monsoon, monsoon and winter). The sampling for the same was conducted
at the 60 locations.
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6.7.1 Density of Trees

Upper catchment of Beas basin (Manali-Kullu) is comprised of temperate forest. Pinus
wallichiana, Cedrus deodara, Picea smithiana and Corylus colurna were dominant tree species
in these forests and are found in association with Aesculus indica, Acer caesium, Alnus
nepalensis, Celtis australis, Ulmus villosa, Fraxinus floribundus, Populus ciliata, Juglans regia,
Quercus semecarpifolia, Salix fragilis, Salix tetrasperma, Ilex dipyrena and Betula utilis.

In the middle stretch covering area between Kullu to Mandi forest is comprised of temperate
to sub-tropical forest type. Pinus wallichiana, Cedrus deodara Quercus semecarpifolia, Salix
fragilis and Betula alnoides are dominant at higher elevations in temperate areas, while at
lower elevations Adina cordifolia, Bauhinia variegata, Bombax ceiba, Celtis australis,
Dalbergia sissoo, Mallotus philippensis, Rhus succedanea, Ficus palmata, Grewia optiva, Morus
alba, Toona hexandra, Albizia sp., Boehmeria rugulosa, Phoebe lanceolata, Populus ciliata,
etc. are common.

The area downstream of Mandi up to Pong Dam forest is generally classified under tropical
forest type. Tree component is mainly comprised mainly of Syzygium cumini, Albizia lebbeck,
Albizia chinensis, Boehmeria rugulosa, Delonix regia, Dalbergia sissoo, Sapium insigne, Bombax
ceiba, Adina cordifolia, Eucalyptus citriodora, Mallotus philippensis, Lannea grandis, Bombax
ceiba, Azadirachta indica, etc.

The density of trees varied from site to site. The overall tree density throughout the study area
ranged from minimum of 120 number of trees/ha to maximum of 530 trees/ha. Highest tree
density was recorded at sampling site located near diversion site of Fozal HEP (left bank of
Fozal Nala) and Sampling site located near the Diversion weir of Khauli Khad HEP, where Pinus
roxburghii, Quercus spp. and Bauhinia variegata are the dominant species followed by sampling
site located upstream of Uhl-1 HEP barrage site (Right Bank of Ulh river) and lowest density of
tree species were recorded at sampling site located in proposed project area of Jobrie HEP
(right bank of Allain Nala).

Dominance

Among the trees Pinus wallichiana, Cedrus deodara, Picea smithiana and Fraxinus floribunda
are the most frequent occurring species. Cedrus deodara was the most dominant species in
temperate zone covering area of Upper catchment of Beas river up to Kulu, Malana Nala, Parbati
river, Upper catchment of Uhl river areas. Pure stands of Cedrus deodara were recorded with high
IVI values at most of the sites. Pinus wallichiana were the other dominant trees of the forests in
this region. However, Juglans regia and Picea smithiana were also found dominant at some places.
While at lower elevation comprising of temperate and sub-tropical region Pinus wallichiana was
more commonly found at higher elevation ridges while species of Quercus, Pinus roxburghii, Alnus
nepalensis, Celtis australis are dominant in tropical forests. In the tropical region of Beas basin
Dalbergia sissoo, Populus ciliata, Adina cordifolia, Bombax ceiba, Albizia spp., Eucalyptus
citriodora, Mallotus philippensis, Lannea grandis show frequent distribution with high IVI value.
In all 91 species of trees were recorded from different sites.
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During the field surveys 128 species of shrubs were recorded, species like Rhododendron
anthopogon, Rosa webbiana, and Juniperus communis with other species like Ephedra vulgaris,
Cotoneaster bacillaris, Sorbaria tomentosa, Berberis jaeschkeana, Berberis lycium, Artemisia
nilagirica and Berberis aristata, were the most dominant shrub species in temperate region of Beas
basin. Sorbaria tomentosa, Artemisia nilagirica and Berberis aristata were dominant at sites
located at lower elevations in all seasons whereas Rosa webbiana, Berberis lycium and
Rhododendron campanulatum were dominant at sites located at higher elevations.

In the middle stretch of Beas basin where vegetation is of temperate and sub-tropical forest type
Berberis aristata, Debregeasia longifolia, Boehmeria platyphylla, Leucosceptrum canum,
Maesa chisia, Melocalamus compactiflorus, Oxyspora paniculata, Sarcococca saligna,
Colebrookea oppositifolia Indigofera gerardiana Debregeasia longifolia are the dominant shrub
species with IVl values more than 50. At the lower elevations comprised of sub-tropical and
tropical forest type Lantana camara, Murraya koenigii and Justicia adhatoda are the dominant
shrub species with high IVI values. Predominant shrub species recorded from the study are in
the lower catchment of Beas river are Boehmeria macrophylla, Caryopteris odorata,
Debregeasia salicifolia, Urtica dioica, Desmodium elegans, Woodfordia fruticosa, etc.

In all 250 species of herbs were recorded during field surveys. Gentiana kurroo, Iris kemaonesis,
Poa alpina, Dactylis glomerata, Thymus serpyllum, Bistorta macrophylla, Axyris hybrida, Senecio
chrysanthemoides, Origanum vulgare, Ageratum conyzoides, Artemisia nilagirica, Argemone
mexicana, Achyranthes aspera, Anaphalis contorta, Nepeta ciliaris, Urena lobata, Datura
stramonium, Fragaria vesca, Micromeria biflora, Mentha longifolia, Eragrostis pilosa, Buddleja
asiatica, Curcuma aromatica, Parthenium hysterophorus, Cyperus rotundus and Chrysopogon
fulvus were found dominant at different sampling sites with each of them having IVI of more than
30. In general species like Artemisia maritima, Gentiana kurroo, Ageratum conyzoides and
Argemone mexicana were the most dominant species at most of the sites during the surveys.

6.7.2 Species Diversity

To understand the species richness Shannon Weiner Diversity was calculated for trees, shrubs
and herbs. Amongst trees the diversity Index ranged from low of 1.17 at sampling site V22
located near power house site of Sarbari Il HEP to highest at sampling site V54 at sampling site
located at left bank of Pong dam reservoir (2.82).

Among shrubs, highest diversity Index was recorded at sampling site V31 in the downstream of
Dam site of Parbati Il HEP (3.14) followed by sampling site V28 (3.13) in the Upstream of Sainj
HEP Dam site and lowest at sampling site V4 located near proposed project area of Jobrie HEP
(left bank of Alain Nala) (1.37).

Diversity of herb species shows seasonal variation in the study area. Maximum Diversity for herbs
was recorded during monsoon season varied from lowest 2.27 at sampling site V-14 located near
to the proposed Dam site of Nakthan HEP and highest value of diversity was recorded from
sampling site V59 (3.17) located near to the proposed Dam site of Dhaulasidh HEP. During pre-
monsoon season sampling, species diversity of herbs varied from lowest 1.75 at sampling site V14
(Near proposed power site of Nakthan HEP) and highest 2.98 at sampling site (Site V35) located
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6.8

near to the diversion site of proposed Uhl HEP. During winter season sampling the Diversity Index
ranged from lowest of 1.91 (at Site V1) to highest of 2.83 (at Site V59).

Faunal Resources

6.8.1 Mammals

According to data compiled from secondary sources like published literature and Forest Working
Plans and Wildlife management plan of Protected Areas and the forest and wildlife divisions,
40 mammalian species are reportedly found in the Beas basin. Family Bovidae is the largest
family represented by 6 species while Viverridae is represented by 4 species, Felidae, Muridae,
Mustelidae, Cervidae and Cercoitecidae having 3 species.

6.8.1.1 Conservation Status

According to IWPA (1972) Nine species of mammals are included in Schedule-1 according to WPA
1972, 14 species in Schedule-1l and rest of the species are either under Schedule- lll, IV or V
species. Six species have restricted distribution inhabiting higher elevations of the basin.

According to IUCN Red List (2017-2), 11 species are listed under different threat categories of
which 2 species are under Endangered category viz. Panthera uncia and Moschus chrysogaster
(Moschus moschiferus), 4 are under Vulnerable category viz. Panthera pardus, Capricornis
sumatraensis, Rusa unicolor and Ursus thibetanus while 5 species are listed as Near Threatened
category. Rest of the 29 species of mammals reported from the basin are under Least Concern
(LC) category.

Among these threatened species Snow Leopard, Musk Deer, Serow, and Himalayan tahr are
confined to upper reaches of the basin.

6.8.1.2 Sub-basin-wise Mammals Distribution

Species richness in different sub-basins ranges from 30 to 36 species with maximum in sub-basin
Beas IV and minimum in sub-basin Beas | (refer Table 3). There is not much variation in the
species richness along the elevational gradient, however it is slightly higher at middle
elevations i.e. between 1800 and 2100 m. The sub-basins in lower reaches like Beas IV, Beas V,
UhL, etc. harbour more species as compared to the sub-basins located in upper reaches like
Beas I, Beas Il, Malana and Parbati. The species like Rhesus Macaque (Macaca mulatta), Common
Leopard (Pathera pardus), Jungle Cat (Felis chaus), Jackal (Canis aureus) and Common Otter
(Lutra lutra) are widely distributed throughout the basin. Upper reaches of the basin harbour
species with relatively restricted distribution and threatened species. The species confined to
the upper reaches are Snow Leopard (Panthera uncia), Brown Bear (Ursus arctos), Blue Sheep
(Pseudois nayur), Siberian lbex (Capra sibirica), Himalayan Tahr (Hemitragus jemlahicus) and
Musk Deer (Moschus chrysogaster). All species are categorised either under IUCN Redlist (2017-
2) or Schedule | category or under both categories.

Mammalian species confined to the foothills and lower reaches include Indian Fox (Vulpes
bengalensis), Hyaena (Hyaena hyaena), Common Mongoose (Herpestes edwardsii), Commom
Palm Civet (Paradoxurus hermaphrodites), and Sambar (Cervus unicolor).
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Table 3: Sub-basin wise mammalian species richness

Total No. of
Sub-basins species No. Of.RET Schedule |

. species .

richness species
Beas | 30 8 6
Beas Il 33 7 6
Malana 31 8 7
Parbati Upper 31 9 8
Parbati Lower 32 8 8
Sainj 33 8 8
Tirthan 33 8 8
Beas Il 31 8 5
Uhl 35 8 8
Beas IV 36 8 7
Beas V 33 5 4

6.8.2 Birds in Beas Basin

In the present study 625 species of birds belonging to 23 Orders and 96 families have been
documented from the basin.

According to this list, Muscicapidae with 53 species is the largest family in the basin followed
by Accipitridae with 44 species and Anatidae with 24 species of birds.

Out of 625 species of birds 64 species have not been evaluated by IUCN Redlist (2017-2) while
511 have been listed in Least Concern category. Fifty species have been listed under different
threat categories of IUCN (2017-2) and WPA Schedules. Five species have been listed as
Critically Endangered category (White-rumped Vulture, Slender-billed Vulture, Red-headed
Vulture, Sociable Lapwing and Great Indian Bustard) while 6 species (Steppe Eagle, Egyptian
Vulture, Greater Adjutant, Saker Falcon, Red-necked Falcon and Lesser Florican) are listed as
Endangered in IUCN Redlist.

According to WPA (1972) 22 species have been listed as Schedule-I species and 8 species are
endemic to Himalaya are reported from the basin.

Pong Dam lake is the richest area in terms of bird species diversity where 415 species of birds
have been reported and is home to number of wintering species.

Species richness in different sub-basins ranges from 117 to 418 with minimum in Beas sub-basin
I and maximum in Beas sub-basin IV (refer Table 4). Maximum number of bird species reported
from Beas IV sub-basin is owing to the presence of Pong Dam Lake which is a suitable wintering
habitat for migratory birds. Bar-headed geese is one of the most dominant waterfowl species
that is found in Pong Dam lake. Majority of the species are generalists while a few of them are
confined to upper reaches (Himalayan Snowcock - Tetraogallus himalayensis, Monal Pheasant -
Lophophorus impejanus, Horned Lark - Eremophila alpestris, Himalayan Yellow-billed Chough-
Pyrrhocorax graculus, Himalayan Red-billed Chough - Pyrrhocorax pyrrhocorax, Western
Greenish Leaf-Warbler - Phylloscopus trochiloides, etc. and lower reaches (Grebs, Herons,
Storks, Egrets, Ducks, etc). In general, species richness decreases along the elevational
gradients, the sub-basin extends from lower reaches harbour relatively high species richness.
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Considerably high species richness in Beas sub-basin IV is attributed to the presence of a large
wetland - Pong dam reservoir which is home of many aquatic bird species.

Table 4: Sub-basin wise bird species richness

Total No. of No. of
Sub-basins species threatened Schedule |
richness species species
Beas | 117 4 7
Beas Il 123 4 7
Malana 121 4 7
Parbati Upper 120 4 7
Parbati Lower 123 4 7
Sainj Khad 123 4 7
Tirthan 123 4 6
Beas IlI 136 7 7
uhl 137 7 7
Beas IV 418 21 5
Beas V 145 3 1

Endemic Species

The species that are endemic to Western Himalaya and found in Beas basin are White-throated
Tit (Aegithalos niveogularis), Western Tragopan (Tragopan melanocephalus), Cheer Pheasant
(Catreus wallichi), Spectacled finch (Callacanthis burtoni), Orange Bullfinch (Pyrrhula
aurantiaca), Kashmir flycatcher (Ficedula subrubra), Kashmir nuthatch (Sitta cashmirensis),
Tytlers’ leaf warbler (Phylloscopus tytleri) and Brooks's Leaf-Warbler (Phylloscopus subviridis).

Nearly 66% of the total bird species in Beas basin are residents. Of the total resident bird 14.5%
species perform local movement and 13.5% are seasonal migrants. About 25% of the total bird
species are summer and winter visitors, which perform their movement for breeding purpose.
The passage migrant species include Pale Grasshopper-Warbler, Lesser Whitethroat, Yellow
Wagtail, Brambling, Black-headed Bunting and Red-headed Bunting.

The wetland of Pong dam reservoir (Pong Dam Lake Wildlife Sanctuary) in the basin (Beas sub-
basin IV) provides a good niche for the migratory birds. As many as 418 bird species have been
recorded from the Pong dam reservoir area only according to Status Paper on Pong Wetland
published by Randhawa (2014) under HP State Centre on Climate Change. Many migratory birds
like Bar Headed Geese (Anser indicus), Northern Pintail (Anas acuta), Common Pochard (Aythya
farina), Red Necked Grebe (Podiceps grseigena), Mallard (Anas platyrhynchos), etc. visit this
site in winter from trans-Himalayan region.

6.8.3 Butterflies

Total 150 species of butterflies in the Beas river basin have been documented. Species richness
in different sub-basins ranges from 76 to 137 with minimum in Beas sub-basin | and maximum
in Beas sub-basin IV (refer Table 5). Majority of the species are common in distribution in all
sub-basin while a few of them are restricted to upper reaches (Red Apollo - Parnassius
charltonius, Common Blue Apollo - Parnassius hardwickei, Painted Lady- Vanessa cardui,
Mountain Argus - Erebia shallada) and lower reaches (Spangle-Papilio protenor, Tawny Mime-
Chilasa agestor, Psyche - Leptosia nina nina, Common Jezebel - Delias eucharis, Pale Hedge
Blue - Udara dilecta, Purple Hedge Blue - Heliophorus epicles, Common Baron - Euthalia
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aconthea, Common Jester - Symbrenthia hippoclus, Common Bush Brown - Mycalesis perseus,
Dark Blue Tiger - Tirumala septentrionis etc).

Table 5: Sub-basin wise number of butterfly species richness

Total No. of No. of
Sub-basins species Threatened Schedule |
richness species species
Beas | 76 0 0
Beas Il 79 0 0
Malana 84 0 0
Parbati Upper 84 0 0
Parbati Il 82 0 0
Sainj Khad 84 0 0
Tirthan 84 0 0
Beas Ill 135 0 1
Uhl 137 0 1
Beas IV 136 0 1
Beas V 120 0 1

Conservation Status: Out of 150 species inventoried for Beas river basin, only 5 species, viz.
Bath White (Pontia daplidice), Small Grass Yellow (Eurema brigitta), Peacock Pansy (Junonia
almanac), Yellow Pansy (Junonia hierta) and Common Crow (Euploea core) are assessed under
the IUCN Redlist (2017-2) and listed under ‘Least Concern’ category. Similarly, only a few
species are included in the list of scheduled species as per IWPA (1972). Only one species -
Common Pierrot (Castalius rosimon) in Beas river basin is included in Schedule I. A total of 8
species like Common Yellow Swallowtail (Papilio machaon), Regal Apollo (Parnassius
charltonius), Common Onyx (Horaga onyx), Pea Blue (Lampides boeticus), Common Beak
(Libythea lepita), Danaid Eggfly (Hypolimnas misippus), Veined Labyrinth (Lethe pulaha),
Common Fiorester (Lethe insana insane) are listed in Schedule II.

6.8.4 Herpetofauna

Total 59 species are reported from the Beas basin of which 51 species are of reptiles and 8
species are of amphibians (Table 6).

6.8.4.1 Reptiles

Reptilian fauna is comprised of 51 species belonging to 12 families. Colubridae is the largest
family represented by sixteen species followed by Agamidae, Scincidae and Geoemydidae with
5 species each. IUCN Red List (2017-2) has kept Indian Rock Python (Python molurus), Spotted
Pond Turtle (Geoclemys hamiltonii) and Gangetic Soft-shell Turtle (Nilssonia gangetica) under
Vulnerable category. Eleven species are under Least Concern category and rest of the species
are yet not evaluated under IUCN Red List (2017-2).

6.8.4.2 Amphibia

From the Beas basin 8 species of Amphibians are reported which belong to 4 families, which
comprises of toads and frogs. Bufonidae is the largest family with 3 species.

RSETS

14

RS Envirolink Technologies Pvt, Ltd,



CIA&CCS- Beas Basin in HP Executive Summary

Table 6: Sub-basin wise herpetofaunal species richness in Beas river basin

Total No. of No. of
Sub-basins species | Threatened Schedule |
richness species species
Beas | 26 1 0
Beas Il 28 1 0
Malana 27 1 0
Parbati Upper 27 1 0
Parbati Lower 28 1 0
Sainj Khad 29 1 0
Tirthan 29 1 0
Beas lll 32 2 1
Uhl 32 2 1
Beas IV 38 4 2
Beas V 30 4 2

Conservation Status: Most of the assessed species are listed in ‘Least Concern’ category. Only
Tiny Frog is categorised under ‘Vulnerable’ category. Tiny Frog is widely distributed in the
basin. Under the Schedule list of IWPA (1972) only Indian Flapshell Turtle are included under
Schedule I. It is confined to the Shivalik hills (Beas IV and V) of the basin.

6.9 Protected Areas

There are 10 Wildlife Sanctuaries and 3 National Parks in the basin covering an area of 3236
sq km (Table 7).

Table 7: List of Protected Areas located within Beas Basin and status of ESZ Notifications*

S. PROTECTED AREAS Area Status of ESZ Notification

No. (Sq km)

Wildlife Sanctuaries

1 Dhauladhar Wildlife Sanctuary 982.86 Draft Notification (13/01/2016)

2 Kanawar Wildlife Sanctuary 107.29 Draft Notification (28/04/2016)

3 Khokhan Wildlife Sanctuary 14.94 Draft Notification (04/03/2016)

4 Manali Wildlife Sanctuary 29.00 Draft Notification (04/03/2016)

5 Sainj Wildlife Sanctuary** 90.00 -

6 Pong Dam Lake Wildlife Sanctuary 207.59 Draft Notification (17/11/2016)

7 Tirthan Wildlife Sanctuary** 61.00 -

8 Shikari Devi Wildlife Sanctuary 29.94 Draft Notification (04/03/2016)

9 Nargu Wildlife Sanctuary 132.37 Draft Notification (08/03/2016)

10 Kais Wildlife Sanctuary 12.61 Draft Notification (24/04/2016)

National Parks

11 Great Himalayan National Park** 754.40 -

12 Khirganga National Park** 710.00 Draft Notification (25/07/2016)

13 Indrakilla National Park 104.00 Final Notification Issued
(17.01.2018)

Great Himalayan National Park 1615.40 Draft Notification (22/08/2016)

Conservation Area (GHNPCA)**

*http://envfor.nic.in/content/esz-notifications

** Great Himalayan National Park Conservation Area includes Sainj WLS, Tirthan WLS,
Great Himalayan National Park and Khirganga National park
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6.10 Important Birding Areas

BirdLife International is the world’s largest nature conservation partnership. It identifies
Important Birding Areas worldwide for conservation action. The Bombay Natural History Society
(BNHS) is the BirdLife Partner for India and is responsible for coordinating the IBA programme
in the country. Of the 467 IBAs identified so far in India, 191 are Wildlife Sanctuaries, 52 are
National Parks, 23 are Tiger Reserves and one is a Conservation Reserve (Birdlife International,
2017). India's IBAs are host to 75 species of globally threatened birds of which eight are Critically
Endangered, 10 are Endangered and 57 are Vulnerable. A total of 199 IBAs (almost 43%) are
located outside the Protected Area Network (PAN) and have no official protection. In Himachal
Pradesh 27 IBAs have been and of these 24 are sanctuaries and 2 are national parks and only
one is non-protected area (Islam and Rahmani, 2004). In Beas basin 9 IBAs have been identified
based upon the criteria defined by Birdlife International. Most of the IBAs harbor critically
endangered Western tragopan and Vulnerable Cheer pheasant.

Table 8: List of IBAs identified in Beas basin

- —
IBéAOzl:e IBAs Criteria Important Species
IN-HP-04 | Dhauladhar Wildlife Sanctuary A1, A2 Western tragopan
D, . . Western tragopan,
IN-HP-08 | Great Himalayan National Park A1, A2 Cheer pheasant
IN-HP-09 | Kais Wildlife Sanctuary A1, A2 Western tragopan,

Cheer pheasant
Western tragopan,

IN-HP-11 | Kanawar Wildlife Sanctuary A1, A2 ch
eer pheasant
. Western tragopan,
IN-HP-16 | Manali Wildlife Sanctuary A1, A2, A3 Cheer pheasant
IN-HP-17 | Nargu Wildlife Sanctuary A3 -
White-rumped
IN-HP-19 | Pong Dam Lake Wildlife Sanctuary A1, Adiii vulture, Slender-
billed vulture
IN-HP-24 | Shikari Devi Wildlife Sanctuary A1, A2, A3 Cheer pheasant
IN-HP-27 | Tirthan Wildlife Sanctuary A1, A2, A3 Western tragopan

*Western tragopan, White-rumped vulture and Slender-billed vulture are Critically Endangered; Cheer
pheasant is Vulnerable

Owing to rich avi-faunal diversity Pong dam reservoir has been declared as Ramsar site in 2002
spread over an area of 156.62 sq km. Pong dam lake is an important wintering ground for
waterfowl. IBA report on Himachal Pradesh states that concentration of wintering waterfowl
population has sharply increased over the years especially the populations of Northern Pintail,
Bar-headed Geese, Common Teal, Eurasian Wigeon, Common Pochard and Great Cormorant.
The report also says that almost 20% of Bar-headed Geese population occurs in Pong Dam only.
No other IBA site in India holds such a large population of this species. The status paper on Pong
dam has reported 415 species of birds from the Pong Dam lake. Pong Dam Lake also known as
Maharana Pratap Sagar was declared Ramsar site on 19.8.2002 by Ramsar Convention.

AQUATIC ECOLOGY

7.1

Water Quality Assessment

Both physico-chemical and biological water quality of Beas river and its major tributaries was
assessed at 59 locations in the entire Beas basin.
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7.1.1 Physico-chemical Water Quality

The analysis of most of the physico-chemical parameters in general revealed that there is hardly
any significant variation in most of the parameters most of them are within prescribed CPCB
standards. The absence of heavy metals is mainly attributed to absence of heavy industries in
the basin except for medium and small enterprises in towns like Kullu, Mandi and Kangra
comprising mainly of Agro and Food Processing, mechanical and engineering based, wood,
woollen items, and wooden based industries and main exportable items are fabric and ayurvedic
medicines (Source: Industrial Profile of Kullu, Mandi and Kangra towns). Main economic
activities are comprised of tourism and its related activities. Being hilly and mountainous region
industries have not developed in the basin. The heavy metals in Beas river and its tributary
streams are either Not Detectable or Below Detectable Limits.

In order to make an overall assessment of water quality of Beas river and its tributary streams
water quality indices like WQI (Water Quality Index) based upon 9 different water quality
parameters was used. WQI at majority of sampling sites in different sub-basins during all
seasons ranges from Good to Excellent as the values in general range between 70 and 94 which
indicates that water quality based upon above parameters is largely Good or Excellent. Only at
some of the sampling sites in Parbati Lower (Parbati, Sharni and Sarsadi HE projects areas is in
Medium category. It was also seen that BOD values were higher than the normal range and Total
Coliforms were also on high side presumably due to discharge of untreated discharge of
domestic sewage directly into Beas river where towns like Manali, Kullu and Mandi.

7.1.2 Biological Water Quality

For assessing biological water quality an index of BMWP (Biological Monitoring Working Party)
was used which is indicative of biological richness of a particular river/stream based upon type
of Macro-invertebrates inhabiting the particular stream.

BMWP score varied from lowest value of 24 to highest value of 144. Water quality during
monsoon in general was Poor to Good in most of water sampling sites in Parbati Lower, Uhl,
Sainj, Beas lll, Beas IV and Beas V sub-basins. Water quality however was in Good category
during winters at all the above sites. Water quality scenario was almost similar to winters in
pre-monsoon season at all these sites. At majority of the sampling sites water quality is in ‘Very
Good’ category at sampling sites located in Parbati Upper and Parbati Lower sub-basins
especially during pre-monsoon and winters.

7.2 Fishes

Beas drainage system in Himachal Pradesh is spread over a length of more than 900 km, which
is comprised of 274 km of Beas river and about 626 km of tributaries (Sehgal, 1983). Important
from view point of fishes are Baner, Binwa, Neugal, Dehar, Awa, Banganga, Gaj, Manuni,
Parbati, Patlikuhl, Sainj, Suketi, Tirthan and Uhl. Northern and eastern tributaries are
perennial, and snow fed while southern tributaries are seasonal. Coldwater streams are
characterized by high transparency and dissolved oxygen. Major cold-water fishes belong to
Cyprinidae, Cobitidae and Sisoridae and these fishes are small in size. Most of the hill stream
fishes live at the bottom or on the banks due to low water current than the main Beas river.
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Fishes living in torrential tributary streams have special organs for attachment. These fishes
thrive in the hilly streams and have bottom dwelling habits.

Based upon the data compiled various secondary sources cited above fish fauna in the Beas
basin is comprised of 84 species belonging to 14 families. Cyprinidae is the largest family
represented by 43 species followed by Cobitidae and Sisoridae with 11 species each. As many
as 57 species have been reported from Pong Dam reservoir itself. The conservation status of
fish species was assessed with the help of IUCN Redlist, Conservation Assessment and
Management Plan (CAMP) Workshops Report (1998) and Threatened Freshwater Fishes of India
by National Bureau of Fish Genetic Resources, Lucknow (NBFGR, 2010) (refer Table 9).

Out of 84 species 77 are native/indigenous while remaining 7 fish viz. Amblypharyngodon mola
(Mola Carplet), Hypophthalmichthys molitrix (Silver Carp), Ctenopharyngodon idella (Grass
carp), Carassius auratus (Gold Fish), Cyprinus carpio (Common Carp), Salmo trutta fario (Brown
Trout) and Oncorhynchus mykiss (Rainbow Trout) are exotic. Fish diversity decreases along the
elevational gradient, thus lower reaches of basin/sub-basins harbour relatively high species
richness.

Rich fish fauna of Beas IV sub-basin can be attributed to the presence of Pong Dam reservoir at
the foot of the basin and many perennial tributaries like Baner Khad, Gaj Khad and Dehar Khad.
These tributaries are considered as sanctuaries of fish. Baner is one of the known spawning
ground of Tor putitora (Golden Mahseer). The seeds of Golden mahseer had been collected by
Joshi (1980) from Baner Khad successfully. The sub-basins like Uhl, Beas lll and Beas IV extend
in lower reaches are dominated by carp fishes like Labeo spp., Tor putitora, Catla catla (Main
river) and minor carp like Barilius spp., Puntius spp., Nemacheilus spp., etc. (in tributaries).
Sub-basins in upper reaches like Beas |, Beas Il, Sainj Khad, Tirthan, Parbati I, Parbati Il and
Malana Il are dominated by Snow Trout (Schizothorax richardsonii). However, due to regular
introduction of Brown Trout (Salmo trutta fario and Rainbow Trout (Onchorhynchus myskiss),
the native populations have been adversely affected and some of the river stretches are
dominated by these exotic trout.

Table 9: Distribution of fish species in Beas Basin and their conservation status

No. of No of RET Species
Sub-basin Projects River/Stream FIS!1 IUCN CAMP
species
Beas Kund Beas Kund Nala
Palchan Bhang Kothi Nala/Beas river
Bhang Beas River
Beas | Jobrie Jobrie & Allain Nala 1 1 3
Allain Duhangan Allain & Duhangan
Nala
Baragaon Sanjoin & Bijara Nala
Beas || qual Fozal Nala 22 1 5
Raison Beas
Sarbari Il Sarbari Khad
Malana | Malana Nala
Malana Malana Il Malana Nala 17 1 3
Malana Il Malana Nala
Nakthan Tosh Nala & Parbati 12
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Tosh Tosh Nala
Jari Parbati 3
Parbati Balargha Parbati
Upper Parbati I Parbati
Parbati Parbati
. Sharni Parbati
PLa:)rvBaetr] Sarsadi Parbati 20 3
Sarsadi Il Parbati
Sainj Sainj
Sainj Parbati lll Sainj 20 4
Hurla | Hurla Nala
Tirthan - Tirthan 18 4
Patikari Bakhli Khad
Beas Il Pandoh Beas 22 13
Larji Beas
Lambadug Lambadug Khad
Uhl Uhl
Uhl | (Shanan) Uhl
uhl UhL Il (Bassi) Rana & Neri Khad 24 13
UhL 11l Rana & Neri Khad
Lower Uhl Uhl
Uhl Khad Uhl
Gaj Gaj Khad
Khauli Khauli Khad
Baner Baner Khad
Neugal Neugal Khad
Beas IV Baner I Baner Khad >7 22
Binwa Binwa Khad
Kilhi Bahl Binwa & Awa Nala
Pong Dam Beas
Triveni Mahadev Beas
Beas V Dhaulasidh Beas 41 17
Thana Plaun Beas
7.2.1 Conservation Status

Out of 84 fish species reported from the basin, 70 species have been evaluated by IUCN Redlist
and 59 species are under Least Concern category. Under the IUCN redlist 8 species have been
included in different threat categories. Only one species Tor putitora is listed as Endangered,
4 species are listed as Near Threatened viz. Bagarius bagarius, Hypophthalmichthys molitrix,
Tor tor and Wallagu attu. CAMP (1998) have evaluated 63 species and a total of 29 species are
categorised as ‘Vulnerable’, ‘Endangered’ and ‘Critically Endangered’ species out of which 6
are Endangered and 21 are under ‘Vulnerable’ category. Two species namely Glyptothorax
garhwali and Glyptothorax stolickae are listed as Critically Endangered and are confined to the
lower reaches of Beas basin and prefer to inhabit lower reaches of Beas river tributaries. Fifteen
species have been included in list of frsehwater threatened fishspecies of India by NBFGR, out
of which 4 are listed as Endangered while 11 species are listed under Vulnerable category.
Amblyceps mangois, Tor mosal, Tor putitora and Tor tor have been listed as Endangered
species.

7.2.2 Fish Migration & Spawning

The migration of fish in Himalayan rivers are generally attributed to their spawning habit. In
Beas basin, two species viz. Tor putitora and Tor tor are relatively long-distance migratory
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species, which ascend and spawn in tributaries. Tor putitora is periodic and specific in
migration and spawning and span in tributaries of mid elevations while Tor tor spawns in low
land tributaries. Sehgal (1990) stated that prior to construction of Pandoh dam, Tor putitora
used to migrate in Beas river up to Sultanpur and Kullu but Pandoh dam has hampered its
migration and presently it is restricted to downstream of Pandoh dam only.

Clupisoma garua is another long-distance migratory fish. It performs upstream migration during
July to September and downstream migration in October-November.

Labeo dero and Schizothorax richardsonii (Snow trout) are medium distance migratory species.
Labeo dero is known to migrate upstream from March to August and it comes down in
September. Snow trout performs upstream migration from March to May and moves downstream
during November-December.

7.2.3 Existing and Potential Streams for Spawning and Breeding in Beas basin

Snow trout in Beas river migrates upstream during breeding where the temperature is less. It
is known to breed twice, in the summer (May-June) and in (July-October), in the shallow water
along the bank of the streams (Sharma, 2010) up to November. Juni stream (a left bank
tributary of Beas, upstream of Pandoh dam) once was one of the potential spawning ground of
Tor putitora but due to construction of Pandoh dam, the population of Golden mahseer has
disappeared from this tributary.

Existing Trout Streams

Barot is one of the important areas in Beas basin where trout farming is done. Some of the
finest fishing spots are located at Luhandi, Puran hatchery, Lachkkandi, Tikkar, Balh and
Kamand in this sub-basin. Besides Barot the entire stretch of Beas river from Pandoh Dam to
Aut on the Mandi-Manali national highway is also considered good for trout fishing.

Tributaries like Sarbari, Sanjoin and Phojal offers ideal habitats for trout and provides ample
opportunities for fishing. Sainj and Tirthan rivers which form a tri-junction with Beas river about
100m downstream near Larji are also known trout streams.

Beas river from Manali to Bhuntar provides some excellent pools for fishing especially at
Patlikuhl, Katrain and Raison. Trout hatcheries have also been developed at Patlikuhl and

Bathad.

Parbati river another large tributary is also suitable habitat for trout in Parbati Lower sub-
basin and is famous for trout fishing at places like Kasol.

Potential Trout Sites

i) Uhl Khad (1500 m)

ii) Khauli (1160 m)

iii) Arnodi Khad (1090 m)
iv) Sukhad Khad (975 m)
V) Khoti Nala (990 m)
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vi) Poon Nala (990 m)

All the above-mentioned streams can be classified as Type-A streams and harbor good
populations of snow trouts.

The streams with lot of shaded area with dense vegetation are favorable for the breeding of
trout fish. Highly oxygenated water i.e. high DO values and rapid current are pre-requisite for
the fish. It has been found that an alkaline pH, high DO with water velocity more than 1.8 m/s
is the most suitable habitats for snow trout.

Existing Mahseer Streams

a) Sari Marog

b) The stretch between Harsi Pattan and Nadaun
¢) Kuru

d) Dehra and Pong Dam Reservoir

e) Larji

Potential Mahseer Sites
vii) Binwa Khad (810 m)
viii)  Rana Khad (860 m)

Himachal Government has specifically declared Tirthan river as an angling reserve and not to
allow any hydropower project on this river as well as its tributaries in order to maintain its
aquatic biodiversity. Every year fingerlings of brown as well as rainbow trout are stocked in this
river by the department.

CUMULATIVE IMPACT ASSESSMENT

As Beas basin harbours rich biodiversity, for Cumulative Impact assessment, the biologically
rich areas were spatially identified for the purpose of conservation and saving the existing gene
pool from extinction. It is evident from the fact that more than 48% of the basin area is under
Very High and High Richness Index category. These areas are mainly located in upper Beas
catchment, Parbati, Sainj and Tirthan river catchments and higher elevations in catchments of
Baner Khad, Neugal Khad, Binwa Khad, Uhl river which drain the southern slopes of Dhauladhar
range.

In addition to Biological Richness Index, Fragmentation Index map as well as Disturbance Index
maps of the basin were also prepared to delineate areas with where landscape fragmentation
has occurred over the years due to various developmental activities and urbanisation. Biotic
disturbance attributes like proximity to roads and human settlements along with landscape
parameters are combined to generate Disturbance Index.

For overall CIA Forest cover change, type of forest encountered, Fragmentation Index and
Disturbance Index categories in different sub-basins, along with ecological attributes of floral
and faunal elements both terrestrial as well as aquatic, sub-basin wise ecological assessment
of all the above parameters was made.

RSETS

21

RS Envirolink Technologies Pvt, Ltd,



CIA&CCS- Beas Basin in HP Executive Summary

9

ENVIRONMENTAL FLOWS

For establishing environment flow requirement of the rivers, habitat simulations or micro-
habitat modeling methodologies has been used. Flow regime was established by dividing annual
occurrence into three distinct seasons/periods i.e. Peak, lean and remaining/other months.
Flow simulation study was carried out using one dimensional mathematical model MIKE 11
developed by Danish Hydraulic Institute of Denmark.

There are 51 hydro projects in the Beas river basin, out of which 19 projects are with installed
capacity of 25 MW or more i.e. projects which are covered under EIA notification and can be
studied for environment flow assessment by habitat simulation and hydraulic modelling. Smaller
projects (less than 25 MW installed capacity) do not give good results when subjected to
modelling and therefore for all such projects environment flow is recommended based on
present norms of EAC/MoEF&CC. Out of 19 projects, considered for modelling study, 10 are
commissioned projects, 3 are under construction, 5 are under different stages of survey &
investigations and one, Kanda Pattan, is a newly identified and yet to be allotted project.
Downstream of Pong dam is outside the study area and therefore it was not considered for
environment flow assessment. Similarly, Uhl Il (Basi) is tailrace development of Uhl | without
any additional diversion and therefore, the water release from Uhl | will remain in Uhl river
and no additional release is considered from Uhl II. For UhL Ill, in the absence of discharge data,
assessment could not be carried out. Similarly, for Kanda Pattan, no discharge data is available
and therefore, modeling could not be carried out.

Flow simulations have been carried out for 10%, 15%, 20%, 25%, 30%, 40%, 50% and 100% releases
of the average discharge for each of above three scenarios for the identified projects. Various
key parameters for establishing habitat requirement have been calculated which include water
depth, flow velocity and top width of waterway. Average discharge values for each study period
was derived from 90% dependable year discharge series at each location, as discussed under
hydro-meteorology section. Initial critical stretch of the river, immediate downstream of
diversion structure is represented by 8-10 cross sections for each project and used in the modeling
exercise. Manning’s roughness coefficient for different type of channels as suggested by Chow,
1959, was used.

Output data was analysed for environmental flow assessment with a view to meet the needs of
dominant fish species with larger habitat requirement. A minimum depth requirement of 40 cm
and 50 cm is considered for trout and mahseer zones respectively to assess the environmental
flow requirement in lean season. Higher depth is considered for intermediate period and
monsoon period to ensure mimicking of natural discharge pattern. For intermediate period in
Mahseer zone, a depth range of 60-75 cm is considered and for monsoon season a depth range
of 85-100 cm is considered. Similarly, for intermediate period in trout zone, a depth range of
55-65 cm is considered and for monsoon season in trout zone, a depth range of 70-80 cm is
considered as minimum requirement. However, some exceptions are considered, as many of
the times, in small tributaries even in natural conditions such depths are not available. In such
cases, recommendations are made to ensure that even during lower discharges giving lower
depths and widths of water in the rivers, a part of it is maintained in the river as environment
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flow in such a manner that reduction in depth is restricted to about 50% of the natural river
depth.

Keeping in view the EAC/MoEF&CC’s requirement of minimum release in lean season as 20%,
monsoon/peak season as 20-30% and other months also as 20-25%; calculated based on average
discharge in four leanest months in 90% dependable year, the same is considered as the
overriding criteria even if the modeling exercise is suggesting that a lower discharge can meet
the depth requirement. For Dam Toe power houses, where intermediate river stretch is very
small, continuous release from the turbines can be used as the contribution towards
environmental flow.

Based on the above criteria, environmental flow requirements are established for each project
separately and final recommendations for the projects assessed by modeling exercise is
tabulated below (Table 10). Values are given in percentage as per the prevalent norms,
however, for the purpose of implementation absolute values (in cumec) should be used
wherever, there is discrepancy.

For Uhl lll and Kanda Pattan, in the absence of discharge data, assessment could not be carried
out, therefore, it is recommended that Uhl Il and Kanda Pattan maintains 20%, 30% and 25% of
the average respective values of their 90% dependable year discharge (Year should be picked
up from approved DPR used for project design) for lean, monsoon and other months as defined
in the table.

For remaining 32 projects i.e. projects with less than 25 MW installed capacity, environment

flow should be maintained based on the percentage of average values of discharge in lean,

monsoon and other months based on 90% dependable year discharge series (year should be

picked up from approved DPR used for project design) and following recommendations should

be adopted:

e Lean Season (December to March) : 20% of average discharge in lean season in 90% DY

e Monsoon/Peak Season (June to September): 30% of average discharge in monsoon/peak
season in 90% DY

¢ Remaining 4 months (October, November, April and May): 25% of average discharge in
these months in 90% DY
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Table 10: Environment Flow Release Recommendation
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Recommended E-flow as % of average discharge in R
90% DY ecommended E-flow (cumec)
S. No. Project River (Affected Stretch) Lean
Lean Season | Peak Season Other Months Season Peak Season Other Months
1 Beas Satlej Link | Beas River (25 km) 20 15 15 18.99 64.72 25.74
2 Parbati-lI Sainj River (13.7 Km) 20 15 15 1.51 8.46 2.83
3 Allain Allain (9.2 Km) 20 15 15 0.42 2.43 0.85
Duhangan

Duhangan (5 Km) 20 15 20 0.15 0.96 0.4
4 Larji Beas River (5.65 Km) 20 15 15 11.42 64.06 21.45
5 Uhl-| Uhl River (40 Km) 20 15 15 0.44 2.37 1.11
6 Malana-II Malana Nala (5.2 Km) 20 15 15 0.52 2.56 1.20
7 Sainj Sainj River (9 Km) 20 15 15 0.71 3.34 1.61
8 Malana-I Malana Nala (2.32 Km) 20 15 15 0.49 3.32 1.24
9 uhl II Tailrace of Uhl | - - - - - -
10 Pong Dam Beas - - - - - -
11 Parbati-Il Parbati River (5.28 Km) 20 15 15 2.99 16.3 3.79

Jigrai Nala (0.8 Km) 20 30 25 0.2 1.16 0.54

Jiwa Nala (8.2 Km) 20 30 25 1.19 6.2 2.53

Hurla Nala (12 Km) 20 30 25 0.57 3.12 1.28
12 Lambadug Lambadug (6.3 Km) 20 15 15 0.25 1.28 0.6
13 UhL III* Rana Khad 20 30 25

Neri Khad 20 30 25
14 Nakthan Tosh (4.4 Km) 25 20 20 0.93 5.24 1.99

Parbati (8.9 Km) 25 20 20 1.42 7.84 2.94
15 Thana Plaun Beas River (12.7 Km) 20 15 15 5.05 46.62 11.64
16 Triveni Beas River (5.5 Km) 20 15 15 5.62 54.05 14.49

Mahadev

Binwa Khad (3.2 Km) 20 15 15 0.93 4.6 1.5
17 Malana-lll Malana Nala (3.35 Km) 20 15 15 0.31 2.02 0.94
18 Dhaulasidh Beas River (37 Km) 20 30 20 6.24 90.79 8.10
19 Kanda Pattan Beas River (8 Km) 20 30 25

24
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CONCLUSIONS AND RECOMMENDATIONS

Recommendations made on the draft report were reviewed by EAC during visit to Beas basin on
April 12-14, 2018. Post visit, the basin study report was discussed in detail during the 13th EAC
meeting held on April 27, 2018 where EAC concluded that MoEF&CC will discuss the report with
state government of Himachal Pradesh and thereafter the final report will be discussed in EAC
again for final appraisal and recommendation. After receiving the output of Beas basin study and
minutes of 13th EAC meeting, Directorate of Energy, Government of Himachal Pradesh attended
the 15th EAC meeting and inter-alia, made a detailed presentation on the recommendation of
the study report. EAC sought additional information from GoHP and matter was further discussed
in EAC in 19" and 20" meeting, held during October and November 2018 respectively.
Thereafter, Beas basin study has been updated, incorporating all the discussions and
recommendations made by EAC and the additional data submitted by Government of Himachal
Pradesh. The final set of recommendations are:

Jobrie HEP (12 MW) will be developed as two independent projects - one with diversion on
Allain Nala and will be of 6 MW installed capacity and another with diversion on Jobrie Nala
and will be of 2 MW installed capacity. All the components including pondage for both the
projects will be outside the boundary of Inderkilla WLS and its Eco-sensitive Zone (ESZ) with
the exception of 2 MW project on Jobrie Nala, which can be developed in ESZ only if permitted
by the ESZ notification.

Manalsu HEP (21.9 MW) falling within Manali WLS will undergo Wildlife Clearance as per Wildlife
Protection Act. Based on the assessment by the State Board of Wildlife that whether the portion
of the project coming in the WLS is a permissible activity and accordingly, Wildlife Clearance
should be obtained from the Standing Committee on National Board of Wildlife.

Bujling HEP (20 MW) - Location of Bujling HEP will be changed/project component revised to
ensure that all the components including pondage will be outside the boundary of Dhauladhar
WLS as well as ESZ of Dhauladhar WLS as and when it is notified.

Makori HEP (20.8 MW) - Project is recommended for dropping and therefore the allotment of
project will be cancelled.

Palchan Bhang HEP (9 MW), Bhang HEP (9 MW), Seri Rawla (7 MW), Raison (18 MW) will be
developed as planned.

Four projects on Parbati River viz. Parbati HEP (12 MW), Sharni HEP (9.6 MW), Sarsadi HEP (9.60
MW) & Sarsadi-1l HEP (9 MW) are dropped. The stretch of Parbati river from the confluence of
Malana Nala with Parbati up to confluence of Parbati river with Beas river, will have only two
projects - HEP | (15 MW) and HEP Il (20 MW). These projects will be so located to ensure that a
minimum of 1 Km of river stretch will flow free between FRL and TWL of projects in cascade.
As the both the projects are less than 25 MW installed capacity, environment flow release will
be maintained as 20% in lean season, 30% in peak season and 25% in remaining months.
Percentage calculations will be made based on the 90% dependable year discharge data used
for the project design/power potential calculation in DPR.
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10.

Nakthan HEP (460 MW) will be re-designed with diversion on Parbati river only. Tip of the
submergence of revised Nakthan HEP will be outside the Eco-Sensitive Zone of Khirganga
National Park.

Installed capacity of present Tosh HEP will be increased from 10 MW to 20 MW and it will be

termed as Tosh | HEP. Upstream of Tosh | HEP, Tosh Il HEP and Tosh Il HEP can be developed,

however, it is to be ensured that:

a. TWL of Tosh Il HEP will be at least 1 Km upstream of FRL of Tosh | HEP and

b. TWL of Tosh Ill HEP will be at least 1 Km upstream of FRL of Tosh Il HEP and

¢. FRL of Tosh Il HEP will be outside the ESZ of Khirganga National Park and

d. Al three projects will follow environment flow release norms i.e. 20% in lean season, 30%
in peak season and 25% in remaining months. Percentage calculations will be made based
on the 90% dependable year discharge data used for the project design/power potential
calculation in DPR.

Kanda Pattan HEP will be developed on Beas river between Thana Plaun HEP and Triveni

Mahadev HEP, however it is to be ensured that:

a. FRL of Kanda Pattan on Beas river will be at least 1 Km downstream of TWL of Thana Plaun
HEP and

b. TWL of Kanda Pattan on Beas Rvier will be at least 1 Km upstream of FRL of Triveni Mahadev
HEP and

c. the project will follow environment flow release norms i.e. 20% in lean season, 30% in peak
season and 25% in remaining months. Percentage calculations will be made based on the
90% dependable year discharge data used for the project design/power potential
calculation in DPR.

Environment Flow Release Recommendations

Environment flow release recommendations will be implemented for all the projects i.e.
operational projects, under construction projects and projects being planned/designed or are
under survey & investigation stage.

E-flow is recommended for 19 projects as given in Table 10 shall be adopted. For remaining
projects, i.e. projects with less than 25 MW installed capacity, irrespective of their stage of
implementation environment flow release recommendations shall be 20% in lean season, 30% in
peak season and 25% in other months.

Calculations for environment flow release in lean season should be based on average of 4-6
leanest months discharge in 90% dependable year. Calculations for environment flow release in
peak season should be based on average peak season discharge for 4 months in 90% dependable
year i.e. June to September. Calculations for environment flow release remaining 2-4 months
(non-peak and non-lean period) should be based on average discharge in 90% dependable year in
remaining months.
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1.1

CHAPTER-1
INTRODUCTION

BACKGROUND

1.2

Directorate of Energy, Government of Himachal Pradesh undertook the task of conducting
Cumulative Environmental Impact Assessment (CEIA) Study for Beas river basin in Himachal
Pradesh with an objective to assess the cumulative impacts of hydropower development in
the basin. In the mean time, MoEF&CC has taken over all the river basin/carrying capacity
studies being conducted by Central/State agencies and therefore, all reports were submitted
directly to MoEF&CC. RS Envirolink Technologies Pvt. Ltd. (RSET), Gurgaon has been awarded
the study based on techno-commercial bidding. Expert Appraisal Committee (EAC) for River
Valley and Hydroelectric Projects of Ministry of Environment & Forests (MOEF&CC) approved
the Terms of Reference (TOR) for the study. The study was initiated during February 2016 and
was scheduled to be completed in 15 months time with the draft report due in 8 months and
the draft final report in 15 months from the issue date of work order i.e. 22/02/2016. (As per
revised time frame approved in 93rd Meeting of the Expert Appraisal Committee (EAC) for
River Valley and Hydroelectric Projects held on 2nd May, 2016). An inception report was
submitted in June 2016 to capture the progress made during first four months of the study
period. The report focused on proposed approach and methodology to be adopted for the
study so that it can be reviewed for its content and direction; and correction can be applied,
if required. Thereafter Rapid CIA report was submitted in November 2016, which captured
progress in first 8 months. The report covered primary & secondary data collection on various
environmental attributes along with description of basin characteristics and planned hydro
development etc. The same was discussed and appraised in 4th meeting of the Expert
Appraisal Committee for River Valley and Hydroelectric Projects held on 12th April, 2017,
wherein a visit to the study area by a sub-committee of EAC was suggested. A visit to Beas
basin was made by a sub-committee of EAC during April 2018 and post visit the outcome was
discussed in EAC meeting during the same month. Recommendations were discussed in detail
and it was decided to share the recommendations with the state government and thereafter
the final report will be discussed in EAC. Directorate of Energy, Government of Himachal
Pradesh, on receipt of recommendations, has shared their views/observations on the
recommendations and made a presentation during EAC meeting of June 2018. During
presentation, EAC sought further information from state government to justify their
observations and matter was discussed in subsequent EAC meetings of October and November
2018. EAC finally concluded all the discussions on Beas River Basin study and directed the
Consultant to update/finalize the basin study report, keeping in view the matter discussed
and recorded in various EAC meetings. The final Beas RBS report shall be placed again in the
EAC meeting/s for finalization of the various recommendations therein.

SCOPE OF WORK

The basin study envisages providing optimum support for various natural processes and
allowing sustainable development undertaken by its inhabitants. The same is determined in
terms of the following:
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1.2.1

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

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

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

Evaluation of impacts on various facets of environment due to existing and planned hydro
power project developmental activities vis-a-vis development activities other than hydro.
Suggest a road map of sustainable way of development of various projects & HEPs in the
basin.

The basin study also envisages a broad framework of environmental action plan to mitigate
the adverse impacts on environment, which is in the form of:

Preclusion of an activity

Infrastructure development

Modification in the planned activity

Implementation of set of measures for amelioration of adverse impacts.

The basin study is a step beyond the EIA, as it incorporates an integrated approach to assess
the impacts due to various developmental projects.

The scope of work has been defined by Directorate of Energy based on approved Terms of

Reference by EAC and same is being followed for the study. The Study Area to be covered as
a part of the Basin falling in the State of Himachal Pradesh from its origin at Beas Kund near
Rothang Pass up-to upstream of Pong Dam. The study area is comprised of area from Beas

Kund HEP to Pong Dam at the inter-state boundary.

Baseline Data

The study is based on secondary as well as primary data collection, as discussed below:

Secondary Data

Environmental Source Parameters for Data Collection
Component

Meteorology IMD e Rainfall, temperature wind, humidity etc.

Water Resources | Directorate of e Drainage characteristics of the basin
Energy, HPPCL, CWC, | e« Water sharing agreements
Water Availability e Sediment load
Studies, Other ¢ Perennial sources of water and their designated
studies/reports usages

Water Quality State e Water quality, human settlement, sewage
Government/Municip generated and mode of collection, conveyance
alities treatment and disposal of sewage

Flora Working Plans of e Forest types
Forest Divisions, o General vegetation pattern and floral diversity
Forest Department, e Economically important species
Published Reports, eRare, Endangered and Threatened floral
Literature, Research species
articles/other e Endemic floral species, if any
studies and reports, e Location of wildlife sanctuaries, national parks,
Red Data Book biosphere reserves if any, in the study area

1.2
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Environmental Source Parameters for Data Collection
Component
(IUCN)

Fauna Forest Department, e Inventory of Birds (residents, migratory), land
Literature animals including mammals, reptiles,
study/other studies amphibians, fishes etc
and reports, Red ¢ RET faunal species as per the categorization of
Data list published IUCN Red Data list and Indian Wildlife
by International Protection Act, 1972.
Union for ¢ Endemic faunal species
Conservation of e Existence of barriers and corridors for wild
Nature (IUCN) animals, if any

Fish Fisheries ¢ Presence of major fish species

Department, other
studies and reports

¢ Inventory of migratory fish species & migratory
routes of various fish species
e Presence of major breeding and spawning sites.

Primary Data

Environmental
Component

Sampling
Frequency

No. of
Samples

Parameters for Data Collection

Water Quality

Once per month
for 12 months

59 e pH, Dissolved Oxygen

(DO), Electrical
Conductivity (EC), Total Suspended Solids
(TSS), Total Dissolved Solids (TDS), Total

Alkalinity, Total Hardness, Biochemical
Oxygen Demand (BOD), Chemical Oxygen
Demand(COD), Nitrates, Chlorides,

Sulphates, Phosphates, Sodium, Calcium,
Magnesium, Potassium, Iron, Manganese,
Zinc, Cadmium, Lead, Copper, Mercury,
Chromium, Total Coliform

Flora Mapping for 3 60 e Forest type and density, bio-diversity in
seasons (pre- the study area.
monsoon, e Comprehensive checklist of flora
monsoon and (Angiosperms,  Gymnosperms, Lichens,
post-monsoon) Pteridophytes, Bryophytes, Fungi, Algae
etc.) with Botanical and local nhame.

e Importance Value Index of the dominant
species at various sampling locations.

e Frequency, Abundance and Density of each
species of Trees, Shrubs and Herbs at
representative sampling sites

elListing of plants of genetically,
biologically, economical and medicinal
importance.

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

Fauna Simultaneously 60 e |dentification of faunal species by indirect

with ecological

observations of mammals - tracks,

survey droppings (scale), claw marks and calls,
etc. and also by direct observation
techniques
Aquatic Flora Once per month 59 o Assessment of biotic resources with special

and Fauna

for 12 months

reference  to primary productivity,
zooplanktons, phytoplanktons, benthos,
macrophytes, macro-invertebrates and
fishes in the study area.

e Population densities and diversities of
phytoplanktons, zooplanktons, benthos,

macrophytes, macro-invertebrates and fish
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—

Environmental Sampling No. of Parameters for Data Collection
Component Frequency Samples

shall be estimated.
¢ Diversity indices of these ecological groups
should also be calculated separately.

Aquatic Flora Once per month 59 ¢ Fish composition

and Fauna for 12 months o Migratory route of migratory fishes

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

Projects’ Data
As discussed above, primary and secondary data on environmental component are collected,

collated and analysed as part of the scope. Directorate of Energy, Government of Himachal
Pradesh has provided basic information and data about the existing, under execution and
planned projects in the Beas basin in Himachal Pradesh. During the period the study, more
project specific information was collected from individual project developers and list is
updated wherever required. Updated list of projects and their status is discussed in next
chapter.

2.2 Impact Assessment

The key aspects to be covered are listed below:

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

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

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

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

Impacts on water users in terms of water availability and quality

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

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

Impact due to loss of forests

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

Impacts due to increased human interference

Impacts due to agricultural practices.

Study the impact of cascade development and make recommendations on the requirement of
free flowing stretch between two projects. Ecological inventory and geomorphology for
different stretches of river to be delineated.

Information on river stretch affected and forest area affected by each project needs to be
modified to include additional details of catchment area; total forest area of the sub basin
and the area getting affected and total river length, stretch affected and free flowing.
Undertake environmental flow release assessment for the entire year i.e. covering lean, non-
lean non- monsoon and monsoon periods, based on methodology such as BBM and make
recommendations for each stretch.
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1.3

Hydro Dynamic Study for assessment of Environmental flow release should be linked with the
fauna, habitat requirement for assessment of environmental flow releases for entire year.
Modelling study carried out to assess the impact of peaking discharge should be concluded
with recommendations for mitigation of such impacts.

Sampling sites, forest cover and forest type should be listed and illustrated sub-basin wise.
Endemic species of fishes in the sub basin may be tabulated.

Downstream impact study shall be done up to the end of the Study Area.

Impact of sand mining, boulder mining, etc. need to be included in the study.

Impact on overall balance of sediment due to construction of a number of projects needs to
be included in the report.

The main objective of the study is to bring out the impacts of dams being planned on the
main river and its tributaries. At the end of the Report there shall be a separate Chapter
synthesizing the results of each component so that a holistic picture of impacts could be
emerged which should lead to Recommendations.

Impact assessment shall also include “Impacts due to construction of approach roads for the
HEPs”.

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

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

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

OUTCOME OF THE STUDY

The key outcomes of the study would be to:

e Provide sustainable and optimal ways of hydropower development of Beas River, keeping
in view of the environmental setting of the basin.

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

o Management of impact and mitigation measures.

e Recommend preclusion of HEPs found expedient for safeguard of riverine ecology.

Study would cover the following aspects and explore issues mentioned below:
e Flow Regime

e Flood Plain including wetlands

e Aquatic ecology

e River Morphology

e Sediment Transportation/erosion and deposition

e Impact on human activities and livelihood

safd RS Envirolink Technologles Pvt, Ltd
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1.4

>

Considering the total length of the main river in the basin and the HEPs already
existing and planned for future development, how many more HEPs may be allowed to
come up? In other words, how much of the total length of the river that may be
tunnelled inclusive of the tunnelling requirement of all the projects that have been
planned for development so that the integrity of the river is not grossly undermined.

Downstream impact and what may be criteria for downstream impact study for
individual HEP in terms of length of the river downstream to the tail water discharge
point and what may be the parameters of such a study.

What criteria the EAC may adopt in restricting the river reach for hydropower
development. Alternatively, what should be the clear river length of uninterrupted
flow between the reservoir tip at FRL of a downstream Project and the tail water
discharge point of the immediate upstream project

Scientific assessment of the e-flow for 3 different seasons that must be maintained in
the downstream of a dam /barrage and based on such a procedure. The exercise,
following techniques such as BBM or equivalent may be worked-out for all HEPs.

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

What are the design/feature modification required for existing/operating plans to
make them environmentally & ecologically sustainable

The status of compliance of Environmental Clearance condition with respect to
sanctioned Projects may have to brought-out in the report.

BROAD WORK PLAN & APPROACH

As the basin level environmental impact assessment study of Beas basin in Himachal Pradesh,

needs to be completed in 15 months time frame, work plan has been prepared to ensure
several activities progress simultaneously. Primary data collected for terrestrial and aquatic
flora and fauna cannot be representative especially for short term studies; therefore, stress

has also been placed on collection of secondary data on these components, wherever
available; to be augmented by the primary data collected in different seasons. Following
major tasks have been identified to complete the work in time:

Secondary data collection from Directorate of Energy, Government of Himachal Pradesh,
Himachal Pradesh Power Corporation Ltd. (HPPCL), Indian Meteorological Department
(IMD), Central Water Commission (CWC), Forest and Fisheries Department. This included
data on precipitation, flow and sediment, status of planned and allotted projects in the
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basin, forest working plans, wildlife sanctuaries/national parks and other protected
areas in the basin and their management plans, fish fauna.

o Secondary data was collected from different published sources and literature survey.
This included forest types, flora, fauna and fisheries; their conservation status i.e. Rare,
Endangered & Threatened (RET), Schedule species as per Indian Wildlife (Protection) Act
(WPA), etc.

e Procured satellite data from NASA portals, forest cover from Forest Survey of India (FSI)
data, Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global
Digital Elevation Model (GDEM) Version 2 data and digital maps; to prepare base maps,
longitudinal sections of river stretches, slope maps, drainage maps, forest cover maps,
etc.

e Primary Data collection was done as per the pre-defined frequency. Study teams
collected data on various parameters viz. water quality, flora, fauna, fisheries, aquatic
ecology, etc. at different sampling locations.

e Environmental flow requirement was assessed using standard methodologies like
hydrological or habitat simulation and hydro-dynamic modelling or holistic approach
depending upon the suitability and requirement. To assess environmental flow
requirements for different projects’ stretches, a flow simulation studies were carried
out using 10 daily flow series (CWC approved wherever applicable) in one dimensional
mathematical model MIKE 11. Flow simulations to be carried out for 10%, 15%, 20%, 25%,
30%, 40%, 50% and 100% releases of the average discharge in 90% dependable year flow
series of the respective hydro electric projects.

e Provide sustainable and optimal ways of hydropower development of Beas River, keeping
in view of the environmental setting of the basin.

OUTLINE OF PRESENT REPORT

CIA report has been presented in following sections. Briefly, these sections cover following:

Chapter 1: Introduction; covers general introduction of the study, outcomes expected
outcomes of the study, study area and brief work approach and plan.

Chapter 2: Hydropower Development in Beas Basin; provides information of existing, under
construction and planned hydro power development in Beas river basin of Himachal Pradesh.

Chapter 3: Methodology adopted for generating baseline data on various terrestrial as well as
aquatic environmental parameters and description of sampling locations for terrestrial and
aquatic ecology and analysis of each environmental parameter.

Chapter 4: Basin Characteristics; defines catchment characteristics of the study area
supplemented by primary survey data gathered during field survey in study area, details of
sub-basin wise base data, thematic layers produced etc.

Chapter 5: Hydro-meteorology provides data on flows and meteorological observations with
the help of primary as well as secondary level information.

Chapter 6: Environmental baseline data for terrestrial ecology covers information on forest
types, floristic and faunal diversity of study area through secondary sources and primary
survey data
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Chapter 7: Environmental baseline data for aquatic ecology covers physico-chemical and
biological characteristics as well as information of fish and fisheries from primary and
secondary sources

Chapter 8: Environmental flow analysis: This chapter covers literature survey for different
available methodologies nationally or internationally for environmental flow assessment and
outcomes of hydro-dynamic modelling in respect of various projects.

Chapter 9: Cumulative Impact Assessment

Chapter 10: Conclusions & Recommendations
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Chapter-2
HYDROPOWER DEVELOPMENT IN BEAS BASIN

HYDROPOWER POTENTIAL

Himachal Pradesh, with five major rivers flowing through the state, has about a quarter of
India’s total potential hydropower resources. These five major rivers are Beas, Ravi, Satluj,
Yamuna and Chenab. Total identified hydropower potential in the state is 27436 MW; out of
which 10460.47 MW is under operation, 2438.24 MW is under construction; 9510.70 MW is
under various stages of survey & investigation; and remaining 5026.59 MW is yet to be taken
up (source: Directorate of Energy, Government of HP, abstract of Power as updated on June
2017).

History of hydropower development in Beas basin goes way back to 1923 when Shanan Power
station (Uhl | - 110 MW) was commissioned as first megawatt scale project of country and
later Uhl Il (60 MW) got commissioned during 1970-71. Largest project of the basin i.e.
Pandoh Dam, commonly known as Beas Satluj link project of 990 MW was commissioned in
1977. Another major project of the basin, Pong Dam (396 MW) was conceived way back in
1927, however after final design approval, construction work started in 1961 and project got
commissioned during 1978-83 period.

77.25% of hydropower potential of the Beas basin has already been established through
operational (57.83%) and under construction projects (19.42%); the cumulative impact
assessment study has kept this in view along with the impacts of proposed future
development in the basin. The basin study is aimed at assessing the cumulative or aggregate
ecological impact of all the HEPs planned or under execution on aquatic fauna and flora,
biodiversity of the riverine ecosystem and surrounding areas and ecological integrity.

2.2 HYDROPOWER PROJECTS IN BEAS BASIN

Directorate of Energy, Government of Himachal Pradesh has assessed the total potential of
Beas basin as 4099.60 MW as given in Table 1 of TOR and same is reproduced as Table 2.1
below. In addition, they have also mentioned 5 projects at Table 8 of the TOR, which were
under allotment at that time.

Table 2.1: Total Hydropower Potential of Beas Basin

RSETS

Sr. No. HEP Category No. of Projects Capacity (MW)
1 Commissioned HEPs 19 2718.50
2 Under Construction HEPs 07 1068.00
3 Under Clearance HEPs 12 888.20
4 Under Investigation HEPs 05 70.90
5 Foregone HEPs 03 354.00
Total 46 4099.60
2.1
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During the study period, the information/status of hydropower projects was updated and the
final list of 51 projects ( > 5 MW) were prepared as the total hydropower potential of the
Beas basin. The same is given at Table 2.2 below. Projects locations are shown in Figure 2.1.

Beas Basin in Himachal Pradesh has 4877.70 MW of power potential (for > 5 MW projects),
distributed among 51 hydropower projects spread throughout the basin. Out of these 51
projects, 22 projects are commissioned (total installed capacity 2820.90 MW), 5 are under
construction (total installed capacity 947 MW), 20 are at various stages of investigations
(total installed capacity 1028.90 MW) and 4 are yet to be allotted.

Out of proposed 24 projects, many of which are under different stages of survey and
investigation, only 4 projects have installed capacity of more than 50 MW i.e. requiring
environment clearance as category “A” projects; two are with installed capacity greater than
25 MW but less than 50 MW i.e. environment clearance is applicable under category “B” and
remaining 18 projects are less than 25 MW of installed capacity i.e. environment clearance is
not applicable.

Table 2.2: Hydropower Projects in Beas Basin

S. . Capacity vear ,Of
No. Name of Project (MW) Developer Status Cc.)mr.nlss-
ioning
1 Beas Satluj Link 990 Bhakra Beas Management Board Commissioned 1977
2 Parbati-Ill HEP 520 NHPC Limited Commissioned 2014
3 Pong Dam 396 Bhakra Beas Management Board Commissioned 1978-83
4 Allain Duhangan 192 AD Hydro Power Ltd. Commissioned 2010
HEP
5 Larji HEP 126 Himachal Pradesh State Electricity Commissioned 2006
Board
6 UhL-I (Shanan) HEP 110 Punjab State Power Corporation Commissioned 1923
Limited
7 Malana-1l HEP 100 Everest Power Pvt. Ltd. Commissioned 2012
8 Sainj HEP 100 HPPCL Commissioned 2017
9 Malana-1 HEP 86 Malana Power Company Ltd. Commissioned 2001
10 Uhl-11 (Bassi) HEP 66 Himachal Pradesh State Electricity Commissioned 1970-81
Board
11 Baragaon SHEP 24 Kanchanjunga Hydro Power Ltd. Commissioned 2015
12 Patikari SHEP 16 Patikari Hydro Electric Project Ltd. Commissioned 2008
13 Neogal SHEP 15 Om Hydropower Ltd. Commissioned 2013
14 Baner SHEP 12 Himachal Pradesh State Electricity Commissioned 1996
Board
15 Khauli SHEP 12 Himachal Pradesh State Electricity Commissioned 2007
Board
16 Gaj SHEP 10.5 Himachal Pradesh State Electricity Commissioned 1996
Board
17 Toss SHEP 10 Toss Mini Hydel Power Project Commissioned 2008
18 Beas Kund SHEP 9 Kapil Mohan and Associates Commissioned 2012
19 Binwa SHEP 6 Himachal Pradesh State Electricity Commissioned 1984
Board
20 Baner-Il SHEP 6 Podigy Hydro Power Pvt. Ltd. Commissioned 2015
2.2
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S. X Capacity vear _Of
No. Name of Project (MW) Developer Status C(.)mr.nlss-
ioning
21 Sarbari-1l SHEP 5.4 DSL Hydrowatt Ltd. Commissioned 2010
22 Balargha SHEP 9 Sandhya Hydro Power Projects Balargha | Commissioned 2018
23 Parbati-Il HEP 800 NHPC Limited Under
Construction
24 uhl Il HEP 100 Himachal Pradesh State Electricity Under
Board Construction
25 Lambadug HEP 25 KU Hydro Power Pvt. Ltd. Under
Construction
26 Lower Uhl SHEP 13 Trident Power Systems Ltd. Under
Construction
27 Fozal SHEP 9 Fozal Power Pvt. Ltd. Under
Construction
28 Nakhtan HEP 460 HPPCL Under S&l
29 Thana Plaun HEP 191 HPPCL Under S&l
30 Triveni Mahadev 96 HPPCL Under S&l
HEP
31 Dhaulasidh HEP 66 Satluj Jal Vidyut Nigam Ltd. Under S&l
32 Malana-I1l HEP 30 BMD Pvt. Ltd. Under S&lI
33 Raison SHEP 18 Himachal Pradesh State Electricity Under S&l
Board
34 Uhl SHEP 14 Puri Oil Mills Ltd. Under S&l
35 Uhl Khad SHEP 14 Kharnal Hydro Electric Project Pvt. Under S&l
Ltd.
36 Parbati SHEP 12 Manimahesh Power Private Ltd. Under S&l
37 Jari SHEP 12 WIL Power Projects Ltd. Under S&l
38 Jobrie SHEP 12 Green Infra Limited Under S&l
39 Sharni SHEP 9.6 Sharni Hydro Power Pvt. Ltd. Under S&l
40 Sarsadi SHEP 9.6 Himshakti Power Pvt. Ltd. Under S&l
41 Hurla-1 SHEP 9.4 Hurla Valley Power Pvt. Ltd. Under S&l
42 Sarsadi-Il SHEP 9 Aroma Colonisers Pvt. Ltd. Under S&l
43 Palchan Bhang 9 Palchan Bhang Power Pvt. Ltd. Under S&l
SHEP
44 Bhang SHEP 9 Bhang Hydel Power L.L.P. Under S&l
45 Kilhi Bahl SHEP 7.5 Puri Oil Mills Ltd. Under S&l
46 Makori 20.80 Sai Engineering Foundation Under S&l
47 Bhujling 20.00 Sai Engineering Foundation Under S&l
48 Kanda Pattan 40.00 Yet to be allotted
49 Manalsu 21.90 Yet to be allotted
50 Seri Rawla 13.00 Yet to be allotted
51 Khauli Il 6.00 Yet to be allotted
Total 4877.70
2.3
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Figure 2.1: Map showing locations of Hydro-power Projects in Beas Basin
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2.3 ENVIRONMENT CLEARANCE STATUS

As can be seen from the above discussion and Table 2.2; there are only six projects left in
the entire basin which require environment clearance under EIA Notification. Out of total 51
Projects, 19 projects are with installed capacity of 25 MW or greater which get covered under
EIA notification. Out of these 10 projects are commissioned, 3 projects are under
construction viz., Parbati Il, Uhl lll and Lambadug an remaining 6 projects are under various
stages of survey and investigation.

Status of environment clearance of under-construction and proposed projects was reviewed
and is given at Table 2.3.

Table 2.3: Status of Environment Clearance

Project Status of Environment Clearance
. Under EC granted vide letter No. J-12011/34/2001-1A-]
Parbati Il HEP (800 MW) )
Construction | dated 04/06/2001
Under EC granted vide letter No. J-12011/19/2002-1A-1

UhL 1Tl (100 MW
( ) Construction | dated 15/11/2002

e EC letter Not Available in Public Domain; neither

shared by developer
e Discussed in EAC meeting on 16/08/2007 and 21-

22/08/2008; project was recommended for EC
Lambadug (25 MW) Under subject to submission of certain information.
Construction | e No further details/copy of EC letter is available
for review; however it is clear that EC letter
must have been issued under EIA notification of
2006 with 10 years validity and would have

required extension in 2018.

Discussed for Environment Clearance in 91°' meeting of
EAC held on 8-9/02/2016. Diversion of Tosh Nalla have
been objected to by the Toss Mini Hydel Power Project,
developer of commissioned Tosh HEP and the matter is
Nakhtan (460 MW) Under S&I sub-judice. EAC recorded that “the matter is Sub-judice, a
decision in this regard shall be taken only after the Courts
Directions” .

Project is being re-configured and may have to go for

fresh/amendment of scope and environment clearance.

Project was presented for environment clearance before
EAC during June 2018; however, EAC noted that the
baseline data is more than 3 vyears old, therefore
Thana Plaun (191 MW) Under S&lI )
recommended collection of one season fresh baseline
data before the project can be considered for

environment clearance.

Scoping Clearance issued for 78 MW installed capacity
Triveni Mahadev (96 MW) Under S&lI vide letter No. J-12011/12/2011-IA-I dated 29.11.2012.
Scoping for enhanced capacity of 96 MW is yet to be

2.5
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Project Status of Environment Clearance
applied for.
EC granted vide MoEF&CC Letter No. J-12011/15/2010-IA-
Dhaulasidh (66 MW) Under S&I
dated 21/02/2013
Yet to be
Kanda Pattan
allotted
Scoping Clearance approved by SEIAA in its 15" meeting
Malana-IIl (30 MW) Under S&I held on May 21, 2013. Letter/further information not

available.

2.4

PROJECTS DESCRIPTION

Efforts have been made to collect the data of all the projects in the basin. Data have been
sourced from Directorate of Energy as well as by contacting project promoters so that all the
relevant information required to make basin level impact assessment can be compiled for
data analysis. In addition, minutes of meeting of Expert Appraisal Committee (EAC) of
Ministry of Environment, Forest & Climate Change (MOEF&CC) or State Expert Appraisal
Committee (SEAC) of Himachal Pradesh have also been referred to for the meetings where
Beas projects have been considered for TOR or EC.

Project descriptions compiled in the form of salient features have been collected for Malana-
I, Tosh, Allain Duhangan, Sarbari-ll, Beas Kund, Malana-ll, Neogal, Parbati Ill, Baragaon,
Baner-Il, Pong Dam, Beas Satluj Link (Pandoh), Sainj, Fozal, Lambadug, Lower Uhl, Parbati II,
Balargha, Uhl, Sarsadi Il, Palchan Bhang, Uhl Khad, Bhang, Sharni, Sarsadi, Nakhtan, Thana
Plaun, Triveni Mahadev, Dhaulasidh, Parbati, Hurla-I, Jari, Raison, Kilhi Bahl, Malana Ill and
Jobrie SHEPs. Information collected is compiled in the form of Salient Features of each
project and is given from Table 2.4 to 2.42. For the remaining projects, locations and
proposed installed capacities are available; this data was used during basin wise impact
assessment, however their salient features could not be made available by the concerned
agencies.

RSEYSD

2.6
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Table 2.4: Salient Features of Malana | (86 MW)

LOCATION

District Kullu

Name of River Malana Nala
HYDROLOGY

Catchment area at diversion site (km?) 178.50

Design Discharge (m3/s) 21

DIVERSION STRUCTURE

Type Barrage

FRL (masl) 1893

MDDL (masl) 1879

Average Bed level (masl) 1889

Live Storage (ha-m) 24.9

HEADRACE TUNNEL

Type D Shaped, Concrete Lined
Diameter (m) 2.85

Length (km) 2.80

Number 1

SURGE SHAFT

Type Open at Top, Restricted Orifice
Diameter (m) 5

Height (m) 72

PENSTOCK

Type Surface

Number 1

Diameter (m) 2.2 (1.5m beyond bifurcation)
Length (m) 580 (8m beyond bifurcation)
POWERHOUSE

Type Surface

Installed Capacity (MW) 86

Rated Head (m) 480

Tail water level (masl) 1385.5

TURBINE

Type Pelton, Vertical Axis
Numbers Two

Rated Output 43 MW each

POWER BENEFITS

90% Dependable Energy (GWh) 370.93

PROJECT COST

Capital Cost (USS) 70 million

Year of Commissioning/ Completion

Commercial Operation Date (COD) 05-07-2001

2.7
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Table 2.5: Salient Features of Tosh (20 MW)

LOCATION

District Kullu
Name of River Tosh Nala
HYDROLOGY

Catchment area at diversion site (km?) 382.00
Design Discharge (m?3/s) 15
DIVERSION STRUCTURE

Type Trench Weir
FSL (masl) 2480
HFL (masl) 2483.5
HEADRACE TUNNEL-I (From Weir to Intake Tank)

Type D Shaped
Diameter (m) 3.6
Length (m) 135.63
HEADRACE TUNNEL-II (From Shingle Flushing)

Type Circular
Diameter (m) 1.8
Length (m) 130.04
HEADRACE TUNNEL-III

Type D Shaped
Diameter (m) 3

Length (m) 33.17
HEADRACE TUNNEL-IV (From Balancing Reservoir to Surge

Shaft)

Type Circular
Diameter (m) 2

Length (m) 157.75
SURGE SHAFT

Type Circular
Diameter (m) 5.4
Depth (m) 13.9
PENSTOCK

Number Two

Diameter (m)

1.5 (Main), 1.2 (After Bifurcation)

Total Length (m)

900

POWERHOUSE

Type Surface

Installed Capacity (MW) 20MW

Designed Net Head (m) 173.75

Tail water level (masl) 2284

TURBINE

Type 4 Jet Vertical Shaft Pelton
Numbers Four

Rated Output 5 MW each

POWER BENEFITS

75% Dependable Energy (MU)

117.1

PROJECT COST

Capital Cost (Rs)

88.197 Crore

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.6: Salient Features of Allain Duhangan (192 MW)

LOCATION
District Kullu
Name of River Allain Nala ‘ Duhangan Nala
HYDROLOGY
Catchment area at diversion site 128.90 66.2
(km?)
Design Discharge (m?3/s) 18.9 7.9
DIVERSION STRUCTURE
Type Barrage Trench Weir
Maximum Water Level (masl) 2747 2787
Average Bed level (masl) 2740 2782
HEADRACE TUNNEL
Type D Shaped, Concrete Lined D Shaped, Concrete Lined
Size (m) 3.4 (W) x 3.4 (H) 3.4 (W) x 3.4 (H)
Length (m) 3690.00 4565
PRESSURE SHAFT
Type Steel lined, back filled with concrete
. 2800 mm internal dia. Bifurcating 50 m upstream of power house
Diameter . . .
cavern into two branches each of 2000 mm internal dia.
Length (m) 1750 (including length after bifurcation)
POWERHOUSE
Type Underground
Installed Capacity (MW) 192
Gross Head (m) 851
Tail water level (masl) 1862.9
TURBINE
Type Vertical Pelton
Numbers Two
Rated Output 96 MW each
POWER BENEFITS
90% Dependable Energy (GWh) 678.18
Year of Commissioning/
Completion
Unit | 17-07-2010
Unit Il 16-09-2010

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.7: Salient Features of Sarbari-Il (5.4 MW)

LOCATION

District Kullu

Name of River Sarbari Khad
HYDROLOGY

Catchment area at diversion site (km?) 86

Design Discharge (m3/s) 3.65

DIVERSION STRUCTURE

Type Aqueduct (Cascading development)
FRL (masl) 1625.45

INTAKE STRUCTURE

Type R.C.C. structure

Shape Rectangular

Size (m) 21 x 8.50 x 5.50

WATER CONDUCTOR SYSTEM (From Tail Race
Channel of Sarbari | to Intake)

Shape Circular
Diameter (m) 1.6
Length (m) 58.42
HEAD RACE TUNNEL

Type D Shaped pressurized flow tunnel
Diameter (m) 1.8
Length (m) 3514.6
PENSTOCK

Number One
Diameter (m) 1.25
Diameter after bifurcation (m) 1
Length (m) 0.37

Length of bifurcation at lower end (m)

10 (each penstock liner)

POWERHOUSE

Type Surface

Installed Capacity (MW) 5.4

Designed Net Head (m) 188.36

Tail water level (masl) 1418

TURBINE

Type Horizontal axis Pelton
Numbers Two

Rated Output 2.70 MW each

Year of Commissioning/ Completion

Commercial Operation Date (COD) 25-08-2010

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.8: Salient Features of Beas Kund (9 MW)

LOCATION

District Kullu

Name of River Beas Kund Nala
HYDROLOGY

Catchment area at diversion site (km?) 115.25

Design Discharge (m3/s) 9.09

DIVERSION STRUCTURE

Type Trench Weir

FRL (masl) 2423.5

INTAKE STRUCTURE

Type R.C.C. structure

Shape Rectangular

Size (m) 5.30 x4 x5.20

HEAD RACE TUNNEL

Shape Horse Shoe

Diameter (m) 2.5

Length (m) 1512

SURGE SHAFT

Type Cylindrical Underground
Diameter (m) 6

Height (m) 35

PENSTOCK

Type Steel 15:2002 Gr.-B or ASTM A-285 Gr. C
Number One (Main), Three (Branches)
Diameter (m) 2.0 (Main)

Length (m) 435.0 (Main), 15 (each branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 9

Net Head (m) 119

Tail water level (masl) 2294

TURBINE

Type Horizontal axis Francis
Numbers Three

Rated Output 3.0 MW each

Year of Commissioning/ Completion

Unit | 07-06-2012

Unit Il 19-03-2012

Unit 1l 07-06-2012

2.12
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Figure 2.3: General Layout Plan of Beas Kund SHEP
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Table 2.9: Salient Features of Malana Il (100 MW)

LOCATION

District Kullu

Name of River Malana Nala
HYDROLOGY

Catchment area at diversion site (km?) 158.00
Design Discharge (m3/s) 18.65

DIVERSION STRUCTURE

Type

Concrete Gravity Dam

Height from river bed (m) 45

Top of Structure (masl) 2545

FRL (masl) 2543

MDDL (masl) 2528

Average Bed level (masl) 2500

Live Storage (Mcum) 0.2875

HEADRACE TUNNEL

Type D Shaped, Concrete Lined
Size (m) 3.0x2.75

Length (km)

4.85

SURGE SHAFT

Type Underground, Simple Surge Shaft
Diameter (m) 6

Height (m) 90
PRESSURE SHAFT

Type Underground
Diameter (m) 2.5

Length (m) 666
POWERHOUSE

Type Underground
Installed Capacity (MW) 100

Rated Net Head (m) 608

Tail water level (masl) 1913
TURBINE

Type Vertical Axis Pelton Wheel
Numbers Two

Rated Output 50 MW each
POWER BENEFITS

90% Dependable Energy (M Kwh) 428
PROJECT COST

Capital Cost (Rs) 63347 lakh
Year of Commissioning/ Completion

Commercial Operation Date (COD) 12-07-2012

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.10: Salient Features of Neugal (15 MW)

LOCATION

District Kangra

Name of River Neugal Nala
HYDROLOGY

Catchment area at diversion site (km?) 32.20

Design Discharge (m3/s) 4.6

DIVERSION STRUCTURE

Type Ogee Weir

River Bed level (masl) 1905.3

High Flood level (masl) 1931.1

Top Level of Structure (masl) 1932.1

Trash Rack Level (masl) 1931.9

HEAD RACE TUNNEL

Type D Shaped Pressure Flow
Size (m) 2.25x2.25

Length (m) 3178

PENSTOCK

Type Surface Circular Steel
Number One (Main), Two (Branches)
Diameter (m) 1.30 (Main), 0.92 (Each Branch)
Length (m) 664.00 (Main)
POWERHOUSE

Type Surface

Installed Capacity (MW) 15

Net Head (m) 392

Tail water level (masl) 1509.5

TURBINE

Type Pelton Horizontal Axis
Numbers Two

Rated Output 7.5 MW each

POWER BENEFITS

50% Dependable Energy (MU) 76.17

90% Dependable Energy (MU) 70.43

PROJECT COST

Total Cost (Rs) 8161 lakh

Year of Commissioning/ Completion

Commercial Operation Date (COD) 06-05-2013

< 2.16
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Table 2.11: Salient Features of Parbati Ill (520 MW)

LOCATION

District Kullu
Name of River Sainj River
HYDROLOGY

Catchment area at diversion site (km?)

Design Discharge (cumec)

DIVERSION STRUCTURE

Type Rock fill
Height from river bed (m) 43

FRL (masl) 1330
MDDL (masl)

Live Storage (10° m?)

HEADRACE TUNNEL

Type Concrete lined
Diameter (m) 7.25
Length (m) 7.875
Number

SURGE SHAFT

Type

Diameter (m) 20

Height (m) 133.75
PRESSURE SHAFT

Type Steel lined
Number 2

Diameter (m)

4.50 each bifurcating into two 3.0m dia

penstocks
Length (m) 510 & 460
POWERHOUSE
Type Underground
Installed Capacity (MW) 520

Net Design Head (m)

Minimum Tail water level (masl)

TURBINE
Type Vertical axis Francis
Numbers 4

Rated Output

130 MW each

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.12: Salient Features of Baragaon (24 MW)

LOCATION

District Kullu

Name of River Sanjoin Nala | Bijara Nala
HYDROLOGY

Catchment area at diversion site (km?) 26.00 13

Design Discharge (m3/s) 5.652 5.652
DIVERSION STRUCTURE

Type Trench Weir Trench Weir
Top of Structure (masl) 2396 2385

HFL (masl) 2398.34 2387.213
HEADRACE TUNNEL

Type Epsr?r?gpiﬁg Il_]g\f;jl upto D Shaped Fully Lined
Size (m) 1.80 x 2.25 1.80 x 2.25
Length (m) 128.00 1934
SURGE SHAFT

Type Vertical, Circular and Lined

Diameter 4

Height (m) 28

PENSTOCK

Type Steel Liner

Number One (Main), Three (Unit)

Diameter (m) 1.35 (Main), 0.80 (Unit)

Length (m) 1480 (Main), 12 (2 Units) and 6 (1 Unit)
POWERHOUSE

Type Surface

Installed Capacity (MW) 24

Gross Head (m) 608

Tail water level (masl) 1770

TURBINE

Type Horizontal Axis Pelton Turbine

Numbers Three

Rated Output 8 MW each

Year of Commissioning/ Completion

Unit | 24-03-2014

Unit Il 30-03-2014

Unit Il 25-05-2014

2.19
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Table 2.13: Salient Features of Patikari (16 MW)

LOCATION
District Mandi
Name of River Bakhli Khad, a tributary of Beas River
HYDROLOGY
Catchment area at diversion site (km?) 214
Design Discharge (m3/s) 5.83
DIVERSION STRUCTURE
Type Ogee
FRL (masl) 1394.4
Average Bed level (masl) 1388.76
HEAD RACE TUNNEL
Length (m) 3614
Diameter 1.80m D-section (2.1m high)
Surge Shaft
Diameter 3.0m
Full Supply level (FSL) 1396.9m
Min. Draw Down Level (MDDL) 1385.75
Min. water seal above MDDL 1.5m
PENSTOCK
Type Surface
Number One
Diameter (m) 1.30m
Length (m) 677.065m
POWERHOUSE
Surface power house. Reinforced concrete
Type substructure with reinforced concrete columns and

beams and masonry walls above. Roof of GCI
sheets on tabular trusses.

Installed Capacity (MW) 16

Rated Net Head (m) 356.3

TURBINE

Type Pelton, Horizontal axis
Numbers 2

Rated Output 8

RSES RS Envirolink Technologies Pvt, Ltd.
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Figure 2.6: General Layout plan of Patikari SHEP
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Table 2.14: Salient Features of Baner-Il (6 MW)

LOCATION

District Kangra

Name of River Baner Khad

HYDROLOGY

Catchment area at diversion site (km?) 42

Design Discharge (m3/s) 5.54

DIVERSION STRUCTURE

Type Trench Weir

FSL (masl) 1342

HFL (masl) 1343.75

Average Bed level (masl) 1342

FEEDER CHANNEL

Type Trapezoidal

Size (m) 1.00 (bottom) x 3.00 (top) x 3.00 (height)
Length (m) 19

FOREBAY TANK

Type RCC Rectangular Tank

Size (m) 165 (L) x 35 (W) x 7 (D)
Storage Capacity (cum) 28800

Top Level of structure (m) 1343.5

MDDL (m) 1337.6

Penstock Entry Level (m) 1335.3

PENSTOCK

Type Surface Circular Steel
Number One (Main), Two (Branches)
Diameter (m) 1.6 (Main), 0.90 (Each Branch)
Length (m) 1980 (Main), 50 (Each Branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 6

Rated Net Head (m) 130

Tail water level (masl) 1387

TURBINE

Type Horizontal axis Francis
Numbers Two

Rated Output 3.0 MW each

Year of Commissioning/ Completion

Commercial Operation Date (COD) 27-06-2015

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.15: Salient Features of Pong Dam (396 MW)

LOCATION

District Kangra, Hamirpur
Name of River Beas River
HYDROLOGY

Catchment area at diversion site (km?) 12,560
Design Discharge (cumec)

DIVERSION STRUCTURE

Type Earth core gravel shell
Height from river bed (m) 100.58

FRL (masl) 433.12

RBL (masl) 335.28

Live Storage (10° m3) 5966
HEADRACE TUNNEL

Type

Diameter (m)

Length (m)

Number

SURGE SHAFT

Type

Diameter (m)

Height (m)

PENSTOCK

Type Steel
Number 3

Diameter (m) 9.14 each
Length (m)

POWERHOUSE

Type Underground
Installed Capacity (MW) 396

Net Design Head (m)

Minimum Tail water level (masl)

TURBINE

Type Vertical shaft, Francis Type
Numbers 6

Rated Output 66 MW each
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Table 2.16: Salient Features of Beas Satluj Link (990 MW)

LOCATION

District Mandi

Name of River Beas and Satluj
HYDROLOGY

Catchment area at diversion site (km?)

Design Discharge (cumec)

DIVERSION STRUCTURE

Type Earth-cum-rock fill
Height from river bed (m) 76.25

FRL (masl) 896.42

RBL (masl) 838.16

Storage (m’) 1580000
HEADRACE TUNNEL

Pandoh Baggi Tunnel

7.62 m dia, 13.11 km long

Sundernagar Hydel Channel

11.8 km long open channel

Sundarnagar Dehar Tunnel

8.53 m dia, 12.53 km long

SURGE SHAFT

Type

Diameter (m)

22.86

Height (m)

125

PENSTOCK

Type

Number

Three 4.877 m dia split to six 3.353 m dia

Diameter (m)

Length (m)

POWERHOUSE

Type

Surface, on Right Bank of Satluj River

Installed Capacity (MW)

990

Net Design Head (m)

Minimum Tail water level (masl)

TURBINE

Type

Numbers 6

Rated Output 165 MW each

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.17: Salient Features of Sainj (100 MW)

LOCATION

District Kullu

Name of River Sainj River

HYDROLOGY

Catchment area at diversion site (km?) 434.33

Design Discharge (cumec) 28.7

DIVERSION STRUCTURE

Type Gated Barrage

Height from river bed (m) 25

FRL (masl) 1752

MDDL (masl) 1738.5

Live Storage (10° m3) 38.41

HEADRACE TUNNEL

Type Circular, Concrete Lined
Diameter (m) 3.85

Length (m) 6360.75

Number 1

SURGE SHAFT

Type Underground, Restricted Orifice
Diameter (m) 9

Height (m) 75.80m above top of orifice slab
PRESSURE SHAFT

Type Underground, Steel Lined
Number One (Main), Two (Branches)
Diameter (m) 2.75 (Main), 1.95 (Each Branch)
Length (m) +640 (Main); 32.71 and 28.32 (Branches)
POWERHOUSE

Type Underground

Installed Capacity (MW) 100

Net Design Head (m) 395.96

Minimum Tail water level (masl) 1333.21

TURBINE

Type Pelton, Vertical Axis

Numbers Two

Rated Output 50 MW each
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Table 2.18: Salient Features of Fozal (6 MW)

LOCATION
District Kullu
Name of River Fozal Nala

Coordinates - Diversion Site

32° 00'29.79" N, 77° 17" 23.84" E

Coordinates - Powerhouse

32° 00" 15.99" N, 77° 15°05.42" E

HYDROLOGY

Catchment area at diversion site (km?) 108.5
Design Discharge (cumec) 7.33
DIVERSION STRUCTURE

Type Trench Weir
Height from river bed (m) 9.4
Top of Structure (masl) 1594.5
Trash Rack Level (masl) 1590
FSL (masl) 1589.2
MDDL (masl) 1585.2
Average Bed level (masl) 1585.1
Capacity (cumec 30000

HEAD RACE TUNNEL (Desilting Tank to Tunnel Inlet)

Type RCC Channel, Square Box Section
Size (m) 3.50 x 3.50 i/c 0.60m freeboard
Length (m) 255.23

POWER CHANNEL

Type Open Channel

Size (m) 1.95x 1.95

Length (m) 2300

FOREBAY

Type Oval Shaped

MDDL (masl) 1578.75

FSL (masl) 1580.25

C/L of Penstock (masl) 1576.65

PENSTOCK

Type Surface Circular Steel

Number One (Main), Three (Branches)
Diameter (m) 1.40 (Main), 0.85 (Each Branch)
Length (m) 176.00 (Main), 2.00 (Each Branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 6

Net Head (m) 97

Tail water level (masl) 1478.5

TURBINE

Type Francis Horizontal Axis
Numbers Three

Rated Output 2.00 MW Each

POWER GENERATION

75% Dependable Energy (GWH) 34.43

PROJECT COST

Net Cost (Rs) 3098 lakh

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.19: Salient Features of Lambadug (25 MW)

LOCATION

District Kangra

Name of River Lambadug Khad
HYDROLOGY

Catchment area at diversion site (km?) 197

Design Discharge (m3/s) 12.75

DIVERSION STRUCTURE

Type Drop Type Trench Weir
FRL (masl) 2082

HEAD RACE TUNNEL

Type D Shaped, Concrete Lined
Equivalent Radius (m) 3.7

Length (m) 4150
PENSTOCK

Type Surface
Diameter (m) 2

Length (m) 550
POWERHOUSE

Installed Capacity (MW) 25

Net Head (m) 221.71

Tail water level (masl) 1836

TURBINE

Type Vertical Francis
Numbers Two

Rated Output 12.5 MW each
POWER BENEFITS

75% Dependable Net Energy (MU) 105.36

50% Dependable Net Energy (MU) 130.92
PROJECT COST

Cost per MW (Rs) 4.90 Crore

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.20: Salient Features of Lower Uhl (13 MW)

LOCATION
District Mandi
Name of River Uhl River

Coordinates - Diversion Site

31° 49'50" N, 76° 58 34" E

HYDROLOGY

Catchment area at diversion site (km?)

365.00 at Barot and 606.09 at Riagri

Design Discharge (cumec)

15.72

DIVERSION STRUCTURE

Type Barrage
Height from deepest river bed level (m) 10.76
Top of Structure (masl) 1075
FRL (masl) 1068.38
Deepest River Bed Level (masl) 1064.24

HEAD RACE TUNNEL

Type D Shaped with CC Lining
Diameter (m) 3.6

Length (m) 3802.56

FOREBAY TANK

Type Surface

Size (m) 65.00 x 12.00

Live Storage Capacity (cum) 3120

FSL (m) 1064

MDDL (m) 1060

Penstock Entry Level (m) 1056.945

PENSTOCK

Type Circular, Burried

Number One (Main), Two (Branches)
Diameter (m) 2.20 (Main), 1.55 (Each Branch)
Length (m) 197.50 (Main), 26.50 (Each Branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 13

Rated Net Head (m) 99.17

Tail water level (masl) 965.4

TURBINE

Type Horizontal Francis

Numbers Two

Rated Output 6.50 MW Each

ENERGY GENERATION

75% Dependable Energy (Mu) 60.19

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.21: Salient Features of Parbati Il (800 MW)

LOCATION
District Kullu
Name of River Parbati River Jigrai Nala Hurla Nala Jiwa Nala
HYDROLOGY
:Zlfragl;ment area at diversion site 1155 44 67 120
Design Discharge (cumec) 87 3.60 9.0 16.50
DIVERSION STRUCTURE
Type (C;oncr ete Trench Weir | Trench Weir | Trench Weir
ravity Dam
Height from river bed (m) 83.7
FRL (masl) 2197 2221 (top) 2220 (top)
MDDL (masl) 2189 2207.3 sill) | 2218 (crest) | 2216:87
(crest)
RBL (m) 2128
Gross Storage (10° m°) 655
HEADRACE TUNNEL
Type Concrete lined
Diameter (m) 6
Length (m) 31.23
Number 1
SURGE SHAFT
Type Orifice
Diameter (m) 17
Height (m) 116
PRESSURE SHAFT
Type
Number
Diameter (m)
Length (m)
POWERHOUSE
Type Surface
Installed Capacity (MW) 800
Design Head (m) 788
Minimum Tail water level (masl)
TURBINE
Type Pelton, vertical axis
Numbers 4
Rated Output 200 MW each
2.31
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Table 2.22: Salient Features of Uhl-IIl (100 MW)

LOCATION
District Mandi
Name of River Neri Khad Bassglljr:lciiaclk race Rana Khad
HYDROLOGY
Catchment area at diversion site (km?) 16.00 98.90
Design Discharge (m?3/s)
DIVERSION STRUCTURE
Type
Crest level 894.50 889.75 897.65
POWER CHANNEL
Length (m) 1250 1970
STORAGE RESERVOIR At Khuddar
Type Surface Trapezoidal shape
Live Storage Capacity m? 176000
FRL (m) 890.90
MDDL (m) 882.00
HEAD RACE TUNNEL
Type Circular shape
Diameter (m) 4.15
Length (m) 8275
Design Discharge m? 41.30
SURGE SHAFT
Shape Restricted orifice open to sky
Diameter (m) 13 and 9 riser
Height (m) 45 and 12 riser
Top Level (m) 905
Bottom Level (m) 848
Maximum Surge level (m) 903.50
Maximum Surge level (m) 850.00
PENSTOCK
Type Circular Steel lined
Diameter (m) Main (1no.) 3.40 m

Branches (2 nos.) 2.40m each
Length (m) Main (1773) after bifurcation (80m)
POWERHOUSE
Type Surface
Installed Capacity (MW) 100
Design Head (m) 282.90
Minimum Tail water level (masl) 580
TURBINE
Type P. Francis Vertical Axis
Numbers 2
Rated Output 50
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Table 2.23: Salient Features of Balargha (9 MW)

LOCATION

District Kullu

Name of River Parbati River
HYDROLOGY

Catchment area at diversion site (km?)

70

Design Discharge (m?3/s)

13.35 i/c overloading discharge

DIVERSION STRUCTURE

Type Boulder Weir - Over Flow Type
FRL (masl) 1950

HFL (masl) 1954

Top Deck Level (masl) 1955

HEAD RACE TUNNEL

Type D Shaped

Size (m) 2.50 (Wide) x 3.70 (High)
Length (m) 1557

FOREBAY TANK

Shape Rectangular

Size (m) 8.00 (Wide) x 50.00 (Long)

Storage Capacity (cum)

1602 for 2 minutes peaking

Maximum Water Level (m)

+1948.90

MDDL (m) +1944

FRL (m) 1948
Spillway Crest Level (m) +1948

Normal Water Level (m) +1948
PENSTOCK

Number Three
Diameter (m) 1.45 each
Length (m) 111 each
POWERHOUSE

Type Surface
Installed Capacity (MW) 9

Rated Net Head (m) 84

Minimum Tail water level (masl) 1863.5
TURBINE

Type Horizontal Axis Francis
Numbers Three

Rated Output 3.00 MW Each
POWER GENERATION

75% Dependable Energy (MU) 49.55

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.24: Salient Features of Uhl (14 MW)

LOCATION

District Mandi

Name of River Uhl River

Coordinates - Diversion Site 32° 04'22.50" N, 76° 04 38.50" E
Coordinates - Powerhouse 32° 02'33.40" N, 76° 50' 33.77" E
HYDROLOGY

Catchment area at diversion site (km?) 113.369

Design Discharge (cumec) 8.35

DIVERSION STRUCTURE

Type Raised Diversion Weir

Crest level (masl) 2085

Depth (m) 12

HFL (masl) 2091.15

HEAD RACE TUNNEL (From Intake to Desilting

Tank)

Type D Shaped

Size (m) 2.50 x 2.50

Length (m) 10

HEAD RACE TUNNEL (From Desilting Tank to

Surge Shaft)

Type D Shaped Pressurized Tunnel
Size (m) 2.30x2.30

Length (m) 4624.59

SURGE SHAFT

Type Underground RCC/ Steel Tank
Diameter (m) 9.5

Depth (m) 30.00 i/c 3.00 m freeboard
PENSTOCK

Type Circular boiler quality steel pipe
Number One (Main), Three (Branches)
Diameter (m) 2.00 (Main), 1.20 (Each Branch)
Length (m) 700.00 (Main), 15.00 (Each Branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 14

Rated Net Head (m) 201.02

Tail water level (masl) 1870.05

TURBINE

Type Horizontal Shaft Synchronous
Numbers Three

Rated Output 4.67 MW each

ENERGY GENERATION

75% Dependable Energy (Mu) 74.179

2.36
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Table 2.25: Salient Features of Sarsadi-Il (9 MW)

from Malana (MU)

LOCATION

District Kullu

Name of River Parbati River
HYDROLOGY

Catchment area at diversion site (km?) 492.50

Design Discharge (m3/s) 21

DIVERSION STRUCTURE

Type Trench Weir

Crest Level of Weir (masl) 1190

HFL (masl) 1197.65

HEADRACE TUNNEL (From Intake to Desilting Tank)

Shape D Shaped

Size 4.0 m x 4.0 mm

Length (m) 304.15

HEADRACE TUNNEL (From Desilting Tank to Surge Shaft)

Shape D Shaped

Size (m) 3.50 x 3.50

Length (m) 2685.00

SURGE SHAFT

Type Partly Underground
Diameter (m) 9

Depth (m) 26

PRESSURE SHAFT

Type Underground

Number One (Main), Two (Branches)
Diameter (m) 2.75 (Main), 1.95 (Each Branch)
Length (m) 550 (Main), 30 (Each Branch)
PENSTOCK

Diameter (m) 3 (Primary), 2.25 (Branched)
Length (m) 75 (Main), 10 (Branched)
POWERHOUSE

Type Surface

Installed Capacity (MW) 9

Rated Designed Net Head (m) 51.1

Tail water level (masl) 1136

TURBINE

Type Horizontal Shaft Francis
Numbers Two

Rated Output 4.5 MW each

POWER BENEFITS

Energy gneration in 2008on the basis of discharges derived 21.75

PROJECT COST

Capital Cost (Rs)

6350.90 Lakh

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.26: Salient Features of Palchan Bhang (9 MW)

LOCATION

District Kullu
Name of River Kothi Nala
HYDROLOGY

Catchment area at diversion site (km?) 64.62

Design Discharge (cumec)

DIVERSION STRUCTURE

Type Drop Type Trench Weir
FRL (masl) 2242
River Bed Level (masl) 2246

WATER CONDUCTING SYSTEM

Type D Shaped Tunnel

Size (m) 2.20 x 2.20

Length (m) 3233

FOREBAY TANK

Type Surface

Size (m) 65.00 x 8.50 x 2.00
Storage Capacity (cum) 1139

Full Forbay Level (m) 2239

MDDL (m) 2237.9

PENSTOCK

Type Circular, Surface Steel
Number One (Main), Three (Branches)
Diameter (m) 1.25 (Main), 0.85 (Each Branch)
Length (m) 450

POWERHOUSE

Type Surface

Installed Capacity (MW) 9

Net Head (m) 198.39

Tail water level (masl) 2035

TURBINE

Type Francis

Numbers Three

Rated Output 3.0 W Each

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.27: Salient Features of Uhl Khad (14 MW)

LOCATION

District Mandi
Name of River Uhl River
HYDROLOGY

Catchment area at diversion site (km?) 636.09
Design Discharge (cumec) 17.75

DIVERSION STRUCTURE

Type

Concrete Trench Weir

River Bed Level (masl)

935.5

WATER CONDUCTING SYSTEM

Type D Shaped Tunnel

Size (m) 3.20 x 3.20

Length (m) 3413

SURGE SHAFT

Type Underground
Diameter (m) 6.5

Depth (m) 54

PENSTOCK

Type Circular, Surface Steel
Number One (Main), Two (Branches)
Diameter (m) 2.5

Length (m) 160

POWERHOUSE

Type Surface

Installed Capacity (MW) 14

Net Head (m) 101.58

Tail water level (masl) 824.61

TURBINE

Type Horizontal Shaft Francis
Numbers Two

Rated Output 7.0 W Each

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.28: Salient Features of Bhang (9 MW)

LOCATION
District Kullu
Name of River Beas River

Coordinates - Diversion Site

32° 18'6.21" N, 77° 10'57.77" E

Coordinates - Powerhouse

32° 16'36.61" N, 77° 10'47.75" E

HYDROLOGY

Catchment area at diversion site (km?) 162.75
Design Discharge (cumec) 8.5
DIVERSION STRUCTURE

Type Trench Weir
Crest Level (masl) 2240

HFL (masl) 2241.55

POWER CHANNEL (From Intake to Desilting
Tank)

Type Rectangular Cut and Cover Type
Size (m) 2.80 x 2.80

Length (m) 43.78

FOREBAY TANK

Type RCC Hopper, Surface

Size (m) 65.00 (L) x 8.00 (W) x 4.50 (D)
Storage Capacity (cum) 1310

FSL (masl) 2238

MDDL (masl) 2237

Crest Level of Penstock (masl) 2232.65

PENSTOCK

Type Boiler Quality Steel

Number One (Main), Two (Branches)
Diameter (m) 2.0 (Main), 1.35 (Each Branch)
Length (m) 2320.00 (Main), 15.00 (Each Branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 9

Rated Net Head (m) 126

Tail water level (masl) 2104

TURBINE

Type Vertical Shaft 6 Jet Pelton
Numbers Two

Rated Output 4.50 MW Each

POWER GENERATION

75% Dependable Energy (Mu) 39.571

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.29: Salient Features of Sharni (9.6 MW)

LOCATION

District Kullu

Name of River Parbati River

Coordinates - Diversion Site 31° 58'42.69"N, 77° 15 01.61" E
Coordinates - Powerhouse 31° 57'56.68" N, 77° 13" 42.65" E
HYDROLOGY

Effective Catchment area at diversion site (km?) 182

Design Discharge (cumec) 24.15

DIVERSION STRUCTURE

Type RCC Barrage Type Weir
FSL(masl) 1310

HFL (masl) 1312.5

HEAD RACE TUNNEL (Tunnel Intake to Surge Shaft)

Type D Shaped Pressurised Tunnel
Size (m) 4.10 x 4.10

Length (m) 2738

SURGE SHAFT

Type RCC Circular Tank

Diameter (m) 20

Height (m) 24.45

FSL (masl) 1307.4

MDDL (masl) 1303.3

Crest Level of Penstock (masl) 1293.28

PENSTOCK

Type Surface Circular Steel

Number One (Main), Two (Branches)
Diameter (m) 3.30 (Main), 2.30 (Each Branch)
Length (m) 58.66 (Main), 20.00 (Each Branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 9.6

Net Head (m) 47.64

Tail water level (masl) 1254

TURBINE

Type Horizontal Shaft Francis
Numbers Two

Rated Output 4.80 MW Each

POWER GENERATION

75% Dependable Energy (Mu) 46.4

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.30: Salient Features of Sarsadi (9.6 MW)

LOCATION

District

Kullu

Name of River

Parbati River

Coordinates - Diversion Site

31° 57°25" N, 77° 11" 33" E

Coordinates - Powerhouse

31° 56" 38.01" N, 77° 10" 21.48" E

HYDROLOGY

Effective Catchment area at diversion site (km?)

188

Design Discharge (cumec)

24.15

DIVERSION STRUCTURE

Type RCC Rectangular tank
FSL(masl) 1253.99
Top level of Structure (masl) 1254.29

HEAD RACE TUNNEL (Feeder Channel Outlet to
Surge Shaft)

Type D Shaped Pressurised Tunnel
Size (m) 4.10 x 4.10

Length (m) 3165

SURGE SHAFT

Type RCC Circular Tank

Diameter (m) 20

Height (m) 25.21

FSL (masl) 1251.32

MDDL (masl) 1247.22

Crest Level of Penstock (masl) 1239.98

PENSTOCK

Type Surface Circular Steel
Number One (Main), Two (Branches)
Diameter (m) 58.66 (Main), 20.00 (Each Branch)
Length (m) 58.66 (Main), 20.00 (Each Branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 9.6

Net Head (m) 47.63

Tail water level (masl) 1203

TURBINE

Type Horizontal Shaft Francis
Numbers Two

Rated Output 4.80 MW Each

POWER GENERATION

75% Dependable Energy (Mu) 46.3

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.31: Salient Features of Nakhtan (460 MW)

LOCATION

District Kullu

Name of River Parbati River | Tosh Nala
HYDROLOGY

Catchment area at diversion site (km?) 687.44 332.67
Design Discharge (m3/s) 51.85 23.13
DIVERSION STRUCTURE

Type Barrage Barrage
Height from river bed (m) 13 17

Top of Structure (masl) 2977 2977
FRL (masl) 2975 2975
MDDL (masl) 2975 2975
River Bed Level (masl) 2964 2960
Gross Storage (MCM) 0.034 0.03
HEADRACE TUNNEL

Type Circular (TBM) Modified Horse Shoe (DBM)
Number One One
Diameter (m) 5.10 3.10
Length (m) 7471.56 2896.22
PRESSURE SHAFT

Type Underground

Number One (Main), Four (Unit)

Internal Diameter (m) 4.20 (Main), 2.1 each (Unit)
Length (m) 1848.38 (Main); 55.72, 34.54, 37.1 and 37.1 (Unit)
POWERHOUSE

Type Underground

Installed Capacity (MW) 460

Rated Net Head (m) 678.98

Tail water level (masl) 2269.62

TURBINE

Type Pelton

Numbers Four

Rated Output 115 MW each

POWER BENEFITS

90% Dependable Energy (MU) 1535.11

CONSTRUCTION PERIOD (Inclusive of 90 months

Infrastructure Works)

PROJECT ESTIMATED COST (Dec. 2014

price level)

Total Completed Cost (Crore) Rs. 4693.32

Cost per MW Rs. 10.20

TARIFF

15t Year Tariff (Rs./ Unit) 7.17

35 Years Levelized tariff (Rs./ Unit) 6.30

2.44

RSES RS Envirolink Technologies Pvt, Ltd.
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Figure 2.12: General Layout plan of Nakhtan HEP
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Table 2.32: Salient Features of Thana Plaun (191 MW)

LOCATION
District Mandi
Name of River Beas River

Coordinates - Diversion Site

31°4928.22” N, 76°5020.53” E

HYDROLOGY

Catchment area at diversion site (km?) 7378

Average Discharge (cumec) 107.60

DIVERSION STRUCTURE

Type RCC Dam

Dam Top level (masl) 719

Height of Dam (m) 85

River Bed level (masl) 634

FRL (masl) 716

MDDL (masl) 697

Live Storage (MCM) 44.93

HEAD RACE TUNNEL

Type Horse Shoe

Number Two

Diameter (m) 6.30 and 7.30

Length (m) 116.30 and 146.40

PENSTOCK/ PRESSURE SHAFT

Type Underground
Pressure Shaft-1: 5.7 m dia. bifurcating into 2.65
m and 5.00 m dia. which further bifurcates into

Number two branch penstocks of 4.25 m and 2.65 m Dia.

Pressure Shaft-2: 6.0 m dia. bifurcating into two
branch penstocks of 4.25 m Dia. each

Diameter (m)

Pressure Shaft-1: 5.7m, 4.25 m and 5.00m and
2.65m
Pressure Shaft-2: 6.0 m and 4.25 m

Length upto Bifurcation of main pressure

Pressure Shaft-1 :92m

shafts (m) Pressure Shaft-2: 127 m
POWERHOUSE

Type Underground

Installed Capacity (MW) 191

Rated Head (m) 72.97

Tail water level (masl)

634 (Monsoon), 632.70 (Lean), 633.30 (Non-
Monsoon Peaking Hours), 631.70 (Non-Monsoon
Non-Peaking Hours)

TURBINE
Type Vertical Francis
Numbers Five

Rated Output

3 x50.33 MW and 2 x 20 MW

POWER BENEFITS

Annual energy in 90% dependable year on
95% machine availability (GWh)

524.91 (Main Units), 143.16 (Environmental Units)

PROJECT COST

months preconstruction activities)

Total Cost (Crore) Rs. 2007.46
Levelised Tariff at 90% Dependable Year Rs. 6.70
(Rs/KWh) -
Levelised Tariff at 50% Dependable Year Rs. 6.58
(Rs/KWh) -
CONSTRUCTION PERIOD (excluding 18 4.5 Years

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.33: Salient Features of Triveni Mahadev (96 MW)

LOCATION

District Mandi
Name of River Beas River
HYDROLOGY

Catchment area at diversion site (km?)

8155 (7740 of Beas + 415 of Binwa Khad)

Average Discharge (cumec)

250.87

DIVERSION STRUCTURE

Type

Concrete Gravity Dam

Dam Top level (masl) 595

Height of Dam (m) 31.50

River Bed level (masl) 563.50

FRL (masl) 592

MDDL (masl) 590

Live Storage (MCM) 5.08
Elir_lfage on Binwa Khad to divert water into 15.5 m high
HEAD RACE TUNNEL

Type Horse Shoe
Number One
Diameter (m) 9.50
Length (m) 1850
PENSTOCK/ PRESSURE SHAFT

Type Underground/ Surface
Number Three
Diameter (m) 4.5

Total Length Pressure Shaft/Penstock (m) 169

POWERHOUSE

Type

Surface (Main including one monsoon unit), Surface

(Dam Toe Environmental Releases)

Installed Capacity (MW)

96

Tail water level (masl) 552

TURBINE

Type Vertical Kaplan
Numbers Five

Rated Output

3x26.67 MW and 2 x 8.5 MW

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.34: Salient Features of Dhaulasidh (66 MW)

LOCATION

District Hamirpur
Name of River Beas River
Coordinates - Diversion Site 31° 48 23.1" N, 76° 26' 30.7" E
HYDROLOGY

Catchment area at diversion site (km?) 9580.00

Design Discharge (m3/s) 175

DIVERSION STRUCTURE

Type Straight Concrete Gravity Dam
Height from river bed (m) 51

Top of Structure (masl) 523

FRL (masl) 520

MDDL (masl) 519

Average Bed level (masl) 472

Live Storage (10° m?) 6.87
PENSTOCK

Type Surface
Number Two

Diameter (m) 4.3

Length (m) 60.50 each
POWERHOUSE

Type Dam Toe Surface
Installed Capacity (MW) 66

Rated Head (m) 45.33

Tail water level (masl) 473.3

TURBINE

Type Vertical Francis
Numbers Two

Rated Output 33 MW each
POWER BENEFITS

90% Dependable Energy (GWh) 257.16
PROJECT COST

Capital Cost (Rs) 489.74 Crore

2.50
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Table 2.35: Salient Features of Parbati (12 MW)

LOCATION

District

Kullu

Name of River

Parbati River

Coordinates - Diversion Site

322 4N, 77° 14'E

Coordinates - Powerhouse

31°56'N, 77° 6'E

HYDROLOGY

Catchment area at diversion site (km?)

Downstream of Tail Race of Malana HEP (86 MW)

Design Discharge (m3/s)

21.5

DIVERSION STRUCTURE

Type Trench Weir
River Bed level (masl) 1391
High Flood level (masl) 1395
Trash Rack Level (masl) 1391

HEAD RACE TUNNEL

20% COL (MU)

Type Partial D Shaped

Size (m) 3.75x3.75

Length (m) 5250

PENSTOCK

Type Surface Circular Steel

Diameter (m) 114 upto bifurcation & 15 including branches
Length (m) 3 upto bifurcation & 2.25 including branches
POWERHOUSE

Type Surface

Installed Capacity (MW) 12

Average Net Head (m) 79.89

Average Tail water level (masl) 1312

TURBINE

Type Francis

Numbers Two

Rated Output 6 MW each

POWER BENEFITS

Annual energy generation in 2008-09 with 51.369

PROJECT COST

Total Cost (Rs)

7835.217 lakh

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.36: Salient Features of Hurla-l (9.4 MW)

LOCATION
District Kullu
Name of River Hurla Nala

Coordinates - Powerhouse

31°15'N, 77° 14 E

HYDROLOGY

Catchment area at diversion site (km?)

122.4 (Pre Parbati)

63.2 (Post Parbati)

Design Discharge (m3/s)

4.67

DIVERSION STRUCTURE

Type Trench Weir with Intake Structure of RCC
FRL (masl) 1440

HEAD RACE TUNNEL

Type D Shaped

Size (m) 2.0x2.5

Length (m) 1831

FOREBAY TANK

Type Rectangular RCC

Size (m) 35(L)x7.5 (W)x1.3 (D)
Elevation (masl) 1435

Capacity (cumec) 450

PENSTOCK

Type Fabricated from Steel Plate
Number One

Diameter (m) 1.45

Length (m) 550

POWERHOUSE

Type Surface

Installed Capacity (MW) 5.4

Design Head (m) 237

Tail water level (masl) 1185

TURBINE

Type Horizontal Francis
Numbers Two

Rated Output 4.7 MW each

POWER BENEFITS

95% Dependable Energy (MU)

48.17 (Post Parbati)

59.69 (Pre Parbati)

PROJECT COST

Total Cost (Rs)

7121 lakh

RSES RS Envirolink Technologies Pvt, Ltd.

2.53




CIA&CCS- Beas Basin in HP Final Report: Chapter 2

Figure 2.16: General Layout plan of Hurla-I SHEP
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Table 2.37: Salient Features of Jari (12 MW)

LOCATION

District

Kullu

Name of River

Parbati River

Coordinates - Diversion Site

32° 00°29.79" N, 77° 17° 23.84"E

Coordinates - Powerhouse

32° 00" 15.99" N, 77° 15°05.42" E

HYDROLOGY

Effective Catchment area at diversion site (km?)

182.79

Design Discharge (cumec)

20.35

DIVERSION STRUCTURE

Type

Concrete Gravity Floor Type Weir

Crest Level of other bay of Weir (masl)

1480

HFL upstream (masl)

1481.43

HEAD RACE TUNNEL (Desilting Tank to Tunnel Inlet)

Type RCC Channel, Square Box Section
Size (m) 3.50 x 3.50

Length (m) 255.23

HEAD RACE TUNNEL (Tunnel Inlet to Surge Shaft)

Type D Shaped Pressurized Tunnel
Diameter (m) 3.5

Length (m) 3294.54

SURGE SHAFT

Type Underground, Steel/RCC
Diameter (m) 3.0 and 10.80

Depth (m) 75.5

Static Water Level (masl) 1480

Operating Water level (masl) 1476.335

Bed Level (masl) 1412.5

Top Level of Tank (masl) 1488

MDDL (masl) 1473.51

PENSTOCK

Type Underground Steel

Number One (Main), Three (Branches)
Diameter (m) 2.50 (Main), 1.60 (Each Branch)
Length (m) 251.30 (Main), 15.00 (Each Branch)
POWERHOUSE

Type Surface

Installed Capacity (MW) 12

Net Head (m) 70.3

Tail water level (masl) 1400

TURBINE

Type Horizontal Shaft Francis
Numbers Three

Rated Output 4.00 MW Each

POWER GENERATION

75% Dependable Energy (Mu)

105.12 (Pre Parvati Stage-Il Commissioning)

65.52 (Post Parvati Stage-1l Commissioning)

ESTIMATE OF COST

Total Project Cost (Lakh)

Rs. 10204.70

Cost per MW (Lakh)

Rs. 850

CONSTRUCTION PERIOD

3 Years (after financial closure)

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.38: Salient Features of Raison (18 MW)

PROPOSAL-I | TENTATIVE (PROPOSAL-II)
LOCATION
District Kullu Kullu
Name of River Beas River Beas River
HYDROLOGY
Catchment area at diversion site (km?) 1025 1025
Design Discharge (cumecs) 137.5 137.5

DIVERSION STRUCTURE

Type

Labyrinth weir
Rectangular shaped

Labyrinth weir Rectangular
shaped

Crest Elevation (masl)

1327

1327

DESILTING TANK

Surface, central

Surface, central Cunnette

Type Cunnette type type

Size (m) 50x34x4 50x34x4

WATER CONDUCTOR SYSTEM POWER CHANNEL CUM | POWER CHANNEL

FOREBAY

Size (m) :lgghv;nde, varying 16m wide, varying height

Length (m) +430 +235
PENSTOCK

Type surface, circular steel
penstock

Number Three

Diameter (m) 3.4 (each)

Length (m) 220 (each)

POWERHOUSE

Type Surface Surface

Installed Capacity (MW) 18 18

Net Head (m) 15 15

Maximum Tail water level (masl)

1311

1311

TURBINE

Type Kaplan, horizontal axis | Kaplan, horizontal axis
Numbers 3 3

Rated Output 6 MW each 6 MW each

POWER BENEFITS

75% Dependable Energy (Gwh) 78.57 | 78.57

PROJECT ESTIMATED COST (Tentative)

Total Completed Cost (Crore) 161.39 146.50

Cost per Kwh 3.56 3.23

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.39: Salient Features of Kilhi Bahl (7.5 MW)

LOCATION

District

Kangra

Name of River

Binwa and Awa Nalas

Coordinates - Diversion Site

32° 00'40" N, 76° 36' 50" E

Coordinates - Powerhouse

31° 58°40" N, 76° 37" 15" E

HYDROLOGY

Catchment area at diversion site (km?)

282.00

Design Discharge (m3/s)

10.34

DIVERSION STRUCTURE

Type

Raised Crested Type Weir

River Bed level (masl) 786

HEAD RACE TUNNEL

Type D Shaped
Diameter (m) 2.5

Length (m) 3630

SURGE SHAFT

Type Underground
Diameter (m) 6

Height (m) 33
PENSTOCK

Type Circular, Underground/ Surface Steel
Diameter (m) 2.2

Length (m) 150
POWERHOUSE

Type Surface
Installed Capacity (MW) 7.5

Net Head (m) 86

Tail water level (masl) 690
TURBINE

Type Francis
Numbers Three

Rated Output 7.5 MW each
POWER BENEFITS

75% Dependable Energy (MU) 46.93
PROJECT COST

Total Cost (Rs) 7400.65 Lac

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.40: Salient Features of Malana-Ill (30 MW)

LOCATION
District Kullu
Name of River Malana Nala

Coordinates - Diversion Site

32° 06'16.35" N, 77° 18'31.80"E

Coordinates - Powerhouse

32° 5°4.42" N, 77° 16'42.24" E

HYDROLOGY

Catchment area at diversion site (km?)

124.75

Design Discharge (m3/s)

14.17 i/c Shingle and Sand flushing discharge

DIVERSION STRUCTURE

Type Type Weir
River Bed level (masl) 2895
POWER PIPE

Type Circular
Diameter (m) 2

Length (m) 3918
SURGE TANK

Size (m) 8(L)x8 (W)x6(H)
Maximum Upsurge level (masl) 2910.35
Minimum Down Surge Level (masl) 2874.75
POWERHOUSE

Type Surface
Installed Capacity (MW) 25

Rated Net Head (m) 325.2
Maximum Tail water level (masl) 2550
TURBINE

Type Vertical Axis Pelton
Numbers Two

Rated Output 15 MW each
POWER BENEFITS

75% Dependable Energy (GWh) 127.64

PROJECT COST

Total Cost (Rs)

212.66 Crore

RSES RS Envirolink Technologies Pvt, Ltd.
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Table 2.41: Salient Features of Jobrie (12 MW)

LOCATION

District Kullu

Name of River Jobrie Nala | Allain Nala
HYDROLOGY

:Zlfragl;ment area at diversion site 66.70 57 3

Design Discharge (m3/s)

12.53 inclusive of 20% overload during monsoon months

DIVERSION STRUCTURE

Raised Crested Boulder Filled Raised Crested Boulder Filled

Type Weir Weir

FRL (masl) 2965 2965

HFL (masl) 2968.5 2967.5

HEADRACE TUNNEL

Type D Shaped, Pressurized D Shaped, Pressurized

Size (m) 2.0 (W)x2.5(H) 2.0 (W) x2.5(H)

Length (m) 762.50 2167

PENSTOCK

Type Circular, ASTM 285 Grade "C"

Number One (Main), Three (Branches)

Diameter (m) 2.00 (Main), 1.64 ( One Branch) and 1.16 (Two Branches Each)
519.739 (Main), 6.975 (One Branch) and 18.00 (Two Branches

Length (m) Fach)

POWERHOUSE

Installed Capacity (MW) 18 + 20% Continuous Overload

Gross Head (m) 205

Tail water level (masl) 2760.9

TURBINE

Type Horizontal Axis Francis

Numbers Three

Rated Output

6 MW each + 20% Continuous Overload

POWER BENEFITS

50% Dependable Energy (MU) 108.74
75% Dependable Energy MU) 100.69
90% Dependable Energy (MU) 91.48

PROJECT COST

Total Cost (Rs)

15758.11 Lakh

2.61
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Table 2.42: Salient Features of Larji (126 MW)

LOCATION

District Mandi
Name of River Beas
HYDROLOGY

Catchment area at diversion site (km?) 4921
Design Discharge (cumec) 312.50

DIVERSION STRUCTURE

Type

Gravity & Masonry

Height from river bed (m)

26.50

Top of Structure (masl) 981.50
River Bed level (masl) 955

Full Reservoir level (masl) 969.50
Minimum Drop Down level (masl) 963.00
Total Volume Content of Dam (TCM) 111.571
HEAD RACE TUNNEL

Type Circular
Length (m) 4119.861
Diameter (m) 8.5
PRESSURE SHAFT

Type ASTM-A-537
Number Three
Diameter (m) 4.5 (each)
Length (m) 83.33 (each)
POWERHOUSE

Type Underground
Installed Capacity (MW) 126

Net Head (m)

Tail water level (masl) 899.6
TURBINE

Type Kaplan
Numbers Three
Rated Output 42 MW each

POWER BENEFITS

50% Dependable Energy (MU)

90% Dependable Energy (MU)

PROJECT COST

Total Cost (Rs)

796.98 Crore

Year of Commissioning/ Completion

Commercial Operation Date (COD)

Unit | - 19-07-2007

Unit Il - 12-10-2006

Unit 11l - 29-09-2006

RSES RS Envirolink Technologies Pvt, Ltd.
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CHAPTER-3
METHODOLOGY

3.1 GENERAL

To undertake Cumulative Impact Assessment and Carrying Capacity Study (CIA&CCS) of Beas
river basin vis-a-vis proposed hydropower development in Himachal Pradesh, it is essential to
establish the present environment setting in the basin on which impacts of development can be
predicted and strategy for sustainable development can be formulated. Scoping for the study
has set the requirement of extensive baseline data to be collected. Extensive baseline surveys
were carried out for data collection, sampling and analysis. Additionally, data was collected
from secondary sources, collated and analyzed. Entire data collection and analysis work was
undertaken scientifically based on the pre-defined methodology, which is discussed in ensuing
text. The data on baseline status of various environmental parameters in the study area was
collected through primary surveys for three seasons as specified in the approved TOR.

3.2 DATA COLLECTION

3.2.1 Secondary Data Collection

In addition to primary surveys, substantial secondary data was also collected through
interaction with various state and project officials. Sources and data so collected have been
mentioned below:

 Directorate of Energy, Government of Himachal Pradesh, Himachal Pradesh Power
Corporation Ltd. (HPPCL), State Forest Department and State Fisheries Department. This
includes status of planned and allotted projects in the basin, Forest Working Plan, Wildlife
sanctuaries/National Parks and other protected areas in the basin and their management
plans, fish fauna and conservation measures, if any.

Data collected from published sources and literature survey for forest type, flora, fauna
and fishes; their conservation status i.e. Rare, Endangered & Threatened (RET), Scheduled
species as per Indian Wildlife (Protection) Act (1972), threatened status according to IUCN
Red List, Red Data Books by Botanical Survey of India and conservation of important
medicinal plants according to guidelines of CAMP, 2013 (Conservation Assessment and
Management Plan) workshops held at Shimla in 2010 and fishes according to CAMP, 1998.
Procurement of satellite data, Forest Survey of India (FSI) data, Advanced Space borne
Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM)
Version 2 data and digital maps; used to prepare base maps, longitudinal sections of river
stretches, slope maps, drainage maps, forest cover maps, etc.

3.2.2 Primary Data Collection

Primary Data collection has been undertaken for different months and seasons as per the pre-
defined TOR. Field surveys were undertaken to collect data on various environmental
parameters like water quality, flora, fauna, fisheries, aquatic ecology, etc.

3.1
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3.3 GENERATION OF THEMATIC LAYERS

The spatial database on physiographic features like drainage, roads, settlements and villages,
etc. was created from maps of topographic sheets and satellite data followed by ground truth
verification and data analysis with Geographic Information System (GIS) tools. GIS based maps
have been provided for the following themes:

» General Features (Villages, roads, tributaries)
» Hydrology: Drainage of Beas river along with their tributaries

« Soil
« Elevation profile
» Slope

e Land use in study area
e Vegetation

A comprehensive list of various thematic data layers prepared and used in the study is given

in table below.

Description of the Data Layer

Procedure used in generation

Catchment Boundary (Beas basin in
Himachal Pradesh) in ARC and
POLYGON shape files

Catchment area in Himachal Pradesh has been delineated using
Survey of India 1:50000 topo-sheets and satellite data

Hydro - electric projects in the Beas
catchment study area

All hydro projects in Beas basin of Himachal Pradesh have been
marked on GIS and data has been taken from Directorate of
Energy, Himachal Pradesh as point shapefiles

Main roads passing through the
study area

Data related to roads have been picked up from Survey of India
1:50000 topo-sheets and satellite data PWD, BRO and existing
published maps. Same has been digitised as GIS layer as polyline
shapefile

Other roads in the study area

Data related to roads have been picked up from PWD, BRO and
existing published maps. Same has been digitised as GIS layer as
polyline shapefile

Rivers, tributaries and drainages in
POLYLINE shapes

Small rivers and drainages have been delineated using Survey of
India topo-graphical sheets and have been updated using IRS P6,
LISS IV satellite data as well as Google Earth. (Polyline shape)

Rivers, tributaries and drainages in
POLYGON shapes

Major rivers and drainages have been delineated using Survey of
India topo-graphical sheets and have been updated using IRS P6,
LISS IV satellite data as well as Google Earth. (Polygon shape)

Soil data layers as per NBSS&LUP,
Nagpur

Soil maps have been procured from National Bureau of Soil Survey
and Land use Planning, Nagpur in hard copy formats which were
geo-referenced and digitized as GIS layer as polygon shapefiles.

Raw satellite data for IRS P6

satellite, LISS Il sensor

Raw satellite data for IRS P6, LISS Ill sensor has also been procured
from National Remote Sensing Centre.

Classified data for land cover

Land use and land cover map of the basin was prepared from the
data of 2015 was procured from Forest Survey of India (FSI). It was
further refined by ground checks carried out during the field
surveys. For this purpose FCC of the entire study area was
generated from digital satellite data of LISS-1lI, IRS-P6.

Village level data for all villages in
the study area as per latest Census
of India

All census data like population, occupational profile, literates,
SC/ST population etc. (males/females) have been arranged in
EXCEL table.

GIS files for forest data layers as
per Forest Survey of India

Forest related data has been procured from Forest Survey of India
and forest classification has been done accordingly and has been
placed on GIS platform.

Digital Elevation Model of Beas
Catchment in Himachal Pradesh
(Study Area) showing different
elevation ranges

Digital Elevation model for the entire study area has been derived
using digitised contours and spot levels from topographical sheets.

Slope Map

Slope map has been derived using digital elevation model of the
study area. The entire study area has been divided into different
slope classes.
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Protected Area National Parks and
Wildlife Sanctuaries in the (Beas
Catchment) in Himachal Pradesh

Boundary of National Parks and Wildlife Sanctuaries has been
marked as GIS layer using Gazette notification.

3.4 STUDY AREA (BEAS BASIN) DEMARCATION

The study area i.e. Beas basin in Himachal Pradesh was delineated using Survey of India
toposheets at 1:50000 starting from Rohtang Pass up to Dam site of Pong Dam. The following
toposheets were used for delineation.

Survey of India Toposheets : The entire study area is covered in following topographical
sheets of Survey of India at 1:50000 scale (refer Figure 3.1): 43P15, 43P16, 44M13, 52D3,
52D4, 52D7, 52D8, 52D12, 52D16, 52H3, 52H4, 52H7, 52H8, 52H12, 52H16, 53A1, 53A2, 53A5,
53A6, 53A9, 53A10, 53A13, 53A14, 53A15, 53E1, 53E2, 53E3, 53E5, 53E6, 53E7, 53E9, 53E10,
53E13, 53E14.

Projection and Datum : UTM and WGS 84; 46 North
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ngﬁi‘e 3.1: Sui'vey of India topoSheets at 1:50000 coVerage of Beas basin

3.5 LAND USE/ LAND COVER MAPPING

False Color Composite (FCC) of the study area was generated from digital satellite data of
LANDSAT ETM+ data downloaded from USGS Earth Explorer portal
(https://earthexplorer.usgs.gov/) and is given at Figure 3.2. In addition, latest satellite data of
Sentinel-2 was also downloaded from USGS portal referred to above. The Sentinel-2 satellite
mission was launched by the European Space Agency (ESA) in collaboration with the European
Commission, industry, service providers, and data users in June, 2015. Sentinel-2 data is acquired
in 13 multispectral bands ranging from Visible and Near-Infrared (VNIR) to Shortwave Infrared
(SWIR) wavelengths along a 290-km orbital swath with spectral resolution ranging from 10m to
60m in different bands. Sentinel-2 data of April 2017 was downloaded to generate FCC for
visualization purpose mainly. FCC generated from Sentinel-2 is given at Figure 3.3.

For the preparation of land use and land cover map of the basin, forest cover data of 2015
was procured from Forest Survey of India (FSI), Dehradun. In addition digital data of 2005 was
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also procured from FSI in order to understand the forest cover/ land use change since 2005.
The digital data procured from FSI was downloaded and further processed in GIS domain to
generate mosaic of Beas basin.

In order to understand the extent of forest cover the classification scheme suggested by
Forest Survey of India, Dehradun was adopted for the preparation of land use/land cover map
of the basin. The forests with >70% canopy cover has been demarcated as Very Dense Forest,
between 40% and 70% canopy cover was delineated as Moderately Dense Forest and between
10% and 40% crown density as Open Forest. Furthermore, degraded forests, grass covered
slopes with canopy density <10% were delineated as Scrubs. The area not included in any of
the above classes is delineated as Non-forest land cover.

3.6 FOREST TYPES

Administratively the forests in the Beas basin fall under jurisdiction of Kullu, Parvati, Seraj,
Mandi, Nachan, Joginder Nagar, Dharamshala, Nurpur, Palampur, Dehra and Suket Forest
Divisions which are under administrative control of four Circles namely Kullu, Hamirpur,
Dharamshala and Mandi of Himachal Pradesh State Forest Department. Forest types in study
area have been described as per the Revised Survey of India by Champion and Seth (1968).

3.7 COMMUNITY STRUCTURE

The objectives of the present floristic study are as follows:
e To prepare an inventory of various groups of plants (Angiosperms, Gymnosperms,
Pteridophytes and Bryophytes) in the basin
e To assess the community structure in the study area
e To determine Importance Value Index and
e Shannon Wiener Diversity Index for trees, shrubs and herbs

3.7.1 Sampling Locations and Methodology

The size and number of quadrats needed were determined using the species- area curve
(Misra, 1968). The data on vegetation were quantitatively analyzed for density, frequency as
per the methodology given in Curtis & McIntosh (1950), Dhar et al. (1997), Greig-Smith,
(1957), Misra, (1968), Samant et al. (2002) and Joshi and Samant (2004). The Importance
Value Index (IVI) for trees was determined as the sum of relative density, relative frequency
and relative dominance (Curtis, 1959).

Sampling Site Selection
The sampling locations were selected on the basis of the area located in the vicinity of
operational, under construction as well as proposed projects and their components. Entire

Beas basin has been covered with required number of sampling locations as per TOR i.e. 60
locations. No sampling site was located in Tirthan catchment which has been declared as no-
go area by the state government. Sampling locations were identified to capture the baseline
status and depending upon the anticipated changes in the topography, vegetation, forest
types, etc. so as to capture the representative baseline of the area. Reach/ coverage of each
project was considered from tip of the Full Reservoir Level (FRL) to the tail water outfall
point. Therefore, for projects in cascade some sampling locations were considered
representative of more than one project. Coverage area for terrestrial ecology sampling sites
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was invariably spread over an area of 4 - 5 sq km in general in which 10-15 number of 10m x
10m quadrats were laid to capture the vegetation structure.

As per the requirement of ToR, surveys for terrestrial ecology were conducted during three
seasons i.e. Pre-monsoon/Summer (May-June, 2016), Monsoon (August-September, 2016) and
Post-monsoon/winter (November-December, 2016).

The number of quadrats studied varied from minimum of 10 quadrats to 15 quadrats at a
particular sampling site/ area depending upon the heterogeneity/ homogeneity of the
vegetation encountered at a particular site/ area (see Table 3.2). At each site the quadrats
were laid along the altitudinal gradient beginning from the vegetation along the river
bank/riverine vegetation and further up along the slope ensuring maximum possible
representative coverage of the vegetation of a particular sampling location. Each sampling
location/ area was divided into grids vertically as well as horizontally along the slopes
thereby capturing the maximum diversity of vegetation. In case of trees total basal
area/cover per unit area was calculated by measuring the ‘cbh’ (circumference at breast
height) of each individual tree belonging to different species, which was then converted into
basal area using the formula as follows.

Based on the quadrat data, frequency, density and cover (basal area) of each species were
calculated. The data on density and basal cover are presented on per ha basis.

The Importance Value Index (IVI) for different tree species was determined by adding up the
Relative Density, Relative Frequency and Relative Dominance/ Cover values. The Relative
Density and Relative Frequency values were used to calculate the IVI of shrubs and herbs.

For the calculation of dominance, the basal area was determined by using following formula.
Basal area = mr?

The index of diversity was computed by using Shannon Wiener Diversity Index (Shannon
Wiener, 1963) as:

H = - X (ni/n) x In (ni/n)

Where, ni is individual density of a species and n is total density of all the species

The Evenness Index (E) is calculated by using Shannon's Evenness formula (Magurran, 2004).
Evenness Index (E) = H / In(S)
Where, H is Shannon Wiener Diversity index; S is number of species

The forest communities were then identified on the basis of IVl values of trees. The single
tree species representing > 50% of the total IVl were designated as a single species dominated
community, whereas two or more species contributing 50 or > 50% of the total IVI to be
named as a mixed community. Species richness has also been determined using Shannon
Weiner Diversity Index.

In order to understand the composition of the vegetation, most of the plant species were
identified in the field itself whereas the species that could not be identified the photographs
were taken of different plant parts for identification later with the help of available
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published literature and floras of the region (Aswal and Mehrotra, 1994; Chowdhery and
Wadhwa, 1984; Dhaliwal and Sharma, 1999; Polunin and Stainton, 1984; Murti, 2001). The
nomenclature for all plant species is based upon the latest nomenclature given in
www.theplantlist.org. Efforts were made to include synonyms also in addition to new names

wherever required. The inventory of plant species was prepared using extensive literature
citations and field surveys. Following literature was used for the preparation of up-to-date
list of plant species reported from Beas basin. The following literature was consulted for the
preparation of inventory of plant species reported from Beas basin in Himachal Pradesh:
Samant et al., (2002), Joshi and Samant (2004), Aswal and Mehrotra (1994) Chowdhery and
Wadhwa (1984), Dhaliwal and Sharma (1999), Polunin and Stainton (1984) and Murti (2001).

Detailed list of sampling locations and number of quadrats sampled is given at Tables 3.1 &
3.2 and their location on the map of Beas basin has been marked and is shown in Figure 3.4.

Table 3.1: Sampling sites and their locations for vegetation sampling in Beas basin

Sar;;:(l;ng Name of Project Name of Site
V1 Beas Kund HEP Near Power House site: Beas river
V2 Palchan Bhang HEP Project area of Proposed Palchan Bhang HEP: Beas river
V3 Bhang HEP Project area of Proposed Bhang HEP: Beas river
V4 Jobrie HEP Project area of Proposed Jobrie HEP: Allain Nala
V5 . Power House site: Allain Nala
Vé Allain Duhangan HEP Downstream of diversion site: Duhangan Nala
V7 Malana Il HEP Proposed project area: Malana Nala
V8 Upstream of Dam site
V9 Malana Il HEP Upstream of Power House site
V10 Downstream of Barrage site: Malana Nala
V11 Malana | HEP Upstream of Power house Site
V12 Tosh HEP Downstream of Diversion site near Tosh village
V13 Near proposed Diversion site at Tosh Nala
V14 Nakthan HEP Near proposed Power house site
V15 Near proposed Diversion site at Parbati river
V16 Upstream of Dam site along Parbati river
V17 Parbati Il HEP Upstream of Dam along Tosh Nala
V18 Downstream of Dam site
V19 Balargha HEP Near Proposed Power House site
V20 Parbati HEP Proposed project area of Parbati HEP
V21 Baragaon HEP Near Power house site
V22 Sarbari Il HEP Near Power house site
V23 Fozal HEP Near Diversion site
Sharni HEP Proposed project area of near Sarsadi Village Sharni
V24 village
V25 Sarsadi HEP Proposed project area of near Sarsadi Village
V26 Sarsadi Il HEP Proposed project area of near Sarsadi Village
V27 Hurla HEP Proposed project area of Hurla HEP
V28 .. Upstream of Dam site
V29 Sainj HEP Near Power House site
V30 Upstream of Resrvoir area
V31 Parbati Il HEP Downstream of Diversion site
V32 Near Power house site
V33 Lambadug HEP Downstream Diversion site
V34 Uhl | HEP Upstream of Barrage site
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Sar;;t)gng Name of Project Name of Site
V35 Uhl HEP Proposed diversion site
V36 Lower Uhl HEP Downstream of proposed diversion site
V37 Uhl Khad HEP Proposed Power house site: right bank of Beas river
V38 Uhl Il HEP Near Bassi Power House
V39 UhL 11l HEP Along the pqwer channgl
V40 Near Balancing reservoir near Rana Khad
V41 Right Bank of reservoir area
V42 Beas Satluj Link (Pandoh Dam HEP) | Near Dam Site
V43 Downstream of Dam site
V44 .. Along the reservoir area
V45 Larji I HEP Downstream of Dam site
V46 Patikari HEP Upstream of Power house site
V47 Khauli Khad Near diversion weir
V48 Gaj Khad HEP Near Power house site
V49 Neogal HEP Upstream of Power house site
V50 Binwa HEP Near Powerhouse site
V51 Baner | HEP Upstream of Power house site
V52 Baner HEP Downstream of Diversion weir
V53 Kilhi Bahl HEP Proposed project area of Kilhi Bahl HEP
V54 Right bank of reservoir
V55 Pong Dam HEP Left Bank of reservoir
V56 Proposed Dam site
V57 Thana Plaun HEP Downstream of Dam site
V58 Triveni Mahadev HEP Upstream of Proposed dam site
V59 . Upstream of Proposed dam site
V60 Dhaulasidh HEP Near Proposed Dam site

Table 3.2: No. of quadrats studied for each vegetation component

Sampling Trees Shrubs Herbs (1x1) m?
Site (10x10) (5x3) Pre- | Monsoon Post
m? m? Monsoon monsoon/Winter
1 10 10 12 15 12
2 10 10 12 15 12
3 10 10 12 15 12
4 10 10 12 15 12
> 10 10 12 15 12
6 10 10 12 15 12
7 10 10 15 15 12
8 10 10 15 15 12
9 10 10 15 15 12
10 10 10 15 15 12
11 10 10 15 15 m
12 10 10 12 12 m
13 10 10 12 12 m
14 10 10 12 12 12
15 10 10 12 12 12
16 10 10 12 12 12
17 10 10 12 12 12
18 10 10 20 12 12
19 10 10 20 12 12
20 10 10 20 12 12
21 10 10 12 15 12
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Sampling Trees Shrubs Herbs (1x1) m?
site | (10x10) | (5x5) | Pre- | Post
m? m? Monsoon monsoon/Winter
22 10 10 12 15 n
23 10 10 12 15 172
24 10 10 12 15 12
25 10 10 12 15 12
26 10 10 12 15 172
27 10 10 12 12 172
28 10 10 12 12 12
29 10 10 12 12 12
30 10 10 12 12 172
31 10 10 12 12 172
32 10 10 12 12 12
33 10 10 12 12 172
34 10 10 12 12 17
35 10 10 12 12 17
36 10 10 12 12 12
37 10 10 12 12 172
38 10 10 12 12 17
39 10 10 12 12 17
40 10 10 12 12 12
41 10 10 12 12 12
42 10 10 12 12 17
43 10 10 12 12 17
44 10 10 12 12 12
45 10 10 12 12 12
46 10 10 12 12 17
47 10 10 12 12 m
48 10 10 12 12 12
49 10 10 12 12 12
50 10 10 12 12 17
51 10 10 12 12 12
52 10 10 12 12 12
52 10 10 12 12 12
53 10 10 12 12 17
54 10 10 12 12 m
55 10 10 12 12 12
56 10 10 12 12 12
57 10 10 12 12 m
58 10 10 12 12 m
59 10 10 12 12 12
60 10 10 12 12 12

3.8 FAUNAL ELEMENTS

The data on faunal elements of the basin has been compiled with the help of transacts
walked during field surveys, secondary sources supplemented with information provided by
local people during field surveys conducted in different areas of the basin as discussed in
previous section.

The study area was divided into different strata based on vegetation and topography.
Sampling for habitat and animals was done in each strata. Same systematic transects were
used for mammals as well as birds. Transect walks along the forest trail in the study area
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were undertaken. To study the wild mammalian fauna of the study area, 2 - 5 km long
transects and trails were walked during early morning and evening hours. Direct sighting of
animals as well as indirect signs like scat, pellets, pugmarks, scraps, vocalizations, horns etc.
were also recorded during the survey trails. On each transect, the locations were marked
with the help of a hand held GPS. Animals and birds observed along the route were recorded,
together with information on their habitat. This method of continuous recording (Martin &
Batson, 1993, Chalise, 2003) was adopted for the collection of general information on species
presence and absence. It also reveals diversity and population by direct observation. This
method is also known as Visual Encountered Sampling to reflect wildlife population and
diversity (Mukherjee, 2007). Four to five separate walks were done along both the banks of
Beas and their tributaries to collect information on riverine tract. For birds a prismatic field
binocular (10 x 50) was used for bird watching during surveys.

Secondary data as well as information elicited from the locals were also noted for the
presence or absence of wild animals in the area. These indirect evidences and information
have to be analyzed and ascertained with the help of literature available. In addition to the
field sampling the data/ information was also collected as follows.

e Direct sighting and indirect evidences such as calls, signs, pugmarks of mammals were
recorded along the survey routes taking aid from Prater (1980).

e Interviews of local villagers and interaction with forest personnel for the presence and
relative abundance of various animal species within each locality.

The checklist of mammalian fauna of the basin has been compiled with the help of data
provided by Zoological Survey of India (ZSI) supplemented with information collected during
field surveys.

For the compilation of checklist of birds, butterflies and herpetofauna found in the Beas
basin, published literature was consulted along with Management Plans and Forest Working
Plans of different Forest Divisions falling within the basin. In addition published research
papers were also consulted.

The nomenclature of bird species is based upon http://avibase.bsc-eoc.org and of reptiles is
based upon http://www.reptile-database.org.

3.9 AQUATIC ECOLOGY

3.9.1 Sampling Locations & Schedule

The sampling was carried out at 59 locations as per ToR to study various physico-chemical and
biological characteristics of Beas river and its major tributaries in the basin. Water samples
were collected and analyzed for physico-chemical every month for the entire year round and
for biological parameters, it was done for three seasons viz. Pre-monsoon/Summer (May-
June, 2016), Monsoon (August-September, 2016) and Post-monsoon/winter (November-
December, 2016).

RSEYTS

3.11

RS Envirolink Technologies Pvt, Ltd.


http://avibase.bsc-eoc.org/
http://www.reptile-database.org/

CIA&CCS-Beas Basin in HP

Final Report: Chapter 3

76'00°E 761150E 76°300°E 764507 1T00E Trs0UE 77200°E TTEYE
Sort Rawla
- ¥ s @ San Nawils N
/ jf Nap
',./ ) Beas KundWeh A PatchanBrang
( \ ‘ =
m*u'u / 4 o
; Hhauna® “n',"ﬂwa w..nt e Jom::m : ;‘
3 Ef I Dh-umilmlu Manall *‘ g
? fad o, .
j’ /| / Baner sy~ Neogal Ve e, ~ Ainin mn-qu?tb
{| | / " vi2 f (/ \ uﬂﬂ B‘f.omi J e
Yol ‘3 p A A e o 2 N / YN - V7 Pakroni oy, /
J /.1 e / Vil / | %% a P
%& — 3 ‘ -—"/. 1/ o aa 3o g Fora N z"* Magar 'm::;m 3 =
Sy .H',/Nmpu, | o Lambad vilf—/ Nowe “"8;2 1
{ ( B
| % =
s
- | ,1/- . | $ g"
g \"\J_ = l"-, : X M) Bt o
-2 g s
a Y
\ :.e‘
Jwakumukiu K »
|\ - rreond Matadey
3\ - l Nahad
QO\\\ Nagroes (‘n\ \L\ e
i . ¢ \ Kanch Pattae ¥ 4
Tim s}ﬂ-npm )
| Dh'ulall‘! 4" 59 '.l =
/ l‘l :9’-1
E : NquE \ >
: *{
z = = Ilumup\u
A Terrestrial Sampling Sites 1 ‘
Hydro Power Projects \\ Vs
e = -
* Commissioned '\
!
¥  Under Construction ”
e
z ¢ Proposed 8]
= . Lad
& |~"~~ River
L
T600°E 76°18'0"E 76°30'0°E 16450 E ITOYE ITME0E M0 E TIASOE
L 1 1 1 L L L L

Figure 3.4:

Sampling sites/locations for terrestrial ecology in Beas basin
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3.9.2 Methodology

The composite water samples from the river were taken in triplicates at each site and
average values were computed for the results. The details of sampling sites and their
locations are given in Table 3.3 and locations of sampling sites are marked on map is given in
Figure 3.5.

Selection of Sampling Sites
Monthly sampling was carried out at 59 different locations as described in the Table 3.3 to

study various physico-chemical and biological characteristics. The sampling sites were located
near the area where major project components are proposed like near diversion site (trench
weir/ barrage/ dam site), intermediate stretch between diversion site and power house,
powerhouse, near the confluence of major tributaries with the main channel and near
settlements.

Sampling Methodology
The samples were taken in replicates of three at each site. The mean values were calculated
for the final result. The following methods were employed for physical, chemical and

biological characteristics:

3.9.2.1 Physico-chemical Parameters

The parameters like pH, temperature, electrical conductivity, total dissolved solids and
dissolved oxygen were measured in the field with the help of portable instruments. The water
temperature was measured with the help of graduated mercury thermometer; pH, electrical
conductivity and total dissolved solids were recorded with the help of a pH, EC and TDS
probes (Hanna Instruments HI 98130) in the field. Dissolved oxygen was measured with the
help of Digital DO meter (Eutech ECDO 602K) in the field. For the analysis of turbidity,
separate water samples were collected and brought to the laboratory for analysis. The
turbidity was recorded with the help of Digital Turbidity meter.

Similarly, separate water samples were collected and after the addition of preservative were
brought to the laboratory for the analysis of the parameters such as total alkalinity, total
hardness, chlorides, sulphates, phosphates, and nitrates at CISMHE, University of Delhi, Delhi.
Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) was analysed by
standard analytical methods. Calcium, Magnesium, Manganese, Potassium, Sodium, Iron, and
heavy metals Cd, Hg, Pb, Zn, Cr, Cu were also analysed. Total coliform was assessed via
media method. To assess the primary productivity, DO analysis with dark and light bottle,
applying Alkali Azide analysis technique and measuring DO with digital DO meter (diurnal
curve method) was used.

3.9.2.2 Sampling of Phytoplankton, Phytobenthos and Zooplankton

For the quantification of phytoplankton and zooplankton 50 liters of water for each
community was filtered at each site by using plankton net made up of fine silk cloth (mesh
size 25 um). The study was repeated three times at each site and samples were pooled. The
filtrate collected for phytoplankton was preserved in 1% Lugol’s lodine solution.
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For phytobenthos the sampling was performed across width of stream at a depth of 15 - 30
cm. The samples were taken from the accessible banks only. The cobbles (64 -128 mm size)
usually 4 - 5 in number, were picked from the riffle and pools, in apparently different flows
such as stones above and below gushing waters, swift flow and slow flow conditions so as to
obtain a representative sample. Benthic diatom samples were collected by scratching the
pebbles with a brush of hard bristles in order to dislodge benthos from crevices and minute
cavities on the boulder surface from an area of 3 x 3 cm?, using a sharp edged razor. The
scrapings from each cobble were collected in 25y mesh and transferred to storage vials. The
samples were preserved in 1% Lugol’s iodine solution.

Acid treatment according to Reimer (1962) method, adopted also by Nautiyal & Nautiyal
(1999, 2002), was followed to process the samples for light microscopy. The treated samples
were washed repeatedly to remove traces of acid. Samples with high organic content were
treated with hydrogen peroxide (H202) to clean the diatom frustules. The permanent mounts
were prepared in Naphrax for further analysis. They were examined using a BX-40 Trinocular
Olympus microscope (x10 and x15 wide field eyepiece) fitted with Universal condenser and
PLANAPO x100 oil immersion objective under bright field using appropriate filters to identify
the species.

For preparing permanent mounts from the treated samples, the slide was first smeared with
Mayer’s albumen. The sample was then agitated to render it homogeneous. Quickly a drop of
known volume (0.04 ml) of processed material was placed on the slide and heated gently till
it dried. It was dehydrated using 95% and 100% alcohol, consecutively. The dehydrated
material was transferred to Xylol twice before finally mounting in Euparol.

Table 3.3: Details of sampling locations for the collection of data on aquatic ecology
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S. No. SUb.- Nan'.1e of the Project Status Sampling Sites No. of s.ampllng
basin Project points
1 Beas Kund Operational W1 1
2 Palchan Bhang Proposed W2 1
3 Beas | | Bhang Proposed W3 1
4 Jobrie Proposed W4 1
5 Allain Duhangan Operational W & W6 2
6 Baragaon Operational W7 1
7 Fozal Operational W8 1
Beas Il
8 Sarbari II Under W9 1
Construction
9 Nakthan Proposed W10, W11 & W12 3
10 Tosh Operational W13 1
11| Pambatl | o patin Under W14, W15 & W16 3
Upper Construction
Under
12 Balargha Construction W17 1
13 Malana lli Proposed W18 1
14 Malana | Malana Il Operational W19 & W20 2
15 Malana | Operational W21 & W22 2
16 Parbati Operational W23 2
17 Parbati | Sharni Proposed W24 3
18 Lower | Sarsadi Proposed W25 3
19 Sarsadi Il Proposed W26 1
3.14
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S. No. SUb.- Narr.le of the Project Status Sampling Sites No. of s'amplmg
basin Project points
20 Hurla | Proposed W27 1
- . Under
21 Sainj | Sainj Construction W28, W29 2
22 Parbati lll Operational W30, W31 & W32 3
23 Patikari Operational W33 1
24 Beas Ill | Larji Operational W34 & W35 2
25 BSL (Pandoh) Operational W36, W37 & W38 3
Under
26 Lambadug Construction W39 1
27 uhl Proposed W40 1
28 uhl | Operational W41 1
29 Uhtl 11 Operational W42 1
Uhl
30 UhL Il Under W43, W44 2
Construction
31 Lower Uhl Under W45 1
Construction

32 Uhl Khad Proposed W46 1
33 Binwa Operational W47 1
34 Kilhi Bahl Proposed W48 1
35 Neogal Operational W49 1
36 Beas IV | Baner Operational W50 1
37 Baner Il Operational W51 1
38 Gaj Operational W52 1
39 Khauli Operational W53 1
40 Thana Plaun Proposed W54, W55 1
41 Beas V Triveni Mahadev Proposed W56 1
42 Dhaulasidh Proposed W57 1
43 Pong Dam Operational W58 & W59 2

Total 59

3.9.2.3 Identification of Diatoms & Zooplankton

The permanent mounts were then subjected to analysis under a phase contrast binocular
microscope using an oil immersion lens of x100 magnification. For identifying the various diatom
species, varieties and forms, the morphological characteristics used included length, width (um),
number of striae, raphe, axial area, central area, terminal and central nodules. Identifications
were made according to standard literature viz. Schmidt, 1914 -1954; Hustedt, 1943; Hustedt,
1985; Krammer & Lange - Bertalot, 1986, 1991, 1999, 2000 a & b; Lange - Bertalot, H. Krammer,
K. 2002; Metzeltin & Lange - Bertalot 2002; Krammer 2000, 2003; Lange Bertalot et al., 2003;
Werum & Lange - Bertalot, 2004 and Metzeltin et al., 2005. In addition Sarode & Kamat (1984),
Prasad (1992) and Gandhi (1998) were also consulted for the oriental species.

The identification of zooplankton was made with the help of Ward and Whipple (1959) and
Battish (1992).

Density and Diversity of different species was calculated as follows:

a) Density of phytoplankton (cells/lit) and zooplankton (indiv./lit)

b) Density of phytobenthos (cells/cm?)
Total count of cells x cover glass size/length of visual field of microscope x counted rows x
total sample volume (ml)/observed sample / sampled area

RSETS
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c) Species Diversity Index (Shannon & Wiener 1963): The Shannon diversity indices were
determined on the basis of counts (500 - 600 valves).
Shannon-Wiener Diversity Index H = - Z (ni/n) x In (ni/n)
where, pi is the proportion of total number of species made up of the it species
d) Evenness Index (Shannon & Wiener 1963)
Evenness Index (E) = H / In(S)
where, H is Shannon Index of general diversity and S is Number of species

3.9.2.4 Sampling & Identification of Macro-invertebrates (Zoobenthos)

For Macro-invertebrate samples were collected from 1 sq ft area by lifting of stones and sieving
of substratum from the wadeable portion of the river. The material was sieved through 125 pym
sieve and preserved in 70% ethyl alcohol. Samples were collected in three replicates and pooled
for further analysis. The organisms obtained were then counted after identifying them up to
family level. Standard keys were used for the identification of macro invertebrate samples
(Pennek, 1953; Edmondson, 1959; Macan, 1979; Edington and Hildrew, 1995).

Crude density (Indiv/m?) = total numbers of individuals in each quadrat/ total quadrats x 11

3.9.3 Physico-Chemical Water Quality Index

The water quality objectives for freshwaters focus on a core indicator set that reflects their
importance along a river stretch in a valley/basin. The core indicators pH, turbidity,
electrical conductivity (salinity) and dissolved oxygen are addressed in this report.

In order to assess the water quality of Beas river and its tributary streams a Water Quality
Index was used which has been developed at Washington State Department of Ecology,
Environmental assessment Programme. The Water Quality Index (WQI) used in the report is a
unitless number ranging from 1 to 100. A higher number is indicative of better water quality.
For temperature, pH, faecal coliform bacteria and dissolved oxygen, the index expresses
results relative to levels required to maintain beneficial uses (based on criteria in
Washington’s Water Quality Standards, WAC 173-201A).

Water quality index is a 100 point scale that summarizes results from a total of nine different
measurements viz.

e pH Dissolved Oxygen

e Turbidity Faecal Coliform

e Biochemical Oxygen Demand Total Phosphates

e Nitrates Total Suspended Solids

o Temperature

3.16
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During the Water Quality analysis number of other parameters were also analysed from the
water samples collected from different locations during the field surveys. These are as
follows:

Electrical conductivity (EC) Potassium

Total Dissolved Solids (TDS) Iron

Chlorides Manganese
Total Alkalinity Zinc

Total Hardness Cadmium
Chemical Oxygen Demand (COD) Lead

Sulphates Copper

Sodium Mercury
Calcium Total Chromium
Magnesium

The analysis of above mentioned parameters revealed that parameters like hazardous elements
and heavy metals are of least importance in hilly and mountainous streams with sparse
population and good forest landscape. In general, the concentration of most of the heavy
metals is Not Detectable or Below Detectable limits in such areas. The values for all or most of
the parameters have been averaged for each sampling /field surveys and from different
sampling locations to arrive at a meaningful conclusion and interpretation otherwise the data
collected for each and every month for each parameter becomes too voluminous to arrive at
any meaningful outcome.

The analysis of water quality therefore has been based upon 9 parameters as defined for WQI
above.

Water Quality Index
Range Quality
90-100 Excellent
70-90 Good
50-70 Medium
25-50 Bad
0-25 Very bad

3.9.4 Biological Water Quality Index

For the assessment and analysis of Biological Water Quality an index named Biological
Monitoring Working Party (BMWP) procedure was employed using species of macro-
invertebrates as biological indicators (http://www.nethan-valley.co.uk/insectgroups.doc). The
method is based on the principle that different aquatic invertebrates have different tolerances
to pollutants. The presence of mayflies or stoneflies for instance indicates the cleanest water.
The BMWP score equals the sum of the tolerance scores of all macro-invertebrate families in
the sample. Therefore, a higher BMWP score is considered to reflect a better water quality. The
number of different macro-invertebrates is also an important factor, because a better water
quality is assumed to result in a higher diversity. Alternatively, also the Average Score Per
Taxon (ASPT) score is calculated. The ASPT equals the average of the tolerance scores of all
macro-invertebrate families found, and ranges from 0 to 10. The main difference between both
indices is that ASPT does not depend on the family richness.

For the presently analysis of biological water quality above indices have been calculated for
each location in Beas basin.

RSETS
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3.10

FISH AND FISHERIES

For collection of data on occurrence and distribution of fish species in the Beas river and its
tributaries, experimental fishing was done with the help of local fishermen at various sites in
the basin. Interviews were conducted with locals regarding the probable presence of fishes in
the river were also conducted.

The data on fish species in Beas basin was collected from Fisheries Department of State
Government and through published literature. An inventory of the fish species was prepared
after consulting main sources like Indu Sharma et al. (2013), Mehta and Uniyal (2005 & 2008),
Menon (1999), Talwar and Jhingaran (1991). and Sharma and Tandon (1990). Correct scientific
names were checked and updated by following http://www.fishbase.org.
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4.1

CHAPTER-4
BASIN CHARACTERISTICS

INTRODUCTION

4.2

More than 90% of the drainage system of Himachal Pradesh is a part of Indus river system with
Jhelum, Chenab, Ravi, Beas and Sutlej its tributaries. Beas basin in comprised of Beas river
drainage catchment in Himachal Pradesh. Beas happens to be a principal tributary of Sutlej
river in India. Beas basin is flanked in the north by drainage catchment of Ravi and Chenab
rivers and in the south by Sutlej river (see Figure 4.1). Beas river originates from Beas Kund
at Rohtang Pass at an elevation of 13,050 feet (3,978 m) and flows for a length of about 470
km before joining the Sutlej River at Harike Pattan south of Amritsar in Punjab. After the
confluence of two source streams viz. Beas Kund and Beas Rishi at Palchan village, the river is
known as Beas. The river after passing through Manali town traverses dense evergreen
forested slopes and enters the town of Kullu. At Bhuntar Beas river is joined by Parbati river
on its left bank which is a major tributary. After this river flows through different terrain
types cutting through the hills. The river flows in north-south direction up to Larji and then
turns west up to Pandoh diversion dam. It is fed by number of streams in this stretch up to
Pandoh. In addition to Parbati river major tributaries of Beas River upstream of Pandoh are
Sainj, Tirthan river and Bakhli Khad joining from the east; Sanjoin, Manalsu, Fozal and Sarbari
from the west. After Pandoh, Beas river flows in northerly direction and is joined by Uhl river
on its right bank along its course. After this it again turns westward up to Mandi where it
takes northerly turn again to be joined by Rana Khad on its right bank. It then enters Kangra
valley near Sandhol. In Kangra valley Binwa, Neugal, Banganga, Gaj and Dehar are the major
streams joining from the north and Kunah, Maseh, Son, Khairan Man from south. The northern
and eastern tributaries of the Beas receive water from the melting snow and are perennial
whereas the southern tributaries are seasonal. After leaving Himachal Pradesh the river
enters plains of Punjab at Talwara and joins Sutlej at Harike Pattan.

BEAS RIVER BASIN - STUDY AREA

The Study Area covered as a part of the Beas Basin is comprised of part of Beas river
catchment falling within Himachal Pradesh i.e. Beas river catchment from its origin at
Rothang Pass up to Pong Dam at the inter-state boundary with Punjab. The total catchment
area of Beas river in Himachal Pradesh is about 12591 sq km and its length in the study area is
about 274 km.

Beas basin in Himachal Pradesh administratively falls under 5 districts viz. Kullu, Mandi,
Kangra, Hamirpur and Chamba. Most part of Kullu forms the upper reaches of Beas basin
while Kangra and Hamirpur form the lower part of the basin. Kullu is the largest district
accounting for 38.49% of basin area followed by Kangra district with 31.44%, Mandi with
21.71% and Hamirpur with 6.73% area. Very area of Chamba district falls in the Beas basin
which is about 1.63% only. Major towns located in the basin are Manali, Naggar, Kullu,
Bhuntar, Bajaura, Aut, Banjar, Mandi, Ner Chowk, Sunder Nagar, Barot, Joginder Nagar,
Sujanpur Tira, Nadaun, Kangra, Palampur, Yol and Dharamshala.
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Figure 4.1: Map showing location of Beas basin in Himachal Pradesh

4.2.1 Beas River Drainage System

Drainage map of the study area i.e. Beas river basin in Himachal Pradesh was prepared from
Survey of India Toposheets at 1:50000 scale as base map along with satellite data. The
drainage map of the basin thus prepared is given at Figure 4.2. The major tributaries joining
Beas river at either bank are described in the following paragraphs.

4.2.1.1 Major Tributaries of Beas River

a) Beas Kund Nala
It originates at an altitude of 3978 m near Rohtang Pass. After its confluence with Beas
Rishi at Palchan village 10 km north of Manali river is known as Beas. The total catchment
area of Beas Kund nala is about 122 sq km.

b) Allain Nala
Allain Nala, also known as Hamtah Nala in its higher reaches meets Beas river at its left bank
downstream of Manali town. It descends from an altitude of 4208 m near Hamtahjot Pass. The
total length of the nala is about 18.7 km with a catchment area of about 139.62 sq km.

Fsﬂ@ RS Envirolink Technologies Pvt. Ltd. 4.2
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c)

d)

f)

9)

h)

i)

J)

Duhangan Nala

Duhangan nala meets Beas river at its left bank further 3.8 km downstream of Allain nala.
It originates from an unnamed glacier at an elevation of about 4200 m. The total length of
the nala is about 18.6 km with a catchment area of about 88.41 sq km.

Sanjoin Nala
It is right bank tributary of Beas river. It traverses a distance of about 14.6 km to meet
Beas river near Baragaon village. Total catchment area of the nala is about 75.22 sq km.

Fozal Nala
It is another right bank tributary of Beas river. It traverses a distance of about 14 km with
a catchment area of about 122.63 sq km.

Sarbari Khad

Sarbari khad is a right bank tributary of Beas river. The total length of the khad up to its
confluence with Beas river at Dhalpur, Kullu is about 26.7 km. The total catchment area
of this stream is 183 sq km.

Parbati River

Parbati river is the largest tributary of Beas river. It meets Beas river on its left bank near
Bhuntar. The river originates from Pin Parbati Pass at an elevation of around 5400m. The
total length of the river from its origin to its confluence with Beas is about 82 km. The
total catchment area of the river is about 1729.5 sq km. The major tributaries joining
Parbati river at its right bank are Dibi ka Nal, Gohru Khol, Tosh Nala, Galigad Nala,
Rashkar Gad, Brahamganga Nala, Gohar Nala, Rasol Nala, Reoni Nala, Malana Nala,
Baladhi Nal while the left bank tributaries are Bakar Bihar Khol, Dauns Par Khol,
Tundabhuj Khol, Bakar Kiara Khol, Shat Nal, Chharor Nal, Jari.

Malana Nala

It originates from an unnamed glacier and travels a distance of about 25 km to join
Parbati river at its right bank. It is the largest tributary of Parbati river. The Catchment
area of Malana Nala is about 192 sq km.

Hurla Nala
Hurla Nala meets Beas river on it left bank near Hurla village at 1020m. The total length
of the nala is about 33.3 km with a catchment area of about 188.5 sq km.

Sainj River

Further about 13 km downstream of Hurla Nala, Beas is fed by Sainj River which traverses
a distance of about 59.5 km to join Beas River on its left bank. The catchment area of the
river is 747 sq km. It originates from an unnamed glacier at an elevation of about 4200 m.
The major tributaries joining Sainj river on its right bank are Rakti Nal, Chyos Nal, Jiun
Nal, Riasa Nal, Jiwa Nal, Phagla Gad, Baga Gad while the left bank tributaries are Gahru
Nal, Kuli Gad, Dhaugi Gad, Kanon Gad, Tirthan River.

RS Envirolink Technologies Pvt, Ltd. 4.3
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k)

)

Tirthan River

It originates from an unnamed glacier at an elevation of 4378m and travels a distance of
about 50.7 km to join Sainj river on its left bank. It is the biggest tributary of Sainj with a
catchment area of Tirthan Nala is about 679 sq km.

Bakhli Khad
Bakhli khad meets Beas river on its left bank downstream of Bakhli village. The total
length of the nala is about 46 km with a catchment area of about 271.5 sq km.

m) Juni Khad

P)

q)

t)

Thereafter nearly 2.3 km downstream Beas river is fed by Juni Khad on its left bank near
Pandoh village. The total length of the nala is about 38 km.

Uhl River

After flowing north for another 10 km till Uhl River Beas river flows westward direction.
Uhl river traverses a distance of about 73 km with a catchment area of about 755.6 sq
km.

Rana Khad
Rana Khad is a right bank tributary and meets Beas river near Tudal village. The length of
the river is 27.3 km and catchment area of the river is 224.5 sq km.

Binwa Khad

After travelling about 24 km in westward direction Beas river meets Binwa khad on its
right bank at elevation of 636m. Binwa khad, also known as Banu Khad in its higher
reaches. The length of the river is 42 km and catchment area of the river is 375.35 sq km.

Neugal Khad
Neugal khad meets Beas river on its right bank near Alampur village. The length of the
river is 55 km and catchment area of the river is 386 sq km.

Man Khad

Thereafter nearly 30 km downstream Beas river is fed by Man Khad on its left bank near
Nadaun village. The total length of the nala is about 31 km and catchment area of the
river is 194 sq km.

Baner Khad
Baner Khad meets Beas river on its right bank near Mahora village. The length of the river
is 63 km and catchment area of the river is 749 sq km.

Gaj Khad

Gaj Khad originates from an altitude of 4400m and travels 64 km to join the Beas river on
right bank a little upstream of Pong dam lake. The catchment area of the river is 1246 sq
km.

RS Envirolink Technologies Pvt, Ltd. 4.4
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Figure 4.2:

Map of Beas basin showing districts and drainage
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4.3

GLACIERS & LAKES IN BEAS BASIN

4.4

Beas river is fed by number glaciers and glacial lakes. There have been number studies done
in the past on the inventory of glaciers and glacial lakes in Beas basin by various workers.
These reports differ in the total number of glaciers in the basin. One such prominent study
was published by Space Applications Centre, Ahmedabad in May 2011 sponsored by Ministry of
Environment Forests & Climate Change and Department of Space, GOI, the total number of
glaciers in Beas basin has been given as 335 with an area of 698 sq km. According to report on
the inventory of moraine dammed glacial lakes in Sutlej, Beas, Chenab and Ravi basins in
Himachal Pradesh published in April 2014 prepared by HP Stare Centre on Climate Change
study the Beas basin contains 67 lakes covering an area of about 110.15 ha.

TOPOGRAPHY & RELIEF

Beas basin is characterized by rugged topography with high ridges and peaks, with higher
reaches covered with glaciers, and massive ice and snowfields.

The elevation in the basin varies from high of 6619m to a low of 325m. In order to understand
the relief profile of the basin it has been divided into 600m elevation zones. Area falling
under different elevation zones is given in Table 4.1 and Figure 4.3. In order to understand
the terrain morphology Digital Elevation Model (DEM) of the basin was prepared from SRTM
30m data and the same has been given at Figure 4.4.

The relief map thus prepared is given at Figure 4.4.

Table 4.1: Area falling under different Elevation zones in the Beas Basin

Elevation Band (m) Area (sq km) Area (%)
Up to 600 1336.40 10.61
601-1200 3571.44 28.37
1201-1800 1523.80 12.10
1801-2400 1358.50 10.79
2401-3000 1367.28 10.86
3001-3600 928.54 7.37
3601-4200 813.57 6.46
4201-4800 908.44 7.22
4801-5400 655.89 5.21
5401-6000 119.96 0.95

Above 6000 6.96 0.06
Total 12590.79
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Figure 4.3: Area under different elevation zones in Beas basin

As seen from the map, table and graph more than 70% of the catchment area lies below
elevation of 3000 m and about 21% of the area lies between 3000 and 4800m elevation zone.
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Figure 4.4: Digital Elevation Map (DEM) of Beas river basin in Himachal Pradesh

5@3 RS Envirolink Technologies Pvt. Ltd.

4.8



CIA&CCS- Beas Basin in HP Final Report: Chapter 4

T T T T
TO0E TGTE TAOTE TR TT0TE TTTE

N

T
35°40TN
31";0"

= ﬁ: ) ﬁ - . 10 5 0 10 20 E
E - T -
i ki e e v o e

Figure 4.5: Relief map of Beas basin
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4.5

SLOPE

For the preparation of slope map of the basin, SRTM 30m data was used to first generate
Digital Elevation Model (DEM) of the entire basin area. First of all a Digital Terrain Model
(DTM) of the area was prepared, which was then used to generate a slope map. The following
slope classes and ranges were used for the study. Area falling under different slope categories
is given in Table 4.2.

Slope in Degrees | Description
0-2 Gently sloping
2-8 Moderately sloping
8-15 Strongly sloping
15 - 30 Moderately steep
30-45 Steep
45- 60 Very steep
60 - 70 Extremely Steep
Above 70 Escarpments

Table 4.2: Area falling under different Slope Categories in the Beas Catchment in Himachal

Pradesh
Slope Class Area (sq km) Area (%)
Gently sloping 678.21 5.39
Moderately sloping 1801.41 14.31
Strongly sloping 1825.43 14.50
Moderately steep 4153.48 32.99
Steep 3249.13 25.81
Very steep 811.92 6.45
Extremely Steep 60.70 0.48
Escarpments 10.51 0.08

12590.79

The slope prepared as above has been given at Figure 4.6 and area under different slope
categories is given in Figure 4.7.
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Figure 4.7: Area (percent) under different slope categories in Beas river basin in Himachal

4.6

Pradesh

As seen from the table, map and graph, more than 32% of Beas river basin area in Himachal
Pradesh is characterized by steep slopes while around 33% area is having moderately steep
slopes.

SOILS

Soil map of the study area has been produced using soil maps collected from National Bureau
of Soil Survey & Land use Planning (NBSS & LUP), Nagpur. The soil map thus prepared has
been shown as Figure 4.8. Area distribution of various soil units has been shown in Table 4.3.
Predominant soil type is Typic Udorthents (24.24%) which is found at middle slopes
characterized by rock outcrops, deep well drained, mesic, loamy skeletal soils on very steep
slopes with severe erosion. Typic Cryorthents second predominant soil type found near the
ridge slopes and is characterized by rock outcrops, with shallow depth, excessively drained,
loamy skeletal soils on very steep slopes prone to severe erosion. Valley floor is comprised of
Dystric Eutrochrepts which are deep, well drained, mesic, coarse-loamy soils on gentle slopes
with loamy surface and moderate erosion.

Table 4.3: Description and Area under different Soil Units in Beas Basin

Soil Type

Area

(sq km) Area (%)

Lithic Cryorthents 96.73 0.77
Rock Outcrops covered glaciers; associated with: Shallow,
excessively drained, sandy-skeletal soils with sandy surface,
severe erosion and strong stoniness

Lithic Cryorthents 179.80 1.43
Shallow, excessively drained, sandy-skeletal soils on very
steep slopes with sandy surface, severe erosion and

\.
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Soail Type (sﬁf?n) Area (%)
moderate stoniness; associated with: Rock Outcrops
5 Typic Cryorthents 326.17 2.59
Mountain and valley glaciers and rock outcrops; associated
with: Medium deep, excessively drained, sandy-skeletal soils
on very steep slopes with sandy surface, severe erosion and
moderate stoniness
6 Typic Cryorthents 177.31 1.41
Rock Outcrops associated with: Medium deep, excessively
drained, loamy-skeletal calcareous soils on very steep slopes
with loamy surface, severe erosion and moderate stoniness
7 Typic Cryorthents 192.18 1.53
Rock Outcrops associated with: Shallow, excessively
drained, loamy skeletal soils on very steep slopes with
loamy surface, severe erosion and moderate stoniness
8 Typic Cryorthents 348.01 2.76
Rock Outcrops; associated with: Medium deep, excessively,
loamy skeletal soils on very steep slopes with loamy surface,
severe erosion and strong stoniness
9 Typic Udorthents 231.98 1.84
Rock Outcrops associated with: Deep, well drained, mesic,
loamy skeletal soils on very steep slopes with loamy surface,
severe erosion and strong stoniness
12 | Typic Udorthents 55.10 0.44
Deep, excessively drained, mesic, loamy-skeletal soils on
steep slopes with loamy surface, severe erosion and
moderate stoniness; associated with: Deep excessively
drained, coarse-loamy soils with loamy surface, severe
erosion and moderate stoniness
13 | Typic Udorthents 206.53 1.64
Medium deep, excessively drained, mesic, sandy-skeletal
over fragmental soils on very steep slopes with loamy
surface, severe erosion and moderate stoniness; associated
with: Rock Outcrops
16 | Typic Udorthents 23.03 0.18
Rock Outcrops associated with: Deep, excessively drained,
sandy-skeletal soils with loamy surface, very severe erosion
and moderate stoniness
17 | Typic Udorthents 34.55 0.27
Medium deep, excessively drained, mesic, fragmental soils
on very steep slopes with sandy surface, severe erosion and
strong stoniness; associated with: Rock Outcrops
20 | Typic Cryorthents 7.62 0.06
Rock Outcrops associated with: Medium deep, somewhat
excessively drained, loamy-skeletal soils on moderately
steep slopes with loamy surface, severe erosion and
moderate stoniness
21 Typic Cryorthents 3.12 0.02
Deep, excessively drained, fine-loamy, calcareous soils on
gentle slopes with loamy surface, severe erosion and
moderate stoniness; associated with: Shallow, somewhat
excessively drained, loamy-skeletal, calcareous soils with
loamy surface, severe erosion and moderate stoniness
22 | Typic Cryorthents 148.08 1.18
Medium deep, excessively drained, sandy-skeletal soils on
RSET RS Envirolink Technologies Pvt, Ltd. 4.13
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Soail Type (sﬁf?n) Area (%)
moderately steep slopes with sandy surface, severe erosion
and strong stoniness; associated with: Deep, excessively
drained, loamy-skeletal soils with loamy surface, severe
erosion and moderate stoniness.
27 | Typic Udorthents 120.46 0.96
Shallow, somewhat excessively drained, mesic, coarse-
loamy soils on moderate slopes with loamy surface and
severe erosion; associated with:
Dystric Eutrochrepts
Medium deep, somewhat excessively drained, fine-loamy
soils with loamy surface and severe erosion
29 | Typic Udorthents 206.20 1.64
Rock Outcrops associated with: Medium deep, excessively
drained, mesic, loamy-skeletal soils on very steep slopes
with loamy surface, severe erosion and moderate stoniness
30 Lithic Udorthents 26.42 0.21
Shallow, well drained, mesic, loamy soils on steep slopes
with loamy surface, very severe erosion and severe
stoniness; associated with:
Typic Udorthents
Medium deep, well drained, coarse-loamy soils with loamy
surface and very severe erosion
31 Typic Udorthents 138.78 1.10
Deep, excessively drained, mesic, loamy-skeletal soils on
very steep slopes with loamy surface, severe erosion and
moderate stoniness; associated with: Rock Outcrops
33 | Typic Udorthents 465.07 3.69
Deep, well drained, mesic, loamy skeletal soils on
moderately steep slopes with sandy surface, severe erosion
and slight stoniness; associated with: Deep, moderately well
drained, fine-loamy soils with loamy surface, severe erosion
and moderate stoniness
34 | Dystric Eutrochrepts 3.62 0.03
Medium deep, somewhat excessively drained, mesic, coarse-
loamy soils on moderate slopes with loamy surface, severe
erosion and slight stoniness; associated with:
Typic Udorthents
Shallow,, somewhat excessively drained, coarse-loamy soils
with loamy surface, severe erosion and slight stoniness
36 | Typic Udorthents 1692.82 13.44
Shallow, excessively drained, thermic, sandy-skeletal soils
on steep slopes with loamy surface, very severe erosion and
strong stoniness; associated with: Rock Outcrops
37 | Typic Udorthents 737.36 5.86
Shallow, somewhat excessively drained, thermic, loamy-
skeletal soils on steep slopes with loamy surface, severe
erosion and strong stoniness; associated with: Rock
Outcrops
41 Dystric Eutrochrepts 311.59 2.47
Deep, somewhat excessively drained, thermic, fine-loamy
soils on moderately steep slopes with loamy surface and
severe erosion associated with: Deep, well drained, coarse
loamy soils with loamy surface and severe erosion
45 | Typic Udorthents 25.92 0.21
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Soail Type (sﬁf?n) Area (%)
Medium deep, well drained, thermic, coarse-loamy soils on
steep slopes with loamy surface and severe erosion;
associated with:
Dystric Eutrochrepts
Medium deep to deep, well drained, fine-loamy soils with
loamy surface and moderate erosion
48 | Typic Eutrochrepts 105.72 0.84
Medium deep, well drained, thermic, fine-loamy calcareous
soils on moderately steep slopes with loamy surface and
severe erosion; associated with:
Typic Udorthents
Medium deep, well drained, fine-loamy soils with loamy
surface and moderate erosion
49 Dystric Eutrochrepts 225.60 1.79
Medium deep, well drained, thermic, fine loamy soils on
moderately steep slopes with loamy surface, severe erosion
and slight stoniness; associated with:
Typic Udorthents
Shallow, well drained, fine-loamy soils with loamy surface
and moderate erosion
51 Dystric Eutrochrepts 63.15 0.50
Deep, well drained, thermic, fine-loamy soils on very steep
slopes with loamy surface and severe erosion; associated
with:
Typic Udorthents
Medium deep, well drained, fine-loamy soils with loamy
surface and severe erosion
53 Lithic Udorthents 140.10 1.11
Shallow, well drained, thermic, loamy soils on very steep
slopes with loamy surface and very severe erosion;
associated with:
Typic Udorthents
Medium deep, well drained, coarse-loamy soils with loamy
surface and severe erosion
55 Dystric Eutrochrepts 11.13 0.09
Deep, well drained, thermic, fine-loamy soils on moderate
slopes with loamy surface and moderate erosion; associated
with:
Typic Udorthents
Medium deep, well drained, loamy-skeletal soils with loamy
surface and severe erosion
56 | Lithic Udorthents 346.32 2.75
Shallow, excessive drained, thermic, loamy soils on very
steep slopes with loamy surface and severe erosion;
associated with:
Dystric Eutrochrepts
Medium deep to deep, well drained, fine loamy soils with
loamy surface and moderate erosion
57 | Dystric Eutrochrepts 14.46 0.1
Medium deep, well drained, thermic, fine-loamy soils on
moderate slopes with loamy surface, severe erosion and
slight stoniness; associated with:
Typic Udorthents
Medium deep, somewhat excessively drained, coarse-loamy
4.15
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Soail Type (sﬁf?n) Area (%)
soils with loamy surface and severe erosion
58 | Lithic Udorthents 18.04 0.14
Shallow, excessively drained, thermic, loamy soils on steep
slopes with loamy surface and severe erosion; associated
with:
Dystric Eutrochrepts
Medium deep, well drained, fine-loamy soils with loamy
surface and moderate erosion
59 | Typic Eutrochrepts 66.71 0.53
Deep, well drained, thermic, fine-loamy calcareous soils on
moderately steep slopes with loamy surface and severe
erosion; associated with:
Dystric Eutrochrepts
Deep, well drained, coarse-loamy soils with loamy surface
and severe erosion
64 | Typic Udorthents 893.73 7.10
Medium deep, well drained, thermic, coarse-loamy soils on
moderate slopes with loamy surface and moderate erosion;
associated with:
Typic Udifluvents
Shallow, excessively drained, coarse-loamy, calcareous soils
with loamy surface and moderate erosion
68 | Typic Udorthents 11.62 0.09
Deep, excessively drained, thermic, coarse-loamy soils on
steep slopes with loamy surface, moderate erosion and
moderate stoniness; associated with:
Typic Udorthents
Deep, well drained, fine-loamy soils with loamy surface and
moderate erosion
69 | Typic Dystrochrepts 148.10 1.18
Deep, well drained, thermic, fine-loamy soils on gentle
slopes with loamy surface and severe erosion; associated
with:
Typic Udifluvents
Medium deep, well drained, coarse-loamy soils with loamy
surface and moderate erosion
70 | Dystric Eutrochrepts 32.64 0.26
Deep, well drained, thermic, fine-loamy soils on steep
slopes with loamy surface and severe erosion; associated
with:
Typic Udifluvents
Medium deep, well drained, coarse loamy soils with loamy
surface and moderate erosion
71 Typic Udorthents 308.37 2.45
Medium deep to deep, well drained, thermic, coarse-loamy
soils on steep slopes with loamy surface and severe erosion;
associated with:
Typic Eutrochrepts
Medium deep, well drained, calcareous, fine loamy soils
with loamy surface and moderate erosion
72 | Typic Udorthents 489.32 3.89
Medium deep to deep, well drained, thermic, loamy-skeletal
soils on steep slopes with loamy surface and severe erosion;
associated with:
4.16
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Soil

Type

Area
(sq km)

Area (%)

Typic Eutrochrepts
Medium deep,, well drained, calcareous, fine-loamy soils
with loamy surface and moderate erosion

75

Typic Udorthents

Medium deep, well drained, thermic, loamy-skeletal soils on
very gentle slopes with loamy surface, moderate erosion
and moderate stoniness; associated with:

Dystric Eutrochrepts

Deep, well drained, fine-loamy soils with loamy surface and
slight erosion

701.30

5.57

77

Typic Udorthents

Deep, somewhat excessively drained, thermic, coarse-loamy
soils on gentle slopes with loamy surface and moderate
erosion; associated with:

Dystric Eutrochrepts

Deep, well drained, fine-loamy soils with loamy surface and
moderate erosion

585.26

4.65

78

Typic Udorthents

Medium deep, well drained, thermic, coarse-loamy soils on
gentle slopes with loamy surface and severe erosion;
associated with:

Dystric Eutrochrepts

Medium deep, moderately well drained, fine-loamy soils
with loamy surface and severe erosion

368.07

2.92

79

Typic Udorthents

Medium deep, well drained, thermic, loamy-skeletal soils on
moderately steep slopes with loamy surface and moderate
erosion; associated with:

Typic Udorthents

Medium deep, well drained, fine-loamy soils with loamy
surface and severe erosion

383.45

3.05

80

Typic Udorthents

Medium deep, well drained, thermic, loamy-skeletal soils on
moderately steep slopes with loamy surface and severe
erosion; associated with:

Typic Udorthents

Medium deep, well drained, fine-loamy soils with loamy
surface and severe erosion

539.29

4.28

81

Typic Udorthents

Medium deep, somewhat excessively drained, thermic,
coarse-loamy soils on gentle slopes with loamy surface and
moderate erosion; associated with:

Typic Hapludalfs

Deep, well drained, fine-loamy soils with loamy surface and
slight erosion

157.48

1.25

82

Dystric Eutrochrepts

Deep, moderately well drained, thermic, fine-loamy soils on
moderate slopes with loamy surface and moderate erosion;
associated with:

Typic Udorthents

Medium deep, well drained, coarse-loamy soils with loamy
surface and moderate erosion

818.32

6.50

83

Dystric Eutrochrepts
Medium deep, well drained, thermic, fine-loamy soils on

82.01

0.65
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Soil

Type

Area
(sq km)

Area (%)

moderate slopes with loamy surface and moderate erosion;
associated with:

Typic Udorthents

Medium deep, well drained, fine-loamy soils with loamy
surface and moderate erosion

87

Udic Ustorthents

Medium deep, well drained, hyperthermic, fine-loamy,
calcareous soils on moderate slopes with loamy surface and
moderate erosion; associated with:

Typic Ustorthents

Medium deep, well drained, loamy-skeletal soils with loamy
surface and severe erosion

33.38

0.27

88

Typic Ustifluvents

Shallow, well drained, hyperthermic, sandy soils on very
gentle slopes with sandy surface and moderate erosion;
associated with:

Typic Ustifluvents

Shallow, well drained, coarse-loamy soils with loamy surface
and moderate erosion

50.38

0.40

92

Typic Eutrochrepts

Medium deep, well drained, thermic, fine-loamy, calcareous
soils on very gentle slopes with loamy surface and slight
erosion; associated with:

Dystric Eutrochrepts

Deep, well drained, loamy-skeletal soils with loamy surface
and slight erosion

7.96

0.06

95

Typic Ustipsamments

Deep, excessively drained, hyperthermic, calcareous, sandy
soils on very gentle slopes with loamy surface, slight erosion
and moderate flooding; associated with:

Typic Ustifluvents

Deep, well drained, calcareous fine-loamy over sandy soils
with loamy surface and moderate flooding

230.41

1.83

Total

12590.79

100.00
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Figure 4.8: Soil Map of Beas Basin as per data from NBSS & LUP (For Soil Description refer Table 4.3)
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4.7 BEAS SUB-BASINS
For the convenience of study and analysis of various physical and biological parameters and their
interpretation, entire Beas basin in India has been delineated into 11 sub-basins comprised of
major tributaries and covering varied domains as well as hydroelectric projects (see Figure 4.9).
The characteristics of each sub-basin have been listed in Table 4.4.
Table 4.4: Characteristics of Sub-basins of Beas river basin
S. . Altitudinal . . Area
Sub-basin Projects Status River/Stream
No. Range (m) (sq km)
L Beas Kund
Beas Kund Commissioned
Nala
Palchan Bhang Proposed Kothi Nala
Bhang Proposed Beas River
Beas | Sub-
1 . 1671-6002 Jobrie & 618.35
basin Jobrie Proposed .
Allain Nala
Allain &
Allain Duhangan | Commissioned Duhangan
Nala
o Sanjoin &
Baragaon Commissioned .
Bijara Nala
Beas Il Sub- Under
2 1168-4927 Fozal . Fozal Nala 798.21
basin Construction
Raison Proposed Beas
Sarbari Il Commissioned | Sarbari Khad
Malana | Commissioned Malana Nala
Malana Sub- .
3 basi 1427-5756 Malana Il Commissioned Malana Nala 158.04
asin
Malana lli Proposed Malana Nala
Tosh Nala &
Nakhtan Proposed L.
Parbati River
Toss Commissioned Tosh Nala
Parbati Upper Jari Proposed Parbati River
4 . 1427-6619 1437.11
Sub-basin Balargha Commissioned | Parbati River
Under
Parbati Il . Parbati River
Construction
Parbati Proposed Parbati River
Sharni Proposed Parbati River
Parbati Lower - .
5 ) 1168-3721 Sarsadi Proposed Parbati River 137.02
Sub-basin
Sarsadi Il Proposed Parbati River
. Under L
Sainj . Sainj River
Sainj Sub- Construction
6 . 1168-5673 - — . 1108.37
basin Parbati lll Commissioned Sainj River
Hurla | Proposed Hurla Nala
Tirthan Sub-
7 . 1168-5201 685.25
basin
RSET RS Envirolink Technologies Pvt, Ltd. 4.20
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S. Sub-basin Altitudinal Projects Status River/Stream Area
Patikari Commissioned Bakhli Khad
Beas Il Sub- — -
8 basi 798-3346 Pandoh Commissioned Beas River 703.44
asin
Larji Commissioned Beas River
Under Lambadug
Lambadug .
Construction Khad
uhl Proposed Uhl River
uhl | (Shanan) | Commissioned Uhl River
. o Rana & Neri
. UhL Il (Bassi) Commissioned
9 Uhl Sub-basin 657-5171 Khad 1711.71
Under Rana & Neri
uht I
Construction Khad
Under )
Lower Uhl . Uhl River
Construction
Uhl Khad Proposed Uhl River
Gaj Commissioned Gaj Khad
Khauli Commissioned Khauli Khad
Baner Commissioned Baner Khad
Neogal Commissioned Neogal Nala
Beas IV Sub-
10 basi 414-4907 Baner Il Commissioned Baner Khad 3644.10
asin
Binwa Commissioned Binwa Khad
o Binwa & Awa
Kilhi Bahl Proposed
Nala
Pong Dam Commissioned Beas River
Triveni )
Proposed Beas River
Beas V Sub- Mahadev
11 . 325-2039 - - 1589.19
basin Dhaulasidh Proposed Beas River
Thana Plaun Proposed Beas River
RSET RS Envirolink Technologies Pvt, Ltd. 4.21
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Figure 4.9: Map of Beas basin showing sub-basins
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4.7.1

Beas | Sub-basin

Beas | Sub-basin is the Northern-most sub-basin and is drained by Beas river. The sub-basin is
comprised of the catchment of Beas river up to its confluence with Duhangan near Jagatsukh
village (Figure 4.10). Total catchment area of the sub-basin is about 618.35 sq km. The major
right bank tributaries are Sarai Nala, Halindi Nala and Manalsu Nala while the major left bank
tributaries are Raoli Khol, Shikari Khol, Khanora Nal, Chhor Nala, Allain Nala and Duhangan Nala.
Most of the habitations like Kothi, Ruara, Bahang, Bashist, Koshla, Aleo, Parini, Hamtah and
Jagatsukh are found on the left bank of river. Habitations like Marhi, Solang, Buruwah, Goshal,
Kalong, Chhyal, Slumsa, Rarsha, Salin are on the right bank of Beas river.
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Figure 4.10: Drainage map of Beas | sub-basin
The elevation varies from 1671 m to about 6002 m (Figure 4.11). Majority of the sub-basin area
i.e. around 54% lies in the 3600 to 4800 m elevation range, followed by 3000 to 3600 m and 2400
to 3000 m elevation range which covers nearly 20% and 13% of the sub-basin area, respectively.
Elevation range from 1670 to 2400 m covers around 7% and the balance 6% of the sub-basin area is
between 4800 and 6000 m elevation range.
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Figure 4.11: DEM of Beas | Sub-basin

Field observations in Beas | sub basin:
Allain Nala:
Allain nala is the left bank tributary of Beas River. Allain Duhangan HEP is an operational

project diverting water from Allain Nala. The site is accessible by a metallic road which
connects to the State Highway up to Naggar. Project area of Allain Duhangan HEP consists of
temperate vegetation mainly represented by coniferous forests. Power house of Allain
Duhangan HEP is located at the upstream of Beas and Allain Nala confluence on the left bank
of Allain nala near Naggar village. It was observed during field survey in the area that to
control the erosion of river banks, check walls have been constructed by project proponents
(Bhilwara Group). The topography of the area is moderately steep.

Tail race water of Allain Duhangan HEP has been utilized by small hydro project for
generation of 4 MW. One more project is under construction on Allain nala near the
confluence of Allain - Beas river. Jobrie SHEP (12MW) is another in the upper most reaches of
Allain Nala which is in proposal stage.
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Aquatic Sampling in Allain nala

Beas Kund:

Beas river originates from Beas Kund near Rohtang Pass at an elevation of 3978 m. The area is
devoid of vegetation due to high altitude except for few species of grasses. Marhi SHEP (5
MW) is the first upper most operational project in the Beas catchment. Diversion site and
power house of Marhi SHEP are located along the Manali - Keylong road. Bhang SHEP (9 MW) is
also upstream of Marhi SHEP on Beas river which is in proposal stage. Palchan Bhang SHEP
(9MW) project is another project near Bhang SHEP on Kothi Nala which is in proposal stage.

2N
RSETS

RS Envirolink Technologies Pvt. Ltd. 4.25




CIA&CCS- Beas Basin in HP Final Report: Chapter 4

There is a motorable road, so accessibility in this area is easy. Main economic source in the
area is tourism.

Water sample collection at Beas Kund Diversion site of Marhi SHEP

Board showing location of Marhi SHEP Sheep herds seen on the road near Marhi SHEP
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4.7.2 Beas Il Sub-basin

Beas Sub-basin-1l is comprised of catchment area of Beas river between the confluence point of
Duhangan nala with river Beas near Jagatsukh village and confluence point of Parbati river with
river Beas near Bhuntar in Kullu district (Figure 4.12). Total catchment area of the sub-basin is
about 798.21 sq km. Some of the major right bank tributaries in the sub-basin are Sanjoin nala,
Phojal nala, Shirir Gad, Mandrol nala, Babeli nala, Sarbari Khad and Mahul Khad, while the major
left bank tributaries are Kanoi nala, Pakhnoj nala, Chhak nala, Nashala nala, Machin ala, Raogi
nala, Kais nala and Balindhi nala. Some of the major habitations on the left bank of the river in
the sub-basin are Khaknal, Karjan, Haripur, Chakki, Nagar, Laran, Archhandi, Jana, Barogi, Seo
Bagh, Kukri Ser, Jagot, Kinja, Talogi while major villages on the right bank are Rampur, Baragran,
Patli Kuhl, Dobhi, Phojal, Kothi, Raisan, Jola, Banogi, Sarwari, Akhara, Kullu, Dhalpur, Dughilog,
Shanghan, Mahul, Shamshi.
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Figure 4.12: Drainage map of Beas Il Sub-basin

The elevation varies from 1160 m to about 4900m (Figure 4.13). Elevation range of up to 1800 m
covers only 17% of the sub-basin area. Around 68% of the area almost falls under elevation range
of 1801 to 2400 m, 2401 to 3000 m and 3001 to 3600 m i.e. 26%, 24% and 18%, respectively. About
10% of the area falls under 3601 to 4200 m elevation range and the rest 5% of the sub-basin area
is between 4201 and 4900 m elevation range.
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Figure 4.13: DEM of Beas Il Sub-basin

Field observations in Beas Il sub basin:
Sanjoin Nala: Sanjoin nala is the right bank tributary of Beas river, upstream of Fozal Nala.
One operational project Baragaon SHEP (24 MW) is there at this nala.

Fojal Nala: Fojal Nala is a right bank tributary of Beas river which meets at Dobhi on Kullu
Manali Highway. The area is well connected through metallic road via Kullu- Manali highway.
One project is under construction at this nala named as Fozal SHEP (9MW). The area is rich in
apple orchards, which are the main economy of this area. Apple is a cash crop in the area; in
addition, some other crops are also cultivated by the local people for their livelihood.

Sarbari Khad: Sarbari khad is the right bank tributary of Beas river. There is an operational
project on this khad; Sarbari Il SHEP (5.4 MW).

Fozal Nala Apple Tree in Fozal Nala catchment
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4.7.3 Malana Sub-basin

Malana Sub-basin comprises of the catchment area of Malana nala, a right bank tributary of
river Parbati. Malana nala is the largest tributary of Parbati river which originates from an
unnamed glacier and travels about 25.52 km before joining river Parbati. Total catchment
area of the sub-basin is about 158 sq km (Figure 4.14). Important streams joining Malana
nala at its right bank are Bare nala, Bukora nala, Khirui nala, Nihani nala, Kabadang nala,
Rangcha nala and Lahri nala while the important left bank stream is Thuchaning nala. Almost
entire area on the left bank of nala is uninhabited except Thuchaning and Bhutoling villages.
Villages on the right bank of the nala are Weohun, Atudang, Ragrang chin, Majigh, Malana,
Bhelang Sharn, Bashona, Pohal.
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Figure 4.14: Drainage map of Malana Sub-basin

The elevation varies from 1400 m to about 5700 m (Figure 4.15). The area upto 2400 m elevation
band covers nearly 6% of the sub-basin area. Elevation band between 2401 to 3000 m covers
around 13% of the area. Around 70% of the area almost falls under elevation range of 3001 to 3600
m, 3601 to 4200 m and 4201 to 4800 m i.e. 24%, 26% and 19%, respectively. Rest 12% of the sub-
basin area lies between 4801 to 5700 m elevation range.
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Figure 4.15: DEM of Malana Sub-basin

Field observations in Malana sub basin:

Malana Nala:

Malana Nala is the right bank tributary of Parbati river and meets near village Jari. There are two
commissioned hydro-electric projects on Malana River i.e. Malana | (86 MW), and Malana Il (100MW).
Malana | HEP is the downstream project utilizes tail race water of Malana Il. During field surveys
even in monsoon season, it was observed that intermediate stretch between diversion site of Malana
| till tailrace outlet is devoid of flows which can also be seen on enclosed photographs taken during
field surveys shown below. One more project is upstream of existing Malana Il which is in proposal
stage and is called Malana llI.
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Bird watching and terrestrlal sampllng in Malana catchment downstream of barrage
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4.7.4 Parbati Upper Sub-basin

Parbati Upper sub-basin comprises of the catchment area of Parbati river from its origin at Pin
Parbati Pass up to its confluence with Malana Nala (Figure 4.16). Parbati river is the largest
tributary of Beas river. It meets Beas river at its left bank near Shamshi village. The river
originates from Pin Parbati Pass at an elevation of around 5400m. Total catchment area of the
sub-basin is about 1437.11 sq km. The major tributaries joining Parbati river at its right bank are
Dibi ka Nal, Gohru Khol, Tosh nala, Galigad nala, Rashkar Gad, Brahamganga Nala, Gohar nala,
Rasol nala, Reoni nala, while the left bank tributaries are Bakar Bihar Khol, Dauns Par Khol,
Tundabhuj Khol, Bakar Kiara Khol, Jari nala, Khanora nala. Sub-basin area from the origin of
Patbati river up to its confluence with Tosh nala near Pulga village is almost uninhabited. Most of
the settlements are found near the river bank and is evenly distributed among both the banks.
Major villages in the sub-basin are Tosh, Barsheni, Tulga, Pulga, Nakthan, Shila, Lapas, Balargha,
Manikaran, Kasol, Chhalal, Jari.
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Figure 4.16: Drainage map of Parbati Upper and Sainj sub-basins

The elevation varies from 1400 m to about 6600 m (Figure 4.17). Elevation range of up to 1800 m
covers only 5% of the sub-basin area. Elevation band between 2401 to 3600 m covers around 15%
of the area. Elevation bands between 3601m to 4200 m, 4201m to 4800 and 4801m to 5400 m
cover almost 73% of sub-basin area i.e. 12%, 25% and 36%, respectively. The balance 8% of the
area lies in the higher elevation band of 5401 to 6600 m.
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Figure 4.17: DEM of Parbati Upper sub-basin
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Field observations in Parbati Upper sub-basin:

Bhuntar (Beas- Parbati Confluence):

Bhuntar is the main town of Kullu district well connected by national highway and also has an
airport. Bhuntar town is at confluence of Beas and Parbati rivers. The area is surrounded by
hills having good vegetation cover.

A view of confluence of Beas and Parbati rivers Settlements along river bank of Beas

Parbati River:

Parbati river is left bank tributary of Beas river which is joined first with Tosh river near Tosh
Village and then confluences with Beas river near Bhuntar. Upstream of the confluence,
Khirganga hot water spring is main tourist attraction in the area. This area is well connected
with road network, nearest airport is Bhuntar. There is an operational project on Tosh river
named Tosh SHEP (10 MW). Diversion site of Parbati Il HEP is located just downstream of the
confluence of Tosh and Parbati river which diverts water of Parbati river to Sainj Khad. Power
house of Parbati Il HEP is located in the right bank on Sainj Khad near Siund village. Nakthan
HEP (520MW) project which is in proposal stage, has two diversion structures one each on
Tosh nala and Parbati river with power house at confluence of Tosh Nala with Parbati river.

Balaragha HEP has recently became operational and is located on Parbati river. Balaragha
HEP is located downstream of Parbati Il HEP. Power house is located in the right bank of
Parbati river along the Bhuntar-Pulga road opposite to the Adit-1 of Parbati Il HEP.

Downstream of Balaragha HEP, there are five HEPs have been proposed which are Jari,
Parbati, Sharni, Sarsadi and Sarsadi-II.

Diversion structure of Balaragha HEP PH site of Balaragha HEP
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4.7.5 Sainj Sub-basin

Sainj sub-basin comprises of the catchment area of Sainj Khad from its confluence with Parbati
river and a part of Beas river catchment from Bhuntar town up to its confluence with Sainj Khad
near dam site of Larji HEP (see Figure 4.16). This sub-basin includes the catchment of two major
tributaries of Beas river i.e. Hurla nala and Sainj Khad. Hurla nala meets Bear river on its left
bank near Hurla village at 1020m. The total length of the nala is about 33.3 km with a catchment
area of about 188.5 sq km. Further about 13 km downstream of Hurla Nala, Beas is fed by Sainj
Khad which traverses a distance of about 59.5 km from its origin to join Beas River on left bank.
The catchment area of the river is 747 sq km. It originates from unnamed glacier at an elevation
of about 4200 m. The major tributaries joining Sainj Khad on its right bank are Rakti Nal, Chyos
Nal, Jiun Nal, Riasa Nal, Jiwa Nal, Phagla Gad, Baga Gad while the left bank tributaries are Gahru
Nal, Kuli Gad, Dhaugi Gad, Kanon Gad, Tirthan River. The other major tributaries joining Beas
river at its right bank are Bajaura khad, which also happens to be the district boundary of Kullu
and Mandi districts and Shiri gad. The sub-basin is densely populated with settlements on banks of
Beas river, Hurla nala and Sainj Khad. Major villages on the banks of river Beas are Bhuntar,
Bajaura, Nagwain, Panarsa and Aut. Major villages in the catchment of Hurla nala are Hurla,
Narogi, Tharas, Sharan, Hawai, Kayund, Manihar, Garsha etc. Major villages in the catchment of
Sainj khad are Sainj, Dushahar, Deori Dhar, Shansher, Bhallan, Raila, Gadaparli, Kanon, Madana,
Khain, Bahli, Parkachi, etc.

The elevation varies from 1100 m to about 5700 m (Figure 4.20). Only 16% of the sub-basin area
lies in the 1101 to 1800m elevation band. Around 60% of the area almost falls under elevation
range of 1801 to 2400 m, 2401 to 3000 m, 3001 to 3600 and 3601 to 4200 m i.e. 17%, 15%, 14%
and 14%, respectively. Elevation band between 4201 to 4800 m covers around 16% of the area.
Rest 8% of the sub-basin area lies between 4801 to 5700 m elevation range.
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Figure 4.18: DEM of Sainj éub-basin

Field observations in Sainj sub basin:

Hurla Nala: Hurla nala is the left bank tributary of Beas river. Hurla-l SHEP is proposed on this
nala.

Sainj Khad:

Sainj Khad is the left bank tributary of Beas river. Sainj HEP (100MW) is an under construction
project developed by HPPCL on Sainj Khad. Dam site is located approximately 8 km from
Neuli and approximately 16 km from Sainj HEP Power house site. Powerhouse site is located
on right bank of Sainj Khad near Jiwa Nala and Sainj Khad confluence. Parbati Il HEP Power
house is also located adjacent to confluence of Jiwa nala and Sainj Khad. Parbati stage Il is
inter-basin project as it utilizes the water of Parbati river (Dam site of Parbati stage Il
located near Tosh- Parbati confluence at Pulga) and diverts water of Parbati river to Sainj
Khad catchment. Tailrace of Parbati Il HEP outfalls in the reservoir of Parbati Ill HEP i.e.
upstream of diversion site of Parbati Il HEP. It was observed that fish ladder has been
provided in the dam structure of Sainj project. (Shown below)

Qs

e of Sainj HEP Intake structure of Sainj HEP
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Panoramic view of Parbati Il HEP (Power House site) and Sainj HEP (Power House Site)

4.7.6 Parbati Lower sub-basin

Parbati Lower sub-basin comprises of the catchment area of Parbati river from its confluence
with Malana nala till it meets river Beas near Shamshi village (Figure 4.18). The river flows for
only about 18 km in the sub-basin. Total catchment area of the sub-basin is about 137.02 sq km.
The major tributary joining Parbati river at its right bank is Baladhi nala, while the left bank
tributaries are Charror nala and Shat nala. The sub-basin is thickly populated with settlements on
both the banks of river. Major villages in the sub-basin are Baladhi, Ghajyari, Banasha, Chhashni,
Danogi, Bharain, Bhuin, Narogi, Barogi, Sarsari, Jalagran, Shat.
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Figure 4.19: Drainage Map of Parbati Lower sub-basin

The river bed level varies from 1100 m to about 3700 m (Figure 4.19). About 33% of the sub-basin
area lies in the 1101 to 1800 m elevation band. Around 35% of the area is covered by 1801 to 2400
m elevation band. Elevation band between 2401 to 3000 m covers around 25% of the area. The
higher elevation band between 3001 and 4200 m covers the balance 7% of the sub-basin area.

T

s s
Figure 4.20: DEM of Parbati Lower sub-basin
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4.,7.7 Tirthan Sub-basin

Tirthan sub-basin comprises of the catchment area of Tirthan river from its origin and upto its
confluence with Sainj Khad near Larji village (Figure 4.21). It originates from unnamed glacier at
an elevation of 4378m and travels a distance of about 50.7 km to join Sainj Khad at its left bank.
It is the biggest tributary of Sainj Khad. The Catchment area of Tirthan sub-basin is about 685 sq
km. The important tributaries joining Tirthan river at its right bank are Rakhundi nala, Kalwari
nala, Ghori gad, Kamand gad, while the important left bank tributaries are Mani nala, Koki gad,
Jibhi gad, Maahlra nala and Palachan gad. No project has been proposed in this sub-basin as it has
been declared as no go area for hydropower projects by the state government.
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. Figure 4.21: Drainage map of Tirthan Sub-basin
The elevation varies from 1100 m to about 5200 m (Figure 4.22). Only 11% of the sub-basin area
lies in the 1101 to 1800m elevation band. Elevation band between 1801 to 2400 m covers around
20% of the area. Around 52% of the area almost falls under elevation range of 2401 to 3000 m and
3001 to 3600 i.e. 33% and 19%, respectively. Elevation range from 3601 to 4800 m covers around
16% and the balance 1% area lies in the higher elevation band of 4801 to 5400 m.
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Figure 4.22: DEM of Tirthan Sub-basin

4.7.8 Beas lll Sub-basin

Beas Sub-basin-Ill is comprised of catchment area of Beas river between the confluence point of
Tirthan River with river Beas and upstream of Uhl River near Ghamun village (Figure 4.23). Total
catchment area of the sub-basin is about 703.44 sq km. Some of the major right bank tributaries
in the sub-basin are Chul Nala, Sariwar Khad while the major left bank tributaries are Gurahan
Gad, Bakhli Khad and Juni Khad. The sub-basin is thickly populated with settlements on both the
banks of river. Some of the major habitations on the right bank of the river in the sub-basin are
Khini, Thalat, Jadaorr, Khandli, Kabriana, Shanor, Ranogi, Patajis,Kanda, Norena, Ghamir,
Nahogi, Bhabas, Rataun, Nuser, Bota, Thata, Sumar, Banot, Kun, Niyal and Ghamun while major
villages on the left bank are Bachhar, Panjal, Dobha, Basahan, Mathej, Thahri, Bhatwara, Jhuli,
Thachi, Shiwadhar, Tharan, Thanuta, Ghidha, Marwa, Nulagi, Shiwadhar, Bhakhalwar, Buksaid,
Thach, Sianj, Kut, Pandoh, Taryambla, etc.
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The elevation varies from 800 m to about 3400 m (Figure 4.24). Only 10% of the sub-basin area
1200m elevation band. Elevation band between 1201 to 1800 m and 1801 to
2400m covers almost equal area i.e. 32% each. Around 25% of the area falls under elevation range

lies in the 801 to

of 2401 to 3000 m

Figure 4.23: Drainage map of Beas Ill Sub-basin

and the rest 1% area lies in the elevation band of 3001 to 3400 m.
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Figure 4.24: DEM of Beas lll Sub-basin
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Field observations in Beas lll sub basin:

Larji HEP reservoir and Dam site:

Larji HEP (126 MW) utilizes water of Sainj Khad, Tirthan river and Beas river. There is a head
race tunnel of 3 km (starts near Larji Dam and ends at Aut) along Kullu- Mandi highway. Hills
are covered with vegetation. Accessibility in this area is very good. Pandoh HEP is another
operational project located downstream Larji HEP on Beas river.

A view of reservoir of Larji HEP Dam structure of Larji HEP

Outlet of Power House of Larji HEP

Bakhli Khad: Bakhli Khad is the left bank tributary of Beas river which meets near Pandoh
HEP. There is an operational project Patikari SHEP (16MW) on this Khad.

4.7.9 Uhl Sub-basin

Uhl sub-basin comprises of the catchment area of Uhl river including catchment area of Beas river
from downstream of Pandoh Dam to the confluence of Rana and Arnodi Khads with river Beas in
Mandi district (Figure 4.25). Major tributaries joining river Beas at its right bank in the sub-basin
are Uhl river, Kushak nala, Dev ki Khad, Luni Khad and Rana Khad, while the major tributaries
joining river Beas at its left bank in the sub-basin are Suketi Khad, Kasani Khad and Arnodi Khad.
Uhl river traverses about 73 km with a catchment area of about 755.6 sq km. Rana Khad meets
Beas river near Tudal village. The length of the river is 27.3 km and catchment area of the river is
224.5 sq km. The sub-basin is densely populated, and a large area is under agricultural fields.
Major settlements on the banks of river Beas are Mandi, Mangwai, Tamlu, Sari, Kot, Charori.
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Major villages in the catchment of Uhl river are Bingahr, Bahladhar, Chumasagran, Tikkar,
Ganwag, Chhudhal, Kalangehr, Kortong, Draggar, Chelang, Kaljhar, Garaman, Gahang,
Madharwan, etc. Major villages in the catchment of Rana Khad are Banogi, Nauhli, Dagsali,
Kaduna, Nagar, etc. Major villages in the catchment of Suketi Khad are Chhachol, Banna, pipli,

Gagal, Kehr, Bhangrotu, Maltehr, Sianji, Sundarnagar, Ner Chowk, Tholag, Lohakar, Nanawan,
Batwar, etc.
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Figure 4.25: Drainage map of Uhl Sub-basin

The elevation varies from 650 m to about 5200 m (Figure 4.26). Majority of the sub-basin area
i.e. around 32% lies in the 650 to 1200 m elevation range, followed by 1201 to 1800 m and 1801 to
2400 m elevation range which covers nearly 29% and 13% of the sub-basin area respectively.
Elevation range from 2401 to 3000 m, 3001 to 3600 and 3601 to 4200m covers around 22% i.e. 9%,
6% and 6% respectively. Rest 4% area lies in the higher elevation band of 4201 to 5400 m.

)
RSETY

RS Envirolink Technologies Pvt. Ltd. 4.43




CIA&CCS-

Beas Basin in HP Final Report: Chapter 4

T
e

I3
gﬂ

Sairy Sub Basin

e
™

1
nwrs

¥
nary

Nurs
s

Figure 4.26: DEM of Uhl Sub-basin

Field observations in Uhl sub basin:

Uhl river:

UhL river is the right bank tributary of Beas river which meets near Mandi town. During field
surveys it was observed that fishing is common practice in Uhl river. Area is covered with good
vegetation cover. Lambadug HEP (under construction) is the upper most HEP in the catchment
of Uhl river. Diversion site of Uhl-I HEP is located at the downstream of Lambadug power house
site. Uhl | HEP (Shanan) is an operational project diverting water from Uhl river to Shannan
Khad. Power house of Uhl-l1 HEP is located along Shanan Khad near Joginder Nagar (Mandi). Uhl
Il HEP (Bassi Hydro Project) is a tail race development of Uhl-1 HEP. Tailrace waters of Uhl Il
HEP are utilized by Uhl Ill HEP. Power house of Uhl Il HEP is located near Neri Khad near
Joginder Nagar town. Power house of Uhl lll HEP is at the downstream of Rana Khad-Beas river
confluence discharging tailrace water in the reservoir of proposed Triveni Mahadev HEP on
Beas river.

Lower Uhl HEP and Uhl SHEP are two under construction hydroelectric projects on Uhl river.
Uhl SHEP (14MW) is located near Baltikar village being developed by USP hydro Energy Pvt.
Ltd. Lower Uhl (13 MW) is a downstream project of Uhl SHEP located near IIT Mandi. Uhl Khad
HEP is the most downstream project on Uhl river. Power house of Uhl Khad is on right bank of
Beas river near Uhl-Beas confluence.
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4.7.10 Beas IV Sub-basin

Beas IV sub-basin comprises of the right bank catchment area of Beas river from the confluence
of Rana and Arnodi Khads with river Beas up to Pong Dam (Figure 4.27). The major tributaries
joining river Beas at its right bank in the sub-basin are Binno (Binwa) Khad, Chahan Khad,
Ganunu Khad, Harori Khad, Mandh Khad, Neugal Khad, Lohar Khad, Tall Khad, Nakehr Khad,
Baner Khad, Minnu Khad, Gaj Khad and Khauli Khad. Binno (Binwa) Khad meets river Beas on its
right bank at elevation of 636m. Binwa Khad is also known as Binno Khad in higher reaches. The
length of the river is 42 km and catchment area of the river is 375.35 sq km. Neugal Khad meets
Beas river on its right bank near Alampur village. The length of the river is 55 km and
catchment area of the river is 386 sq km. Baner Khad meets Beas river on its right bank near
Mahora village. The length of the river is 63 km and catchment area of the river is 749 sq km.
Gaj Khad originates from an altitude of 4400m and travels 64 km to join the Beas river on right
bank a little upstream of Pong dam lake. The catchment area of the river is 1246 sq km. The
sub-basin is densely populated and a large area is covered by agricultural fileds. Major
settlements on the bank of river Beas are Tulah, Molago, Chamar, Tikri, Alampur, Sialkar,
Kulehra, Jajwal, Kurhu, Borwari, Kother, Janota, etc. The major towns in the sub-basin are
Joginder Nagar, Baijnath, Kangra, Gaggal, Palampur, Dharamshala, etc.
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Figure 4.27: Drainage map of Beas IV Sub-basin
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The elevation varies from 400 m to about 4900 m (Figure 4.28). Elevation range from 401 to 600
m covers around 26% of sub-basin area. Majority of area i.e. 49% lies in 601 to 1200m elevation
band. Only 10% of the sub-basin area lies in the 1101 to 1800m elevation range. Elevation band
between 1801 to 2400 m and 2401 to 3000 covers around 12% of the area i.e. 6% each. The
balance 4% area lies in the elevation band of 3001 to 4800 m.
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Figure 4.28: DEM of Beas IV Sub-basin

Field observations in Beas IV sub basin:

Binwa Khad:

Binwa Khad is the right bank tributary of Beas river. Binwa SHEP (6MW) is an operational
project on this khad. Another project is at the downstream of the Binwa SHEP at Binwa Khad
named Kilhi Bahl which is in proposal stage. Binwa Khad passes through Paprola town which is
famous for Baijnath temple. This is an archeological site and a famous religious and tourist
place. Palampur is another tourist destination which is famous for tea gardens is
approximately 16 km from Paprola. A metallic canal was made in Binwa khad near Paprola by
the Irrigation Department for irrigation purposes.
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Aquatic sampling in Binwa Khad Terrestrial sampling in the study area

Khauli Khad, Gaj Khad, Baner Khad and Neugal Khad:

Khauli Khad, Gaj Khad, Baner Khad and Neugal Khad are the right bank tributaries of Beas
river. On Gaj Khad and Khauli Khad; there are one operational projects i.e. Gaj SHEP (10.5
MW) and Khauli SHEP (12MW) and on Baner Khad, there are two operational projects named
Baner SHEP and Baner Il SHEP, and in Neugal Khad also there is an operational project called
Neugal SHEP (15MW). The area is accessible by road from Dharamsala which is a tourist
destination.

Nl L

Gaj Khad Khauli Khad
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Reservoir in Baner Khad Power house site at Baner khad

4.7.11 Beas V Sub-basin

Beas V sub-basin comprises of the left bank catchment area of Beas river from the confluence of
Rana and Arnodi Khads with river Beas up to Pong Dam (Figure 4.29). Total area of sub-basin is
around 1589 sq km. The major tributaries joining river Beas at its left bank in the sub-basin are
Jogi khala, Sun Khad, Sakrain Khad, Thuthuri Khad, Chanehd Khad, Jhangi Khad, Masaut Khad,
Naled Khad, Bakar Khad, Sukahd Khad, Jangled Khad, Jamiri Khad, Riani Khad, Pung Khad, Salasi
Khad, Kunah Khad, Masinh Khad, Sahri Khad, Nalsoha Khad, Karoa Khad, Barwara Khad, Thor
Khad, Chanaur Khad, Bargolan di Khad, Dada Khad, Gurhala Khad. The sub-basin is densely
populated and a large area is under agricultural fileds. Major settlements on the bank of river
Beas are Bajrana, Dhandor, Khanaur, Haldwara, Baghera, Sujanpur, Majhot, Janglu, Nadaun,
Nagrota, Kuhna, Kohala, Nangal, Thor, Chaplah, Kulher etc. The major towns in the sub-basin are
Dharampur, Sandhol, Hamirpur, Bangana, Garli, Mairi, Bharwain, Dhaliara etc.
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Figure 4.29: Drainage map of Beas V Sub-basin

The elevation varies from 380 m to about 2040 m (Figure 4.30). 25% of the sub-basin area lies in
the 380 to 600m elevation band. Majority of area i.e. 70% lies in 601 to 1200m elevation band.
Around 5% of the area falls under elevation range of 1201 to 2400 m.
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Field observations in Beas V sub basin:

Beas River: On Beas river from the downstream of the Pandoh HEP and up to the Pong dam,
there are three projects are which are under investigation stage namely Thana Plaun HEP
(141MW), Triveni Mahadev HEP (78MW) and Dhaulasidh HEP (66MW). Pong HEP (396MW) is a
project on the Beas river which is the border of Himachal Pradesh and Punjab.

Pong Dam Reservoir:

Pong dam reservoir was constructed on Beas river by Bhakra Beas Management Board (BBMB),
Himachal Pradesh whose office is in located Talwara town lsituated near the Pong reservoir.
The area is well connected by road and rail network. Mukeriyan is the nearest railway station
which is approximately 30 km from Talwara town (near Pong reservoir). Topography of the

area is almost flat.
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5.1

CHAPTER-5
HYDRO-METEOROLOGY

INTRODUCTION

The entire Beas Basin within Himachal Pradesh is spread over five districts namely Kullu, Mandji,
Kangra, Hamirpur and Chamba. Mainly entire Beas basin is spread over Kullu, Mandi, Kangra and
Hamirpur districts and a very small portion falls in Chamba district. In order to understand the
climatology of basin data pertaining to climate and rainfall has been given for each of the four
main districts covering study area viz Kullu, Mandi, Kangra and Hamirpur districts. The data has
been sourced from Indian Meteorological Department, Government of India as well as from the
Environmental Impact Assessment (EIA) Reports of different Hydro Electric Power (HEP)
Projects in the basin.

In addition, data on worldweatheronline portal has been sourced. World Weather Online’s
weather APl (application programming interface) allows to access current, past and future
weather data for use.

The following stations are falling within our study area:

In Kullu District - Kullu and Manali

In Mandi District - Jogindernagar, Mandi and Sundernagar
In Kangra District - Jwalamukhi, Kangra and Yol

In Hamirpur District - Hamirpur and Tira Sujanpur

Data pertaining to Maximum, Minimum and Average Temperature (°C), Average Rainfall (mm),
Average Humidity (%) and Average and Maximum Wind Speed (Kmph) for a period 2014-2016
has been sourced and shown in pictorial form under respective districts.

5.1.1  Kullu District

The climate of the district is cool and dry. There are three broad seasons viz. cold season
from October to February, hot season from March to June and rainy season from July to
September. Snowfall generally occurs in December and January at higher hills and most of
the regions are cut off from the district headquarters since the mountain passes are closed.
The district receives moderate rainfall and bulk of it is received during the months of July,
August, December and January. August is the wettest month throughout the district. From
climatic point of view the most enjoyable altitude is between 1,500 to 1,800 m as this range
is neither too hot nor too cold.

A comparative data of average annual rainfall for five years of district is given in Table 5.1.
Highest average annual rainfall in the district i.e. 1291.70 mm was recorded during the year
2013 where lowest average annual rainfall i.e. 1017.10 mm was recorded in the year 2016. In
addition to this, average annual rainfall data for various years at various locations as sourced
from the EIA Reports of different HEPs is given in Table 5.2.

5.1
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Maximum and minimum temperature recorded at Bhunter during the year 2010 is given in
Table 5.3, which reflects the month of May as the hottest one, seconded closely by the
months of April and June. In addition, monthly maximum and minimum temperature and
relative humidity at Bhunter for different period and at Manali from the year 1968-80 is given
in Table 5.3.

Table 5.1: Average Monthly Rainfall (mm) of Kullu District

Year wise Average Monthly Rainfall (mm)
Month Average
2012 2013 2014 2015 2016

January 140.30 110.90 83.10 110.80 37.90 96.60
February 184.00 274.60 150.70 212.20 74.10 179.12
March 85.20 117.10 204.90 195.00 186.60 157.76
April 98.00 40.90 88.30 113.30 92.50 86.60
May 24.80 41.10 114.60 47.10 57.50 57.02
June 44.50 155.90 50.00 91.60 58.60 80.12
July 180.20 214.40 181.00 235.80 185.90 199.46
August 265.40 205.80 114.20 108.90 282.60 195.38
September 166.60 63.80 70.80 62.20 36.40 79.96
October 4.30 10.10 21.30 15.30 4.90 11.18
November 13.50 21.90 5.10 26.50 0.00 13.40
December 77.50 35.20 72.60 34.90 0.10 44.06

Total 1284.30 | 1291.70 | 1156.60 | 1253.60 | 1017.10 1200.66

Source: Meteorological Deptt., Govt. of India
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Table 5.2: Average Monthly Rainfall (mm) at different locations in Kullu District

. . Niharni
. - Pulga-Gwachha Sainj 1971- Manali Swankanda
Month | Banjar | fopt | Najan ';j‘;;‘ 1965-1977 & | Kasol | 202 | 1983& | Naggar | 1969-80 | -°°° | Dhar Dec | Manali
1955-88 80 77 1967-89 Apr 1987-Dec 1965-84 84 Aug 1985- | 1968-79 | & 1987- Dec 1986- 1968-80
1990 Feb 1990 88 1990 Feb1990
January 75.13 95.32 49.67 78.04 17.40 94.27 57.72 86.44 159.91 58.76 59.00 0.17 145.00
February 95.61 107.20 | 36.70 67.77 50.12 120.09 78.46 89.18 102.13 150.76 150.38 145.60
March 93.59 111.47 | 49.20 84.70 51.85 119.63 90.70 134.90 147.83 153.15 144.25 14.83 187.30
April 67.77 57.08 66.04 57.80 64.00 99.52 78.50 71.89 83.86 146.42 24.75 62.67 111.30
May 71.53 46.38 52.48 64.40 54.52 93.11 64.85 90.49 67.16 147.31 68.00 266.67 69.10
June 101.40 58.17 65.62 102.29 74.99 82.03 55.27 94.60 73.69 83.34 123.50 135.75 94.50
July 297.00 | 151.30 | 185.47 | 191.57 181.70 225.66 153.50 218.89 190.88 220.44 256.25 458.25 235.00
August 161.79 130.31 | 210.50 | 155.08 170.71 211.91 149.48 191.17 183.17 264.89 249.38 386.25 243.60
September 91.37 85.30 36.33 67.22 77.14 113.74 61.12 86.08 80.65 146.09 101.75 527.50 108.40
October 37.04 37.74 22.94 27.93 31.13 43.79 34.08 28.27 24.17 37.67 35.13 6.00 33.10
November 16.32 16.66 11.33 19.42 5.86 28.64 12.56 22.96 32.49 33.70 0.50 39.80
December 34.58 38.20 12.20 34.36 32.45 46.25 21.07 39.85 30.67 48.15 25.88 0.67 46.50
Total 1143.13 | 935.13 | 798.48 | 950.58 811.87 1278.64 | 857.31 1154.72 1176.61 | 1490.68 | 1238.77 | 1858.76 | 1459.20
Source: EIA Reports of Nakhtan, Balargha, Jari, Allain Duhangan, Sainj and Malana-1l HEPs
Table 5.3: Maximum and Minimum Temperature (°C) at different locations in Kullu District
Temperature (°C) at Relative Humidity (%) at Temperature (°C) at Relative Humidity (%) at Temperature (°C) at
Month Bhunter for different period | Bhunter for different period Manali for 1968-80 Manali for 1968-80 Bhunter 2010
Maximum Minimum Morning Evening Maximum Minimum Morning Evening Maximum Minimum
January 20.3 -1.6 89 54 10.1 -1.8 76 68 19 1.5
February 22.9 -0.2 87 50 11.1 -1.0 72 65 18.9 4.4
March 27.8 2.6 80 47 15.9 2.8 60 55 26.8 8.5
April 32.6 5.8 71 40 21.6 6.1 56 48 30.9 11.0
May 36.0 8.6 63 37 24.9 8.6 57 50 32.0 14.8
June 36.8 12.2 65 42 26.6 12.4 71 58 31.3 15.5
July 34.9 15.6 81 60 25.5 14.8 86 75 29.9 19.4
August 33.6 16.1 86 64 25.0 14.6 91 81 30.6 20.2
September 32.9 11.5 80 56 24.7 10.4 86 73 29.4 17.3
October 30.8 5.8 78 46 22.5 5.4 73 65 28.3 10.5
November 26.3 1.1 83 44 18.4 1.3 62 58 24.3 5.7
December 21.6 -1.4 88 53 14.0 -0.3 60 54 18.5 0.5
Average 29.7 6.3 79.3 49.4 20.0 6.1 70.8 62.5 26.7 10.8
Source: EIA Reports of Nakhtan, Balargha and Jari HEPs EIA Reports of Allain Duhangan, Sainj and Malana-1l HEPs Metegg?/ltog;;:all:]ziptt.,
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Data pertaining to Maximum, Minimum and Average Temperature (°C), Average Rainfall (mm),
Average Humidity (%) and Average and Maximum Wind Speed (Kmph) for a period 2014-2016
for two stations Kullu & Manali falling within Kullu district, sourced from worldweatheronline
portal has been shown in pictorial form as below:

Kullu, Himachal Pradesh
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5.1.2 Mandi District

The District being mostly hilly, the climate varies according to the altitude of the place. The
district being mountainous, the climate is temperate. In upper areas, the climate remains
cold throughout the year. The areas of Padhar, Chohar, Seraj and Sonar usually experience
sufficient snowfall during winter which often comes down to 1,300 metres altitudes. In
summer, other low areas and Balh valley are quite hot. The winter starts from the middle of
November and continues till the middle of March. Thereafter, the mercury continues rising
till the onset of monsoons which starts from the last week of June or first week of July and
continues till the middle of September. During October and November, the nights are
pleasant and days are a bit hot. The sub-temperate climatic conditions prevail in Dhauladhar
micro sub-region, as it is a mountainous track. Higher reaches of the region receive sufficient
snowfall every year during winter and remain cut off from the other parts of the district. The
lower areas are comparatively hot. The climatic conditions of the higher reaches of Beas
basin are temperate. In winter these areas receive snowfall almost every year where the
weather remains cool throughout the year. Lower areas are comparatively hot during the
summer. Month of July and August receive heaviest rainfall in this region. Rainfall is mostly
received during the monsoon months. In Mandi Lesser Himalaya, the climate is mild during
winter in upper areas whereas lower altitudes are hot in summer. The district receives an
ample and uniformly distributed rainfall.

A comparative data of average annual rainfall for five years of district is given in Table 5.4.
Highest average annual rainfall in the district i.e. 1620.70 mm was recorded during the year
2014 where lowest average annual rainfall i.e. 1396.60 mm was recorded in the year 2016. In
addition to this, average annual rainfall data from the year 1954 to 1980 at Mandi town as
sourced from the EIA Report of Dhaulasidh HEP and from the year 1982 to 1993 at Pandoh
Dam as sourced from the working plan of Mandi Forest Division is given in Table 5.4.

Maximum and minimum temperature from the month of January to December in Mandi
district as recorded for the year 2010 at Meteorological Centre, Sundernagar is given in Table
5.5, which reflects the month of May as the hottest one, seconded closely by the months of
April and June. In addition, monthly maximum and minimum temperature and relative
humidity at Mandi from the year 1954-80 is given in Table 5.5.

5.5
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Table 5.4: Average Monthly Rainfall (mm) of Mandi District

Month Year wise Average Monthly Rainfall at Mandi (mm) Mandi 1954- Pandoh Dam
2012 2013 2014 2015 2016 80 Site 1982-93
January 114.50 62.40 64.10 87.50 13.50 74.30 58.03
February 39.30 142.50 113.20 130.20 42.80 60.20 71.63
March 27.30 71.50 105.90 154.40 93.10 81.80 69.43
April 94.60 29.00 62.10 100.10 24.70 47.60 50.37
May 6.30 18.70 102.90 38.80 165.10 51.10 79.72
June 36.70 381.90 124.70 113.40 208.20 130.00 203.16
July 426.90 393.50 396.90 407.50 314.60 500.00 327.04
August 480.60 321.40 374.60 340.90 415.10 427.60 309.84
September 186.90 97.80 152.10 73.00 108.60 186.80 125.91
October 2.90 14.10 27.50 29.60 10.90 45.80 48.30
November 5.00 17.60 2.30 9.70 0.00 13.80 15.97
December 22.20 23.20 94.40 39.40 0.00 23.20 45.59
Total 1443.20 | 1573.60 | 1620.70 | 1524.50 | 1396.60 1642.20 1404.99
EIA Report of | Working Plan
Source: Meteorological Deptt., Govt. of India Dhaulasidh of Mandi
HEP Forest Division

Table 5.5: Maximum and Minimum Temperature (°C) at different locations in Mandi District

Temperature (°C) at Relative Temperature (°C) at
Month Mandi 1954-80 Humidity (%) at Sundernagar 2010
Maximum Minimum Mandi 1954-80 Maximum | Minimum
January 18.5 2.8 73 21.2 2.2
February 21.1 4.2 69 22 5.5
March 25.8 9.0 61 31.3 11.0
April 30.8 13.5 55 34.9 14.6
May 34.7 17.3 48 36.0 17.9
June 36.0 20.1 55 33.7 18.4
July 31.8 21.1 75 30.3 21.5
August 31.0 20.5 81 30.5 22.2
September 30.7 18.4 75 29.8 19.1
October 28.8 12.3 71 29.4 12.6
November 24.9 6.8 74 25.6 6.9
December 20.6 3.1 75 20.1 1.2
Average 27.89 12.43 67.67 28.7 12.8
. . Meteorological Deptt.,
Source: EIA Report of Dhaulasidh HEP Govt. of India

Data pertaining to Maximum, Minimum and Average Temperature (°C), Average Rainfall (mm),
Average Humidity (%) and Average and Maximum Wind Speed (Kmph) for a period 2014-2016
for three stations Jogindernagar, Mandi & Sundernagar falling within Mandi district, sourced
from worldweatheronline portal has been shown in pictorial form as below:

Jogindarnagar, Himachal Pradesh
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5.1.3 Kangra District

The climate in the district unfolds four broad seasons. The winter generally spreads over from
December to February. The period from March to June is summer. Hot and rainy season
generally extends from July to September. October and November exhibit autumn. While
during the winter months, the places at high altitudes remain covered under snow. The
temperature during the winter months even in the lower areas is too cold because of the
lashing cold breeze of the mountain ranges of Dhauladhar and Hathi Dhar. The places lying at
higher altitudes are too wet in the rainy season. Dharmshala, the headquarters of the district
receives plentiful rains during the summer months. In the valleys and southern parts of the
district, the days are extremely hot. During the monsoon period the land becomes fresh and
green and the small water channels in the hills begin to swell. The climatic conditions
prevailing in Kangra district are most useful for growing food crops, forestry, tea plantation,
floriculture and other natural herbals.

A comparative data of average annual rainfall for five years of district is given in Table 5.6.
Highest average annual rainfall in the district i.e. 2403.50 mm was recorded during the year
2013 where lowest average annual rainfall i.e. 1519.10 mm was recorded in the year 2014. In
addition to this, average annual rainfall data for various years at various locations as sourced
from the EIA Reports of different HEPs is given in Table 5.6.

Maximum and minimum temperature from the month of January to December in Kangra
district as recorded for the year 2010 at Meteorological Centre, Dharamshala is given in Table
5.7, which reflects the month of May as the hottest one, seconded closely by the months of
April and June. In addition, monthly maximum and minimum temperature and relative
humidity at Dharamshala from the year 1954-80 is given in Table 5.7.

Table 5.6: Average Monthly Rainfall (mm) of Kangra District

Month Year wise Average Monthly Rainfall (mm) Lambadug Dharamshala
2012 2013 2014 2015 2016 1988-93 1954-80
January 170.60 52.20 62.00 65.90 7.60 124.00 114.50
February 45.90 121.30 123.80 115.30 36.80 119.00 100.70
March 37.30 72.50 98.00 180.60 98.80 255.80 98.80
April 53.30 28.90 52.70 66.30 13.20 111.40 48.60
May 9.90 26.50 45.20 32.20 89.80 117.60 59.10
June 35.90 370.40 100.20 160.60 132.60 125.00 202.70
July 603.90 666.00 449.20 624.70 529.60 283.22 959.70
August 940.20 739.60 386.30 576.90 585.40 236.40 909.20
September | 308.90 169.40 119.10 109.60 111.50 171.60 404.80
5.8
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Month Year wise Average Monthly Rainfall (mm) Lambadug Dharamshala
2012 2013 2014 2015 2016 1988-93 1954-80
October 9.10 89.40 38.00 28.30 3.90 12.25 66.30
November 4.00 19.80 0.70 8.60 0.00 35.12 16.70
December 31.60 47.50 43.80 27.40 3.40 52.10 54.00
Total 2250.60 | 2403.50 | 1519.00 | 1996.40 | 1612.60 1643.49 3035.10
. . EIA Report of EIA Report of
Source: Meteorological Deptt., Govt. of India Dhaulasidh
Lambadug HEP HEP

Table 5.7: Maximum and Minimum Temperature (°C) at Dharamshala

Temperature (°C) at Relative Temperature (°C) at
Dharamshala 1954-80 Humidity (%) at Dharamshala 2010
Month
Maximum Minimum Dharamshala Maximum | Minimum
1954-80
January 14.5 5.9 59 19.5 7
February 16.6 7.7 55 18.8 5.3
March 21.1 11.8 48 26.8 11.1
April 26.2 16.3 39 32.3 16.1
May 30.5 20.1 35 34.0 17.8
June 31.4 21.8 52 33.1 17.5
July 27.2 20.7 80 27.6 16.9
August 26.3 20.2 84 25.4 17.4
September 26.3 18.7 75 26.3 16.2
October 24.8 15.3 56 25.8 13
November 20.7 10.7 52 24.6 9.4
December 16.7 7.4 57 19.1 4.9
Average 23.53 14.72 57.67 26.1 12.7
Source: EIA Report of Dhaulasidh HEP Meteorological Deptt.,
Govt. of India

Data pertaining to Maximum, Minimum and Average Temperature (°C), Average Rainfall (mm),
Average Humidity (%) and Average and Maximum Wind Speed (Kmph) for a period 2014-2016
for three stations Jwalamukhi, Kangra & Yol falling within Kangra district, sourced from
worldweatheronline portal has been shown in pictorial form as below:

Jawala Mukhi, Himachal Pradesh
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5.1.4 Hamirpur District

The district falls in the humid sub-tropical zone. The climate of the district has four broad
seasons. The winter generally spread over from December to February. The period from
March to June is summer. Hot and rainy season generally extends from July to September.
October and November exhibit autumn. The temperature during the winter months is too
cold. The district receives the plentiful rains during the monsoon period. During summer the
days are extremely hot. Climate plays a vital role in the field of life style and economic
growth of the state, especially the performance of agriculture, horticulture and tourism
sector is closely related to the performance of rain and snowfall during the season.

A comparative data of average annual rainfall for five years of district is given in Table 5.8.
Highest average annual rainfall in the district i.e. 1482.40 mm was recorded during the year
2015 where lowest average annual rainfall i.e. 1198.80 mm was recorded in the year 2016.

Maximum and minimum temperature recorded during the year 2010 is given at Table 5.9. The
maximum and minimum temperature is recorded at Una, which is nearest center for this
purpose. In Hamirpur the maximum temperature is recorded in the month of May whereas
minimum temperature is recorded in January month.

Table 5.8: Average Monthly Rainfall (mm) of Hamirpur District

Year wise Average Monthly Rainfall (mm)

Month 2012 2013 2014 2015 2016 | Average
January 132.00 45.10 42.10 79.00 11.20 61.88
February 32.10 121.40 91.70 106.90 25.70 75.56

March 25.50 80.30 107.40 153.40 67.60 86.84
April 44.90 9.70 37.30 72.50 7.20 34.32
May 1.30 13.90 55.50 28.40 87.90 37.40
June 14.80 295.00 71.40 143.00 165.00 137.84
July 374.60 441.40 349.00 368.10 275.80 361.78

August 557.30 280.80 374.40 396.00 469.10 415.52

September 235.70 73.40 95.10 83.20 86.60 114.80
October 5.00 24.40 24.00 15.50 0.20 13.82

November 4.00 12.80 0.10 8.40 0.00 5.06

December 28.10 29.80 55.50 28.00 2.50 28.78

Total 1455.30 | 1428.00 | 1303.50 | 1482.40 | 1198.80 | 1373.60
Source: Meteorological Deptt., Govt. of India
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Table 5.9: Maximum and Minimum Temperature (°C) at Hamirpur, 2010

Month Maximum | Minimum
January 20.0 7.0
February 22.0 9.0

March 31.0 16.0
April 37.0 21.0
May 40.0 24.0
June 38.0 24.0
July 34.0 23.0

August 31.0 22.0

September 29.0 19.0
October 29.0 15.0
November 25.0 11.0
December 21.0 6.0
Average 30.0 16.0

Source: worldweatheronline.com

Data pertaining to Maximum, Minimum and Average Temperature (°C), Average Rainfall (mm),
Average Humidity (%) and Average and Maximum Wind Speed (Kmph) for a period 2014-2016
for two stations Hamirpur & Tira Sujanpur falling within Hamirpur district, sourced from

worldweatheronline portal has been shown in pictorial form as below:

Hamirpur, Himachal Pradesh
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Tira Sujanpur, Himachal Pradesh
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5.1.5 Rainfall Scenario of Beas Basin using TRMM Data

In addition, the rainfall scenario of Beas basin has been studied and analyzed using TRMM data
which is shown in Figure 5.1. The Tropical Rainfall Measuring Mission (TRMM) is a joint mission
between NASA and the Japan Aerospace Exploration Agency (JAXA) designed to measure rainfall
for weather and climate research. TRMM is designed to measure tropical precipitation and its
variation from a low-inclination orbit combining a suite of sensors to overcome many of the
limitations of remote sensors previously used for such measurements from space. TRMM is a
comprehensive and systematic program designed to increase the extent and accuracy of tropical
rainfall measurement. The TRMM science program consists of a broad research effort which
includes development of cloud models, rain retrieval algorithms for the space sensors, use of
TRMM measurements with other satellite data to improve sampling, a surface-based verification
system, and a TRMM science data and information system (TSDIS).

The average annual rainfall for the period 1998-2009 is available for the tropic region in Geotiff
format which gives a fairly good assessment of hypsometric variation in rainfall in Himalayan
region and same has been presented as Figure 5.1, which shows that in Beas basin area, rainfall
varies from < 500 mm per year in most upstream catchment in Kullu district at places such as
origin of Beas Kund Nala, Tosh Nala and Parbati River to > 4000 mm per year in the upstream
reaches of Kangra district. This rainfall data has been assessed for comparative estimation of
yields during environment flow assessment.

5.13
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Figure 5.1: Rainfall Scenario of Beas Basin
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5.2

WATER DISCHARGE AND AVAILABILITY

Efforts have been made to procure 10 daily discharge series for various projects from various
sources. There are 50 hydro projects in the Beas river basin, out of which 18 projects are with
installed capacity of 25 MW or more i.e. projects which are covered under EIA notification
and can be studied for environment flow assessment by habitat simulation and hydraulic
modelling. Smaller projects (less than 25 MW installed capacity) do not give good results
when subjected to modelling and therefore for all such projects environment flow is
recommended based on present norms of EAC/MoEF&CC.

Out of 18 projects, considered for modelling study for the purpose of environment flow
assessment, 10 are commissioned projects, 3 are under construction and 5 are under
different stages of survey & investigations. Downstream of Pong dam is outside the study area
and therefore it was not considered for environment flow assessment. Similarly, Uhl Il (Bassi)
is tailrace development of Uhl | without any additional diversion and therefore, the water
release from Uhl | will remain in Uhl river and no additional release is considered from UhL II.
For UhL I, in the absence of discharge data, assessment could not be carried out.

Data was sought for all above projects from project developers through the Office of
Director, Ministry of Environment, Forests & Climate Change. Data for following 10 projects
have been made available by the respective project developers.

- Nakhtan

- Parbati ll

- Sainj

- Parbati lll

- Malanal

- Malana ll

- Than Plaun

- Triveni Mahadev
- Dhaulasidh

- Allain Duhangan

Discharge series for following five projects have been derived based on catchment area
proportions and taking into account relevant interception catchment proportions:

- Malana lli

- Lambadug

- Uhl I (Shanan)

- Larji

- Beas Satluj Link (Pandoh)

Hydro dynamic modelling has been carried out for above 15 projects. Input data used for
present modeling study has been described below:
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Nakhtan HEP Parbati-Il HEP Sainj HEP Par:;;""'
CA: 687.44 (Parbati | CA: 1155 (Parbati . .
River) + 332.67 River) + 44 (Jigrai CA: 4i‘r:1'33 q CA: ::10 54
(Tosh Nala) sq km Nala) sq km
2006-07 1994-95 1998-99 1994-95
. . Flow in Flow in
Flow in cumec Flow in cumec
cumec cumec
Parbati | & Nala | PUI82 | Jigral | o khad Sainj khad
river Dam Nala
Jun | 22.87 14.89 42.25 1.73 17.69 Jan | 8.152
] 19.7 13.12 62.65 2.34 26.99 ] 8.016
] 24.5 16.84 82.18 2.89 36.89 ] 7.796
Jul | 56.08 37.56 117.42 3.8 37.42 Feb | 5.928
] 49.17 32.6 141.8 4.4 40.31 ] 4,662
] 66.66 45.74 152.74 4.66 39.45 ] 6.833
Aug | 60.08 40.84 169.64 5.05 15.62 Mar | 6.39
] 49.6 32.49 159.34 4.81 17.5 ] 9.296
1] 44,88 29.96 148.54 4.56 12.96 ] 10.586
Sep | 28.53 18.47 92.49 3.16 9.09 Apr | 13.633
] 26.9 17.48 55.89 2.14 7.5 ] 15.857
] 21.31 13.98 37.62 1.58 6.12 ] 18.27
Oct | 18.52 12.08 24.86 1.48 5.17 May | 27.285
] 16.4 10.69 22.87 1.38 4.15 ] 35.774
1] 15.5 10.31 23.75 1.42 3.73 ] 33.923
Nov | 14.56 9.39 21.71 1.32 3.39 Jun | 35.385
Il 11.71 7.29 21.27 1.3 3.09 ] 48.316
1] 9.1 5.93 19.57 1.21 3.13 1] 53.668
Dec | 8.04 5.34 18.77 0.76 2.99 Jul | 50.936
] 7.15 4.98 17.98 0.74 2.78 ] 59.088
1] 6.92 4.66 16.79 0.72 2.56 ] 47.935
Jan | 6.44 4.04 14.59 0.67 2.49 Aug | 106.587
] 5.26 3.41 13.41 0.64 2.45 ] 79.016
1] 4.96 3.01 12.52 0.62 2.39 1] 80.729
Feb | 4.81 2.96 12.77 0.63 5.59 Sep | 55.27
] 4.41 2.9 11.97 0.61 5.75 ] 34.646
1] 4.68 3.13 11.83 0.6 5.87 ] 25.438
Mar | 4.98 3.22 12.45 0.62 6.33 Oct | 21.63
] 4.89 3.15 13.66 0.65 6.22 ] 15.884
1] 5.81 3.99 14.92 0.68 6.86 1] 14.003
Apr | 5.39 5.76 16.43 0.98 7.19 Nov | 11.662
] 11.69 8.01 17.17 1.02 7.46 ] 9.925
1] 12.88 8.78 18.56 1.1 12.39 ] 8.779
May | 16.58 11.28 22.41 1.31 20.42 Dec | 7.876
] 21.7 14.85 24.84 1.45 19.2 ] 7.419
] 22.42 15.04 53.24 2.99 29.59 ] 7.548
Malana-l HEP Malana-Il HEP Malana-Ill HEP
Malana river Malana river Malana river
CA: 178.50 sq km CA: 158.00 sq km CA: 124.75 sq km
1994-95 1990-91 1998-99
Flow in cumec Flow in cumec Flow in cumec
| 4.95 Jun | | 15.82 12.52
Apr-15 1l 7.96 ] 11.7 9.26
]| 13.11 [} 17.17 13.58
May-15 | 15.15 Jul | 20.45 16.18
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Malana-l HEP Malana-Il HEP Malana-Ill HEP
Malana river Malana river Malana river
CA: 178.50 sq km CA: 158.00 sq km CA: 124.75 sq km
1994-95 1990-91 1998-99
Flow in cumec Flow in cumec Flow in cumec
1l 16.07 ] 17.99 14.23
] 14.31 ]| 16.79 13.28
| 11.59 Aug | | 18.11 14.33
Jun-15 1l 15.20 ] 19.16 15.16
] 21.02 ] 17.56 13.89
| 25.75 Sep | | 18.17 14.38
Jul-15 1l 35.72 ] 17.57 13.90
] 38.66 ]| 14.31 11.32
| 29.67 Oct | | 8.67 6.86
Aug-15 1l 29.36 ] 7.69 6.08
1] 20.27 ]| 6.95 5.50
| 15.60 Nov | | 5.85 4.63
Sep-15 1l 13.72 ] 5.73 4.53
] 9.38 [} 3.59 2.84
| 6.79 Dec | | 2.95 2.33
Oct-15 1l 5.93 1] 2.53 2.00
1] 4.21 ]| 2.3 1.82
| 3.89 Jan | 2.18 1.72
Nov-15 1l 3.79 ] 2.09 1.65
] 3.46 i 2.2 1.74
| 3.08 Feb | | 2.18 1.72
Dec-15 1l 2.93 1] 2.41 1.91
1] 2.45 ]| 2.56 2.03
| 2.24 Mar | | 2.71 2.14
Jan-16 1l 2.26 ] 2.86 2.26
] 2.07 [} 4.37 3.46
| 2.12 Apr | | 6.77 5.36
Feb-16 1l 2.10 1] 6.78 5.36
] 2.13 ] 8.42 6.66
| 2.42 May | | 11.08 8.77
Mar-16 1l 2.93 ] 12.31 9.74
] 2.61 i 11.77 9.31
Larji HEP Beas Satluj Thana Plaun | Triveni Mahadev | Dhaulasidh HEP
Link (Pandoh) HEP HEP
HEP
Beas river Beas river Beas river Beas river Bear River
CA: CA: 5280.00 CA: 7378.00 CA: 8155 CA: 9580 sq km
4921.00 sq sq km sq km (7740+415) sq
km km
1994-95 1990-91 2002-03 2002- 2007- 2003-04
03 08
Flow in Flow in Flow in Flow in cumec Flow in cumec
cumec cumec cumec
Beas river Beas river Beas river Beas Binwa Beas River
river khad
Jan | 61.72 98.43 June | 214.55 264.96 17.12 136.71
] 60.69 102.73 ] 245.69 299.93 28.38 111.91
1] 59.02 116.43 1] 335.50 399.79 32.00 158.56
Feb | 44.88 122.00 July | 450.68 530.8 50.06 157.69
] 35.29 97.01 Il 360.67 429.74 29.44 325.76
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Larji HEP Beas Satluj Thana Plaun | Triveni Mahadev | Dhaulasidh HEP
Link (Pandoh) HEP HEP
HEP
Beas river Beas river Beas river Beas river Bear River
CA: CA: 5280.00 CA: 7378.00 CA: 8155 CA: 9580 sq km
4921.00 sq sq km sq km (7740+415) sq
km km
1994-95 1990-91 2002-03 2002- 2007- 2003-04
03 08
Flow in Flow in Flow in Flow in cumec Flow in cumec
cumec cumec cumec
Beas river Beas river Beas river Beas Binwa Beas River
river khad
] 51.73 95.48 ] 255.68 311.87 38.31 495.15
March | | 48.38 98.03 Aug | 290.16 350.59 38.65 763.14
] 70.38 167.01 1l 564.71 635.28 47.20 364.01
1] 80.14 141.19 ] 356.74 425.4 35.12 381.6
April | 103.21 144.19 Sept | 239.49 293.69 23.99 360.89
] 120.05 181.91 1l 361.52 306.84 16.13 221.7
1] 138.32 147.61 [} 54.32 75.12 11.81 154.45
May | 206.57 217.94 Oct | 66.43 82.34 11.57 59.78
] 270.84 278.03 1l 42.04 52.73 9.25 39.2
1] 256.82 264.40 [} 44.25 53.8 6.35 40.66
June | | 267.89 277.04 Nov | 53.45 60.05 7.94 28.59
] 365.79 370.76 1l 29.03 34.13 8.03 21.98
1] 406.31 409.77 ] 20.26 23.2 4.43 21.77
July | 385.62 389.12 Dec | 20.40 23.42 5.76 23.61
] 447.34 450.87 1l 20.60 23.72 4.25 21.66
1] 362.90 368.11 ] 30.43 34.92 9.42 19.69
Aug | 806.95 809.93 Jan | 17.46 18.93 5.14 16.46
] 598.21 601.11 Il 16.93 18.12 3.89 35.09
1] 611.18 613.94 [} 16.14 16.92 1.65 50.28
Sept | 418.44 422.46 Feb | 23.50 24.89 0.91 54.48
] 262.30 268.98 Il 39.08 42.13 1.85 44.4
1] 192.59 195.32 [} 15.97 16.66 2.33 44.4
Oct | 163.76 169.23 March | 31.99 41.09 5.50 45.92
] 120.25 127.25 Il 40.91 48.86 5.79 41.37
] 106.01 122.29 ] 95.14 108.98 8.31 29.34
Nov | 88.29 103.30 April | 87.69 101.15 9.23 13.54
] 75.14 93.04 Il 104.60 129.52 9.55 24.37
] 66.46 79.83 ] 78.11 101.04 10.08 24.37
Dec | 59.63 75.77 May | 94.36 118.38 12.01 49.68
] 56.17 76.42 Il 118.37 156.97 14.30 25.77
1] 57.14 78.99 [} 127.65 164.65 18.44 27.81
Allain Duhangan HEP Lambadug HEP Uht- I:SEr::anan)
CA: 128.90 (Allain Nala) + CA: 197.00 sq CA: 365.00 sq
66.2 (Duhangan Nala) sq
km km
km
2002-03 | 2007-08 1990-91 1998-99
Flow in cumec Flow in cumec Flow in cumec
Allain Duhangan Nala Lambadug Uhl River
Nala khad
Jan | 2.19 0.86 1.00 1.86
] 2.06 0.82 1.00 1.85
1] 1.87 0.77 0.89 1.65
Feb | 1.79 0.74 0.95 1.76
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Allain Duhangan HEP Lambadug HEP Uht- I:SEr::anan)
CA: 128.90 (Allain Nala) + CA: 197.00 sq CA: 365.00 5q
66.2 (Duhangan Nala) sq
Kkm km km
2002-03 | 2007-08 1990-91 1998-99
Flow in cumec Flow in cumec Flow in cumec
Allain Duhangan Nala Lambadug Uhl River
Nala khad
I 1.82 0.70 1.19 2.21
1l 1.94 0.77 1.41 2.62
Mar | 1.91 0.80 1.83 3.39
I 1.92 0.75 2.15 3.98
1l 2.53 0.98 2.93 5.43
Apr [ 3.50 1.27 3.93 7.28
[} 4.34 1.48 4.60 8.53
] 4.71 1.54 4.65 8.61
May | 9.04 3.23 5.62 10.42
1] 11.65 4.63 5.79 10.73
Il 10.89 4.36 9.15 16.96
Jun I 12.80 5.00 5.67 10.50
[} 15.42 6.24 6.79 12.59
] 15.66 6.84 6.21 11.50
Jul | 15.14 6.87 8.42 15.59
1] 17.25 7.26 12.71 23.54
Il 16.00 6.65 14.86 27.53
Aug I 27.94 10.65 14.33 26.55
[} 21.44 8.33 13.59 25.18
1] 20.11 7.27 7.68 14.24
Sep | 15.14 5.94 5.48 10.15
] 9.64 3.58 3.62 6.71
1l 7.60 2.37 2.89 5.35
Oct [ 6.04 1.99 2.77 5.14
[} 4.52 1.37 2.37 4.38
1] 4.01 1.31 1.94 3.60
Nov | 3.48 1.02 1.53 2.84
] 3.15 0.85 1.45 2.69
1l 2.76 0.79 1.31 2.42
Dec [ 2.68 0.74 1.16 2.15
[} 2.39 0.66 1.10 2.05
1] 2.20 0.61 1.10 2.04

5.19
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6.1

CHAPTER-6
ECOLOGICAL ASPECTS- TERRESTRIAL

LAND USE/ LAND COVER

Himachal Pradesh is one of the Himalayan biodiversity hot spots and is endowed with rich
diversity of terrestrial and aquatic species. The diversity of topographical and climatic
condition has favoured the growth of luxuriant forests, which are home to myriad plant and
animal species.

As per legal status, the Recorded Forest Area in the state is 37033 sq km, which is 66.52% of
its geographic area. Reserved Forests, Protected Forests and Unclassed Forests constitute
5.12%, 89.23% and 2.63% of the total Recorded Forest area, respectively. The Protected Areas
constitute 11.68% of the geographic area of the state.

Land use/ Land cover map derived for entire state as per data of 2015 procured from FSI, Dehradun
under different classes is given in Table 6.1. As seen from the Table 6.1 non-forest constitutes
main land use in the state and accounts for more than 73.06 % of the entire state. Very Dense forest
constitutes 5.79% while Moderately Dense forest covers 11.46 % of the total area.

Table 6.1: Area under different Forest cover categories in Himachal Pradesh

S. No. Land use/ land cover Area (sq km) Area (%)
1 Very Dense Forest 3224 5.79
2 Moderately Dense Forest 6381 11.46
3 Open Forest 5091 9.14
4 Scrub 301 0.54
5 Non-Forest 40676 73.06
Total 55673 100.00

(Source: Indian State of Forest Report, 2015, Forest Survey of India)

Major part of Beas river basin is comprised of the Beas river system traversing the districts of
Kullu, Mandi, Hamirpur and Kangra of Himachal Pradesh.

6.1.1 Forest Cover in Beas Basin

Total forest cover as per Forest Survey of India (2015) of four districts viz. Kullu, Mandi,
Hamirpur and Kangra, comprised Beas basin was summarized in Table 6.2. Among the four
districts Kullu has the maximum area under Very Dense (586 sq km), while Kangra district has
maximum area under Moderately Dense forest (1221 sq km) (see Table 6.2).

Forest cover map prepared for the entire basin delineated as described above from the data
of 2015 procured from FSI, Dehradun is given at Figure 6.1 and area under different density
classes is given in Table 6.3. As seen from the Table 6.3 non-forest constitutes main land use
in the basin and accounts for more than 60.60 % of the entire basin area. Very Dense forest
constitutes 9.31% while Moderately Dense forest covers 17.79% of the total area.
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Figure 6.1: Forest cover map of Beas Basin based upon FSI data (2015)
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Table 6.2: Area under different forest cover classes in four districts covering Beas basin

Total
Forest Cover (Sq km) Geographic | Scrub | Non-
District area (sq | forest
Very |Moderately Open Total | % of Geographic | (Sq km) km) |(sq km)
Dense Dense (Sq km) Area
STATE | 3224 6381 5091 | 14696 26.40 55673 301 [ 40676
Kullu 586 785 588 1959 35.60 5503 23 3521
Mandi 373 735 568 1676 42.43 3950 29 2245
Hamirpur| 39 91 115 245 21.91 1118 0 873
Kangra 310 1221 537 | 2068 36.03 5739 4 3667

(Source: Indian State of Forest Report, 2015, Forest Survey of India)

6.2

Table 6.3: Area under different forest cover classes in Beas basin (2015 Data)

S. No. Land use/ land cover Area (sq km) Area (%)
1 Very Dense Forest 1171.97 9.31

2 Moderately Dense Forest 2240.09 17.79

3 Open Forest 1260.01 10.01

4 Scrub 21.47 0.17

5 Non-Forest 7630.50 60.60

6 Waterbody 266.76 2.12

Total 12590.79 100.00

FOREST TYPES

The forests in the Beas basin, the study area are covered under four administratice Circles
viz. Kullu, Hamirpur, Dharamshala and Mandi. Entire study area falls under 11 Forest Divisions
with Kullu and Parbati Forest Divisions under Kullu Circle; Suket, Mandi, Nachan and Joginder
Nagar under Mandi Circle, Dharamshala, Nurpur and Palampur under Dharamshala Circle and
Dehra under Hamirpur Circle.

In addition a forest type/ vegetation map of the basin was also prepared based upon the
digital data downloaded from Biodiversity Information System portal of Indian Institute of
Remote Sensing (lIRS), Dehradun - http://bis.iirs.gov.in/.

Forest type map of the entire beas basin is given at Figure 6.2. It can be seen from the data
compiled in Table 6.4 that more tha 28% of study area is under Semi-Evergreen forests
confined mainly in the lower elevations of the basin. Agriculture is the main land use in the
basin accounting for nearly 20% of the basin area. Snow and barren land is next dominant land
cover in the basin with 12.44% of basin area. Mosit alpine scrun scrub constitutes one of the
dominant forest type in the basin followed by Temperate coniferous forest and Grassland
scrub. Degraded forest comprised of scrub formations also constitute about 9% of the basin
area.

Montane wet temperate forests constitute nearly 4% of the basin area.

Major forest types in represented in the Beas basin as per the ‘Revised Survey of the Forest
Types of India’ by Champion and Seth (1968) have been listed in Table 6.5. Forests are
represented by 7 major Groups in the basin. Species composition of major Groups and Sub-
groups is given in the following paragraphs.
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Forest/ Vegetation Type Area (sq km) (%)
Agriculture 2514.77 19.97
Barren land 11.59 0.09
Grassland scrub 657.19 5.22
Mixed moist deciduous 15.50 0.12
Moist alpine scrub 1392.28 11.06
Montane Wet Temperate 486.00 3.86
Plantation 0.08 0.00
Scrub 1130.99 8.98
Semi-evergreen 3585.28 28.48
Settlements 70.11 0.56
Snow 1555.33 12.35
Temperate coniferous 763.34 6.06
Water bodies 408.33 3.24
Total 12590.79

Table 6.5: Forest Types found in the Beas Basin

Major Group Type Group Sub Group Forest Type
5-Tropical Dry 5-B:Northern Dry
DRY TROPICAL . Mixed deciduous | 5B/C2 Northern Dry Mixed Deciduous forest
Deciduous Forest
forests
9C1a: Himalayan sub-tropical pine forest
MONTANE SUB- | 9-Sub Tropical Pine 9/C1b: Upper or Himalayan Chir Pine Forest
TROPICAL Forest 9/ C1/DS1: Himalayan sub tropical scrub
9/C1/DS2: Sub tropical Euphorbia scrub
SUB TROPICAL
DRY 10-Sub Tropical Dry ,
EVERGREEN Evergreen Forest 10/C1a Olea cuspidata Scrub forest
FOREST
12/C1a: Ban Oak Forests (Quercus incana)
12/C1b: Moru Oak Forest (Q. dilatata)
12-C1: Lower 12/C1b: (a, b) DS1/0ak scrub
Western 12/C1c: Moist Deodar Forests
Himalayan 12/C1d: Western Mix Coniferous Forest
Temperate 12/C1e: Moist Temperate deciduous forests
forests 12/C1f: Low-level blue pine forest (Pinus
wallichiana)
MONTANE . . 12/C2a: Kharsu Oak forest (Quercus
12-Himalayan Moist e s
TEMPERATE Temperate Forest semecarpifolia)
FORESTS C2: Upper West 12/C2b: Himalayan upper oak-fir forest
Himalayan 12/DS1: Montane Bamboo brakes
Temperate forest | 12/DS3: Himalayan Temperate pastures
12/C1/DS2: Himalayan temperate
secondary scrub
Fri‘r:;gl.:;aeztSub 14/C1a: West Himalayan Sub Alpine fir
SUB ALPINE 14-Sub Alpine Alpine birch/fir forest
FOREST Forest 14C1b: West Himalayan Sub Alpine

Forest
(Betula/Abies)

Birch/fir forests

ALPINE SCRUB

15-Moist Alpine
Scrub

15C1: Birch-Rhododendron scrub forest

15/C3: Alpine Pastures

DRY ALPINE
SCRUB

16-Dry Alpine Scrub

16C1: Dry alpine scrub

RSETS

RS Envirolink Technologies Pvt, Ltd,

6.4




CIA&CCS-Beas Basin in HP

Final Report: Chapter 6

1
32*150°N

T
31°45'0"N

T
T6°00"E

Forest Types/ Vegetation

Agriculture

I Barren land

Grassland scrub

Mixed moist deciduous

T T T T T T
TE*150"E T6°300'E 76'450°E TI00E Tr*s0°E TT300°E

89 scrub 7 —
. TA, T
) semi-evergree T~ 5
@ settiements '
Snow

T
TTP4s0'E

N

A

g- Moist alpine scrub @ Temperate coniferous .g.
L : Kilometers -
hﬁ Montane Wet Temperate [l Water bodies . e o 3B
[ Plantation I e —

5j50E TEV0E TE150"E 76" 300°E 76°450°E ITO0E TTSDE 77°300°E TT°45'0"E

1 L 1 1 1 L 1 L 1

Figure 6.2: Forest /Vegetation type map of Beas basin based upon IIRS data
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6.2.1 Group 5 Tropical Dry Deciduous Forest

Sub-Group 5B Northern Tropical Dry Deciduous Forest

This is a dry deciduous forest in which the upper canopy is light but probably fairly even and
continuous in the climax form. The canopy is formed of mainly deciduous trees. The
undergrowth is thin represented mainly by shrubs including some xerophytic evergreen
species.

a) 5B/C2 Northern dry mixed deciduous forest

This is an open, dry deciduous forest in which the top canopy is thin but probably complete.
Most trees have low spreading crowns and leafless during the hot weather. The main tree
species occurring in the top storey are Acacia catechu, Aegle marmelos, Anogeissus latifolia,
Ehretia acuminata, Flacourtia indica, Holarrhena pubescens, Mitragyna parvifolia, and
Ougeinia oojeinensis. Second storey consists of trees like Butea monosperma, Cassia fistula,
Diospyros cordifolia, Mallotus philippensis, Nyctanthes arbor-tristis, Phyllanthus emblica,
etc. The common shrubs are Justicia adhatoda, Bauhinia vahlii, Carissa opaca,
Dendrocalamus strictus, Murraya koenigii and Woodfordia fruticosa. This type of forest
observed throughout the dry areas in Joginder Nagar, Dharamshala, Mandi and Sainj area
(Beas sub-basins Ill, IV and V). The common grasses which colonise the riverine soil include
Heteropogon contortus, Imperata cylindrica, Neyraudia arundinacea, Saccharum spp., etc.

6.2.2 Group 9 Sub-tropical Pine Forest

This is a forest dominated by chir pine in the top canopy. Broad-leaved, especially evergreen
oaks increase with increasing altitude and leaving the pine on the warmer and drier ridges.
Towards the lower limit of this forest there is an increase in the trees of the dry deciduous
type. Climbers and bamboos are usually absent. The important forest types that form a part
of this forest are described below.

a) 9/ C1a Himalayan sub-tropical pine forest

This is a more or less pure forest of chir pine forest with a scattered lower canopy of
deciduous trees and a low scrub growth of xerophytic shrubs. The top canopy of the forest is
dominated by Pinus roxburghii either singly or with a scattered group of deciduous tree
storey. The main tree associates of the second storey include Acacia catechu, Dalbergia
sissoo, Mallotus philippensis, Phyllanthus emblica, Pyrus pashia and Syzygium cumini. The
common shrubs are Berberis aristata, Carissa spinosa, Colebrookea oppositifolia, Dodonaea
viscosa, Murraya koenigii, Myrsine affricana, Rubus ellipticus and Woodfordia fruticosa. This
type of forest observed throughout the low hill areas in Joginder Nagar, Mandi and Kangara
area (Beas sub-basins Ill, IV and V). Herbaceous vegetation is represented by dry habitat
loving grasses like Chrysopogon fulvus, Cymbopogon spp., Dichanthium annulatum and
Themeda anathera.

b) 9C1/b Upper or Himalayan Chir pine forest

This is a high forest in which the top storey is dominated by chir pine (Pinus roxburghii) and
scattered deciduous species restricted to the middle storey. This forest type is found in the
lower Himalaya between 1200 and 1800 m which towards upper limits give way to temperate
forests. The main broad-leaved tree species found in the middle storey are Engelhardtia
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spicata, Lyonia ovalifolia, Myrica esculenta, Pyrus pashia, Quercus leucotrichophora,
Sapindus mukorosii and Rhododendron arboreum. The common Shrubs in the forest are
Berberis lycium, Colebrookea oppositifolia, Indigofera heterantha, Leptodermis lanceolata,
Prinsepia utilis, Rubus ellipticus, etc. This type of forest observed in the sub-basins like
Sainj, Parvati, Malana, Uhl, Beas Ill, IV and V.

c) 9/C1/DS1 Himalayan Sub-tropical scrub

This type of low scrub are found over considerable areas in the siwalik chir zone, extending
up into the Himalayan chir forest and passes down into the lower mixed deciduous forests.
The dominant species vary place to place and often one or two of them predominating. Both
edaphic and biotic factors are involved in determining the species. Carissa opaca, Dodonaea
viscosa, Rubus ellipticus and Woodfordia fruticosa are the important shrubs found in these
forests. This type of forest is observed in Uhl and Beas IV and V sub-basin areas.

d) 9/C1/DS2 Sub-tropical Euphorbia scrub

This type of forest occurs below the height of chir forests especially on rocky southern
aspects. Euphorbia royleana is found abundantly throughout the dry rocky ridges either pure
form or mixed with other shrubs like Justicia adhatoda, Dodonaea viscosa, Maytenus
senegalensis, Woodfordia fruticosa, etc. Their distribution is mainly related to edaphic
factors especially dry rocky ridges. But due to some biotic pressure like lopping, their
population is becoming denser and purer in the entire lower catchment. This type Scrub
forest is observed in Tirthan and Sainj sub-basins.

6.2.3 Group 12 Himalayan Moist Temperate Forest

These are rich and diverse forests comprised of coniferous and broad-leaved species found in
the moist temperate regions of the Himalaya from Kashmir to Arunachal Pradesh. The top
canopy is comprised of coniferous or broad-leaved species or their mixture. These forests
extend along the whole length of the Himalaya above the sub-tropical forests and towards
higher elevations they give way to sub-alpine forests. The altitudinal range is from 1500 to
3300 m depending on the latitude, aspect and configuration of the ground. These forests may
be the following types:

a) 12/ C1a Ban oak forest (Quercus leucotricophora)

Dominated by ban oak (Quercus leucotrichophora), this forest is found on relatively moister
sites. The trees form a close canopy when they are not affected by biotic pressure. These
forests are found in the lower part of the temperate belt of the western Himalaya, between
1800 m and 2300 m, but it often reaches as low elevation as 1200 m where it occupies the
moister ravines and other favourable sites. The main associates are Carpinus viminea, Ilex
dipyrena, Litsea umbrosa, Lyonia ovalifolia, Myrica esculenta, Persea odoratissima, Pyrus
pashia, Symplocos paniculata, Rhododendron arboreum, etc. Climbers are few such as
Clematis montana, Hedera nepalensis, Parthenocisus semicordata, Smilax aspera, etc. Shrubs
are Benthamida capitata, Berberis lycium, Indigofera heterantha, Leptodermis suaveolans,
Rosa brunonii, Rubus ellipticus and Viburnum cotinifolium. This type of forest is observed in
Sainj, Uhl and Beas lll, IV and Beas V sub-basins areas.
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b) 12/Cl b Moru oak forest

This forest is dominated by Moru oak (Quercus dilatata) and occur in a narrow belt above the
ban oak forests between 2000 and 2500 m elevations. The height of trees is between 20 to
30m, though taller trees having long boles may also be found in the first storey. There is
relatively greater admixture of secondary species in the top canopy and well marked
evergreen second storey. The main species found in the first storey are Abies pindrow, Acer
caesium, Quercus dialata and Q. leucotrichophora. Second storey represented by Buxus
wallichiana, Ilex dipyrena, Litsea umbrosa, Lyonia ovalifolia and Rhododedndron arboreum.
The undergrowth constitutes Berberis aristata, Deutzia corymbosa, Rosa macrophyla, Rubus
spp., Sinarundinaria spp. and Viburnum cotinifolium. The herbaceous growth consists of
Anemone obtusiloba, Geranium wallichianum, Paeonia emodi, Valeriana hardwickii, etc. This
type of forest is observed in the upper reaches of Parbati I, Il, Malana, Beas I, and Uhl sub-
basin.

c) 12/C1c Moist deodar forest

This is more or less pure forest of deodar with a little proportion of other species. These
forests are found in the temperate areas of western Himalaya from Garhwal, Himachal
Pradesh to Kashmir, between 1700 to 2500 m elevation. The canopy is fairly complete though
not very dense. The main tree species found in the first storey are Cedrus deodara and Pinus
wallichiana. Second storey consists of Acer caesium, Aesculus indica, Quercus
leucotricophora and Rhododendron arboreum. Climbers and epiphytes are few. The
prominent climbers are Clematis montana, Hedera nepalensis, Jasmium officinale,
Parthenocissus semicordata, and Rubia cordifolia. Understorey consists of few shrubs like
Berberis lycium, Deutzia staminea, Indigofera heterantha, Lonicera angstifolia and Rosa
macrophylla. This type of forest is observed in Beas I, Beas Il, Malana, Parbati Upper and I,
Sainj, Trithan and Uhl sub-basins.

d) 12/C1d Western mixed coniferous forest

This is a mixed coniferous forest of the temperate areas comprised of fir, spruce, deodar and blue
pine. These forests are found above the deodar forests in western Himalaya from Kashmir to
Kumaon between 2400 and 3000 m elevations. Varying admixture of evergreen and deciduous
broad-leaved trees may occur mixed in this forest. The main species in the first storey include
Abies pindrow, Cedrus deodara, Picea smithiana and Pinus wallichiana. Second storey consists of
Acer acuminatum, A. caesium, Corylus jacquemonti, Euonymus pendulus, Juglans regia,
Rhododendron arboreum and Taxus baccata. Shrubs are dominated by small bamboo thickets
with others tall spreading shrubs. Berberis spp., Cotoneaster microphyllus, Deutzia corymbosa,
Ribes spp., Sorbaria tomentosa, Thamnocalamus falcata, T. spathiflora, Viburnum nervosum,
etc. are common shrubs in the understorey. This type of forest is observed in Parbati Upper and
Il, Great Himalayan National Park (Sainj) and Trithan sub-basins.

e) 12/C1e Moist temperate deciduous forest

This is a deciduous forest in which individual trees may attain 20-30 m height. The tree have
large girths. This type of forest is found between elevations 1800 and 2700 m. The main tree
species in the first storey are Abies pindrow, Acer caesium, Aesculus indica, Carpinus
viminea, Fraxinus micrantha, Juglans regia, Prunus cornuta, etc. Second storey include
Cornus macrophylla, Corylus jaguemontii, Lyonia ovalifolia, Rhus succadanea, Rhododendron
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arboreum and Taxus baccata. Shrubs are Berberis spp., Cotoneaster microphyllus, Deutzia
corymbosa, Jasminum humile, Ribes spp., Sarcococca saligna, Sorbaria tomentosa,
Thamnocalamus falcata and Viburnum cotinifolium. This type of forest is observed in
Malana, Parbati Upper and II, Great Himalayan National Park (Sainj) and Trithan sub-basins.
Herbaceous growth belonging to species of Aconitum, Impatiens, Lilium, Paeonia,
Polygonatum, Spiraea, etc.

f) 12/C1f Low level blue pine forest (Pinus wallichiana)

This forest is dominated by blue pine (Pinus wallichiana) but there are other species found
mixed with it. Blue pine is a primary colonizer though other species may come up after
sometime in vacant areas. This type of forest is found in the temperate areas of western
Himalaya especially in reverain soil though it is not as widely distributed as the moist deodar
forest. The other tree species found in the forest are Acer caesium, Cedrus deodara and
Rhododendron arboreum. Undergrowth is represented by species of Berberis, Cotoneaster,
Rabdosia and Sarcococca. This type of forest is observed in Sainj, Trithan, Beas Il, Parvati Il,
Malana and Uhl sub-basins.

g) 12/CI/DS2 Himalayan temperate secondary scrub

An irregular or dense scrub cover with a few predominating and scattered residual trees of
the Oak-deodar forest occur on excessively grazed and lopped areas of the temperate forest.
Berberis lycium, Indigofera gerardiana, Prinsepia utilis and Pyrus pashia are the important
secondary nature of scrub communities which occur especially on southern aspect. This type
of scrub forest is observed in Sainj, Trithan and Uhl sub-basins.

h) 12/C2a Kharsu oak (Quercus semecarpifolia)

This forest is dominated by Kharsu oak (Quercus semecarpifolia) and forms a dense crop. The
main tree species found in the first storey are Abies pindrow, Acer caesium, Picea smithiana,
Pius wallichiana and Quercus semecarpifolia. Second storey consists of Betula utilis, Ilex
dipyrena, Prunus cornuta, Rhododendron arboreum, and Sorbus foliolosa. Understorey
consists of few tall spreading shrubs like Cotoneaster bacillaris, Ribes glaciale, Rosa
macrophylla, Rhododendron campanulatum, Viburnum cotinifolium, etc. This type of forest
is observed in Beas Il, Parbati Upper and Il, Sainj, Trithan and Beas IV sub-basins.

i) 12/C2b West Himalayan Upper oak-fir forests

This type of forest occurs above the mixed coniferous forest along the higher ranges of the
Western and Central Himalaya, between 2600 and 3400 m elevations. The main tree species
found in the first storey are Abies pindrow, Picea smithiana and Pius wallichiana Second
storey consists of Acer caesium, Aesculus indica, Corylus jacquemontii and Quercus
semecarpifolia. Undergrowth constitutes spreading shrubs like Rosa macrophylla, R. sericea,
Rubus niveus, Thamnocalamus spathiflora and Viburnum foetens. Herbs belonging to species
of Ainsliaea, Fragaria, Galium, Valeriana, etc. This type of forest is observed in Malana and
Parbati Upper and Il sub-basins.

j) 12/DS1 Montane bamboo brakes
Dense bamboo brakes occur throughout the moist temperate forest of Himalaya from western
Himachal Pradesh to eastern part of Arunachal Pradesh. Small bamboos species like
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Sinarundinaria falcata and Thamnocalamus spathiflora form dense and impenetrable brakes
as an undergrowth in higher oak, rhododedndron and coniferous forest. This type of bamboo
brakes is observed as an underwood in Sainj and Parbati Lower sub-basins.

k) 12/ DS3 Himalayan temperate pastures

These Himalayan grasslands occur on ridges and slopes especially where moist or wet
conditions are present. The common grasses in the mixed coniferous forest zone of western
Himalaya are Agrostis spp., Calamagrostis spp., Dactylis glomerata, Danthonia spp., Festuca
spp. and Poa spp.

[) 12/1SI Alder forest

These forests occur along the banks of the large streams and sometimes extending up to
ravines and moist unstable hill slopes along the whole Himalaya range, except from Kashmir.
The altitudinal range is wide from 1500 to 3000m. The top storey is dominated by Alnus
nitida, Celtis tetradra, Populus ciliata and Ulmus villosa. The undergrowth is thin and vary
place to place depend on site and conditions. This type of subsidiary Alder forest is observed
in Beas Il sub-basin, Malana (Kulu valley) sub-basin and Sainj sub-basin.

6.2.4 Group14 Sub-alpine Forest

These forests are a typically dense growth of small crooked trees or large shrubs with patches
of coniferous overwood. These forests are the topmost tree forests of the Himalaya forming
the tree line at elevations of more than 2900 m and extending to over 3500 m. The forest of
this group are comprised of the following types.

a) 14/Cl West Himalayan sub-alpine birch-fir forests

This is an irregular forest consisting mainly of fir, birch and rhododendron. This type of
forest is found above 3000 m in the western Himalaya. The underwood is fairly dense. They
may further be of the following sub-types:

b) 14/C1a West Himalayan sub-alpine high level fir forest

The main species found in the first storey are Abies spectabilis, Picea smithiana and Pinus
wallichiana. Second storey is comprised of Betula utilis, Prunus cornuta, Rhododendron
campanulatum and Taxus baccata. Undergrowth is composed of Berberis spp., Cotoneaster
acuminatus, Deutzia corymbosa, Ribes spp., and Viburnum foetens. Among herbs are
Anemone obtusiloba, Geranium spp., Osmunda claytoniana, Trillidium govanianum, etc. This
type of forest is observed in Beas Il and Parbati Upper and Il sub-basins.

c) 14/C1b West Hiamalayan birtch/fir forest

The main species found in this forest are Betula utilis, Abies spectabilis and Pinus
wallichiana. Second storey is composed of Betula utilis, Quercus semecarpifolia,
Rhododendron campanulatum, Sorbus foliolosa and Taxus baccata. Understorey is composed
of Cotoneaster acuminatus, Lonicera spp., Ribes glaciale, Rosa sericea, Rubus niveus and
Smilax sp.

RSEYTS

RS Envirolink Technologies Pvt, Ltd. 6.10



CIA&CCS-Beas Basin in HP Final Report: Chapter 6

6.2.5 Group 15 Moist Alpine Scrub

This consists of the alpine zone vegetation found just below the snowline and usually above
the tree line in the moister tracts of Himalaya. Arctic climatic conditions are experienced in
this tract of vegetation. The vegetation of this group consists of the following forest types:

a) 15/C1 Birch-Rhododendron scrub forest

This is low evergreen forest dominated by Rhododendron and also including other deciduous
species. The trunks of trees are short and may be bent at the base. This type of forest is
found in the alpine areas along the whole length of the Himalaya. The main species in the
first storey are Betula utilis, Rhododendron campanulatum and Sorbus foliolosa.
Undergrowth constitutes Berberis spp., Gaultheria trichophylla, Lonicera spp. and
Rhododendron lepidotum. This is an alpine xerophytic formation in which dwarf shrubs
predominate. This type is found at high elevations near Tibet. The characteristic plants are
Artemisia maritima, Caragana spp., Kobresia duthei, Lonicera spp. and Potentilla spp.

b) 15/C3 Alpine meadows

These are meadows lying below the snowline all along the higher Himalaya. They are
composed of perennial mesophytic herbs, sedges and few grasses. The important herbs are
species of Aconitum, Anemone, Fritillaria, Gentiana, Festuca, Iris, Kobresia, Primula and
Ranunculus.

6.2.6 Group16 Dry Alpine Scrub

6.3

This is the alpine vegetation of the cold and dry tracts of the trans-Himalaya and the inner
dry valleys of the main Himalayan ranges.

a) 16/Cl Dry alpine scrub

This is an alpine xerophytic formation in which dwarf shrubs predominate. This type of forest
is found at high elevations in the cold deserts. The main species are Caragana spp., Juniperus
communis, Kobresia duthei, Lonicera spp. and Potentilla spp. This type of vegetation is
observed in Beas | sub-basin, Parbati Upper and Parbati Lower sub-basin and Uhl sub-basin
areas.

FLORISTICS

Bio-geographically, the study area i.e. Beas basin is situated in the Biogeographic zone- 2A of
North West Himalaya (Rodgers et al., 1988). The entire area is comprsed of complex hill
system with elevation ranging from 325 m to about 6620 m, traversed throughout by a
number of rivers and rivulets.

The flora of the study area covers the vast canvas of Himalayan ecosystem along an
altitudinal gradient, a meeting ground of cold deserts of trans Himalayan region to the
temperate and alpine Himalayan flora. At lower altitudes, there are forests of pine and at
higher altitudes the presence of oak-rhododendron forests with horse chestnuts and maples.
The temperate zone has coniferous forest of cedar, fir and spruce. The alpine areas harbor
herbaceous flora like species of Aconitum, Corydalis, Delphinium, Gentiana, Meconopsis,
Pedicularis, Primula, Saxifraga, etc. At higher elevations, the flora is of the cold desert type
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with prominence of species of Astragalus, Caragana, Ephedra, Juniperus and stunted
Hippophae and rhododendrons.

The floristic studies covered the following parameters:

¢ Taxonomic Diversity and preparation of inventory of plant species

e Preparation of checklist of higher plants including groups like Angiosperms (trees, shrubs
and herbs), Gymnosperms and Pteridophytes and lower plants groups like bryophytes,
lichens and macro-fungi.

6.3.1 Taxonomic Diversity

Botanically the Beas basin and adjacent areas is part of north western Himalaya and has been
a centre of floristic studies from the last two centuries. Willium Moorcroft was the first
botanist who collected plants from Kangra, Kullu, Lahul and Spiti in 1821. Other workers
explored plant species from different regions of Himachal Pradesh were Colonel Munro, Lt.
Co. Edward Madden, J. E. Winterbottom, Richard Strachey. J. S. Gamble, Brandis (1881), J.F.
Duthie (1892 and 1893).

During the 2" half of 20t century Scientists from Botanical Survey of India Northern Circle
(BSD), Dehra Dun, like M. A. Rau, T. A. Rao, N. C. Nair, P. K. Hajra, H. J. Chowdhery made
frequent and periodical visits to various parts of Himachal Pradesh. Chowdhery and Wadhwa
(1984) have published a comprehensive list of flowering plants of Himachal Pradesh. Apart
from the above a number of contributions have also been made on vegetation, medicinal,
ethnobotanical and ecology by various workers (Samant and Dhar, 1997; Samant et al., 1998;
Dhaliwal and Sharma, 1999; Singh and Rawat, 2000; Kaur and Lal, 2011; Kumar et al., 2013;
Kumar and Kumar, 2014 Kumar, 2014).

For the documentation of floristics of Beas basin data was collected from secondary sources
made available by Botanical Survey of India (BSI) through MoEF&CC and also collected from
other secondary sources like published reports, research articles and literature. An inventory
of different plant groups was prepared based upon the data collected as above. According to
this 1727 species of plants have been documented so far from the study area. A brief
overview of number of plant species in various taxonomic groups is given in Table 6.6 and
discussed in following paragraphs.

Table 6.6: Summary of humber plants species in Beas basin

GROUP Families Genera Species (;I'fost;(legiz;
Angiosperms

Dicots 133 600 1263

Monocots 29 165 318

Total 162 765 1581 1727
Gymnosperms 3 7 14
Pteridophytes 18 36 113
Bryophytes 11 12 19
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The detailed inventory of angiosperm plant species reportedly found in the basin prepared
from secondary data/literature is given at Annexure-l of Volume Il of the report. The plant
species nomenclature is based upon http://www.theplantlist.org.

6.3.1.1 Angiosperms

In all total 1581 species of angiosperms could be documented compiled from primary as well
as secondary sources. These angiosperm species belong to 699 genera and 161 families. Most
dominant family in the basin is Poaceae with 153 species followed by Asteraceae with 122
species, Fabaceae with 119 species, Lamiaceae 79 species, Rosaceae with 69 species and
Ranunculaceae with 49 species (see Table 6.7).

Table 6.7: List of dominant angiospem families along with number of species

Family Numbgr of Family Numbt-.:-r of
Species species
Poaceae 153 Acanthaceae 27
Asteraceae 122 Rubiaceae 26
Fabaceae 119 Plantaginaceae 25
Lamiaceae 79 Boraginaceae 24
Rosaceae 61 Boraginaceae 24
Ranunculaceae 49 Caryophyllaceae 23
Brassicaceae 44 Euphorbiaceae 23
Polygonaceae 44 Gentianaceae 23
Cyperaceae 40 Orchidaceae 22
6.3.1.2 Gymnosperms

The gymnosperms are represented by 8 geners 14 species belonging to three families with
Pinaceae as most dominant family represented by 7 species. A detailed list of the same is
given in Table 6.8. Juniperus is most common genus represented by 6 species followed by
Pinus with 3 species.

Table 6.8: List of Gymnosperms reportedly found in Beas basin

S.No. Family Scientific Name
1 Cupressaceae Juniperus communis
2 Cupressaceae Juniperus indica
3 Cupressaceae Juniperus pseudosabina
4 Cupressaceae Juniperus recurva
5 Cupressaceae Juniperus indica
6 Cupressaceae Juniperus communis
7 Ephedraceae Ephedra gerardiana
8 Pinaceae Abies pindrow
9 Pinaceae Abies spectabilis
10 Pinaceae Cedrus deodara
11 Pinaceae Picea smithiana
12 Pinaceae Pinus roxburghii
13 Pinaceae Pinus wallichiana
14 | Pinaceae Taxus wallichiana
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6.3.1.3

Pteridophytes

This group is represented by 113 species belonging to 18 families with Pteridaceae,
Dryopteridaceae, Polypodiaceae and Woodsiaceae being the largest families. A detailed list of
the same is given in Table 6.9. Pteridaceae with 28 species is the largest family followed by
Dropteridaceae with 23 species. The genus Polystichum is most common species found
represented by 11 species followed by Dryopteris and Thelypteris with 9 species each.

Table 6.9: List of Pteridophytes reportedly found in Beas basin

°

Family

Scientific Name

Aspleniaceae

Asplenium dalhousiae

Aspleniaceae

Asplenium laciniatum

Aspleniaceae

Asplenium trichomanes

Athyriaceae

Athyrium foliolosum

Athyriaceae

Athyrium schimperi

Athyriaceae

Diplazium esculentum

Blechnaceae

Woodwardia unigemmata

Davalliaceae Araiostegia beddomei
Davalliaceae Araiostegia delavayi
Davalliaceae Araiostegia pulchra

Dennstaedtiaceae

Dennstaedtia scabra

Dennstaedtiaceae

Hypolepis polypodioides

Dennstaedtiaceae

Pteridium aquilinum

Dryopteridaceae

Cyrtomium anomophyllum

Dryopteridaceae

Cyrtomium caryotideum

Dryopteridaceae

Dryopteris carolihopei

Dryopteridaceae

Dryopteris cochleata

Dryopteridaceae

Dryopteris juxtaposita

Dryopteridaceae

Dryopteris nigropaleacea

Dryopteridaceae

Dryopteris ramosa

Dryopteridaceae

Dryopteris redactopinnata

Dryopteridaceae

Dryopteris wallichiana

Dryopteridaceae

Dryopteris xanthomelas

Dryopteridaceae

Dryopteris zayuensis

Dryopteridaceae

Polystichum discretum

Dryopteridaceae

Polystichum lentum

Dryopteridaceae

Polystichum mehrae

Dryopteridaceae

Polystichum nepalense

Dryopteridaceae

Polystichum obliquum

Dryopteridaceae

Polystichum piceopaleaceum

Dryopteridaceae

Polystichum setiferum

Dryopteridaceae

Polystichum squarrosum

Dryopteridaceae

Polystichum squarrosum

Dryopteridaceae

Polystichum thomsonii

Dryopteridaceae

Polystichum yunnanense

Equisetaceae

Equisetum diffusum

Equisetaceae

Equisetum ramosissimum

Lygodiaceae

Lygodium flexuosum

Lygodiaceae

Lygodium japonicum

Oleandraceae

Oleandra wallichii

Ophioglossaceae

Botrychium schaffneri

Osmundaceae Osmunda claytoniana
Osmundaceae Osmunda claytoniana subsp. vestita
Osmundaceae Osmunda japonica

Polypodiaceae

Drynaria mollis

Polypodiaceae

Lepisorus mehrae
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Polypodiaceae

Lepisorus nudus
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S.No. Family Scientific Name
48 Polypodiaceae Lepisorus pseudonudus
49 Polypodiaceae Lepisorus sesquipedalis
50 Polypodiaceae Lepisorus tenuipes
51 Polypodiaceae Microsorum membranaceum
52 Polypodiaceae Phymatopteris melacodon
53 Polypodiaceae Phymatopteris oxyloba
54 Polypodiaceae Polypodiodes amoena
55 Polypodiaceae Polypodiodes lachnopus
56 Polypodiaceae Polypodiodes microrhizoma
57 Polypodiaceae Pyrrosia flocculosa
58 Polypodiaceae Pyrrosia porosa
59 Pteridaceae Adiantum capillus-veneris
60 Pteridaceae Adiantum edgeworthii
61 Pteridaceae Adiantum incisum
62 Pteridaceae Adiantum philippense
63 Pteridaceae Adiantum venustum
64 Pteridaceae Adiantum venustum subsp. tibeticum
65 Pteridaceae Aleuritopteris albomarginata
66 Pteridaceae Aleuritopteris anceps
67 Pteridaceae Aleuritopteris bicolor
68 Pteridaceae Aleuritopteris farinose var. grisea
69 Pteridaceae Aleuritopteris formosa
70 Pteridaceae Aleuritopteris rufa
71 Pteridaceae Coniogramme intermedia
72 Pteridaceae Coniogramme pubescens
73 Pteridaceae Coniogramme serrulata
74 Pteridaceae Didymochlaena truncatula (Syn. Adiantum lunulatum)
75 Pteridaceae Gymnopteris vestita
76 Pteridaceae Onychium cryptogrammoides
77 Pteridaceae Onychium japonicum
78 Pteridaceae Onychium siliculosum
79 Pteridaceae Paraceterach vestita (Syn. Gymnopteris vestita)
80 Pteridaceae Pellaea nitidula
81 Pteridaceae Pteris aspericaulis
82 Pteridaceae Pteris cretica
83 Pteridaceae Pteris quadriaurita
84 Pteridaceae Pteris terminalis
85 Pteridaceae Pteris vittata
86 Selaginellaceae Selaginella chrysocaulos
87 Selaginellaceae Selaginella chrysorhizos
88 Selaginellaceae Selaginella subdiaphana
89 Thelypteridaceae | Thelypteris arida
90 Thelypteridaceae | Thelypteris auriculata
91 Thelypteridaceae | Thelypteris dentata
92 Thelypteridaceae | Thelypteris erubescens
93 Thelypteridaceae | Thelypteris nudata
94 Thelypteridaceae | Thelypteris papilio
95 Thelypteridaceae | Thelypteris prolifera
96 Thelypteridaceae | Thelypteris pyrrhorhachis
97 Thelypteridaceae | Thelypteris tylodes
98 Woodsiaceae Athyrium anisopterum
99 Woodsiaceae Athyrium atkinsonii
100 | Woodsiaceae Athyrium fimbriatum
101 | Woodsiaceae Athyrium micropterum
102 | Woodsiaceae Athyrium pectinatum
103 | Woodsiaceae Athyrium rupicola
104 | Woodsiaceae Athyrium setiferum
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S.No. Family
105 | Woodsiaceae
106 | Woodsiaceae
107 | Woodsiaceae
108 | Woodsiaceae
109 | Woodsiaceae
110 | Woodsiaceae
111 Woodsiaceae
112 | Pteridaceae
113 | Oleandraceae

Scientific Name
Athyrium strigillosum
Deparia allantodioides
Deparia boryana
Deparia peterseni
Diplazium maximum
Hypodematium crenatum
Woodsia elongata
Onychium contiguum
Oleandra wallichii

6.3.1.4 Bryophytes

A list of 19 species of bryophytes belonging to 11 families reported from Beas basin was
prepared from the published data and the same is given at Table 6.10. Marchantiaceae,
Bryaceae and Anthocerotaceae are most dominant families with 3 species each.

Table 6.10: List of Bryophytes reportedly found in Beas basin

S. No. Family Scientific Name
1 Anthocerotaceae Anthoceros himalayensis
2 Anthocerotaceae Anthoceros erectus
3 Anthocerotaceae Anthoceros chambensis
4 Aytoniaceae Fimbraria dilatata
5 Bryaceae Bryum argenteum
6 Bryaceae Bryum cellulare
7 Bryaceae Bryum dichotomum
8 Funariaceae Funaria hygrometrica
9 Marchantiaceae Marchantia palmata

10 Marchantiaceae

Marchantia nepalensis

11 Marchantiaceae

Marchantia polymorpha

12 Meteoriaceae

Aerobryidium filamentosum

13 Polytrichaceae

Polytrichum densifolium

14 Polytrichaceae

Pogonatum microstomum

15 Porellaceae

Madotheca porella

16 Pottiaceae

Barbula convoluta

17 Ricciaceae

Riccia fluitans

18 Ricciaceae

Riccia discolor

19 Sphagnaceae

Sphagnum palustre

6.3.2 Rare, Endangered and Threatened (RET) Plant Species

As the basin is characterized by wide elevational range and it harbours rich diversity of plant
species. Some of the species endemic to Western Himalaya and the state are found in the
basin. Also due to specific habitats, it is home to number of rare, endangered and threatened
plant species. An exercise was undertaken to document all such species listed in IUCN Redlist
(2017-2), BSI Red Data Book of Indian Plants (Vol. 1-3), by Nayar & Sastry (1987-88) and
Conservation Assessment and Management Prioritisation (CAMP) Reports for the Threatened
Wild Medicinal Plants of Himachal Pradesh (1998; 2003 & 2012) in addition to other published
literature and articles.

Nayar and Sastry (1987-1990) have reported 22 species of rare and endangered plant species
from Himachal Pradesh. In Beas basin, there are 14 plant species that are under different
threat categories as per Red Data Book of Plants published by Botanical Survey of India (see
Tables 6.11 & 6.12). According to Red-list Status of candidate species as per Shimla
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Conservation Assessment Management Prioritisation (CAMP) December, 2010 by Foundation
for Revitalisation of Local Health Traditions (FRLHT), there are 41 species found in Beas basin
(Table 6.13). However according to IUCN (2017-2) only 107 species have been assessed for
their conservation status globally and most of them are listed in ‘Least Concern’ category and
only 8 are in VU category, 2 in Near Threatened, 4 each in Critically Endangered and
Endangered category. Four species are listed as Data Deficient category and one species is

reported extinct in wild (see Table 6.14).

Table 6.11: RET species reported from Beas basin and their conservation status based upon

BSI Red Data Book

S.No. Family Scientific Name Conservation

Status

1 Aceraceae Acer caesium VU

2 Asteraceae Saussurea costus EN

3 Amaryllidaceae | Allium stracheyi VU

4 Cyperaceae Carex munroi I

5 Liliaceae Eremurus himalaicus R

6 Orchidaceae Cypripedium cordigerum R

7 Ranunculaceae | Aconitum ferox vuU

8 Valerianaceae | Nardostachys grandiflora VU

9 Plantaginaceae | Picrorhiza kurroa VU

10 | Dioscoreaceae | Dioscorea deltoidea VU

11 Brassicaceae Erysimum thomsonii Rare

12 | Fabaceae Hedysarum astragaloides Rare

13 | Fabaceae Hedysarum microcalyx VU

14 | Campanulaceae | Campanula wattiana Rare

EN=Endangered; VU=Vulnerable; R=Rare; I= Indeterminate

Table 6.12: RET species occurring in Beas basin according to H.J. Chowdhery (1999). In:
Mudgal, V. & Hajra, P.K.

S.No. Family Scientific Name
1 Amaryllidaceae Allium stracheyi Baker
2 Apiaceae Angelica glauca Edgew.
3 Asteraceae Jurinea dolomiaea Boiss.
4 Asteraceae Saussurea obvallata (DC.) Sch.-Bip.
5 Betulaceae Betula utilis D. Don
6 Boraginaceae Arnebia euchroma 1.M. Johnst.
7 Caprifoliaceae Nardostachys jatamansi DC.
8 Cupressaceae Juniperus communis Thunb.
9 Dioscoreaceae Dioscorea deltoidea Wall.
10 Ephedraceae Ephedra gerardiana Wall. ex Florin
11 Polygonaceae Rheum spiciforme Royle
12 Polygonaceae Rheum webbiana Royle
13 Scrophulariaceae Picrorhiza kurrooa Royle

Table 6.13: RET species occurring in Beas basin according to CAMP’ Workshop by FRLHT

2010 held at Shimla

S.No. Family Scientific Name Con;ervatlon
tatus
1 Amaryllidaceae | Allium stracheyi VU
2 Apiaceae Angelica glauca EN
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Conservation

S.No. Family Scientific Name
Status
. Selinum connifolium
1 Apiaceae (=S. tenuifolium) VU
2 Apiaceae Selinum vaginatum vuU
5 Asparagaceae Polygonatum cirrhifolium EN
6 Asparagaceae Polygonatum multiflorum EN
7 Asparagaceae Polygonatum verticillatum EN
Jurinea dolomiaea
8 Asteraceae CR
(=J. macrocephala)
9 Asteraceae Saussurea obvallata EN
10 Berberidaceae Berberis aristata EN
11 Berberidaceae Sinopodophyllum hexandrum EN
12 Betulaceae Betula utilis EN
13 Bignoniaceae Oroxylum indicum NE
14 Boraginaceae Arnebia benthamii EN
15 Cupressaceae Juniperus communis vuU
16 Dioscoreaceae Dioscorea deltoidea EN
17 Fabaceae Desmodium gangeticum NE
18 Gentianaceae Gentiana kurroo CR
19 Gentianaceae Swertia chirayita CR
20 Hypericaceae Hypericum peforatum VU
21 Lauraceae Cinnamomum tamala VU
22 Lauraceae Litsea glutinosa VU
23 Liliaceae Lilium polyphyllum CR
24 Liliaceae Fritillaria roylei EN
25 Orchidaceae Malaxis muscifera CR
26 Orchidaceae Dactylorhiza hatagirea CR
27 Pinaceae Taxus wallichiana (= T. baccata) EN
28 Plantaginaceae | Picrorhiza kurroa CR
29 Polygonaceae Rheum moorcroftianum EN
30 Polygonaceae Rheum speciforme NT
31 Polygonaceae Rheum webbianum VU
32 Ranunculaceae | Aconitum laeve NE
33 Ranunculaceae | Aconitum violaceum VU
34 Rutaceae Skimmia laureola VU
35 Rutaceae Zanthoxylum armatum EN
36 Solanaceae Atropa acuminata CR
37 Solanaceae Hyoscyamus niger NT
38 Symplocaceae Symplocos paniculata vuU
39 Valerianaceae Nardostachys grandiflora EN
40 Zingiberaceae Roscoea alpina VU

CR=Critically Endangered; EN=Endangered; VU=Vulnerable; NT=Near Threatened

Table 6.14: Plant species found in Beas basin listed in Red List of Plants by IUCN (2017-2)

S.No. Family Scientific Name Con;ervatlon
tatus

1 Asteraceae Saussurea costus CR

2 Apiaceae Angelica glauca EN

3 Bignoniaceae Jacaranda mimosifolia 4

4 Boraginaceae Myosotis alpestris NT

- Nardostachys  jatamansi  (Syn.

> Caprifoliaceae Nardostachys grandiflora) R

6 Fabaceae Ind{gofera het.erantha (Syn. VU
Indigofera gerardiana)

7 Fabaceae Tephrosrg angustissima  (Syn. EN
Tephrosia purpurea)

8 Fabaceae Saraca asoca VU
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S.No. Family Scientific Name Conservation
Status
9 Gentianaceae Gentiana kurroo CR
10 Juglandaceae Juglans regia NT
11 Liliaceae Lilium polyphyllum CR
12 Orchidaceae Cypripedium cordigerum VU
13 Orchidaceae Cypripedium himalaicum EN
14 Orchidaceae Malaxis muscifera VU
15 Plantaginaceae | Plantago lanceolata VU
16 Ranunculaceae | Aconitum heterophyllum EN
17 Ranunculaceae | Aconitum violaceum VU
18 Solanaceae Brugmansia suaveolens EX in Wild
19 Ulmaceae Ulmus wallichiana i

CR= Critically Endangered; EN= Endangered; VU= Vulnerable; NT= Near Thraetened

6.3.3 Endemic Plant Species

In order to understand the floristic importance of Beas basin an exercise was undertaken to
enumerate plant species which are endemic to Himalaya and occur in the basin. Here a list of
plant species endemic to Himalaya was which included species occuring the Himalayan
Mountain Range (i.e. the Himalaya) above about 1000 m. Of 333 endemic and near endemic
vascular plants so far recorded from Himalaya (Behera et al., 2002; Grierson & Long, 1983;
Hara, 1972; Jain & Rao, 1983; Kanai, 1963; Malik et. al., 2007; Nayar, 1996; Rau, 1974) 182
species are found in Western Himalaya. Of 84 plant species endemic to North West Himalaya
(Included here are the Himalaya above about 1000 m in the area westward of the Kali
Gandaki River Gorge in Central Nepal - Jain & Rao, 1983; Kanai, 1963; Rau, 1974) and
Himachal Pradesh (Chaudhery, 1999) 64 species are reported from Beas basin. Detailed list is

given at Table 6.15.

Table 6.15: List of plant species endemic to Western Himalaya and Himachal Pradesh and

found in Beas basin

S. No. Family Name of the Species
1 Amaryllidaceae Allium stracheyi
2 Apiaceae Bupleurum falcatum
3 Apiaceae Cortia depressa
4 Apiaceae Heracleum wallichii
5 Apiaceae Pleurospermum brunonis
6 Apiaceae Selinum vaginatum
7 Asteraceae Aconitum ferox
8 Asteraceae Anaphalis royleana
9 Asteraceae Aster falconeri
10 Asteraceae Erigeron bellidioides
11 Asteraceae Saussurea costus
12 Berberidaceae Berberis aristata
13 Berberidaceae Berberis jaeschkeana
14 Berberidaceae Berberis lycium
15 Betulaceae Alnus nitida
16 Betulaceae Corylus jacquemontii
17 Buxaxeae Sarcococca pruniformis
18 Campanulaceae Codonopsis clematidea
19 Cannabaceae Celtis australis
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S. No. Family Name of the Species
20 Caryophyllaceae Stellaria media
21 Crassulaceae Rhodiola heterodonta
22 Elaeagnaceae Hippophae salicifolia
23 Fabaceae Desmodium elegans
24 Fabaceae Hedysarum astragaloides
25 Fabaceae Hedysarum microcalyx
26 Fabaceae Oxytropis mollis
27 Fagaceae Quercus floribunda
28 Juglandaceae Juglans regia
29 Lamiaceae Phlomis bracteosa
30 Moraceae Morus serrata
31 Oleaceae Fraxinus micrantha
32 Oleaceae Fraxinus xanthoxyloides
33 Oleaceae Syringa emodi
34 Onagraceae Epilobium latifolium
35 Orchidaceae Dactylorhiza hatagirea
36 Orobanchaceae Pedicularis bicornuta
37 Orobanchaceae Pedicularis pectinata
38 Papaveraceae Corydalis crassifolia
39 Papaveraceae Corydalis govaniana
40 Papaveraceae Meconopsis aculeata
41 Plantaginaceae Veronica biloba
42 Poaceae Agrostis munroana
43 Poaceae Agrostis pilosula
44 Polygonaceae Rheum spiciforme
45 Polygonaceae Rheum webbianum
46 Ranunculaceae Aconitum heterophyllum
47 Ranunculaceae Caltha palustris
48 Ranunculaceae Delphinium brunonianum
49 Ranunculaceae Ranunculus arvensis
50 Rosaceae Rosa macrophylla
51 Rosaceae Rosa webbiana
52 Rosaceae Rubus niveus
53 Rosaceae Sorbus lanata
54 Rosaceae Spiraea canescens
55 Rubiaceae Galium asperuloides
56 Rubiaceae Rubia cordifolia
57 Salicaceae Salix denticulata
58 Sapindaceae Acer acuminatum
59 Sapindaceae Acer caesium
60 Sapindaceae Aesculus indica
61 Saxifragaceae Bergenia stracheyi
62 Scrophulariaceae Picrorhiza kurroa
63 Ulmaceae Ulmus wallichiana
64 Xanthorrhoeaceae Eremurus himalaicus
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6.3.4 Medicinal & Economically Important Plants

This region harbours a wide range of medicinal plants used in Ayurvedic, Homoeopathic and
Unani medicines or used by the local people. An inventory of medicinal plant species used by
local tribal people was prepared from data collected through literature survey. These plants
are used internally for treating stomachic diarrhoea, dysentery, cough, cold, fever and
asthma and externally for rheumatism, skin diseases, cuts, boils and injuries. Detailed list of
the medicinally important plants species is given in Annexure Il of Volume Il of the report.

In addition to plants being used for medicinal purposes, these are used for many other
purposes like as timber, fuelwood, etc. List of important plants species used for
miscellaneous purposes is given at Table 6.16.

Table 6.16: List of important plant species used for medicinal purposes

S.No. Family Name of Species C%r:::n Habit Parts used
1 Acanthaceae Barleria cristata - Herb Root
2 Acanthaceae Justicia adhatoda Vasinga Shrub Roots
3 Aceraceae Acer caesium Kinchula Tree Bark
4 Acoraceae Acrous calamus Vacha Herb Rogts/
Rhizome
5 Amaranthaceae | Achyranthes aspera Chirchita Herb Whole plant
6 Anacardiaceae Pistacia integerrima Kakra singi Tree Galls
7 Apiaceae Carum carvi Kalajiri Herb Seeds
8 Apiaceae Chaerophyllum reflexum - Herb Roots
9 Apiaceae Ferula jaeschkeana - Herb Roots
10 | Apocynaceae Holarrhena pubescens Hartaki Tree Frut-pods
11 Araceae Arisaema tortuosum - Herb Tubers
12 | Araliaceae Hedera nepalensis - Climber | Stems,twigs
13 | Asclepiadaceae Cryptolepis buchananii - Climber | Stems,twigs
14 | Asparagaceae Asparagus adscendens Satavar Shrub Root/Tubers
15 Asteraceae Achillea millefolium - Herb Roots,
Leaves
16 | Asteraceae Ageratum conyzoides Phulya Herb Leaves
17 | Asteraceae Artemisia indica Kunja Herb Leaves, .
young twigs
18 | Asteraceae Bidens pilosa Kuri Herb Flowers
19 | Asteraceae Echinops cornigerus Kandaru Herb Roots, Seeds
20 | Asteraceae Eclipta prostrate BHANGRA Herb Whole plant
21 Asteraceae Emilia sonchifolia - Herb Root
22 | Asteraceae Jurinea macrocephala Dolu Herb Roots
23 | Asteraceae Saussurea costus Kuth herb Roots
24 | Asteraceae Saussurea obvallata Brhamkamal | herb Flowers
25 | Asteraceae Sonchus asper Kaduyeh Herb Leaves
26 | Asteraceae Tanacetum dolichophillum | Dhup Herb Roots
27 | Asteraceae Tridex procumbens Pathar Herb Roots,
chatta Leaves
28 | Asteraceae Vernonia anthelmintica Kala jeera Herb Seeds
29 Berberidaceae Berberis aristata Rasut Shrub Root, bark
30 | Berberidaceae Berberis lycium - Shrub Roots, barks
31 Bignoniaceae Oroxylum indicum - Tree Bark
32 Bombacaceae Bombax ceiba Semal Tree Barks, Fruits
33 | Boraginaceae Arnebia benthami Balchhad Herb Roots
34 | Brassicaceae Cardamine impatiens - Herb Leaves
35 | Brassicaceae Megacarpea polyandra Barmula Herb Roots
36 | Caesalpiniaceae | Bauhinia variegata Kachnar Tree Floral buds
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S.No. Family Name of Species Common Habit Parts used
Name
37 | Caesalpiniaceae | Cassia tora Shrub Roots
38 | Capparidaceae Capparis spinosa - Climber | Leaves
39 | Capparidaceae Cleome viscosa Jakhya Herb Seed
40 | Caryophyllaceae | Arenaraia neelgherrensis Musakarni Herb Leaves
41 Celastraceae Celastrus paniculata Malkoni Climber | Whole plant
42 Combretaceae Anogeissus latifolia Dhaura Tree Bark
43 Combretaceae Terminalia bellirica Bahera Tree Fruits
44 | Combretaceae Terminalia chebula Harar Tree Fruit
45 Convolvulaceae | Evolvulus alsinoides Sankhpushpi | Herb Whole plant
46 | Cordiaceae Ehretia acuminata - Tree Roots
47 | Coriariaceae Coriaria nepalensis - Shrub Leaves
48 | Crassulaceae Sedum ewersii Pathar Herb succulent
chatta Leaves
49 | Cucurbitaceae Trichosanthes dioica Ilaru Climber | Fruit
50 | Cupressaceae Juniperus communis Dhupi Shrub Leaves
51 Cupressaceae Juniperus indica Dhupi Shrub Leaves
52 Cuscutaceae Cuscuta reflexa Akaas Bel Climber | Whole plant
53 Dioscoreaceae Dioscorea deltoidea - Herb Tubers
54 | Dipsacaceae Morina longifolia Kandaru Herb Roots
55 Elacagnaceae Hippophae salicifolia Pangadee Shrub Whole plant
56 Ephedraceae Ephedra gerardiana Somlata Shrub Whole plant
57 | Ericaceae Lyonia ovalifolia Ayanar Tree Leaves
58 | Ericaceae Rhododendron arboreum Buraans Tree Flowers
59 | Euphorbiaceae Andrachne cordifolia Bishpata Shrub Leaves
60 | Euphorbiaceae Euphorbia hirta Dudhi Herb Whole plant
61 Euphorbiaceae Phyllanthus emblica Aonla Tree Fruits
62 Fagaceae Quercus leucotrichophora Eﬁ:]?; l Tree Acorn
63 Flacourtiaceae Flacourtia indica - Tree Fruit
64 | Fumariaceae Fumaria indica Katphapar Herb Whole plant
65 Gentianaceae Gentiana kurroo - Herb Roots
66 | Geraniaceae Geranium wallichianum Ratanjot Herb Roots
67 | Juglandaceae Juglans regia Okhar Tree Bark, leaves
68 | Lamiaceae Ajuga bracteosa Neelkanthi Herb Roots
69 | Lamiaceae Colebrookea oppositifolia | Vanda Shrub Roots
70 | Lamiaceae Leucus cephalotus Dronpushpi Herb Roots
71 Lamiaceae Micromeria biflora - Herb Whole plant
72 | Lamiaceae Origanum vulgare Van-Tulsi Herb Leaves
73 Lauraceae Cinnamomum tamala Tejpata Tree Leaves
74 | Liliaceae Cardiocrinum giganteum - Herb Roots
75 Liliaceae Fritillaria roylei - Herb Roots
76 Liliaceae Polygonatum cirrhifolium Maida Herb Roots
77 | Liliaceae Polygonatum verticillatum | Mahamaida Herb Roots
78 Liliaceae Trillidium govanianum - Herb Roots
79 Linaceae Reinwardtia indica Phyunli Herb Roots
80 | Loganiaceae Buddleja asiatica - Shrub Roots
81 Lythraceae Woodfordia fruticosa Dhaura Shrub Flowers
82 | Malvaceae Abelmoschus manihot Herb Roots
83 | Malvaceae Sida cordata Herb Roots
84 | Malvaceae Urena lobata Shrub Roots
85 | Melastomaceae Osbeckia stellata Shrub Roots
86 Menispermaceae | Cissampelos pareira Pahari jad Climber Ir_gg':s €S,
87 | Menispermaceae | Stephania glabra Biskaphar Climber | Tubers
88 | Menispermaceae | Tinospora cordifolia Giloyah Climber | Stems,twigs
89 | Mimosaceae Acacia catechu Khair Tree Bark
90 | Myrtaceae Syzygium cumini Jamun Tree Fruit
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S.No. Family Name of Species C%r::::n Habit Parts used
91 Nyctaginaceae Boerhavia diffusa Punernava Herb Whole plant
92 | Oleaceae Jasminum humile Shrub Leaves
93 | Orchidaceae Cypripedium cordigerum - Herb Roots
94 | Orchidaceae Dactylorhiza hatagirea Hat-jari Herb Roots
95 Oxalidaceae Oxalis corniculata Khatibuti Herb Leaves
96 Paeoniaceae Paeonia emodi Mamekh Herb Roots
97 | Papaveraceae Argemone mexicana - Herb Seeds
98 Papaveraceae Corydalis govaniana Bhutkesi Herb Roots
99 | Papaveraceae Meconopsis aculeata - Herb Roots
100 | Fabaceae Abrus precatorius Rati Climber | Roots, seeds
101 | Fabaceae Astragalus candolleanus Rudravanti Herb Roots
102 | Fabaceae Butea monosperma Plaas Tree Flowers
103 | Fabaceae Clitoria ternata Aprajita Climber | Root
104 | Fabaceae Desmodium triquetrum - Shrub Roots
105 | Fabaceae Indigofera heterantha Sakina Shrub Floral buds
106 | Fabaceae Lespedeza gerardiana - Herb Roots
107 | Fabaceae Robinia pseudo-acacia - Tree Bark
108 | Plataginaceae Plantago erosa Isabgol Herb Seeds
109 | Plumbaginaceae | Plumbiga zeylanica Chtrak Herb Roots
110 | Poaceae Cynodon dactylon Doob Herb Whole plant
111 | Podophyllaceae sinopodophyllum Van-kakri Herb Fruits

hexandrum

112 | Polygonaceae Rheum australe Dolu Herb Roots

113 | Polygonaceae Rumex nepalensis Kholya Herb Leaves

114 | Ranunculaceae Aconitum chasmanthum Mohra Herb Tubers

115 | Ranunculaceae Aconitum heterophyllum Patish Herb Tubers

116 | Ranunculaceae Aconitum violaceum Meetha Herb Tubers

117 | Ranunculaceae Actaea acuminata - Herb Roots

118 | Ranunculaceae Anemone rivularis Jakri Herb Roots

119 | Ranunculaceae Delphinium denudatum Nirvishi Herb Roots

120 | Ranunculaceae Thalictrum foliolosum Mamiri Herb Ir_c?(?’:s €s,

121 | Rhamnaceae Rhamnus purpurea Shrub Roots

122 | Rosaceae Potentilla atrosanguinea - Herb Roots

123 | Rosaceae Prinsepia utilis Bhenkal Shrub Seeds

124 | Rosaceae Prunus cerasoides Padam Tree Bark

125 | Rosaceae Rosa brunonii Kunja Shrub Flowers

126 | Rosaceae Rubus ellipticus Hinsol Shrub Young twigs

127 | Rubiaceae Galium aparine Kuri Herb Whole plant

128 | Rubiaceae Randia tetrasperma Medanphal Shrub Fruits

129 | Rubiaceae Rubia cordifolia Manjishta Climber | Seeds

130 | Rutaceae Aegle marmelos Bel Tree Fruits,
Leaves

131 | Sapindaceae Carq fospermum Herb Roots

helicacabum

132 | Saururaceae Houttuynia cordata Brahmi Pata | Herb Leaves

133 | Saxifragaceae Bergenia ciliata Silphari Herb Roots

134 | Scrophulariaceae | Picrorhiza kurroa Kutaki Herb Roots

135 | Scrophulariaceae | Verbascum thapsus Akal vir Herb Flower buds

136 | Solanaceae Atropa acuminata - Herb Roots

. Khurasini
137 | Solanaceae Hyocyamus niger . Herb Whole plant
ajwaayan

138 | Solanaceae Withania somnifera Aswgandha Herb Roots

139 | Symplocaceae Symplocos paniculata Lodh Tree Bark

140 | Taxaceae Taxus baccata Thuner Tree Bark, leaves

141 | Tiliaceae Triumfeta rhomboidea - Herb Leaves

142 | Urticaceae Boehmeria platyphylla Khagsa Shrub Leaves
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S.No. Family Name of Species C%r;'\rr:]\:n Habit Parts used
143 | Urticaceae Urtica dioica Kandali Herb Leaves
144 | Valerianaceae Nardostachys grandiflora Jata-mansi Herb Roots
145 | Valerianaceae Valeriana hardwickii Tagar Herb Roots
146 | Verbenaceae Callicarpa macrophylla Daya Shrub Flowers
146 | Verbenaceae Vitex negundo Nirgundi Tree Leaves
146 | Violaceae Viola betonicifolia Vanfasa Herb Whole plant
146 | Violaceae Viola biflora - Herb Whole plant
146 | Violaceae Viola odorata - Herb Whole plant
146 | Zingiberaceae Hedychium spicatum Kapur kachri | Herb Roots
146 | Zygophyllaceae Tribulus terrestris - Herb Roots

6.3.5 Floristic Profile across the Basin

The species richness across the terrain and eco-zones i.e. in different sub-basins ranges from
94 to 171 with maximum in the Parbati Upper sub-basin and minimum in Beas | (see Table
6.17). Important trees of this basin are Taxus wallichiana, Cedrus deodara, Pinus
wallichiana, Picea smithiana, Abies pindrow. It is home to latge number of medicinal plants
also. Uhl sub-basin is another biodiversity rich due to diverse habitats congenial for growth of
different species. Dominant trees of Uhl sub-basin are Aegle marmelos, Bauhinia variegata,
Cinnamomum tamala, Neolitsea umbrosa, Mallotus philippensis and Sapium insigne. At lower
to mid elevations Pinus roxburghii is a very common species. However, with the increasing
altitude montane Himalayan species become more prominent and lowland species are rare or
absent. Beas | and Beas Il sub-basins located in the high altitudinal zone are mainly comprised
of coniferous species like Abies pindrow, Cedrus deodara, Picea smithiana and Pinus
wallichiana.

As already discussed in previous section on medicinal plants large nhumber of medicinal plants
are found in the basin owing diverse habitats and elevation range. Some of the important
medicinal plants like Aconitum chasmanthum, A. heterophyllum, Arnebia benthami,
Dactylorhiza hatagirea, Dioscorea deltoidea, Ephedra gerardiana, Ferula jaeschkeana,
Nardostachys grandiflora, Picrorhiza kurroa, Rheum australe, etc. are found in higher
altitude areas of Beas |, Beas I, Parbati Upper, Sainj and Tirthan sub-basins.

Table 6.17: Floristic profile of different sub-basins

RET- .

Total IUCN RET- Endemic

. RET- . BSI Red to
Sub-Basin no. of Redlist
. FRLHT Data Western
species (2017- Book -

2) 00 Himalaya
Beas | 129 10 4 2 13
Beas Il 111 2 1 - 7
Malana 94 2 1 1 6
Parbati Upper 171 9 3 3 16
Parbati Lower 125 30 3 1 12
Sainj 101 1 1 - 4
Tirthan 108 33 10 1 7
Beas I 133 1 1 - 4
Uhl 143 3 1 10
Beas IV 154 2 2 0 8
Beas V 101 1 1 0 6
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Sub-basin wise assessment of ecological values has been dealt with in a separate chapter i.e.

Chapter 7 - Assessment of Ecological Values.

6.3.6 Community Structure
The phytosociological studies were carried out for the analysis of community structure
coverings all three season (pre-monsoon, monsoon and winter). The sampling for the same
was conducted at the 60 locations mentioned in Table 6.18.

Table 6.18: Sampling locations for phytosociological studies

Sub-basin Sagli[:gng Name of Project Name of Site
Beas | V1 Beas Kund HEP Near Power House site: Beas river
v Palchan Bhang HEP Egolg:etheairsserof Proposed Palchan Bhang
Bhang HEP P_roject area of Proposed Bhang HEP: Beas
V3 river
Jobrie HEP Project area of Proposed Jobrie HEP: Allian
V4 Nala
V5 Power House site: Allain Nala
Allain Duhangan HEP Downstream of diversion site: Duhangan
Vé Nala
V7 Malana Ill HEP Proposed project area: Malana Nala
V8 Upstream of Dam site
Malana V9 Malana Il HEP Upstream of Power House site
V10 Malana | HEP Downstream of Barrage site: Malana Nala
V11 Upstream of Power house Site
Tosh HEP Dpwnstream of Diversion site near Tosh
V12 village
V13 Near proposed Diversion site at Tosh Nala
V14 Nakthan HEP Near proposed Power house site
Parbati V15 Near proposed Diversion site at Parbati river
Upper V16 Upstream of Dam site along Parbati river
V17 Parbati Il HEP Upstream of Dam along Tosh Nala
V18 Downstream of Dam site
V19 Balargha HEP Near Proposed Power House site
V20 Parbati HEP Proposed project area of Parbati HEP
V21 Baragaon HEP Near Power house site
Beas Il V22 Sarbari Il HEP Near Power house site
V23 Fozal HEP Near Diversion site
Proposed project area of near Sarsadi
V24 Sharni HEP Village Sharni village
Parbati Proposed project area of near Sarsadi
Lower V25 Sarsadi HEP Village
Proposed project area of near Sarsadi
V26 Sarsadi Il HEP Village
V27 Hurla HEP Proposed project area of Hurla HEP
V28 Sainj HEP Upstream of Dam site
Sainj V29 Near Power House Slt'e
V30 Upstream of Reservoir area
V31 Parbati 11l HEP Downstream of Diversion site
V32 Near Power house site
V33 Lambadug HEP Downstream Diversion site
V34 Uhl I HEP Upstream of Barrage site
uhl V35 Uhl HEP Proposed diversion site
V36 Lower Uhl HEP Downstream of proposed diversion site
V37 Uhl Khad HEP Proposed Power house site: right bank of
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Sub-basin Sar;“li;t)élng Name of Project Name of Site
Beas river
V38 Uhl Il HEP Near Bassi Power House
V39 UhL Il HEP Along the power channel
V40 Near Balancing reservoir near Rana Khad
V41 Right Bank of reservoir area
V42 Beas Satluj Link (Pandoh Dam) | Near Dam Site
Beas Il V43 Downstream of ng site
V44 Larji HEP Along the reservoir area
V45 Downstream of Dam site
V46 Patikari HEP Upstream of Power house site
V47 Khauli Khad Near diversion weir
V48 Gaj Khad HEP Near Power house site
V49 Neogal HEP Upstream of Power house site
Beas IV V50 Binwa HEP Near Powerhouse site
V51 Baner | HEP Upstream of Power house site
V52 Baner HEP Downstream of Diversion weir
V53 Kilhi Bahl HEP Proposed project area of Kilhi Bahl HEP
V54 Pong Dam HEP Right bank of reservoir
V55 Left Bank of reservoir
V56 Proposed Dam site
Beas V V57 Thana Plaun HEP Dov?nstream of Dam site
V58 Triveni Mahadev HEP Upstream of Proposed dam site
V59 . Upstream of Proposed dam site
V60 Dhaulasidh HEP Near Proposed Dam site

Details of site wise phyto-sociological data for all seasons has been given at Annexure-lll of
Volume Il of the report of the report. The description of the results of the same is given in
the following paragraphs.

6.3.6.1 Density of Trees

Upper catchment of Beas basin (Manali- Kullu) is comprised of temperate forest. Pinus
wallichiana, Cedrus deodara, Picea smithiana and Corylus colurna were dominant tree species in
these forests and are found in association with Aesculus indica, Acer caesium, Alnus nepalensis,
Celtis australis, Ulmus villosa, Fraxinus floribundus, Populus ciliata, Juglans regia, Quercus
semecarpifolia, Salix fragilis, Salix tetrasperma, Ilex dipyrena and Betula utilis.

In the middle stretch covering area between Kullu to Mandi forest is comprised of temperate
to sub-tropical forest type. Pinus wallichiana, Cedrus deodara Quercus semecarpifolia, Salix
fragilis and Betula alnoides are dominant at higher elevations in temperate areas, while at
lower elevations Adina cordifolia, Bauhinia variegata, Bombax ceiba, Celtis australis,
Dalbergia sissoo, Mallotus philippensis, Rhus succedanea, Ficus palmata, Grewia optiva,
Morus alba, Toona hexandra, Albizia sp., Boehmeria rugulosa, Phoebe lanceolata, Populus
ciliata, etc. are common.

The area downstream of Mandi up to Pong Dam forest is generally classified under tropical
forest type. Tree component is mainly comprised mainly of Syzygium cumini, Albizia lebbeck,
Albizia chinensis, Boehmeria rugulosa, Delonix regia, Dalbergia sissoo, Sapium insigne,
Bombax ceiba, Adina cordifolia, Eucalyptus citriodora, Mallotus philippensis, Lannea grandis,
Bombax ceiba, Azadirachta indica, etc.
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The density of trees varied from site to site. The overall tree density throughout the study
area ranged from minimum of 120 number of trees/ha to maximum of 530 trees/ha (Table
6.19). Highest tree density was recorded at sampling site located near diversion site of Fozal
HEP (left bank of Fozal Nala) and Sampling site located near the Diversion weir of Khauli Khad
HEP, where Pinus roxburghii, Quercus spp. and Bauhinia variegata are the dominant species
followed by sampling site located upstream of Uhl-I HEP barrage site (Right Bank of Ulh river)
and lowest density of tree species were recorded at sampling site located in proposed project
area of Jobrie HEP (right bank of Allain Nala).

Table 6.19: Density of trees (no./ha) recorded at different sampling sites

Sampling Sites Density (no./ha) Sampling Sites Density (no./ha)
Site V1 330 Site V32 270
Site V2 320 Site V33 490
Site V3 360 Site V34 510
Site V4 120 Site V35 340
Site V5 370 Site V36 410
Site V6 270 Site V37 295
Site V7 219 Site V38 470
Site V8 280 Site V39 410
Site V9 420 Site V40 260
Site V10 160 Site V41 250
Site V11 390 Site V42 260
Site V12 250 Site V43 250
Site V13 200 Site V44 430
Site V14 380 Site V45 230
Site V15 310 Site V46 290
Site V16 260 Site V47 530
Site V17 340 Site V48 280
Site V18 360 Site V49 310
Site V19 330 Site V50 360
Site V20 220 Site V51 390
Site V21 460 Site V52 360
Site V22 400 Site V53 360
Site V23 530 Site V54 190
Site V24 440 Site V55 170
Site V25 450 Site V56 350
Site V26 490 Site V57 310
Site V27 423 Site V58 440
Site V28 500 Site V59 340
Site V29 270 Site V60 330
Site V30 490
Site V31 370
6.3.6.2 Dominance

Among the trees Pinus wallichiana, Cedrus deodara, Picea smithiana and Fraxinus floribunda
are the most frequent occurring species. Cedrus deodara was the most dominant species in
temperate zone covering area of Upper catchment of Beas river up to Kulu, Malana Nala, Parbati
river, Upper catchment of Uhl river areas. Pure stands of Cedrus deodara were recorded with
high VI values at most of the sites. Pinus wallichiana were the other dominant trees of the
forests in this region. However, Juglans regia and Picea smithiana were also found dominant at
some places. While at lower elevation comprising of temperate and sub-tropical region Pinus
wallichiana was more commonly found at higher elevation ridges while species of Quercus, Pinus
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Figure 6.3 to Figure 6.10 shows the Importance Value Index of dominant tree species at
of the report.

distribution with high IVI value. In all 91 species of trees were recorded from different sites.

roxburghii, Alnus nepalensis, Celtis australis are dominant in tropical forests. In the tropical
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Importance Value Index of dominant tree species at sampling sites V53 - V60
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During the field surveys 128 species of shrubs were recorded, species like Rhododendron
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anthopogon, Rosa webbiana, and Juniperus communis with other species like Ephedra
vulgaris, Cotoneaster bacillaris, Sorbaria tomentosa, Berberis jaeschkeana, Berberis lycium,
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Artemisia nilagirica and Berberis aristata, were the most dominant shrub species in temperate
region of Beas basin. Sorbaria tomentosa, Artemisia nilagirica and Berberis aristata were
dominant at sites located at lower elevations in all seasons whereas Rosa webbiana, Berberis
lycium and Rhododendron campanulatum were dominant at sites located at higher elevations.

In the middle stretch of Beas basin where vegetation is of temperate and sub-tropical forest type
Berberis aristata, Debregeasia longifolia, Boehmeria platyphylla, Leucosceptrum canum,
Maesa chisia, Melocalamus compactiflorus, Oxyspora paniculata, Sarcococca saligna,
Colebrookea oppositifolia Indigofera gerardiana Debregeasia longifolia are the dominant
shrub species with IVI values more than 50. At the lower elevations comprised of sub-tropical
and tropical forest type Lantana camara, Murraya koenigii and Justicia adhatoda are the
dominant shrub species with high IVI values. Predominant shrub species recorded from the
study are in the lower catchment of Beas river are Boehmeria macrophylla, Caryopteris
odorata, Debregeasia salicifolia, Urtica dioica, Desmodium elegans, Woodfordia fruticosa,
etc. (see Table 6.20).

In all 250 species of herbs were recorded during field surveys. Gentiana kurroo, Iris
kemaonesis, Poa alpina, Dactylis glomerata, Thymus serpyllum, Bistorta macrophylla, Axyris
hybrida, Senecio chrysanthemoides, Origanum vulgare, Ageratum conyzoides, Artemisia
nilagirica, Argemone mexicana, Achyranthes aspera, Anaphalis contorta, Nepeta ciliaris,
Urena lobata, Datura stramonium, Fragaria vesca, Micromeria biflora, Mentha longifolia,
Eragrostis pilosa, Buddleja asiatica, Curcuma aromatica, Parthenium hysterophorus, Cyperus
rotundus and Chrysopogon fulvus were found dominant at different sampling sites with each
of them having IVI of more than 30. In general species like Artemisia maritima, Gentiana
kurroo, Ageratum conyzoides and Argemone mexicana were the most dominant species at
most of the sites during the surveys (see Table 6.21).

Table 6.20: IVI of dominant shrub species at different sampling sites

Site Name of Species VI Site Name of Species VI
Rosa webbiana 43 Chenopodium album 35
V1 | Berberis jaeschkeana 47 V10 Prinsepia utilis 30
Rhododendron anthopogon 78 Rubus niveus 44
Cotoneaster bacillaris 13 V11 Indigofera pulchella 42
V2 Spiraea sorbifolia 51 Elsholtzia fruticosa 58
Artemisia nilagirica 52 Sorbaria tomentosa 20
Lonicera quinquelocularis 69 V12 Cotoneaster bacillaris 20
Spiraea sorbifolia 40 Indigofera gerardiana 41
V3 | Artemisia nilagirica 40 Viburnum nervosum 45
Lonicera quinquelocularis 54 Berberis glaucocarpa 32
V4 Indigofera pulchella 56 V13 Desmodium elegans 34
Artemisia nilagirica 85 Rosa brunonii 44
Berberis aristata 22 Indigofera gerardiana 76
V5 | Rosa webbiana 53 Viburnum nervosum 36
Daphne cannabina 62 Buddleja crispa 36
Rosa webbiana 33 V14 | Indigofera gerardiana 37
V6 | Urtica dioica 40 Rosa macrophylla 38
Sorbaria tomentosa 46 Staphylea emodi 39
V7 Berberis lycium 34 V15 | Sorbaria tomentosa 64
Solanum indicum 37 Solanum surattense 43
Leycesteria formosa 33 V16 | Chromolaena odoratum 45
V8 | Sinarundinaria falcata 36 Brassiopsis mitis 46
Zanthoxylum armatum 38 Trevesia palmata 41
V9 Cannabis sativa 31 V17 | Strobilanthes extensa 43
Rhamnus triqueter 34 Melocalamus compactiflorus 62
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Site Name of Species VI Site Name of Species IvI
Debregeasia longifolia 53 Murraya koenigii 53
V18 | Maesa chisia 54 V42 | Woodfordia fruticosa 53
Oxyspora paniculata 73 Lantana camara 68
V19 Maesa chisia 52 V43 Justicia adhatoda 45
Leucosceptrum canum 90 Lantana camara 55
V20 | Melocalamus compactiflorus 71 V44 | Justicia adhatoda 41
V21 Debregeasia longifolia 50 Lantana camara 73
Boehmeria platyphylla 56 Murraya koenigii 43
Boehmeria platyphylla 47 V45 | Carissa spinarum 47
V22 | Berberis aristata 48 Boehmeria macrophylla 53
Berberis lycium 104 V46 Boehmeria macrophylla 61
V23 Colebrookea oppositifolia 59 Murraya koenigii 69
Berberis aristata 97 V47 Murraya koenigii 53
V24 Boehmeria platyphylla 41 Lantana camara 58
Sarcococca saligna 85 Indigofera tinctoria 39
V25 Sarcococca saligna 50 V48 | Debregeasia salicifolia 40
Indigofera tinctoria 56 Rosa brunonii 42
Rubus ellipticus 44 Artemisia capillaris 34
V26 | Desmodium elegans 48 V49 Rubus ellipticus 35
Sarcococca saligna 88 Indigofera tinctoria 36
V27 Sinarundinaria falcata 30 Sarcococca saligna 40
Viburnum mullaha 43 Rosa brunonii 32
V28 Sinarundinaria falcata 39 V50 | Berberis aristata 33
Viburnum mullaha 50 Debregeasia salicifolia 36
V29 Desmodium gangeticum 31 Inula cuspidata 37
Zanthoxylum armatum 43 V51 | Eupatorium adenophorum 38
Cannabis sativa 27 Debregeasia salicifolia 40
Girardinia diversifolia 27 Eupatorium adenophorum 32
V30 | Desmodium gangeticum 27 V52 | Debregeasia salicifolia 41
Sinarundinaria falcata 30 Cannabis sativa 41
Viburnum mullaha 43 Colebrookea oppositifolia 46
V31 Sinarundinaria falcata 39 V53 | Justicia adhatoda 47
Viburnum mullaha 50 Debregeasia salicifolia 49
V32 Desmodium gangeticum 31 Eupatorium adenophorum 41
Zanthoxylum armatum 43 V54 Rhamnus virgatus 43
Juniperus communis 58 Myrsine africana 47
V33 | Spiraea sorbifolia 66 Caryopteris odorata 50
Rosa webbiana 84 Myrsine africana 43
V34 Gerardiana heterophylla 52 V55 | Lantana camara 43
Lonicera quinquelocularis 82 Caryopteris odorata 62
V35 Rosa webbiana 86 V56 Artemisia capillaris 51
Sorbaria tomentosa 89 Urtica dioica 52
Cotoneaster affinis 56 Desmodium elegans 52
V36 | Berberis lycium 57 V57 | Artemisia capillaris 61
Rosa webbiana 70 Lantana camara 62
Eupatorium adenophorum 38 Myrsine africana 44
V37 | Rhamnus virgatus 40 V58 | Artemisia capillaris 46
Artemisia capillaris 43 Lantana camara 58
Artemisia capillaris 32 Ziziphus jujuba 31
V38 | Cannabis sativa 35 V59 Urtica dioica 32
Urtica dioica 46 Mimosa himalayana 37
Justicia adhatoda 34 Ziziphus jujuba 44
V39 | Urtica dioica 41 Trevesia palmata 43
Berberis asiatica 41 V60 | Berberis asiatica 44
Urtica dioica 42 Sinarundinaria falcata 48
V40 | Eupatorium adenophorum 44
Justicia adhatoda 44
V41 Desmodium elegans 56
Sarcococca saligna 83
RSETS 6.32
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Table 6.21: IVI of dominant shrub species at different sampling sites

Sampling Name of Species IvI Sampling Name of Species IvI
Sites Sites
V1 Eremurus himalaicus 40 V23 Rumex hastatus 31
Gentiana kurroo 33 Anaphalis contorta 22
V2 Gentiana kurroo 41 V24 Tagetes minuta 38
Iris kemaonesis 54 Anaphalis contorta 27
Polygonum bistorta 38 V25 Eriophorum comosum 22
V3 Deutzia corymbosa 38 Anaphalis contorta 29
Poa alpina 40 V26 Stellaria media 23
Poa alpina 41 Trifolium pratense 20
V4 Gentiana kurroo 40 Fagopyrum esculentum 33
Dactylis glomerata 42 V27 Impatiens bicolor 33
V5 Artemisia nilagirica 45 Achyranthes aspera 35
Gentiana kurroo 39 V28 Anaphalis contorta 39
V6 Arenaria serpyllifolia 41 Achyranthes aspera 44
V7 Carum copticum 15 V29 Oxalis corniculata 44
Thymus serpyllum 17 Achyranthes aspera 68
Pilea scripta 17 V30 Delphinium denudatum 36
V8 Poa alpina 16 Achyranthes aspera 37
Bistorta macrophylla 16 V31 Impatiens bicolor 32
V9 Trifolium pratense 18 Achyranthes aspera 51
Senecio chrysanthemoides | 19 V32 Tagetes erecta 46
Allium stracheyi 15 Achyranthes aspera 55
V10 Anemone rivularis 17 Ranunculus arvensis 62
Origanum vulgare 20 V33 Argemone mexicana 55
V11 Oenothera rosea 15 Axyris hybrida 63
Trifolium pratense 15 Bromus gracillimus 47
Artemisia vulgaris 14 V34 Carex obscura 53
V12 Dioscorea deltoidea 17 Caltha palustris 48
Potentilla argyrophylla 14 V35 Desmodium tiliaefolium 59
Arthraxon lancifolius 19 Saxifraga diversifolia 62
V13 .
Fagopyrum esculentum 17 Carex infuscata 48
Cirsium wallichii 17 V36 Potentilla nepalensis 48
V14 S -
Inula cappa 19 Epilobium hirsutum 52
- V37 - ;
V15 Cyperus cuspidatus 15 Bidens pilosa 56
Dioscorea deltoidea 20 V38 Aster peduncularis 40
V16 Sida rhombifolia 18 Ageratum conyzoides 48
Urena lobata 16 V39 Rumex hastatus 83
Athyrium angustum 18 Delphinium vestitum 40
V17 Equisetum ramossimum 22 V40 Mentha longifolia 43
Nepetas ciliaris 22 Ajuga parviflora 42
Setaria palmifolia 22 Plantago major 26
V18 ; V41 -
Solanum nigrum 16 Fragaria vesca 28
Athyrium angustum 19 Arundo donax 21
V19 Hedychium spicatum 18 V42 Solanum nigrum 21
Artemisia nilagirica 17 Artemisia nilagirica 22
V20 Hydrocotyle nepalensis 18 V43 Parthenium hysterophorus | 30
Molineria capitulata 17 Cyperus rotundus 34
Artemisia vulgaris 23 Parthenium hysterophorus | 27
V21 Rumex hastatus 20 V44 Ageratum conyzoides 29
Chrysopogon fulvus 20 Poa annua 30
V22 Rumex hastatus 32 V45 Ageratum conyzoides 23
Lindenbergia grandiflora 26 Oxalis corniculata 25
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Sampling Name of Species IvI Sampling Name of Species IvI

Sites Sites
Cuscuta reflexa 31 Datura stramonium 25
Ageratum conyzoides 23 V53 Epilobium hirsutum 25

V46 Poa annua 24 Xanthium indicum 30
Curcuma aromatica 26 Solanum nigrum 28

V54 o

V47 Cyperus rotundus 32 Artemisia nilagirica 30
Poa annua 34 V55 Cynodon dactylon 28
Cannabis sativa 22 Cannabis sativa 33

V48 Rhus parviflora 23 Ageratum conyzoides 26
Buddleja asiatica 28 V56 Artemisia capillaries 29
Datura stramonium 19 Colocasia esculenta 36

V49 Cannabis sativa 20 Ageratum conyzoides 21
Eragrostis pilosa 22 V57 Xanthium indicum 24
Fragaria vesca 21 Ajuga parviflora 36

V50 Ajuga parviflora 22 V58 Cynodon dactylon 31
Colocasia esculenta 25 Ageratum conyzoides 86
Colocasia esculenta 19 V59 Bidens bipinnata 22

V51 Geranium ocellatum 19 Euphorbia hirta 65
Aster peduncularis 20 Fagopyrum esculentum 26
Micromeria biflora 20 V60 Anaphalis contorta 26
Fragaria indica 23 Andropogon ischaemum 36

V52 :
Polygonum plebeium 25

6.3.6.3 Species Diversity

To understand the species richness Shannon Weiner Diversity was calculated for trees, shrubs
and herbs. Amongst trees the diversity Index ranged from low of 1.17 at sampling site V22
located near power house site of Sarbari Il HEP to highest at sampling site V54 at sampling
site located at left bank of Pong dam reservoir (2.82) (Table 6.22).

Among shrubs, highest diversity Index was recorded at sampling site V31 in the downstream
of Dam site of Parbati Ill HEP (3.14) followed by sampling site V28 (3.13) in the Upstream of
Sainj HEP Dam site and lowest at sampling site V4 located near proposed project area of
Jobrei HEP (left bank of Alain Nala) (1.37) (Table 6.22).

Diversity of herb species shows seasonal variation in the study area. Maximum Diversity for
herbs was recorded during monsoon season varied from lowest 2.27 at sampling site V-14
located near to the proposed Dam site of Nakthan HEP and highest value of diversity was
recorded from sampling site V59 (3.17) located near to the proposed Dam site of Dhaulasidh
HEP. During pre-monsoon season sampling, species diversity of herbs varied from lowest 1.75
at sampling site V14 (Near proposed power site of Nakthan HEP) and highest 2.98 at sampling
site (Site V35) located near to the diversion site of proposed Uhl HEP. During winter season
sampling the Diversity Index ranged from lowest of 1.91 (at Site V1) to highest of 2.83 (at Site
V59) (Table 6.22).
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Table 6.22: Shannon Weiner Diversity Index computed at different sampling sites

Herbs
Site(Trees|Shrubs Pre Monsoon|Winter
Monsoon
V32| 1.9 | 2.43 2.31 2.54 2.39
V33| 1.57 | 1.54 1.79 2.38 2.18
V34| 1.43 | 1.69 1.93 2.28 2.05
V35/1.92 | 1.50 1.75 2.27 2.18
V36| 1.91| 1.75 1.92 2.37 2.17
V37| 1.66 | 2.29 1.91 2.28 2.05
V38| 1.92 | 2.55 2.17 2.38 2.16
V39| 1.89 | 2.36 2.37 2.53 2.21
V40| 2.01 | 2.17 2.27 2.45 2.14
V41| 2.12 | 2.05 2.60 2.80 2.53
V42| 1.95 | 2.06 2.57 2.70 2.45
V43| 1.68 | 2.03 2.52 2.68 2.45
V44| 2.16 | 2.11 2.66 2.74 2.47
V45| 1.9 | 1.92 2.78 2.68 2.44
V46| 1.71 | 2.25 2.54 2.82 2.47
V47| 1.92 | 1.74 2.37 2.69 2.46
V48| 2.24 | 1.98 2.05 2.55 2.29
V49|2.622| 2.43 2.31 2.55 2.29
Vv50(2.337| 2.37 2.51 2.59 2.43
V51| 1.86 | 2.51 2.33 2.54 2.33
V52(1.943| 2.27 2.55 2.64 2.44
V53|2.324| 2.30 2.28 2.35 2.28
V54| 2.82 | 2.04 2.04 2.29 2.13
V55| 1.45 | 2.86 2.27 2.39 1.94
V56| 1.77 | 2.00 2.42 2.61 2.37
V57| 1.78 | 2.31 2.65 2.76 2.35
V58| 2.57 | 1.89 2.27 2.47 2.16
V59| 2.14 | 1.80 2.42 2.62 2.54
V60| 2.25 | 2.05 2.77 2.29 2.16

Herbs
Site|Trees|Shrubs Pre Monsoon |Winter
Monsoon

V1 |1.89| 1.91 2.45 2.85 2.18
V2 |1.78 | 1.96 2.37 2.92 2.05
V3 | 1.86 | 2.21 2.47 2.88 2.17
V4 | 1.52 | 1.37 2.23 2.72 1.91
V5 | 1.88 | 2.01 2.59 2.91 2.12
V6 | 1.58 | 2.42 2.50 2.83 2.25
V7 | 2.16 | 2.42 2.77 2.94 2.44
V8 | 1.74 | 2.41 2.84 2.89 2.43
V9 | 1.75| 2.53 2.72 3.06 2.51
V10| 1.54 | 2.64 2.75 2.99 2.62
V11| 2.01 | 2.41 2.72 2.96 | 2.541
V12| 2.40 | 2.68 2.98 3.17 2.83
V13| 2.34| 2.16 2.91 2.96 2.79
V14| 2.29 | 2.25 2.76 3.02 2.66
V15| 2.19 | 2.34 2.86 3.04 2.61
V16| 2.03 | 1.61 2.91 3.01 2.67
V17| 1.92 | 2.12 2.74 2.95 2.66
V18| 1.93 | 1.81 2.89 3.05 2.81
V19| 1.81 | 1.78 2.86 2.97 2.74
V20| 1.81 | 2.11 2.90 3.00 2.80
V21| 1.54 | 2.10 2.65 2.95 2.74
V22| 1.17 | 1.80 2.42 2.97 2.52
V23| 1.92 | 1.74 2.46 2.85 2.38
V24| 1.71 | 1.69 2.59 2.8 2.45
V25| 1.6 | 2.05 2.31 2.87 2.59
V26| 1.95| 2.17 2.54 2.85 2.36
V27| 2.26 | 2.38 2.44 2.66 2.38
V28| 2.5 | 3.13 2.24 2.50 2.27
V29| 2.74 | 2.41 2.18 2.44 2.15
V30| 2.11 | 2.41 2.70 2.84 2.45
V31| 2.15| 2.14 2.53 2.69 2.54
6.4 FAUNAL RESOURCES

In this section description of faunal elements comprised of mammals, avifauna, reptiles,
amphibia and butterfly found in the study area is given. An inventory of different species

belonging to different groups mentioned above was prepared by using secondary data.
Literature consulted for the preparation of inventory are Dutta (1999), Chakraborty et al.
(2005), Mahabal (2005), Mehta (2005), Saikia et al. (2007), Uniyal (2007), Bhardwaj and
Uniyal (2009), ZSI (2009), Kumar and Mattu (2014), Chandel and Kumar (2014), Singh et al.
(2015). In addition, data available in various EIA studies of hydroelectric projects planned in
the basin was also used. Thereafter sub-basin wise checklist of species was prepared based on

the distribution range of each species. The elevation range for each species was determined
from the literature mentioned above and other sources. Using the criteria of IUCN redlist
(2017-2) and Wildlife (Protection) Act, 1972, each species was assessed for its conservation

status.
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6.4.1 Mammals

According to data compiled from from secondary sources like published literature and Forest
Working Plans and Wildlife management plan of Protected Areas and the forest and wildlife

divisions, 40 mammalian species are reportedly found in the Beas basin and same is given at
Table 6.23. Family Bovidae is the largest family represented by 6 species while Viverridae is
represented by 4 species, Felidae, Muridae, Mustelidae, Cervidae and Cercoitecidae having 3
species. The conservation status of the mammals reported from the basin was assessed based
upon their listing in different lists published by agencies like International Union for
Conservation of Nature (IUCN) Red List of Threatened Species (2017-2) and different
Schedules notified under Wildlife (Protection) Act, 1972.

6.4.1.1 Conservation Status

Conservation status of mammal species found in the study area according to IUCN Red List of
Threatened Species (2017-2) and different Schedules notified under Wildlife (Protection) Act,
1972 is given at Table 6.23.

Nine species of mammals are included in Schedule-l according to WPA 1972, 14 species in
Schedule-1l and rest of the species are either under Schedule- Ill, IV or V species. Six species
have restricted distribution inhabiting higher elevations of the basin.

According to IUCN Red List (2017-2), 11 species are listed under different threat categories of
which 2 species are under Endangered category viz. Panthera uncia and Moschus chrysogaster
(Moschus moschiferus), 4 are under Vulnerable category viz. Panthera pardus, Capricornis
sumatraensis, Rusa unicolor and Ursus thibetanus while 5 species are listed as Near
Threatened category. Rest of the 29 species of mammals reported from the basin are under
Least Concern (LC) category (refer Table 6.23).

Among these threatened species Snow Leopard, Musk Deer, Serow, and Himalayan tahr are
confined to upper reaches of the basin.

Table 6.23: List of mammals reportedly found in Beas basin and their conservation status

Distribution IUCN
S. Family Common Name Scientific Name Range Redlist IWPA
No. (2017- | Schedules
(m) 2)
1 Cercopithetidae Rhesus Macaque Macaca mulatta Up to 3100 LC I
2 Hanuman Langur | S€mnopithecus 1800-3200 | LC I
entellus
3 Felidae Common Leopard | Panthera pardus up to 3000 vu I
4 Leopard Cat Prlonallurgs up to 1400 LC I
bengalensis
5 Snow Leopard Panthera uncia above 3000 EN I
6 Jungle Cat Felis chaus up to 3000 LC Il
7 | Viverridae Small Civet Viverricula indica Foothills LC I
8 Common Palm Paradoxurus Lower LC I
Civet hermaphroditus Reaches
9 Herpestidae Common Herp este§ Foothills LC v
Mongoose edwardsii
RSETS RS Envirolink Technologies Pvt, Ltd. 6.36
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Distribution IUCN
S. Family Common Name Scientific Name Range Redlist IWPA
No. (2017- | Schedules
10 | Hyaenidae Striped Hyaena Hyaena hyaena Foothills NT 1]
11 | Canidae Jackal Canis aureus up to 3500 LC Il
12 Indian Fox Vulpes bengalensis Foothills LC Il
13 | Ursidae é:::lc Black Ursus thibetanus 1500-3500 VU I
14 Brown Bear Ursus arctos above 3000 LC I
15 | Mustelidae Common Otter Lutra lutra up to 3600 NT I
16 Stone Marten Martes foina above 1500 LC Il
17 ;{Ae“°w'thr°ated Martes flavigula 1200-2700 | LC I
arten
18 Himalayan Mustela sibirica 1500-4800 LC I
Weasel
19 | Bovidae Blue Sheep Pseudois nayaur above 3500 LC I
20 Siberian Ibex Capra sibirica 3800-4400 LC I
21 Himalayan Tahr | Hemitragus 2000-3800 NT |
jemlahicus
22 Serow Capricornis 1800-3400 | VU |
sumatraensis
23 Goral Naemorhedus NT 1l
goral
24 | Cervidae Sambar Cervus unicolor Foothills VU 1]
25 Barking Deer Muntiacus muntjak 500-2500 LC 1]
26 Musk Deer Moschus above 2400 |  EN |
chrysogaster
27 Indian Wild Boar | Sus scrofa up to 1500 LC 1]
28 | Hystricidae Indian Porcupine | Hystrix indica 1300-2700 LC v
29 | Leporidae Black-naped Hare | Lepus nigricollis up to 1200 LC v
30 | Pteropodidae Flying Fox Pteropus giganteus | up to 2100 LC -
31 Fulvous Fruit Bat | Fousettus Up to 2100 LC v
leschenaulti
. . Common Yellow Scotophilus
32 | Rhinopomoatidae Bat hardwickii up to 2100 LC v
33 | Sciuridae Kashmir Flying | Eoglaucomys 1800-3000 | LC I
Squirrel fimbriatus
Red Flying Petaurista
34 Squirrel Petaurista up to 3500 LC .
35 | Muridae House Rat Rattus rattus all human LC v
settlement
36 House Mouse Mus musculus all human LC \'
settlement
Lesser Bandicoot | Bandicota all human
37 , LC -
rat bengalensis settlement
38 | Cricetidae Royle's Vole Alticola roylei 1700-2800 NT -
39 | soricidae Himalayan Water | Chimarrogale above 3000 |  LC
Shrew himalayica
40 House Shrew Suncus murinus up to 3000 LC
EN = Endangered; VU = Vulnerable; LC = Least Concern, NT = Near Threatened
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6.4.1.2 Sub-basin wise Mammals Distribution

Species richness in different sub-basins ranges from 30 to 36 species with maximum in sub-
basin Beas IV and minimum in sub-basin Beas | (Table 6.24 & Annexure-IV of Volume Il of the
report). There is not much variation in the species richness along the elevational gradient,
however it is slightly higher at middle elevations i.e. between 1800 and 2100 m (see Figure
6.11). The sub-basins in lower reaches like like Beas IV, Beas V, Uhl, etc. harbour more
species as compared to the sub-basins located in upper reaches like Beas I, Beas Il, Malana
and Parbati. The species like Rhesus Macaque (Macaca mulatta), Common Leopard (Pathera
pardus), Jungle Cat (Felis chaus), Jackal (Canis aureus) and Common Otter (Lutra lutra) are
widely distributed throughout the basin. Upper reaches of the basin harbour species with
relatively restricted distribution and threatened species. The species confined to the upper
reaches are Snow Leopard (Panthera uncia), Brown Bear (Ursus arctos), Blue Sheep (Pseudois
nayur), Siberian Ibex (Capra sibirica), Himalayan Tahr (Hemitragus jemlahicus) and Musk Deer
(Moschus chrysogaster). All species are categorised either under IUCN redlist (2017-2) or
Schedule | category or under both categories.

Mammalian species confined to the foothills and lower reaches include Indian Fox (Vulpes
bengalensis), Hyaena (Hyaena hyaena), Common Mongoose (Herpestes edwardsii), Commom
Palm Civet (Paradoxurus hermaphrodites), and Sambar (Cervus unicolor).

Table 6.24: Sub-basin wise mammalian species richness

S . Total species No. of RET No. of Schedule |
ub-basins . . .
richness species species
Beas | 30 8 6
Beas Il 33 7 6
Malana 31 8 7
Parbati Upper 31 9 8
Parbati Lower 32 8 8
Sainj 33 8 8
Tirthan 33 8 8
Beas lll 31 8 5
Uhl 35 8 8
Beas IV 36 8 7
Beas V 33 5 4
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Figure 6.11: Distribution of mammals in Beas basin along the elevational gradient
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6.4.2

Avi-fauna

Himachal Pradesh lies in the Western Himalaya Endemic Bird Area (EBA 128) as out of 11
endemic birds, 10 have been reported from Himachal Pradesh. Most of the protected areas in
Himachal Pradesh are designated as Important Birding Areas (IBAs).

6.4.2.1 Birds in Beas Basin

For the compilation of checklist of birds found in the Beas basin the published literature and
documents were consulted like Chandel et al. (2014), Kumar and Kumar (2012). IBA’s
checklist was also consulted for preparation of inventory of the birds reportedly found in
entire Beas basin. According to it 625 species of birds belonging to 23 Orders and 96 families
are reported from the area (refer Annexure V of Volume Il of the report).

According to this list, Muscicapidae with 53 species is the largest family in the basin followed
by Accipitridae with 44 species and Anatidae with 24 species of birds. Nomenclature of
scientific names of bird species and their classification is based upon the portal

http://avibase.bsc-eoc.org/avibase.jsp.

Out of 625 species of birds 64 species have not been evaluated by IUCN Redlist (2017-2) while
511 have been listed in Least Concern category. Fifty species have been listed under diferent
threat categories of IUCN (2017-2) and WPA Schedules (see Table 6.25). Five species have
been listed as Critically Endangered category (White-rumped Vulture, Slender-billed Vulture,
Red-headed Vulture, Sociable Lapwing and Great Indian Bustard) while 6 species (Steppe
Eagle, Egyptian Vulture, Greater Adjutant, Saker Falcon, Red-necked Falcon and Lesser
Florican) are listed as Endangered in IUCN Redlist.

According to WPA (1972) 22 species have been listed as Schedule-| species and 8 species are
endemic to Himalaya are reported from the basin.

Pong Dam lake is the richest area in terms of bird species diversity where 415 species of burds
have been reported and is home to number of wintering species.

Table 6.25: Conservation status of birds reported from Beas basin

IUCN Red WPA
S. No. Family Scientific Name Common Name List Endemic
Schedule
(2017-2)
1 Accipitridae Accipiter badius Shikra |
2 Accipitridae Accipiter gentilis Northern Goshawk |
- . . Eurasian

3 Accipitridae Accipiter nisus Sparrowhawk |
4 Accipitridae Accipiter virgatus Besra |
5 Accipitridae Aegypius monachus | Cinereous Vulture NT

6 Accipitridae Aquila chrysaetos Golden Eagle |
7 Accipitridae Aquila heliaca Eastern Imperial VU

Eagle
8 Accipitridae Aquila nipalensis Steppe Eagle EN |
9 Accipitridae Buteo buteo Eurasian Buzzard |
10 Accipitridae Circaetus gallicus Short-toed Eagle |
11 Accipitridae Circus cyaneus Hen Harrier |
12 Accipitridae Circus macrourus Pallid Harrier NT |
13 Accipitridae Circus Pied Harrier |
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IUCN Red WPA
S. No. Family Scientific Name Common Name List Endemic
Schedule
(2017-2)
melanoleucos
14 Accipitridae Clanga clanga Greater Spotted VU
Eagle
15 Accipitridae Clanga hastata Indian Spotted Eagle VU
16 Accipitridae Elanus caeruleus Black-winged Kite |
17 Accipitridae Gypaetus barbatus Bearded Vglture/ NT
Lammergeier
- . White-rumped
18 Accipitridae Gyps bengalensis Vulture CR
19 Accipitridae Gyps himalayensis Himalayan Griffon NT
20 Accipitridae Gyps tenuirostris Slender-billed Vulture CR
21 Accipitridae Haliaeetus albicilla White-tailed Sea |
Eagle
22 Accipitridae Haliaeetus Pallas fishing eagle VU |
leucoryphus
23 Accipitridae Haliastur indus Brahminy Kite |
24 Accipitridae Icthyophaga humilis | Lesser Fish Eagle NT
. Icthyophaga Grey-headed Fish
25 Accipitridae ichthyaetus Eagle NT
26 Accipitridae Ictmaetus. Black Eagle |
malayensis
27 Accipitridae Neophron Egyptian Vulture EN
percnopterus
28 Accipitridae Sarcogyps calvus Red-headed Vulture CR
29 Aegithalidae Afeglthalos. White Throated Tit Endemic
niveogularis
30 Anatidae Aythya nyroca Ferruginous Duck NT
31 Anatidae Mareca falcata Falcated Duck NT
32 Anhingidae Anhinga Oriental Darter NT
melanogaster
33 Burhinidae Esacus. . Great Thick-knee NT
recurvirostris
34 Charadriidae Vanellus duvaucelii | River Lapwing NT
35 Charadriidae Vanellus gregarius Sociable Lapwing CR
36 Charadriidae Vanellus vanellus Northern Lapwing NT
37 Ciconiidae Ciconia episcopus White necked strock VU
38 | Ciconiidae Ephippiorhynchus | g necked Stork NT
asiaticus
39 Ciconiidae Leptoptilos dubius Greater Adjutant EN
40 Ciconiidae l._ep toptrlos Lesser Adjutant vu
javanicus
41 Ciconiidae Mycteria Painted Stork NT
leucocephala
42 Cisticolidae Prinia burnesii Long-tailed Grass NT
Babbler
43 Cisticolidae Prinia burnesii Rufous-vented prinia NT
44 Columbidae Columba . Pale-backed Pigeon VU
eversmanni
45 Falconidae Falco cherrug Saker Falcon EN
46 Falconidae Falco chicquera Red-necked Falcon EN |
47 Falconidae Falco jugger Laggar Falcon NT
48 Falconidae Falco peregrinus Peregrine Falcon |
49 Fringillidae Callacqnthls Spectacled Finch Endemic
burtoni
50 Fringillidae Pyrrhula aurantiaca | Orange Bullfinch Endemic
51 Gruidae Antigone antigone Sarus Crane VU
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IUCN Red WPA
S. No. Family Scientific Name Common Name List Endemic
Schedule
(2017-2)
. Haematopus Eurasian

22 Haematopodidae ostralegus Oystercatcher NT
53 Muscicapidae Ficedula subrubra Kashmir Flycatcher VU Endemic
54 Otididae Ardeotis nigriceps Great Indian Bustard CR
55 Otididae Sypheotides indicus | Lesser Florican EN
56 Pandionidae Pandion haliaetus Osprey |
57 Pelecanidae Pelecanus crispus Dalmatian Pelican VU
58 Pelecanidae Pel'e.canus . Spot-billed Pelican NT

philippensis
59 Phasianidae Catreus wallichii Cheer Pheasant VU | Endemic
60 Phasianidae l._op ht?phorus Monal |

impejanus
61 Phasianidae Tragopan Western Tragopan VU | Endemic

melanocephalus
62 Podicipedidae Podiceps auritus Slavonian Grebe VU
63 Psittacidae Psittacula eupatria | Alexandrine Parakeet NT
64 Scolopacidae Calidris ferruginea | Curlew Sandpiper NT
65 Scolopacidae G"”’”‘fg ° Wood Snipe VU

nemoricola
66 Scolopacidae Limosa limosa Black-tailed Godwit NT
67 Scolopacidae Numenius arquata Eurasian Curlew NT
68 Sittidae Sitta cashmirensis Kashmir Nuthatch Endemic
69 Sylviidae Phylloscopus tytleri | Tytler's Leaf Warbler NT Endemic
70 Threskiornithidae Threskiornis Oriental white ibis NT

melanocephalus

CR=Critically Endangered; EN=Endangered; VU=Vulnerable; NT=Near Threatened

Species richness in different sub-basins ranges from 117 to 418 with minimum in Beas sub-
basin | and maximum in Beas sub-basin IV (Table 6.26). Maximum number of bird species
reported from Beas IV sub-basin is owing to the presence of Pong Dam Lake which is a suitable
wintering habitat for migratory birds. Bar-headed geese is one of the most dominant
waterfowl species that is found in Pong Dam lake. Majority of the species are generalists
while a few of them are confined to upper reaches (Himalayan Snowcock - Tetraogallus
himalayensis, Monal Pheasant - Lophophorus impejanus, Horned Lark - Eremophila alpestris,
Himalayan Yellow-billed Chough- Pyrrhocorax graculus, Himalayan Red-billed Chough -
Pyrrhocorax pyrrhocorax, Western Greenish Leaf-Warbler - Phylloscopus trochiloides, etc.
and lower reaches (Grebs, Herons, Storks, Egrets, Ducks, etc). In general, species richness
decreases along the elevational gradients, the sub-basin extend from lower reaches harbour
relatively high species richness. Considerably high species richness in Beas sub-basin IV is
attributed to the presence of a large wetland - Pong dam reservoir which is home of a large
number of aquatic bird species.

Table 6.26: Sub-basin wise bird species richness

Total No. of No. of
Sub-basins species threatened Schedule |
richness species species
Beas | 117 4 7
Beas I 123 4 7
Malana 121 4 7
Parbati Upper 120 4 7
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Total No. of No. of
Sub-basins species threatened Schedule |
richness species species
Parbati Lower 123 4 7
Sainj Khad 123 4 7
Tirthan 123 4 6
Beas llI 136 7 7
Uhl 137 7 7
Beas IV 418 21 5
Beas V 145 3 1

Endemic Species

The species that are endemic to Western Himalaya and found in Beas basin are White-
throated Tit (Aegithalos niveogularis), Western Tragopan (Tragopan melanocephalus), Cheer
Pheasant (Catreus wallichi), Spectacled finch (Callacanthis burtoni), Orange Bullfinch
(Pyrrhula aurantiaca), Kashmir flycatcher (Ficedula subrubra), Kashmir nuthatch (Sitta
cashmirensis), Tytlers’ leaf warbler (Phylloscopus tytleri) and Brooks's Leaf-Warbler
(Phylloscopus subviridis).

Distribution and Migratory Habit

Nearly 66% of the total bird species in Beas basin are residents. Of the total resident bird
14.5% species perform local movement and 13.5% are seasonal migrants (Figure 6.12). About
25% of the total bird species are summer and winter visitors, which perform their movement
for breeding purpose. The passage migrant species include Pale Grasshopper-Warbler, Lesser
Whitethroat, Yellow Wagtail, Brambling, Black-headed Bunting and Red-headed Bunting.

The wetland of Pong dam reservoir (Pong Dam Lake Wildlife Sanctuary) in the basin (Beas sub-
basin 1V) provides a good niche for the migratory birds. As many as 418 bird species have been
recorded from the Pong dam reservoir area only according to Status Paper on Pong Wetland
published by Randhawa (2014) under HP State Centre on Climate Change. Many migratory
birds like Bar Headed Geese (Anser indicus), Northern Pintail (Anas acuta), Common Pochard
(Aythya farina), Red Necked Grebe (Podiceps grseigena), Mallard (Anas platyrhynchos), etc.
visit this site in winter from trans-Himalayan region.

E Resident ® Resident/Laocal Moverment
B flesident e asonal Migrant i Seasenal Migrant
B Summar Vistor o Winter visitar

Passage Migrard W Othir

Figure 6.12: Distribution and migratory habit of birds in Beas basin
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6.4.3 Butterflies

The mountainous landscape and forest cover of Himachal Pradesh provides good climatic
conditions for the butterflies. Based upon the data compiled from secondary sources, Forest
Working Plans, Management Plans of Protected areas, published literature viz. Uniyal and Mathur,
(1998), Uniyal (2007), Bhardwaj and Uniyal (2009), Chandel et al. (2014) a list of butterflies was
prepared. A total of 150 species of butterflies along with their sub-basin wise distribution and
conservation status have been located in Beas river basin (Annexure-VI of Volume Il of the
report). All species of butterflies reported from the basin are grouped under 7 families.

Species richness in different sub-basins ranges from 76 to 137 with minimum in Beas sub-basin
| and maximum in Beas sub-basin IV. Majority of the species are common in distribution in all
sub-basin while a few of them are restricted to upper reaches (Red Apollo - Parnassius
charltonius, Common Blue Apollo - Parnassius hardwickei, Painted Lady- Vanessa cardui,
Mountain Argus - Erebia shallada) and lower reaches (Spangle-Papilio protenor, Tawny Mime-
Chilasa agestor, Psyche - Leptosia nina nina, Common Jezebel - Delias eucharis, Pale Hedge
Blue - Udara dilecta, Purple Hedge Blue - Heliophorus epicles, Common Baron - Euthalia
aconthea, Common Jester - Symbrenthia hippoclus, Common Bush Brown - Mycalesis perseus,
Dark Blue Tiger - Tirumala septentrionis etc).

Likewise other taxa in Beas river basin, the richness of butterflies decreases along the
elevational gradients (Figure 6.13). Thus, the sub-basins extend from the lower reaches
harbour relatively high butterfly richness.
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Figure 6.13: Distribution of butterfly species in Beas basin along the elevational gradient

Sub-basin wise number of butterfly species is given at Table 6.27.

Table 6.27: Sub-basin wise humber of butterfly species richness

Total No. of No. of
Sub-basins species Threatened | Schedule |
richness species species
Beas | 76 0 0
Beas Il 79 0 0
Malana 84 0 0
Parbati Upper 84 0 0
Parbati Il 82 0 0
Sainj Khad 84 0 0
Tirthan 84 0 0
Beas Il 135 0 1
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Total No. of No. of
Sub-basins species Threatened | Schedule |
richness species species
Uhl 137 0 1
Beas IV 136 0 1
Beas V 120 0 1

Conservation Status: Out of 150 species invetorized for Beas river basin, only 5 species, viz.
Bath White (Pontia daplidice), Small Grass Yellow (Eurema brigitta), Peacock Pansy (Junonia
almanac), Yellow Pansy (Junonia hierta) and Common Crow (Euploea core) are assessed under
the IUCN Redlist (2017-2) and listed under ‘Least Concern’ category. Similarly, only a few
species are included in the list of scheduled species as per IWPA (1972). Only one species -
Common Pierrot (Castalius rosimon) in Beas river basin is included in Schedule I. A total of 8
species like Common Yellow Swallowtail (Papilio machaon), Regal Apollo (Parnassius
charltonius), Common Onyx (Horaga onyx), Pea Blue (Lampides boeticus), Common Beak
(Libythea lepita), Danaid Eggfly (Hypolimnas misippus), Veined Labyrinth (Lethe pulaha),

Common Fiorester (Lethe insana insane) are listed in Schedule II.

6.4.4 Herpetofauna

Herpetofauna comprise of amphibians that include frogs, toads, newts, salamanders, etc. and
reptiles which include snakes, lizards, turtles, terrapins, tortoises, etc. An inventory of
herpetofauna comprising reptiles and amphibians was prepared from the Forest Working
Plans, management plans of Protected Area and published literature by Jaswant Singh, Murari
Lal Thakur and H S Banyal (2015), and the same is given at Table 6.28. Total 59 species are
reported from the Beas basin of which 51 species are of reptiles and 8 species are of
amphibians.

6.4.5 Reptiles

Reptilian fauna is comprised of 51 species belonging to 12 families (Table 6.28). Colubridae is
the largest family represented by sixteen species followed by Agamidae, Scincidae and
Geoemydidae with 5 species each. IUCN Red List (2017-2) has kept Indian Rock Python
(Python molurus), Spotted Pond Turtle (Geoclemys hamiltonii) and Gangetic Soft-shell Turtle
(Nilssonia gangetica) under Vulnerable category. Eleven species are under Least Concern
category and rest of the species are yet not evaluated under IUCN Red List (2017-2).

6.4.6 Amphibia

From the Beas basin 8 species of Amphibians are reported which belong to 4 families, which
comprises of toads and frogs. Bufonidae is the largest family with 3 species (see Table 6.28).

Table 6.28: List of herpetofauna reported from Beas basin

S.No. | Family | Scientific Name | Common Name
Reptiles
1 Agamidae Calotes versicolor Garden lizard
2 Agamidae Laudakia tuberculata Kashmir rock agama
3 Agamidae Oriotaris major Large Mountain Lizard
4 Agamidae Sitana ponticeriana Fan throated Lizard
5 Agamidae Zootoca vivipara Common lizard
6 Boidae Eryx johnii Eastern Red Sand Boa
7 Boidae Gongylophis conicus Common Sand Boa
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S.No. Family Scientific Name Common Name
8 Colubridae Ahaetulla nasuta Green Vine Snake
9 Colubridae Amphiesma platyceps Eastern Keelback
10 | Colubridae Amphiesma stolatum Buff-striped Keelback
11 Colubridae Boiga multifasciata Many Banded Cat Snake
12 | Colubridae Coelognathus helena Indian Trinket Snake
13 | Colubridae Liopeltis rappi Himalayan Stripe-necked Snake
14 | Colubridae Lycodon aulicus Common Wolf Snake
15 | Colubridae Lycodon flavomaculatus Yellow Spotted Wolf Snake
16 | Colubridae Lycodon striatus Barred Wolf Snake
17 | Colubridae Oligodon arnensis Banded Kukri Snake
18 | Colubridae Orthriophis hodgsonii Himalayan Trinket Snake
19 | Colubridae Platyceps rhodorachis Braid Snake
20 | Colubridae Ptyas mucosus Indian Rat Snake
21 Colubridae Spalerosophis atriceps Black headed Royal Snake
22 | Colubridae Xenochrophis piscator Checkered Keelback Water Snake
23 | Colubridae Xenochrophis sanctijohannis Keelback Water Snake
24 | Elapidae Bungarus caeruleus Common Indian crait
25 | Elapidae Naja naja Indian Cobra
26 | Elapidae Naja oxiana Central Asian Cobra
27 | Gekkonidae Cyrtodactylus lawderanus Lawder's Bent-toed Gecko
28 | Gekkonidae Cyrtodactylus stoliczkai Kashmir rock gecko
29 | Gekkonidae Hemidactylus brookii Brook's House Gecko
30 | Gekkonidae Hemidactylus flaviviridis Yellow Green House Gecko
31 Pythonidae Python molurus Indian Rock Paython
32 | Scincidae Ablepharus pannonicus Mediterranean Dwarf Skink
33 | Scincidae Eurylepis taeniolatus Yellow bellied Mole Skink
34 | Scincidae Lygosoma punctata Spotted Supple Skink
Scincella himalayanus
35 | Scincidae (Asymblepharus himalayanum) | Himalayan Ground Skink
36 | Scincidae Scincella ladacense Ladakh Ground Skink
37 | Typhlopidae Myriopholis algeriensis Largebeaked Thread Snake
38 | Typhlopidae Ramphotyphlops braminus Brahminy Blind Snake
39 | Typhlopidae Typhlops porrectus Slender Blind Snake
40 | Varanidae Varanus bengalensis Bengal Monitor
41 Viperidae Cryptelytrops albolabris White-lipped pit Viper
42 | Viperidae Daboia russelii Russell’s Viper
43 | Viperidae Echis carinatus Saw Scaled Viper
44 | Viperidae Gloydius himalayanus Himalayan pit viper
Turtles
45 | Geoemydidae | Geoclemys hamiltonii Spotted Pond Turtle

46 | Geoemydidae | Melanochelys trijuga Indian Black Turtle

47 | Geoemydidae | Nilssonia gangetica Gangetic Soft-shell Turtle

48 | Geoemydidae | Pangshura smithii Brown Roofed Turtle

49 | Geoemydidae | Pangshura tentoria Indian tent turtle

50 | Trionychidae | Lissemys punctata Indian Flap- shelled turtle

51 Trionychidae | Lissemys punctata andersoni North Indian Flapshell
Amphibia

52 | Bufonidae Duttaphrynus melanostictus Common Asian toad

53 Bufonidae Duttaphrynus himalayanus Himalayan toad

54 | Bufonidae Bufotes viridis Green Toad

55 | Dicroglossidae | Nanorana minica Himalaya tiny frog

56 | Dicroglossidae | Nanorana vicina Himalaya paa frog

57 | Megophryidae | Scutiger nyingchiensis -

58 | Ranidae Rana cascadae Cascade frog

59 | Ranidae Amolops formosus Stream frog

Sub-basin wise herpetofaunal species richness is given at Table 6.29.
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6.5

Conservation Status: Most of the assessed species are listed in ‘Least Concern’ category.
Only Tiny Frog is categorised under ‘Vulnerable’ category. Tiny Frog is widely distributed in
the basin. Under the Schedule list of IWPA (1972) only Indian Flapshell Turtle are included
under Schedule I. It is confined to the Shivalik hills (Beas IV and V) of of the basin.

Total No. of No. of

Sub-basins species | Threatened | Schedule

richness species | species
Beas | 26 1 0
Beas Il 28 1 0
Malana 27 1 0
Parbati 27 1 0
Upper
Parbati 28 1 0
Lower
Sainj Khad 29 1 0
Tirthan 29 1 0
Beas Il 32 2 1
Uhl 32 2 1
Beas IV 38 4 2
Beas V 30 4 2

PROTECTED AREAS

Table 6.29: Sub-basin wise herpetofaunal species richness in Beas river basin

Table 6.30: List of Protected Areas located within Beas Basin and status of ESZ Notifications*

There are 10 Wildlife Sanctuaries and 3 National Parks in the basin covering an area of 3236

sq km (see Table 6.30 and Figure 6.14).

S. Area Status of ESZ
No. PROTECTED AREAS (Sq km) Notification
Wildlife Sanctuaries

Draft
1 Dhauladhar Wildlife Notification
Sanctuary 982.86 (13/01/2016)

Draft
2 | Kanawar Wildlife Sanctuary 107.29 Notification
(28/04/2016)

Draft
3 | Khokhan Wildlife Sanctuary 14.94 Notification
(04/03/2016)

Draft
4 | Manali Wildlife Sanctuary 29.00 Notification
(04/03/2016)

5 | Sainj Wildlife Sanctuary** 90.00 -

- Draft
6 E;’:ftu:r‘;‘/m Lake Wildlife | 507 59 Notification
(17/11/2016)

7 | Tirthan Wildlife Sanctuary** 61.00 -

— . - Draft
g |onkari Devi Widlife| 39,94 Notification
y (04/03/2016)

Draft
9 | Nargu Wildlife Sanctuary 132.37 Notification
(08/03/2016)

10 | Kais Wildlife Sanctuary 12.61 Draft

RSEYTS

RS Envirolink Technologies Pvt, Ltd,

6.46



CIA&CCS-Beas Basin in HP Final Report: Chapter 6

Notification
(24/04/2016)
National Parks
11 Grea*t* Himalayan National 754.40
Park
Draft
12 | Khirganga National Park** 710.00 Notification
(25/07/2016)
Final
13 | Indrakilla National Park 104.00 | Notification
Issued
(17.01.2018)
. . Draft
Great Himalayan National Park L.
- " 1615.40 Notification
Conservation Area (GHNPCA) (22/08/2016)

*http://envfor.nic.in/content/esz-notifications

** Great Himalayan National park Conservation Area includes Sainj WLS, Tirthan WLS
Great Himalayan National Park and Khirganga National park

All the above-mentioned Protected Areas (PAs) are located entirely within Beas basin except
for Dhauladhar WLS as large part of it is located within Ravi river basin. The boundaries of all
the PAs were generated using extents and maps given in their Gazette notifications in
addition to the notifications issued by MoEF&CC, Gol regarding Eco Sensitive Zone around
these PAs. In addition ESZ were also delineated for each PA using the coordinates given in
notifications downloaded from http://envfor.nic.in/content/esz-notifications. Except for
Inderkilla National Park only Draft notifications have been issued till date all other PAs in the
basin. Draft notification of Great Himalyan National Park Conservation Area (GHNPCA) covers
ESZ around Khirganga National Pak, Great Himalyan National Park, Sainj Wilflife Sanctuary
and Tirthan Wildlife Sanctuary. In a 24t Expert Committee meeting for declaration of Eco
Sensitive Zones aroung Wildlife Sanctuaries/National Parks on 27-28 February 2017 at
MoEF&CC recmmended the finalisation of of the notification subject to resolving of issue of
geo-coordinates of boundaries of PAs and ESZ.

A description of key features of PAs in the basin are given in following paragraphs.

6.5.1 Great Himalayan National Park Conservation Area (GHNPCA)

As discussed above draft notification on 25.07.2016 bu MoEF&CC, Gol regarding delineation of
Eco Sensitive Zone with an area of 417 sq km with an extent from 500 m up to 6 km around
the boundary of Great Himalayan National Park Conservation Area (GHNPCA) covering GHNP,
Khirganga National Park, Sainj Wildlife Sanctuary and Tirthan Wildlife Sanctuary which is
spread over an area of 1615.40 sq km.

Great Himalayan National Park (GHNP) is the most important Protected Area in the basin. The
park was established in 1984 and is spread over an area of 1,171 km2. The park was declared
as a National Park in 1999. Total area of the park is about 754.4 sq km. It is comprised of the
catchments of Jiwa, Sainj and Tirthan rivers. It is bounded Rupi Bhaba, Sainj and Kanawar
WLS and Pin Valley National Park. GHNP constitutes North-West Himalaya (Biogeographic Zone
2A). Biogeographically, it is at the junction of world's two major faunal realms, i.e. the
oriental to the south and palaearctic to the north makes it an important site.
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While Khirganga NP was established in July 28, 2010 covering an area of 710 sq km. Sainj WLS
was notified in October 23, 1999 while Tirthan WLS was established in November 1, 1999.

GHNP is most important component of GHNPCA. Great Himalayn NP harbours forest of Oak
(Quercus semecarpifolia), Blue Pine (Pinus wallichiana), West Himalayan Silver Fir (Abies
pindrow), West Himalayan Spruce (Picea smithiana) and Himalayan Cedar (Cedrus deodara).
The broad-leaf forests contain Horse Chestnut (Aesculus indica), Rhododendron arboreum,
Quercus leucotrichophora, Q. floribunda at the lower altitudes and pure patches of Birch
(Betula utilis) at higher altitudes. Yew (Taxus baccata) is an important medicinal tree of the
understorey. A rich variety of shrubs and patches of ringal bamboo (Arundinaria spathiflora)
are found as a dense understorey. The shrubs of (Rhododendron campanulatum) form the
Krummholz patch in the sub-alpine zone. Other shrubs that are found about 3700 m are
Juniperus communis, J. pseudosabina, Lonicera, Berberis, Cotoneaster, Vibernum, Rosa occur
extensively about 3700 m. There are a number of man-made (by graziers)
clearings/grasslands within the forest areas locally known as thach used as grazing and
camping ground for the migratory livestock (cattle, sheep and goats). The alpine flora
occurring above 4,000 m is characterised by species rich meadows with medicinal and
economical values. They include Aconitum violaceum, Salvia moorcroftiana, Viola serpens,
Jurinea macrocephala, Rheum emodi, Berginia ciliata, Picrorhiza kurroo, Saussurea
graminifolia, etc.

A total of 832 plant species belonging to 427 genera and 128 families of higher plants are
reported from GHNP.

Thirty-one mammalian species were recorded in the area by Gaston et al., 1981. Main
mammal species found are:

» Serow (Capricornis sumatraensis)

« Himalayan Tahr (Hemitragus jemlahicus)

» Goral (Nemorhaedus goral)

« Blue Sheep (Pseudois nayaur)

» Himalayan Black Bear (Selenarctos thibetanus)

« Himalayan Brown Bear (Ursus arctos)

» Himalayan Red Fox (Vulpes vulpes)

» Musk Deer (Moschus chrysogaster)

The Great Himalayan National Park is home to 209 bird species, which include the endangered
Western tragopan and four other pheasant species.

GHNP was awarded UNESCO World Heritage Site status in 2014, in recognition of its
outstanding significance for biodiversity conservation.

6.5.2 Other Protected Areas

Inderkilla NP

Inderkila NP is comprised of ctachments of Hamtah Nala, Jobrie Nala and Allain Nala. It
comprises that habitat of Snow leopard (Uncia uncia), Himalayan Brown Bear (Ursus arctos),
Himalayan Tahr (Hemitragus jemlahicus), Black bear (Ursus thibetanus), Himalayan Ibex
(Capra ibex), Musk Deer (Moschus chrysogaster), Himalayan Griffon (Gyps himalayensis),
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Rakhal (Taxus baccata), Bhojpatara (Betula utilis), Maple (Acer pictum), Shingli mingli
(Dioscorea deltoidea), Patish (Aconitum spp.), Dhoop (Jurinea macrocephala), Artemisias
(Artemisia spp.), Salam panja (Dactylorhiza hatageria), Banaksha (Viola spp.) etc. are the
important rare, endangered, threatened flora and fauna of the National Park.

Final notification of ESZ of Inderkilla NP was issued on 17 January 2018. The project
components of proposed Jobrie HEP are located within the National Park boundary. One
intake of operational Allain Duhangan HE project (Allain Nala intake) is located within ESZ of
the NP.

Manali WLS

Manali WLS is comprised of catchment of Manalsu Nal upstream of Kaland village which is a
right bank tributary of Beas river joining at Manali town. The sanctuary harbours rich floral
and faunal diversity. Biological significance of the area is charcterised by forests of Deodar,
Fir, Spruce and Kail among conifers and a variety of broad leaved species like Prunus, Acer,
Juglans, Buxus, Rhododendron, Celtis, Betula, Ulmus, Aesculus, Alnus, Myrica, etc.

The proposed Manalsu HE project is located within the sanctuary.

Kanawar Wildlife Sanctuary

Kanawar WLS comprises of upper catchments of Dolang Nala and Hurla Nala. Dolang Nala
drains into Parbati river on its left bank while Hurla Nala drains into Beas river. The Head
Race Tunnel of Parbati-ll HE project passes through Kanawar WLS. No project falls within the
WLS or its ESZ.

Khokhan WLS & Nargu WLS

Nargu and Khokan WLS comprise of part catchments of Uhl river and Sarbari Khad.
Biodiversity significance of this area is charcaterised by avi-fauna like Western Tragopan
(Tragopan melanocephalus) Himalayan Monal (Lophophorus impejanus), Chukor (Alectoris
chukar), Koklas (Pucrasia macrolopha) and Kalij (Lophophorus leucomelanus) and among
mammals Musk Deer (Moschus chrysogaster), Barking Deer, Leopard, Leopard Cat, Jungle Cat,
Himalayan yellow throated marten, Black bear, Brown bear, Porcupine are the important
faunal elements inhabiting the WLS. It has Dense forests of Deodar, Fir, Spruce, Kail and
rhododendrons.

No project falls within WLS or ESZ.

Kais WLS

It is small sanctuary comprising of catchment of Kais nala located on left bank of Beas river.
Important faunal elements of the sanctuary are Himalyan monal (Lophophorus impejanus),
Kalij (Lophophorus leucomelanus), Chukor and Grey partridge among birds and Black bear,
Goral, Leopard cat and Himalayan yeloow throated marten. The forests are comprised of Ban
oak forest, Moist deodar forest, Wesren mixed coniferous forest, Moist temperate and Kharsu
forests.

No project falls within WLS or ESZ.
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6.6

Dhauladhar WLS

Large part of Dhauladhar WLS falls in Ravi river catchment and only southern part of the
sanctuary falls in upper catchment of Uhl river a tributary of Beas river. Biological
significance of the sanctuary is comprised of mammals like Himalyan tahr, Himalyan ibex,
Musk deer, Serow and Brown bear. The area is rich in avi-faunal diversity comprised of
species like Rock bunting, Wren, Western tragopan, Himalyan Monal, Kalij and Koklas
pheasant. The area is rich in butterflies also.

Two proposed projects viz. Bhujling and Makori HEPs fall within Dhauladhar WLS.

Shikari Devi WLS

Northen part of the sanctuary is comprised of upper catchment of Deola Nala draining into
Beas river while its southern part of drains into Sutlej river. The area is rich in avi-faunal
diversity.

No project falls with WLS and ESZ.
Pong Dam Lake WLS
It is comprised of reservoir formed by Pong dam. Pong Dam Lake WLS is very rich in bird

diversity. The details of the same is given in next section.

IMPORTANT BIRDING AREAS

BirdLife International is the world’s largest nature conservation partnership. It identifies
Important Birding Areas worldwide for conservation action. The Bombay Natural History
Society (BNHS) is the BirdLife Partner for India and is responsible for coordinating the IBA
programme in the country. Of the 467 IBAs identified so far in India, 191 are Wildlife
Sanctuaries, 52 are National Parks, 23 are Tiger Reserves and one is a Conservation Reserve
(Birdlife International, 2017). India's IBAs are host to 75 species of globally threatened birds
of which eight are Critically Endangered, 10 are Endangered and 57 are Vulnerable. A total of
199 IBAs (almost 43%) are located outside the Protected Area Network (PAN) and have no
official protection. In Himachal Pradesh 27 IBAs have been and of these 24 are sanctuaries
and 2 are national parks and only one is non-protected area (Islam and Rahmani, 2004). In
Beas basin 9 IBAs have been identified based upon the criteria defined by Birdlife
International (see Table 6.31). Most of the IBAs harbor critically endangered Western
targopan and Vulnerable Cheer pheasant.

6.6.1 Criteria for Identification of Important Birding Areas

A1. Globally threatened species
The site is known or thought regularly to hold significant numbers of a globally threatened
species.

Notes: The site qualifies if it is known, estimated or thought to hold a population of a species
categorized by the IUCN Red List (2017-2) as Critically Endangered, Endangered or
Vulnerable. In general, the regular presence of a Critical or Endangered species, irrespective
of population size, at a site may be sufficient for a site to qualify as an IBA. For Vulnerable
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species, the presence of more than threshold numbers at a site is necessary to trigger
selection.

A2. Restricted-range species
The site is known or thought to hold a significant component of a group of species whose
breeding distributions define an Endemic Bird Area (EBA) or Secondary Area (SA).

A3. Biome-restricted species
The site is known or thought to hold a significant component of the group of species whose
distributions are largely or wholly confined to one biome.

A4. Congregations
The site is known or thought to hold congregations of >1% of the global population of one or

more species on a regular or predictable basis.

Table 6.31: List of IBAs identified in Beas basin

IBA Site S Important
Code IBAs Criteria Species*
IN-HP-04 | Dhauladhar Wildlife Sanctuary A1, A2 Western tragopan
. . Western tragopan,
IN-HP-08 | Great Himalayan National Park A1, A2 Cheer pheasant
T, Western tragopan,
IN-HP-09 | Kais Wildlife Sanctuary A1, A2 Cheer pheasant
- Western tragopan,
IN-HP-11 | Kanawar Wildlife Sanctuary A1, A2 Cheer pheasant
o re At Western tragopan,
IN-HP-16 | Manali Wildlife Sanctuary A1, A2, A3 Cheer pheasant
IN-HP-17 | Nargu Wildlife Sanctuary A3 .
- White-rumped
IN-HP-19 Eong Dam Lake Wildlife A Adii vulture, Slender-
anctuary ’ .
billed vulture
IN-HP-24 | Shikari Devi Wildlife Sanctuary A1, A2, A3 Cheer pheasant
IN-HP-27 | Tirthan Wildlife Sanctuary A1, A2, A3 Western tragopan

*Western tragopan, White-rumped vulture and Slender-billed vulture are Critically Endangered; Cheer
pheasant is Vulnerable

Owing to rich avi-faunal diversity Pong dam reservoir has been declared as Ramsar site in
2002 spread over an area of 156.62 sq km. Pong dam lake is an important wintering ground
for waterfowl. IBA report on Himachal Pradesh states that concentration of wintering
waterfowl population has sharply increased over the years especially the populations of
Northern Pintail, Bar-headed Geese, Common Teal, Eurasian Wigeon, Common Pochard and
Great Cormorant. The report also says that almost 20% of Bar-headed Geese population
occurs in Pong Dam only. No other IBA site in India holds such a large population of this
species. The status paper on Pong dam has reported 415 species of birds from the Pong Dam
lake. Pong Dam Lake also known as Maharana Pratap Sagar was declared Ramsar site on
19.8.2002 by Ramsar Convention.
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7.1

CHAPTER-7
ECOLOGICAL ASPECTS- AQUATIC

WATER QUALITY

7.2

The chemical and physical sampling and analyses provide a broad picture of the parameters
that define the aquatic environment. Biological parameters detect water quality changes that
other methods might miss or underestimate. Resident biotic components in their
environments are indicators of environmental quality for assessing the impacts that chemical
sampling is unlikely to detect due to any modification of river course or flow pattern.
Plankton (phytoplankton and zooplankton), benthic macro-invertebrates, and fish are the
most commonly used in assessing biological integrity of any river ecosystem. The benthic
macro-invertebrates are most often studied for wadeable riffles in streams and rivers while
algae are often used in lakes to examine eutrophication. Therefore, the river water quality
assessments are best analysed when these are based upon the biological together with
physical and chemical assessments that provide a complete picture of the river water quality.
In the description of physico-chemical and biological parameters the results have been
discussed.

PHYSICO-CHEMICAL WATER QUALITY

Water quality of the Beas river and its tributary streams at different locations in the basin
was assessed vis-a-vis Tolerance Limits for Inland Surface Waters (as per 15:2296:1982) (refer
Table 7.1) and water quality standards prescribed by Central Pollution Control Board (CPCB)
standards for drinking water (refer Table 7.2).

For water quality assessment water samples were collected from locations in Beas basin
covering different project areas across the entire basin and details of each sampling site is
given at Table 7.3. Some of the sites are located in the pristine area while some of the sites
were located in the vicinity of towns located on the bank of Beas river or its tributaries.

Although data collection was done momthly, however in order to assess the water quality
thoughout the basin the monthly data collected was averaged season-wise at each sampling
site in different sub-basins. Therefore, seasonal variation across the sampling sites in sub-
basins has been discussed in this chapter.

The detailed results of all the water quality parameters analyzed for water samples collected
during various seasons (Winter, Pre-monsoon and Monsoon) and monthly (from May 2016 to
December 2016) from Beas rivers and as well as their tributaries at different sampling
locations are given at Annexure-VIl of Volume Il of the report.

Table 7.1: Tolerance Limits for Inland Surface Waters (as per 1S:2296:1982)

. No. Parameter and Unit Class-A Class-B Class-C Class-D Class-E

1

2

Colour (Hazen Units) 10 300 300
Odour Unobjectionable - -
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S. No. Parameter and Unit Class-A Class-B Class-C Class-D Class-E
3 Taste Tasteless - - - -
4 pH (max) (min:6.5) 8.5 8.5 8.5 8.5 8.5
5 Conductivity (US/cm)) - - - 1000 2250
6 DO (mg/L) (min) 6 5 4 4 -

BOD (3 days at 27°C)
7 (mg/L) 2 3 3
Total Coliforms
8 (MPN/100 mL) 50 500 5000 -
9 TDS (mg/L) 500 - 1500 - 2100
10 Oil and Grease (mg/L) - 0.1 0.1 -
11 Mineral Qil (mg/L) 0.01 - -
Free Carbon Dioxide
12 (mg/L CO,) 6
Free Ammonia (mg/L as
13 N) - - - 1.2
14 Cyanide (mg/L as CN) 0.05 0.05 0.05 -
15 Phenol (mg/L C4HsOH) 0.002 0.005 0.005
Total Hardness (mg/L as
16 CaC0,) 300 - -
17 Chloride (mg/L as Cl) 250 600 600
18 Sulphate (mg/L as SOy) 400 400 1000
19 Nitrate (mg/L as NO;) 20 - 50 -
20 Fluoride (mg/L as F) 1.5 1.5 1.5
21 Calcium (mg/L as Ca) 80 - -
22 Magnesium (mg/L Mg) 24.4 -
23 Copper (mg/L as Cu) 1.5 1.5
24 Iron (mg/L as Fe) 0.3 50
Manganese (mg/L as
25 Mn) 0.5 -
26 Zinc (mg/L as Zn) 15 15 -
27 Boron (mg/L as B) - - 2
28 Barium (mg/L as Ba) 1
29 Silver (mg/L as Ag) 0.05 - -
30 Arsenic (mg/L as As) 0.05 0.2 0.2
31 Mercury (mg/L as Hg) 0.001 - -
32 Lead (mg/L as Pb) 0.1 0.1
33 Cadmium (mg/L as Cd) 0.01 0.01
Chromium (VI) (mg/L as
34 Cr) 0.05 0.05 0.05
35 Selenium (mg/L as Se) 0.01 - 0.05
Anionic Detergents
36 (mg/L MBAS) 0.2 1 1
Class-A:  Drinking water source without conventional treatment but after disinfection
Class-B:  Outdoor bathing
Class-C:  Drinking water source with conventional treatment followed by disinfection
Class-D:  Fish culture and wild life propagation
Class-E: Irrigation, industrial cooling and controlled waste disposal
Table 7.2: Drinking Water Quality Standards (as per 15:10500:2012)
Parameters Desirable Permissible
Limit* Limit**
Color (Hz) 5.0 25
Odour Unobjectionable -
Taste Agreeable -
Turbidity (ntu) 5 10
pH 5-8.5 No relaxation
Total Coliforms (MPN/100 ml) 0 -
TDS (mg/l) 500 2000
7.2
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Parameters Desirable Permissible
Limit* Limit**

Total hardness (mg/l) as CaCO; 300 600
Total alkalinity (mg/l) 200 600
Chlorides (mg/l) 250 1000
Sulphates (mg/l) 200 400
Flourides (mg/l) 1.0 1.5
Nitrate (mg/l) 45 100
Calcium (mg/l) 75 200
Magnesium (mg/l) 30 100
Manganese (mg/l) 0.05 0.5
Copper (mg/l) 0.05 1.5
Zn (mg/l) 5.0 15.0
Iron (mg/l) 0.30 1.0
Lead (mg/l) 0.05 No relaxation
Cadmium (mg/l) 0.01 No relaxation
Chromium (mg/l) 0.05 0.05
Phenolic compounds as phenol (mg/l) 0.001 0.001
Anionic detergents as MBAS (mg/l) 0.001 0.002
Arsenic as As (mg/l) 0.05 0.05
Selenium as Se (mg/l) 0.01 0.01
Mercury total as Hg (mg/l) 0.001 0.001
Cyanides (mg/l) 0.05 0.05
Mineral oil (mg/l) 0.01 0.3
Polynuclear aromatic hydrocarbons (PAH) 0.02pg/l 0.02pg/l

*

-

The figures indicated under the column ‘Acceptable’ are the limits up to which water is generally
acceptable to the consumers
**2 Figures in excess of those mentioned under ‘Acceptable render the water not acceptable, but still may
be tolerated in the absence of alternative and better source but up to the limits indicated under
column “Cause for Rejection” above which are supply will have to be rejected.

The results of all the water quality parameters analyzed for water samples collected from
Beas river and their tributaries at different sampling locations are discussed below.

From the overview of the results of all the parameters analyzed it was observed that the
concentration of parameters like Iron is <0.01 whereas all the heavy metals i.e. As, Pb, Cd,
Hg, Cu, Cr, Zn, and Mn are either Not Detectable (ND) or Below Detectable Limits (BDL)
except at few sampling sites. Therefore, keeping above results in mind the water quality
objectives for Beas basin main emphasis was laid on a core indicator set of parameters that
reflect their importance along a river stretch in a valley/basin. The key indicators like
temperature, pH, electrical conductivity, total dissolved solids, total suspended solids,
dissolved oxygen, total hardness, calcium, magnesium, chlorides, nitrites, sulphates, and
phosphates, potassium and sodium have been discussed in the present report in addition to
other parameters like Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), and
Total Coliforms have also been discussed. Firstly, sub-basin-wise water quality has been
discussed followed then by overall overview of the water quality across the basin.
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Table 7.3: Details of water sampling sites and their location the different projects in Beas basin

S.No. Sam.phng Project Remarks
Site
Samples were collected from Solang Nala near Beas Kund SHEP Power House upstream of Palchan
1 W1 Beas Kund | Village. Palchan village is located along the Highway connecting Manali to Lahaul valley via Rohtang
Pass
2 w2 P;tl]cat:]agn Samples were collected Solang Nala near Palchan village
3 W3 Bhang Samples collected from Beas river downstream of Solang Nala confluence near Bhang village
. Samples collected from Allain Nala downstream of Hamta Nala and Allain Nala confluence near Hamta
4 w4 Jobrie )
village
5 W5 Allain Samples collected from Allain Nala left bank tributary of Beas River near Aleo village located along
Duhangan | NH-21 (Kullu Manali Highway).
6 wé Du‘;I::;an Samples collected from Duhangan Nala, a left bank tributary of Beas River near Jagatsukh village
7 W7 Baragaon Samples collected from Sanjoin Nala, a right bank tributary of Beas River near PH of Baragoan HEP.
Patlikuhl trout fish hatchery maintained by water supply from Sanjoin Nala.
Samples collected rom Fozal Nala, a right bank tributary of Beas River near Dobhi village located along
8 w8 Fozal s
NH21 (Kullu-Manali Highway)
. Samples collected from Sarbari Khad near Power House of Sarbari-Il HEP. Sarbari Khad is right bank
9 W9 Sarbari-Il , . .
tributary of Beas River and meet Beas river upstream of Kullu town
10 W10 Nakthan | Samples collected from Tosh Nala upstream of diversion site of Tosh SHEP
11 W11 Nakthan | Samples collected from Tosh Nala upstream of Tosh nala confluence with Parbati river
12 W12 Nakthan | Samples collected from Parbati river near Nakthan village near Nakthan HEP dam site
13 W13 Tosh Samples collected from Tosh Nala near Tosh SHEP Power House site
14 W14 Parbati-Il | Samples collected from Parbati river upstream of diversion site of Parbati Il HEP
. Samples collected from Parbati river downstream of Parbati river-Tosh Nala confluence near diversion
15 W15 Parbati-II . . .
site of Parbati Il HEP (Pulga Dam site)
16 W16 Parbati-ll | Samples collected from Parbati river downstream of Pulga Dam Site
17 W17 Balargha | Samples collected from Parbati river near diversion site of under construction Balargha HEP
18 W18 Malana-Ill | Samples collected from Malana Nala upstream of Malana Il HEP reservoir
19 W19 Malana-Ill | Samples collected from Malana Nala downstream of Malana Il HEP Dam site near Malana village
20 W20 Malana-ll | Samples collected from Malana Nala downstream of Malana-Il HEP Power House site
21 W21 Malana-l | Samples collected from Malana Nala downstream of Malana-1 HEP diversion site
22 w22 Malana-l | Samples collected from Malana nala near upstream of Malana-l Power house site
23 W23 Parbati Samples collected from Parbati river near Jari village located near Malana and Parbati river
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S.No. Sam.plmg Project Remarks
Site
confluence
. Samples collected from Parbati river downstream of Malana nala confluence with Parbati river

24 W24 Sharni .
downstream of Jari village

25 W25 Sarsadi Samples collected from ‘Parbati river upstream of Sarsadi village located near the Highway connecting
Kullu-Bhuntar to Parbati Valley

26 W26 Sarsadi-ll | Samples collected from Parbati river downstream of Sarsadi village

27 w27 Hurla-I Samples collected from Hurla nala near the confluence of Hurla nala with Beas river

28 w28 Sainj Samples collected from Sainj Khad upstream of diversion site of Sainj HEP

29 W29 Sainj Samples collected from Sainj Khad upstream of Power house site of Sainj HEP

30 W30 Parbati-lll | Samples collected from Sainj Khad downstream of Jiwa nala confluence with Sainj Khad

31 W31 Parbati-lll | Samples collected from Sainj Khad downstream of Parbati Ill HEP diversion site

32 w32 Parbati-lll | Samples collected from Sainj Khad near Tail race outlet of Parbati Ill HEP

33 W33 Patikari Samples collected from Bakhli Khad near Power house site of Patikari HEP

34 W34 Larji Samples collected from Beas river near diversion site of Larji HEP near Aut village

35 W35 Larji Samples collected from Beas river downstream of Larji HEP Power House site

36 W36 BSL Samples collected from Beas river about 5000m upstream of Pandoh Dam reservoir tail

37 W37 BSL Samples collected from Pandoh dam reservoir on Beas river

38 W38 BSL Samples collected from Beas river about 500m downstream of Pandoh dam

39 W39 Lambadug | Samples collected from Lambadug Nala at Lambadug HEP diversion site near Lohardi village

40 W40 Uhl Samples collected from Uhl river near Barot village a hilly tourist place.
Barot Trout fish hatchery is dependent upon water from Uhl Khad and Lambagug Nala for water supply
Samples collected from Uhl river downstream of Uhl Khad and Lambadug Nala confluence near Uhl-I

41 W41 Uhl-I . L :
diversion site located near Barot village
Samples collected from Neri Khad a tributary of Rana Khad and is located near Bassi Power House

42 w42 Uhl-II (Uhl-1l HEP) near Joginder Nagar town. Bassi Power House (Uhl-Il HEP) is tailrace development of
Shanon Power House (Uhl-1 HEP)

43 W43 URL-II Samples collected from Rana Khad a right bank tributary of Beas river near Joginder Nagar town in
project area of Uhl-1ll HEP which is tailrace development of Bassi Power House (Uhl-Il HEP).

44 W44 UhL-I Samples collected from Beas river downstream of confluence of Rana Khad with Beas river near the
Power House of Uhl-lIl HEP is located in the right bank of Beas river

45 W45 Lower Uhl Samples cpllected from Uhl river downstream of proposed Powerhouse site of Lower Uhl HEP near
Kamand village

46 W46 Uhl Khad Samples collected from Uhl river upstream of confluence of Uhl khad with Beas river at PH location of
UHL Khad HEP which is lower most proposed project on Uhl river
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Sampling

S.No. Site

Project Remarks

Samples collected from Binwa Khad downstream of Power house site of Binwa HEP. Binwa Khad is right
47 w47 Binwa bank tributary of Beas river and near this site a Baijnath temple and Paprola Railway station is located
on the bank of Binwa Khad.

48 w48 Kilhi Bahl | Samples collected from Binwa Khad near proposed diversion site of Kilhi Bahl HEP

Samples collected from Neugal Khad near Neugal HEP Power house site located nearby Palampur

49 W49 Neogal town. Neugal Khad is right bank tributary of Beas river. Water from Neugal khad is also utilized by
villagers for irrigation purpose.

Samples collected from Baner Khad near Baner HEP Power House site. Kangra town is adjacent to the

20 W50 Baner Baner Khad. Villagers depend on Baner Khad for irrigation.
51 W51 Baner-ll | Samples collected from Baner Khad downstream of Baner Il HEP diversion site
52 W52 Gaj Samples collected from Gaj Khad near diversion site of Gaj HEP
53 W53 Khauli Samples collected from Khauli Khad near Power House site of Khauli HEP
54 W54 -:;T::: Samples collected from Beas river downstream of Mandi town
Thana Samples collected from Beas river upstream of confluence of Rana Khad with Beas river near proposed
55 W55 . o
Plaun diversion site of Thana Palun HEP
56 W56 Triveni Samples collected from Beas river upstream of confluence of Binwa Khad with Beas river near

Mahadev | proposed diversion site of Triveni Mahadev HEP

Samples collected from Beas river upstream of confluence of Kunah Khad with Beas river and
downstream of proposed diversion site of Dhaulasidh HEP

58 W58 Pong Dam | Samples collected from Beas river 500m upstream of Pong dam reservoir tail near Dehra village
59 W59 Pong Dam | Samples collected from Beas river upstream of Pong dam reservoir

57 W57 Dhaulasidh
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7.2.1 Beas | Sub-basin

The Beas | sub-basin is comprised of the catchment of Beas river up to its confluence with
Duhangan near Jagatsukh village. Six water sampling sites were located in Beas river and its
tributaries (Allain Nalah and Duhangan Nallah).

Temperature, Dissolved Oxygen and pH

Water temperature during surveys in Beas river and its tributary streams varied from season
to season and ranged from -1.80°C to 8.3°C. Minimum water temperature was recorded from
site W1 located near diversion site of Beas Kund HEP diversion site ranged from 1.8 to 2.0°C
(Figure 7.1).

Dissolved Oxygen during the water sampling during monsoon season was recorded lowest (8.2
mg/l to 9.5 mg/l). Minimum DO value was observed from sampling site W3 (Beas River near
proposed Bhang HEP) and highest (9.5 mg/l) at W5 (Allain nala), while during pre-monsoon it
ranged from 8.4 mg/l to 9.7 mg/l (Figure 7.1). During the winter season sampling i.e. DO was
recorded in range of 8.6- 9.4 mg/l at all the sampling sites (Figure 7.1).

The pH of water at most of the sampling sites during pre-monsoon was observed to be slightly
alkaline in nature as it ranged between 6.3 to 7.46 and was highest at site W2 (Beas river
near Palchan Bhang HEP) and lowest at W1 (Beas Kund HEP diversion site). The pH of water
didn’t vary much during Monsoon and Winter it varied from 6.62 to 7.87 and 6.0 to 7.65
respectively (Figure 7.1).
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Figure 7.1: Seasonal variation in Water temperature, pH and DO in Beas | Sub-basin

(PM=Pre-monsoon; M=Monsoon; W=Winter; W1-Wé : Sampling sites)
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Total Suspended Solids, Turbidity, Total Dissolved Solids and Electrical Conductivity

It can be seen from the (Figure 7.2) total suspended solids were higher during the monsoon
season sampling period while Total suspended solids (TSS) ranged between 1.6 and 56 mg/l
and Turbidity in the river water at all the sampling locations was quite low. The water of
Beas river and its tributaries remains very clear and transparent throughout the year except

during the occasional rains which brings silt into the river making it slightly turbid for few
days only and there after which becomes clear again.

Total Dissolved Solids (TDS) and Electrical conductivity (EC) were higher during monsoon
season sampling period when TDS was in the range of 50 to 81.7 mg/l (Figure 7.2) and EC was

in the range of 82 to 134 LS.

Total Hardness, Calcium, Magnesium and Chlorides

Variation in Total Hardness, Calcium and Magnesium concentrations at different sampling
sites during different sampling periods is given at (Figure 7.3). Total hardness of water
ranged from 9.8 mg/l (at W3 - Allain Nalah) during summer to 37.3 mg/l (at sampling site W1-
Beas River) during winter season sampling. Calcium and Magnesium values followed the
similar pattern as total hardness is sum total of calcium hardness and magnesium hardness.
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Figure 7.2: Seasonal variation in Total suspended solids, Turbidity, Total dissolved solids and

Electrical conductivity in Beas | sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W1-Wé : Sampling sites)
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Figure 7.3: Seasonal variation in Total hardness, Calcium, Magnesium and Chlorides in Beas |

sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W1-Wé : Sampling sites)

Nitrates, Phosphates, Potassium and Sodium

The nitrate concentration was quite low during the study period and it varied between 0.04 mg/l
(lowest values recorded at sampling site W1-Beas kund during winter) and 9.15 mg/l (highest at
site W5 - Allain Nalah during monsoon). In general nitrate concentrations throughout the study
area were low (Figure 7.4).

Phosphates followed the pattern of nitrates and in fact were much lower than nitrate
concentrations. While its concentration was negligible during post-monsoon period and maximum
concentration was recorded during monsoon season varied from 0.04 to 0.042 mg/l (Figure 7.4).

Potassium was recorded with low concentrations at all the sampling sites during the study
period (Figure 7.4). Its values varied from low of 0.11 mg/l (at W2- Palchan Bhang during
monsoon season) to high of 1.0 mg/l (at W4 - Jobrie during winter season).

The concentrations of sodium were very low during the entire study period at all sampling
sites and different seasons (Figure 7.4).
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Figure 7.4: Seasonal pattern in values of Nitrates, Phosphates, Potassium and Sodium in Beas |

Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W1-W6: Sampling sites)

BOD, COD and Total Coliforms

BOD at all sampling sites were varied from negiligible at W1- during all seasons to maximum
of 1.5 mg/l (at W5 - Allain nalah during winter season and at W6-Duhangan nalah during
monsoon season). COD also followed the pattern of BOD and it was nil at sites W1 & W3.
Coliforms were detected only from W2-Palchan Bhang, W3- Beas river near Bhang Village and
W5 Allain nalah near Jagatsukh village sampling sites. The qualtities of Coliforms were
maximum during monsoon season i.e. 920 MPN/100 ml from sampling site W5 and minimum 47
MPN/100ml at sampling site W2 (Figure 7.5).
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Figure 7.5: Seasonal pattern in BOD, COD and Total Coliforms in Beas | Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W1-Wé : Sampling sites)

7.2.2 Beas Il Sub-basin

Beas Il Sub-basin is comprised of catchment area of Beas River between the confluence point of
Duhangan nala with river Beas near Jagatsukh village and confluence point of Parbati River with
river Beas near Bhuntar in Kullu district. Sampling sites in Beas Il sub-basin were located in
Sanjoin Nalah, Fozal Nalah and Sarbari Khad (W7 to W9).
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Temperature, Dissolved Oxygen and pH

Water temperature varied from season to season and ranged from 8.9°C to 14.3°C. Maximum
water temperature was recorded at site W9 located in Sarbari Khad and minimum during
winter at sampling site W7 located in Sanjoin Nalah (Figure 7.6).

Concentration of Dissolved Oxygen (DO) was recorded lowest (8.1 mg/l) during pre-monsoon
season at sampling site W7 located in Sanjoin nalah and minimum DO value was observed from
sampling site W9 (10 mg/l) at site W9-Sarbari khad during winter season (Figure 7.6).

The pH of water was slightly alkaline in nature at all sampling sites and didn’t vary much
during different seasons. pH value at all sites during different season ranged between 7.48
and 7.91 and was highest at site W7 (at Sanjoin Nala) during summer season and lowest at W8
during winter season (at Fozal Nala) (Figure 7.6).

Total Suspended Solids and Turbidity

It can be seen from the (Figure 7.7) total suspended solids in the river water recorded
maximum (site W7-located in sanjoin nalah) during all the season but remain sampling
locations was quite low resulting in negligible turbidity in the river and streams. The water of
Beas river and its tributaries remains very clear and transparent throughout the year except
during occasional rains which brings silt into the river making it slightly turbid for few days
only and thereafter which becomes clear again.
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Figure 7.6: Seasonal variation in Water temperature, pH and DO at different sampling sites in

Beas Il sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W7-W9: Sampling sites)
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Figure 7.7: Seasonal variation in Total suspended solids and turbidity at different sampling

sites in Beas Il sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W7-W9 : Sampling sites)

Total Dissolved Solids and Electrical Conductivity

Total Dissolved Solids (TDS) and Electrical conductivity (EC) were higher during monsoon
season sampling when TDS was in the range of 54.3mg/l in Fozal nala to 60.4 mg/l in Sanjoin
nalah and EC was in the range of 89 yS/cm in Fozal nala to 99uS/cm in Sanjoin nalah. Overall
values of Total Dissolved Solids and Electrical varied from 45.1 mg/l - 60.4 mg/l and
74uS/cm-99uS/cm, respectively at different sampling locations during the study period
(Figure 7.8).

Total Dissolved Solids (mg/1) Electrical Conductivity (uS/cm)

100

50

BPM am aw 8 PM =Y aw

Figure 7.8: Seasonal variation in Total Dissolved Solids and Electrical conductivity in Beas Il

sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W7-W9 : Sampling sites)

Total Hardness, Calcium, Magnesium and Chlorides

No seasonal variation in Total Hardness, Calcium and Magnesium concentrations was recorded
in all three sampling sites (Figure 7.9). Total hardness of water ranged from 20.6 mg/l to (at
W7 - Sanjoin nalah) to 29.4 mg/l (at sampling site W8-Fozal nalah) during pre-monsoon. Total
Hardness varied between 23.4 mg/l (at sampling site W7-sanjoin nalah during monsoon) and 27.6
mg/l (at sampling site W9 - Sarbari khad). During winter total hardness were varied from low of
22.1 mg/l (at sampling site W7-sanjoin nalah) to high of 30.4 mg/l (at sampling site W8-Fozal
nalah).

Calcium and Magnesium values followed the similar pattern and recorded highest at sampling
site W8 (Fozal nalah) and lowest value was recorded for sampling site W7 (Sanjoin nalah).
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Figure 7.9: Seasonal variation in Total hardness, Calcium, Magnesium and Chlorides in Beas Il
sub-basin

(PM=Pre-monsoon; M=Monsoon; W=Winter; W7-W9 : Sampling sites)

Nitrates, Phosphates, Potassium and Sodium

The concentration of nitrate was low in all three sampling locations during the study period and it
varied between 0.3 mg/l (lowest values recorded at sampling site W9-Sarbari khad during
summer) and 0.8 mg/l (highest at site W7-Sanjoin Nalah during monsoon) (Figure 7.10). No
seasonal variation in nitrate value was observed at all three sites.

Concentration of Phosphate was negligible at all the sampling sites varied from 0.02 mg/l to
0.07 mg/l (Figure 7.10). Potassium too was recorded with low concentrations at all the
sampling sites during the study period (Figure 7.10). Its values varied from low of 0.3 mg/l
(at W9-Sarbari khad during pre-monsoon season) to high of 1.3 mg/l (at W8- Fozal nalah
during monsoon season). Maximum concentration was recorded from sampling site located in
Fozal nalah (Figure 7.10).

The concentration of sodium was very low at sampling site located in Sanjoin Nalah, ranged
between 0.6 mg/l (monsoon season) to 0.8 mg/l (pre monsoon season). While during the
entire study period the maximum values for sodium was recorded from Fozal nalah and varied
from 1.7 mg/l (summer and winter season) to 1.8 mg/l (monsoon season) (Figure 7.10).
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Figure 7.10: Seasonal variation in Nitrates, phosphates, potassium and sodium data in Beas Il sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W7-W9 : Sampling sites)

BOD, COD and Total Coliforms

BOD at all sampling sites varied from low of 0.1mg/l (at W9-Sarbari khad in winter season) to
high of 0.89 mg/l (at W7 -Sanjoin nalah during monsoon season). COD values were higher at
W7 and W8 and nil at W9. Coliforms were detected only at sampling sites W7 (Sanjoin nalah)
and W8 (Fozal nalah). Coliforms were detected maximum quantities during winter season i.e.
220 MPN/100 ml at sampling site W8 (Fozal nalah) and minimum 110 MPN/100ml at sampling
site W7 (Sanjoin Nalah). At sampling site W9 (Sarbari Khad) coliforms were absent during
sampling period (Figure 7.11).
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Figure 7.11: Seasonal variation in BOD, COD and Total Coliforms in Beas Il sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W7-W9 : Sampling sites)
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7.2.3 Parbati Upper Sub-basin

This area consists of catchment of Parbati river up to Parbati and Malana Nala confluence.
Water samples were collected from 8 sites located in Parbati river and Tosh Nala.

Temperature, Dissolved Oxygen and pH

The water temperature at all sampling sites varied from minimum 10.3°C at sampling site W12
(Tosh Nalah) during winter and maximum 17.6°C at sampling site W14 (Parbati River) during
pre-monsoon season (Figure 7.12).

Dissolved oxygen values varied from minimum 7.5 mg/l to maximum 9.5 mg/l, as highest
value of DO was found at sampling site W17 at Parbati river near diversion site of Balargah
HEP in monsoon season (Figure 7.12). During sampling at different season the DO value
varied from 7.6 mg/l to 8.5 mg/l during summer season, in monsoon season value of DO
ranged between 7.5 to 9.5 mg/l at various sampling locations and during winter season
sampling the value of DO varied from 7.8 to 8.9 mg/Ll.

The pH value of Tosh and Parbati river at all sampling sites shows slightly alkaline nature of
water. It varied from 7.06- 7.98 during sampling period (Figure 7.12).
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Figure 7.12: Seasonal variation in Water temperature, pH and DO at different sampling sites

in Parbati Upper Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W10-W17 : Sampling sites)

Total Suspended Solids, Turbidity, Total Dissolved Solids and Electrical Conductivity

During winter season sampling Total suspended solids (TSS) in the Parbati river and Tosh
Nalah water at all the sampling locations was quite low resulting in negligible turbidity in the
river. During pre-monsoon and monsoon season water become slightly turbid and
concentration of TSS was also increase. Maximum concentration of TSS was observed during
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Figure 7.13: Seasonal variation in Total suspended solids, turbidity, total dissolved solids and

monsoon season at sampling site W16 (34 mg/l) at Parbati river, while minimum (9mg/l)

during winter season sampling from sample collected from Tosh Nalah (Figure 7.13).

Overall values of Total Dissolved Solids and Electrical Conductivity varied from 80.5 - 114.1
mg/l and 112uS/cm-187uS/cm, respectively at different sampling locations during the study

period (Figure 7.13).

Total Dissolved Solids (TDS) and Electrical conductivity (EC) was higher during monsoon
season sampling period when TDS was in the range of 34.10 to 183.43 mg/l and EC was in the

range of 132 pS/cm to 187uS/cm (Figure 7.13).
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Electrical conductivity at different sampling sites in Parbati Upper Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W10-W17 : Sampling sites)

Total Hardness, Calcium, Magnesium and Chlorides

Variation in Total Hardness, Calcium and Magnesium concentrations at different sampling
sites during different sampling periods is given at (Figure 7.14). Total hardness of water
ranged from 176.3 mg/l (at W13- Tosh nalah) to 190.3 mg/l (at W16- Parbati river, down
stream of Parbati Il HEP Dam site). Calcium and Magnesium values followed the similar

pattern as total hardness is sum total of calcium and magnesium.
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Figure 7.14: Seasonal variation in Total hardness, Calcium, Magnesium and Chlorides in

Parbati Upper Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W10-W17: Sampling sites)

Nitrates, Phosphates, Potassium and Sodium

Phosphate and nitrate concentrations were observed very low in the water samples collected
during the study (Figure 7.15). Potassium and sodium was recorded with low concentrations
at all the sampling sites during the study period (Figure 7.15). Potassium values varied from
low of 1.1 mg/l (at W14- Parbati river, upstream of parbati Il HEP during pre-monsoon season)
to high of 1.5 mg/l (at W15 upstream of parbati river during winter season). Concentration of
Sodium in river water ranged from minimum 2.32 mg/l at sampling site W10-Nalthan and
W13- Tosh nalah during pre-season to maximum 3.35 mg/l at sampling site W16-downstream

of Parbati Il HEP during monsoon season).
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Figure 7.15: Seasonal variation in Nitrate, phosphate, sodium and potassium at different sampling
sites in Parbati Upper Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W10-W17 : Sampling sites)
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BOD, COD and Total Coliforms

BOD concentration was very low in varied from 0.1 mg/l to 1.8 mg/l. Similarly, Coliforms
could only detected from sampling site W17 at Parbati river (near diversion site of Balargah
HEP). The pattern of COD similar to BOD at all the sites. The count of Coliforms varied from
21 MPN/100ml during monsoon to 110 MPN/100ml during pre-monsoon season sampling
(Figure 7.16).
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Figure 7.16: Seasonal variation in BOD, COD and Total Coliforms at different sampling sites in
Parbati Upper Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W10-W17 : Sampling sites)

7.2.4 Malana Sub-basin

Malana Sub-basin comprises of the catchment area of Malana Nala, a right bank tributary of
river Parbati.

Temperature, Dissolved Oxygen and pH

The temperature of the river water ranged from 5.3°C to 14.2°C during sampling. The pH of
at most of the sampling sites was almost slightly alkaline. It varied from 6.7- 7.32. Dissolved
Oxygen value ranged between 8.2 mg/l to 9.7 mg/l in various season (Figure 7.17).
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Figure 7.17: Seasonal variation in Water temperature, pH and DO at different sampling sites

in Malana Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W18-W22 : Sampling sites)

Total Suspended Solids, Turbidity, Total Dissolved Solids and Electrical Conductivity
It can be seen from the Figure 7.17 total suspended solids in the river water at all the

sampling locations was quite low resulting in negligible turbidity in the river. The water of
Malana river and its tributaries remains very clear and transparent throughout the year
except during occasional rains which brings silt into the river making it slightly turbid for few
days only and thereafter which becomes clear again.

The Electrical conductivity (EC) and Total Dissolved Solids (TDS) values were observed
between 10uS/cm to 29 uS/cm and 6.1 to 17.7 mg/l respectively. Total Suspended Solid (TSS)
values were observed in lower side and varied between 1.01 mg/l and 6.2 mg/l (Figure 7.18).

Turbidity (NTU) Total Suspended Solids (mg/l)

BPM am Bw BPM am Bw

Total Dissolved Solids [mg/1) Electrical Conductivity (uS/cm)
20

15

10

BPM am aw EPM am Bw

Figure 7.18: Seasonal variation in Total suspended solids, Turbidity, Total dissolved solids
and Electrical conductivity at different sampling sites in Malana Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W18-W22 : Sampling sites)
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Total Hardness, Calcium, Magnesium and Chlorides

Water hardness depends on concentration of Calcium and Magnesium ions in water.
Concentration of Calcium and Magnesium varied from 2.9 mg/l to 3.9 mg/l and 0.1 mg/l to
0.8 mg/l respectively. Hardness in the river water ranged from 8.8 mg/l to 11.8 mg/l at
various sampling locations (Figure 7.19).
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Figure 7.19: Seasonal variation in Total hardness, Calcium, Magnesium and Chlorides at

different sampling sites in Malana Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W18-W22: Sampling sites)

Nitrates, Phosphates, Potassium and Sodium
A concentration of Phosphate in Malana was observed very low in the water samples collected

during the study (Figure 7.20). Potassium was recorded with low concentration at all the
sampling sites during the study period ranged from 1.1 to 2.1 mg/l and respectively (Figure
7.20). While values for nitrate varied low of 5.0 mg/l to high of 8 mg/l. Concentration of
Sodium in river water ranged from minimum 2.6 to 4.1 mg/L.
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Figure 7.20: Seasonal variation in Nitrates, phosphates, potassium and sodium at different

sampling sites in Malana Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W18-W22 : Sampling sites)

BOD, COD and Total Coliforms
Biological Oxygen Demand (BOD) values in the water samples collected during various seasons
were found low during the study period, ranged between 0.1 mg/l to 1.40 mg/l (Figure

7.21). COD values were more or less similar to BOD. Coliforms were detected from all
sampling sites their value varied from 2 MPN/100ml to 210 MPN/100ml. Highest quantities of
coliforms were recorded from sampling site W22 (near confluence of Malana Nala with Parbati
river) where it ranged between 120 MPN/100ml and 210 MPN/100ml.
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Figure 7.21: Seasonal variation in BOD, COD and Total Coliforms at different sampling sites in

Malana Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W18-W22: Sampling sites)

7.2.5 Parbati Lower Sub-basin

Parbati Lower sub-basin comprises of the catchment area of Parbati river from its confluence with
Malana nala till it meets river Beas at Bhuntar.
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Temperature, Dissolved Oxygen and pH

The temperature of the river water ranged from 9.7°C to 14.8°C during sampling. The pH of
water didn’t vary much and during various sampling season. The pH at all sampling sites was
almost slightly alkaline in nature. It varied from 6.4 to 7.86. Dissolved Oxygen (DO) value ranged
between 8.2 mg/l to 9.5 mg/l in various months. Concentration of DO have similar pattern at
sampling sites and no seasonal variation in DO was observed during sampling period (Figure 7.22).
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Figure 7.22: Seasonal variation in Water temperature, pH and DO at different sampling sites in

Parbati Lower sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W23-W26 : Sampling sites)

Total Suspended Solids, Turbidity, Total Dissolved Solids and Electrical Conductivity

The Electrical conductivity (EC) and Total Dissolved Solids (TDS) values were observed
between 23uS/cm to 90 uS/cm and 14 mg/l to 54.9 mg/l respectively. Total Suspended Solid
(TSS) values were observed in between 18 mg/l and 187 mg/l (Figure 7.23). Higher values of
TSS were observed during monsoon season which varied from 132mg/l (W23-downstream
conference of Malana and Parbati river) to 184 mg/l (W26- Parbati river, downstream of
Sarsardi village).
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Figure 7.23: Seasonal variation in Total suspended solids, Turbidity, Total dissolved solids

and Electrical conductivity at different sampling sites in Parbati Lower Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W23-W26 : Sampling sites)

Total Hardness, Calcium, Magnesium and Chlorides

Total hardness concentration varied from 26.2 mg/l to 55.0 mg/l in various seasons. Hardness
value was observed in higher side in sampling sites in lower stretch of Parbati lower sub-basin
comprising with sampling sites W25-Parbati river, near sarsadi village and W26- Parbati river,
downstream of Sarsadi village. While no significant seasonal variation in hardness values was
observed during sampling period. Calcium and Magnesium ion concentration varied between
5.9 mg/l to 16.9 mg/l and 2.3 mg/l to 4.1 mg/l, respectively (Figure 7.24).
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Figure 7.24: Seasonal variation in Total hardness, Calcium, Magnesium and Chlorides in

Parbati Lower Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W23-W26 : Sampling sites)

Nitrates, Phosphates, Potassium and Sodium

Concentration of Phosphate, Sodium and Potassium were observed very low in the water
samples collected during the study. While Nitrate concentration varied from 2.1 mg/l to 10
mg/l in the study area (Figure 7.25).
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Figure 7.25: Seasonal variation in Nitrates, Phosphates, Potassium and Sodium at different
sampling sites in Parbati Lower Sub-basin

(PM=Pre-monsoon; M=Monsoon; W=Winter; W23-W26 : Sampling sites)

BOD, COD and Total Coliforms

Biological Oxygen Demand (BOD) values in the samples were found low during the study,
ranged between 0.1 mg/l to 04 mg/l (Figure 7.26). Count of Coliforms were detected
maximum during winter season i.e. 210 MPN/100 ml from sampling site W26-Parbati river,
near Sarsadi village and minimum 142 MPN/100ml from sampling site W23-downstream
conference of malana and Parbati river (Figure 7.26).

Count of Coliforms were maximum during winter season i.e. 210 MPN/100 ml and minimum
during monsoon 76 MPN/100 ml followed by sampling site W26-Parbati river, downstream of
Sarsadi village and W24 (Figure 7.26).
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Figure 7.26: Seasonal variation in BOD, COD and Total Coliforms at different sampling sites in
Parbati Lower Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W23-W26 : Sampling sites)

7.2.6 Sainj Sub-basin

Sainj sub-basin comprises of the catchment area of Beas river from its confluence with Parbati
river and upto its confluence with Sainj khad near dam site of Larji HEP. In Sainj sub-basin
Sampling sites were located in two major tributaries of Beas river i.e. Hurla Nala and Sainj khad.

The water temperature of Hurla Nala ranged from 10.3°C to 12.2°C during sampling. While in
Sainj khad water temperature varied from minimum 10.1°C during winter to 14.2°C during
summer season. The pH values of both Hurla and Sainj khad varied from 6.91 to 7.89.
Dissolved Oxygen value ranged between 8.0 mg/l to 10.5 mg/l in various months (Figure
7.27).
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Figure 7.27: Seasonal variation in Water temperature, pH and DO at different sampling sites
in Sainj Sub-basin

(PM=Pre-monsoon; M=Monsoon; W=Winter; W27-W32 : Sampling sites)
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Total Suspended Solids, Turbidity, Total Dissolved Solids and Electrical Conductivity

The Electrical conductivity (EC) and Total Dissolved Solids (TDS) values for Hurla nala were
observed between 32.0uS/cm to 84.0 puS/cm and 19.5 to 51.2 mg/l respectively. While in
Sainjkhad value of EC varied from minimum 130 pS/cm during winter season sampling to 160

pS/cm during monsoon season. Similarly the TDS value was observed minimum in winter
season (79.3 mg/l) and maximum during monsoon season (97.6 mg/l) (Figure 7.28).

Total Suspended Solids (TSS) values were observed in lower side for Hurla nala varied
between 1.8 mg/l to 8.2 mg/l (Figure 7.28). In Sainj khad TSS values varied from 12.2 mg/|
to 54.2 mg/l. The maximum value of TSS was observed during monsoon season at sampling
site W30 near Jiwa nala confluence with Sainj khad and minimum during winter season near
sampling site W28 in Sainj Khad (upstream of Sainj HEP Dam site).
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Figure 7.28: Seasonal variation in Total suspended solids, Turbidity, Total dissolved solids

and Electrical conductivity at different sampling sites in Sainj sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W27-W32 : Sampling sites)

Total Hardness, Calcium, Magnesium and Chlorides

Total Hardness in Sainj khad and Hurla nala waters varied from 41.9 mg/l to 61.4 mg/l at all
sampling sites in all seasons. Maximum hardness value was recorded from water sample
collected from Hurla nala during winter season (Figure 7.29). Calcium and Magnesium values
ranged between 12 mg/l to 19 mg/l and 2.2 mg/l to 4.1 mg/l, respectively. Maximum
concentration of Calcium was recorded from the water sample collected from Hurla nala,
while maximum concentration of Magnesium was recorded from sampling site W30-located

the downstream of Jiwa nala and Sainj khad confluence.
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Figure 7.29: Seasonal variation in Total hardness, Calcium, Magnesium and Chlorides in Sainj
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Nitrates, Phosphates, Potassium and Sodium

The concentration of Nitrate was recorded in the range
7.29). Phosphate and Potassium concentrations were
collected during the study (Figure 7.30). While sodium
varied from 4.2 mg/l to 14 mg/l in all seasons.

of 1.67 mg/l to 2.89 mg/l (Figure
quite low in the water samples
concentration at all sampling sites
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Figure 7.30: Seasonal variation in Phosphate, Nitrate, Potassium and Sodium concentration
at different sampling sites in Sainj Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W27-W32: Sampling sites)
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BOD, COD and Total Coliforms
Biological Oxygen Demand (BOD) concentration in Hurla nala ranged between 1.2 mg/l and 1.4

mg/l, while BOD values in the samples collected from Sainj khad were low at most of the sites
during the study and ranged between 0.1 mg/l and 1.4 mg/l (Figure 7.31). COD was more than 1
at all the sampling sites while it was more than 2 at sites W27-W29. In Sainj Sub-basin Coliforms
were absent in Hurla nala while in Sainj river presence of Coliforms was observed only at two
sampling sites (W31 and W32 located in the downstream of Parbati Ill HEP Dam site). Maximum
Coliforms were recorded during Monsoon season with 1340 MPN/100mlL.
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Figure 7.31: Seasonal variation in BOD, COD and Total Coliforms at different sampling sites in

Sainj Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W27-W32 : Sampling sites)

7.2.7 Beas lll Sub-basin

Beas Ill Sub-basin is comprised of catchment area of Beas river between the confluence point
of Tirthan River with river Beas and upstream of Uhl River near Ghamun village. Larji HEP,
Beas Satluj Link Project (Pandoh Dam) and Patikari SHEP are the three operational projects
located in the sub-basin.

Temperature, Dissolved Oxygen and pH

The temperature of the Bakhli khad water ranged from 8.9°C to 15.6°C during sampling.
Water temperature in Beas river in Beas Il sub-basin varied from 8.9°C to 17.3°C. The pH at
most of the sampling sites was slightly alkaline and varied from 6.98- 8.06. Dissolved Oxygen
value ranged between 8.34 mg/l to 10.2 mg/l in various months (Figure 7.32).
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Figure 7.32: Seasonal variation in Water temperature, pH and DO at different sampling sites
in Beas lll Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W33-W38 : Sampling sites)

Total Suspended Solids, Turbidity, Total Dissolved Solids and Electrical Conductivity

The Electrical conductivity (EC) and Total Dissolved Solids (TDS) of the water samples from
Bakhli khad were observed between 90 pS/cm to 112 pS/cm and 54.9 to 68.3 mg/l
respectively. In Beas river the EC and TDS values varied from 78 uS/cm to 132 uS/cm and 47.6

to 80.5 mg/l, respectively.

Due to low turbidity Total Suspended Solids (TSS) values were low in Bakhli khad and varied
from 8 mg/l to 12 mg/l. While in water samples collected from Beas river TSS was more
during monsoon season with maximum 416 mg/l from sampling site W35 (located at the
tailend of Larji HEP reservoir)(Figure 7.33).
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Figure 7.33: Seasonal variation in Total suspended solids, Turbidity, Total dissolved solids

and Electrical conductivity at different sampling sites in Beas Il sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W27-W32 : Sampling sites)

Total Hardness, Calcium, Magnesium and Chlorides

Total Hardness, Calcium and Magnesium concentrations at different sampling sites during
different sampling periods are given at (Figure 7.34). Total hardness of water ranged from
23.9 mg/l to 32.6 mg/l in Bakheli khad and 25.6 mg/l to 70.1 mg/l in samples collected from
Beas river. Calcium and Magnesium values followed the similar pattern.
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Figure 7.34: Seasonal variation in Total hardness, Calcium, Magnesium and Chlorides in Beas llI

Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W27-W32 : Sampling sites)

Nitrates, Phosphates, Potassium and Sodium

The concentration of Nitrate was recorded from 0.21 mg/l to 1.9 mg/l from all samples
collected during various seasons (Figure 7.35). While sodium concentration at all sampling
sites varied from 1.11 mg/l to 6.6 mg/l in all seasons. Concentration of Phosphate and

Potassium was low in the water samples collected during the study period (Figure 7.35).
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Figure 7.35: Seasonal variation in Phosphate, Nitrate, Potassium and Sodium at different
sampling sites in Beas-Ill Sub-basin
(PM=Pre-monsoon; M=Monsoon; W=Winter; W27-W32 : Sampling sites)

Biological Oxygen Demand (BOD), COD and Total Coliforms

Biological Oxygen Demand (BOD) values in the water samples collected during various seasons
were low during the study period and ranged between 0.1 mg/l and 1.40 mg/l (Figure 7.36).
At all the sampling sites COD was more than 1 except for W35 where it was very low while at
W36 & W38 sites it was more than 2 mg/l. Coliforms were detected from all sampling site
varied from 110 MPN/100ml to 1600 MPN/100ml. Maximum count of Coliforms was recorded
from sampling site W35 (near Aut: downstream of Larji Dam site) ranged from 270 MPN/100ml
to 1600 MPN/100ml (Figure 7.36).
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Figure 7.36: Seasonal variation in BOD, COD and Total Coliforms at different sampling sites in
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(PM=Pre-monsoon; M=Monsoon; W=Winter; W27-W32 : Sampling sites)

7.2.8 Uhl Sub-basin

Uhl sub-basin comprises of the catchment area of Beas river from downstream of Pandoh Dam up
to the confluence of Rana Khad and Arnodi Khad with river Beas in Mandi district (Figure 7.37).
The major tributaries joining river Beas at its right bank in the sub-basin are Uhl river, Kushak
nala, Dev Ki khad, Luni khad and Rana khad, while the major tributaries joining river Beas on its

left bank are Suketi khad, Kasani khad and Arnodi khad.

Temperature, Dissolved Oxygen and pH

The temperature of the river water ranged from 8.6°C to 19.2°C during sampling. The pH of
at most of the sampling sites varied from 6.95 - 7.73.

between 7.4 mg/l to 10.5 mg/l in various months (Figure 7.37).
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Figure 7.37: Seasonal variation in Water tempera