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PREFACE

The report on the Catchment Area Treatment (CAT) plan of the proposed Luhri H.E.
Project, Himachal Pradesh covering area between the dam site at Nirath up to the powerhouse
site at Marola is presented. The plan is based on extensive field surveys of the region,
discussions with the Himachal Pradesh Forest Department officials and the project proponents
(SJVNL). While the main aim of the CAT plan is to prevent soil erosion in the catchment and
ensure longevity of the reservoir, the project proponents were keen to make this study a more

fruitful and relevant exercise to address the needs of the resident human population.

The delimitation of degraded areas to be treated has been carried out using remotely
sensed data and analyses were carried out using GIS softwares. The results are presented in the
form of a number of GIS outputs at sub-watershed levels covering 74 sub-watersheds in the
study area. Though soil erosion was estimated in all the 74 sub-watersheds, however treatment
plan has been prepared for the free draining catchment area only. The areas earmarked for
treatment have been prioritized based on the intensity of soil erosion in a particular area of the
sub-watershed. The treatment measures suggested include both biological and engineering
methods to check soil erosion. A number of novel methods, particularly in biological measures,
have been proposed in order to select the locally available material for prevention of soil loss and

stabilization of the degraded areas.

The report emphasizes on the need to rejuvenate various degraded ecosystems in order to
ensure sustainable yield of resources like water, fuel wood and fodder for the needs of local
human population living in the catchments as well as create suitable viable habitats for the
wildlife in the area. An integrated catchment area management is proposed to ensure socially

relevant, economically viable and ecologically sustainable development.

It is hoped that the physical and fiscal targets outlined in the plan will be executed by the
project proponents which will not only ensure the economic upliftment and better quality of life
for the residents living in the catchment, but will also guarantee a reasonably long life of the

proposed Luhri H.E. Project reservoir.

December, 2009 M.K. Pandit
Delhi Professor and Director
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Catchment Area Treatment Plan — Introduction CISMHE

1
INTRODUCTION

The life of a hydroelectric project primarily depends on the rate of soil erosion in the
catchment area of the project, its transportation and deposition in the reservoir. Soil erosion occurs
due to a number of abiotic and biotic factors like, topography of the catchment, soil characteristics,
meteorological conditions such as precipitation and its intensity in the form of rainfall and snow fall,
wind velocity and the extent of vegetation cover and its types. It is therefore imperative to control
one or more of the most crucial contributor/s of the factors triggering soil erosion, which will
enhance the life of a reservoir. In general, the silt loads in the rivers of mountains tend to be higher
owing to steep slopes of their catchment and this is true for most of the Himalayan rivers. The silt
loads of Eastern Himalayan rivers are known to be relatively higher than those of the Western
Himalaya, which is mostly driven by prolonged spell of rainfall and its quantum and intensity. The
proposed Luhri HE project on river Satluj in Himachal Pradesh, Western Himalaya is one such
project where silt load in the river is very high. This is essentially a result of vast catchment of the

river lying in the trans-Himalayan belt with scarce vegetation cover.

The dam of the proposed Luhri HE project is located at Nirath in the Shimla district of
Himachal Pradesh. The total catchment area of the project up to the dam site is 45,453 sq km, out of
which 14,764 sq km is India and 30,689 sq km falls in Tibet. The free draining catchment area of the
project is 797.14 sq km. However, the present catchment area treatment plan covers an area of
1920.53 sq km of the Luhri HE project which falls between dam site of Rampur H.E. project near
Rampur to the powerhouse site of Luhri H.E. project at Marola. The geographic location of the

project area is given in Fig.1.1.
1.1  HIMACHAL PRADESH

Himachal Pradesh gained status of a full fledged state on Jan. 25, 1971. Himachal, translated
as the “abode of snow” is composed of mountainous terrain and begins from the Siwaliks and goes

up to trans-Himalayan heights of Zanskar range with altitudes varying from 350 m to 7000 m above

1
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the mean sea level. There is a general increase in elevation from west to east and from south to
north. The State is bound between 30°22° to 33°12° N latitude and 75°47 to 79°04’ E longitude. To
the east and northeast the State forms India's border with Tibet, to the north lies the State of Jammu
& Kashmir, in the south-east lies Uttaranchal, Haryana lies in the south and Punjab in the west. The
total geographical area of Himachal Pradesh is 55,673 Sq km. Lahul and Spiti is the largest district
of the State with a total land area of 13,835 sq km (24.85% of the total geographic area of Himachal
Pradesh). Total population of the State is 60,77,900 (Census, 2001) with an average population
density of 109 per sq km (Census, 2001). Kangra is the most populous district (total population is
13,38,536) in the State with a population of 233 persons per sq km (Census, 2001). The district has
around 22.01% of the total population of the ratio. For administrative purposes the State has been
divided into 12 districts, 75 tehsils and 34 sub-tehsils. The catchment area of the proposed project
lies in three districts, Shimla, Kullu and Mandi of Satluj valley (Fig.1.2).

1.2 SATLUJ RIVER BASIN

Satluj (Sanskrit is Shatardu and Satadru or Sutudri in Rigveda) is one of the largest rivers in
Himachal Pradesh. Other important rivers in the State are Ravi, Chenab, Beas and Yamuna. The
Satluj river rises in the Kailash-Mansarovar region in Tibet with its origin in the Rakshas Tal as
Longchhen Khabab (Xianquan) (Fig.1.3). Some of the important glaciers feeding river Satlyj in its
initial stretches are Ganglung Gaungi glaciers and the glaciers of Riwa Phargul. Sindhu (Indus) and
Brahmaputra are two other rivers which also originate from that region. Brahmaputra (Tsangpo)
originates from Grat glacier also known as Chema-Yungdung, which covers the southern flank of
the northernmost range of Kailash Himalaya at an elevation of about 5150 m. The two rivers, Sindhu
and Brahmaputra have their origins in the same spot, but flow in the extreme west and east of the
trans-Himalayan highlands. Sindhu river flows at distance of 80-90 km southeast of Satluj, which is
its eastern most tributary. The river Satluj finally merges with Sindhu at Mithankot in Pakistan after
covering a distance of about 1500 km from its origin. Prior to 1700 B.C. the geological evidences
indicated that Satluj was an important tributary of the Saraswati river rather than Sindhu river
(Valdiaya, 2002). It is believed that the tectonic activity brought about elevational changes which
redirected the flow of Satluj from the southeast to the southwest. The mighty Saraswati, which is

mostly referred to as a mythical river, began to dry up during 3900 year BP (Before Present),
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causing desertification of Cholistan and the eastern part of the Sindh state. The desertification

resulted in the abandonment of numerous ancient human settlements along the banks of Saraswati.

The Satluj river enters India near Shipkila (2880 m) in Himachal Pradesh and leaves the State
at Bhakra. The river up to this point covers a distance of about 640 km from its origin and within
Himachal Pradesh it travels a distance of 320 km. In Punjab it is joined by Beas and in Pakistan
Chenab meets it at Uch (Bahawalpur). The first major tributary of Satluj within Indian territory, is
Spiti river which joins it at Khab. Ropa, Taiti, Kashang, Mulgaon, Yula, Wanger, Throng and Rupi
are other right bank tributaries. The major left bank tributaries of Satluj are Gayathing, Baspa,
Duling and Soldang. The major settlements along the Satluj river within Himachal Pradesh are
Namgia, Kalpa, Rampur, Tattapani, Sunni and Bilaspur. The total catchment area of Satluj river up
to its confluence with Sindhu river, while up to Bhakra the catchment area is 56875 sq km (3690 sq
km in Tibet and 19975 sq km in Himachal Pradesh). The river Satluj passes through Tibetan plateau
into the Himalayan ranges and the Siwalik ranges and finally flows along the plains of Punjab. It

crosses Dhauladhar ranges at Rampur and Naina Devi range at Bhakra gorge.

The 75.40 km stretch of the river Satluj fall within the proposed project area of Luhri HE
project catchment area from Rampur dam site to village Marola (the powerhouse site of Luhri HE
project). The total catchment area is 1920 sq km and the major streams that join Satluj within the
project area are Nogli Khad, Kurpan Khad and Bharo Khad. The major towns along the river within

the proposed project stretch are Nogli, Sainj, Luhri and Sunni.

1.3 CATCHMENT AREA OF LUHRI HE PROJECT

The proposed project area of the Luhri HE Project lies between Rampur and Sunni towns.
The proposed dam is located at Nirath and the powerhouse is at Marola village on the right bank of
Satluj. Water from the river is proposed to be diverted by a 38.9 km long head race tunnel to the
powerhouse. Geographical location of the catchment area is 77°12° to 77 © 35’ longitude and 31°15°
to 31 °25° latitude and the total catchment area from Marola village to Rampur dam site is 1920.53
sq km. The area falls in three districts, Shimla, Mandi and Kullu (see Table 3.1). The number of
villages with in the project area is 1795 (Revenue villages are 370, Census 2001). The total human

population within the catchment area is 212685 (Census, 2001) with population density of 110
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person per sq km. The catchment area under discussion has been divided into 74 sub-
watersheds/micro-watersheds (Fig.1.4). There are more than 15 small and big streams that join Satluj
on the left and right bank within the proposed project area. Nogli, Machhad, Kiara, Bhera, Sainj,
Kongal Chapala, Pandola and Ogli are the important left bank streams and Devidhar, Naharu,
Jharjar, Dhurmu and Chainra are the right bank tributaries of the main river. There are also a number

of monsoon streams which bring lot of water and silt into the main river Satlu;.

1.3.1 Climate

The climate of Himachal Pradesh State is varied and changes with the altitude. The southern
lower elevation region, Siwalik zone (up to 800 m) with valleys and foothills has a hot tropical
climate. The average rain fall in the region is 1500 mm. This zone comprises of around 30 per cent
of the State’s geographical area. The region between 800 m and 1600 m is called Mid Hill Zone,
which receives maximum rain fall ranging from 1500 mm to 3000 mm annually. The region has a
warm temperate climate. This zone is covered with a reasonably good forest cover. Around 10 per
cent area of the State’s geographic area falls in this region. Beyond the Mid Hill Zone are temperate
and cold temperate areas, which come in the elevation range of 1600 m to 2700 m. In this region the
climate is cool temperate type and the annual rain fall ranges from 1000 mm to 1500 mm. Beyond
cold temperate zone and above 3300m lies the alpine frigid zone. A large part of this region is
devoid of thick vegetation. The maximum area of Himachal Pradesh (35%) falls in this dry cold
desert of Lahaul-Spiti and Kinnaur region. The region is in trans-Himalaya and receives very less

rain (annual rain fall is less than 500 mm). Most of the area is covered with sand and barren rocks.

The CAT project area under discussion falls in the Mid Hill Zone where the rain fall ranges

from 320 mm to 974 mm and maximum temperature goes up to 40°C.

1.3.2 Silt load in Satluj Basin

Himalaya being a younger geological formation, the rivers emanating from the mountains
here carry heavy silt load during snow melt and monsoon season. Satluj is one such river, known to
carry the high silt load amongst the rivers flowing through Himalaya. According to an estimate the
average silt load at Khab is 12MCM (6 MCM from Satluj and 6 MCM from Spitit), at Nathpa dam,
which is 100 km downstream of Khab is 16 MCM and at Bhakra, 210 km downstream of Nathpa

dam is 35 MCM. This indicates that maximum silt load in the river Satluj is from downstream of

4



Catchment Area Treatment Plan — Introduction CISMHE

Nathpa dam including present study area. One of the main reasons for disproportionately high silt
loads in Satluj are ascribed to the fact that the major portion of the river’s catchment lies in the trans-
Himalayan region where loose soil without any vegetation cover is eroded easily and ends up in the
river channel. Topography of the region is another reason for this high quantity of silt, particularly in
the downstream of the Nathpa region. The river initially flows through Tibetan plateau, which is
formed of successive deposits of boulders, gravel, clay and mud. Spiti is one of the major tributaries
originating from Kunjan pass and contributes large quantity of silt (6 MCM) to the Satluj river.
Satluj carries very large quantities of debris during the early summers when snow/glaciers start
melting and the lack of vegetation, above Kinnaur, accentuates the problem. The topography and soil
conditions in lower reaches during monsoon rains lead to floods and at times flash floods, which
greatly contribute to the silt load (19 MCM) in the river. In the proposed project area various

tributaries are not main contributors of silt in the river except the Nogli Khad.

1.4 LAND USE/LAND COVER

In Himachal Pradesh more than 35 per cent of the geographic area lies in the Trans-
Himalayan Zone which is a cold desert. The vegetation in the region is scarce. The forest cover in
the State is around 25 per cent of the total geographic area (FSI, 2003). Very dense forest constitutes
just 0.2 per cent (1,093 sq km) area of the State, while nearly 14 per cent area is covered with
moderately dense forest and 9.7 per cent area has the open forest (FSI, 2003). There are reports of
significant forest loss in the State (Joshi ef al, 2001; Pandit ef al., 2007) and most of the forest cover
is now restricted to the ridges and some valleys where human population density is low. Maximum

area in the lower ranges is under cultivation and human settlements with little or no forest cover.

The total area of the CAT project is around 1920.53 sq km which falls in three districts,
Shimla, Mandi and Kullu. More than 80 per cent (1588.56 sq km) of this catchment is covered with
forests and nearly 8 per (154.73 sq km) cent area is under agricultural/horticultural cultivation. The
human settlements and agriculture are positioned along the main Satluj valley and also along the
streams like Nogli Gad, Kurpan Gad, etc. The upper reaches and ridges in the catchment are covered
with dense to moderately dense forest and the predominant species are of pine. Around 933.44 sq km
area of the catchment area under discussion is covered with dense forest, which is around 48 per cent

of the total catchment area. The open forest is around 17 per cent of the total catchment area. Around
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17 per cent area of the catchment is covered with scrubs or degrades forest. In some valleys like
Machhad Khad and Sainj Nala the slopes have been cleared for horticulture. Most of the area on the
right bank of Satluj is barren, particularly around Luhri region, Ogli, and Lunssu area. Barren or
rocky area in the catchment is around 106.92 sq km, which is around 5 per cent of the total
catchment area. The remaining area is covered with snow and glaciers, which form nearly 3.1 per

cent (59.77 sq km) area of the catchment.

1.5 BIODIVERSITY

Despite the loss of forest cover there are pockets of rich biodiversity in the State of Himachal
Pradesh. This biodiversity is contained mostly in the surviving forests. The State has a 25% forest
cover and more than 35 per cent of the geographic area has low human population density, which
makes it possible for the biodiversity to thrive in many areas in the State. The altitudinal variation
from 250 m to more than 6,000 m and varied precipitation profile is also responsible for rich
biodiversity in the region. A number of river valleys in the State, which induce varying microhabitat
conditions and also ecological isolation, greatly contribute to the biodiversity of the State. The State
is home to a large variety of plant and animal species, which have migrated from the far off regions
like Mediterranean, Tibetan region of trans-Himalaya and the Eastern Himalayan region of Nepal.

There is a considerably high degree of endemism in plants and animals of the State.

Himachal Pradesh is rich in various faunal elements with reports of more than 107 species of
mammals, 447 species of birds, 17 species of amphibian and 104 species of fishes. There are
carnivore species like tiger (Panthera tigris), leopard (Panthera pardus), leopard cat (Prionailurus
benghalensis), jungle cat (Felis chaus), Asiatic black bear (Ursus thibetanus) and brown bear (Ursus
arctos) in the State. Himachal Pradesh is also known for some of the unique bird species like
Himalayan monal (Lophophorus impejanus), Kaleej pheasant (Lophura leucomelanos) and red
jungle fowl (Gallus gallus). A large number of bird species were observed in the project area,
therefore, the CAT plan, afforestation and ecological rejuvenation of the proposed area is highly
desired and relevant. During one of the field surveys we observed the carcass of a leopard cub,
which was seemingly hit by a vehicle. This is highly worrying as the continued decrease in the forest

cover will endanger the animal populations which are already decreasing in the Himalaya. CAT plan
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will make an endeavor to restore and preserve their habitats and make meaningful contributions to

the conservation of biodiversity.

The vast variations in the altitude, edaphic conditions and precipitation in the State have
offered diverse microclimatic conditions resulting in multiplicity of habitats and ecological niches
for different plant species. There are reports of more than 3000 species of flowering plants from
Himachal Pradesh. Asteraceae is the largest family with reports of more than 328 species, followed
by Poaceae with 321 species. Many of the plant species (like more than 80 flowering plant species)
like Agropyron dentatum, A. repens and Arabidopsis, ruseelliana are endemic to the State. The

higher altitudes are known for a large variety of plant species, which have medicinal properties.

Broadly, the vegetation types of the State can be divided into tropical, sub-tropical, temperate
and alpine vegetation and the vegetation of stony desert. The main forests in the State are dominated
by oak, cedar and pine and in some areas the formations are of mixed type. In the Lahaul-Spiti
region the scarce vegetation is represented by the scrub forest of Ephedra, which is an important
medicinal plant. In the project area, main forest is of pine, which is particularly restricted to upper
reaches and the ridges and in some area, particularly in Shimla district, cedar forest is also visible. In

lower warmer areas we encountered Eucalyptus plantations.

1.6 SCOPE OF THE STUDY

The main objective of the present study is to plan measures for checking soil erosion thus
decrease the silt load in the river channels and the reservoir of the proposed Luhri HE Project on
Satluj river. Catchment area treatment (CAT) plan is an important document, which portrays the
ecological health of the catchment area, suggests various soil conservation measures and watershed
management programmes required to arrest soil erosion. This is crucial for improving the soil and
habitat conditions of free drainage area and to rejuvenate the degraded ecosystems in the catchment.
The scope of this study is not only to address all those factors which are directly responsible for soil
erosion in the catchment but also to address areas of concern that are indirectly responsible for soil
erosion. These issues include fuel and fodder requirements of the local people in the project area.
These activities are the main drivers of deforestation and vegetation removal and exposure of soil to

erosion. Additionally, there could be many natural factors like floods, flash floods, land slides, etc.
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responsible for soil erosion. Our field observations suggest that the natural processes of degradation
and soil erosion are not prevalent in the tributaries like Nogli Khad, Kurpan Khad and Machhad
Gad. The road construction activity seems to be one of the major developmental activities in the
region responsible for soil erosion in the study area. Traditionally, land conversion from forest to
agriculture, horticulture and human settlements has also played significant role in increasing soil

erosion in the catchment area of the Luhri HE Project.

The total catchment area of the project is 1920.53 sq km and the area under erosion is 761.79
sq km (39.67% of the total catchment area, includes severe and very severe erosion). This area under
erosion has been categorized as severe and very severe type. Though erosion has been studied in
1920.53 sq km which includes downstream catchment area (up to power house site at Marola and
free-draining catchment area). However, catchment area treatment plan is prepared for 82.96 sq km
area which falls in free-draining and downstream catchment area of the proposed project. We have
suggested a number of indirect and direct methods for the treatment of catchment to arrest soil
erosion. The direct measures include engineering and biological method, while the indirect methods

include gradual reduction of dependency of local people on natural resources for their daily needs.

1.7 COST OF THE PLAN

In the proposed CAT plan an area of 82.96 sq km (15.03% of the total effective catchment
area) has been identified for the treatment. Entire catchment has been divided into 74 sub-watersheds
and in each of these the area that needs treatment is worked out. Treatment plan is prepared for free-
draining catchment which has 27 sub-watersheds. However, area for treatment has been identified in
24 sub-watersheds only. Maximum area for treatment is in St3 sub-watersheds (1903.2 ha) and
minimum is in Kg4 (5.41 ha). The areas for biological and engineering treatments have been
identified separately. However, in the present CAT plan more emphasis has been given to the

biological treatment measures.

The total budget for the proposed CAT plan is kept at Rs. 12466 lakh, which includes cost
for all the measures suggested to arrest soil erosion and also for the biodiversity conservation in the
region. Broadly, the entire budget is divided into cost of direct methods, which includes biological

and engineering methods and indirect methods. The region is rich in biodiversity and based on our
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interactions with the officials of State Forest Department, a separate budget head is provided for the
conservation and protection of the biodiversity of the region. However, it must be said though the
proposed plan has been prepared at a sufficiently detailed level and scale, but site-specific micro-
planning will be needed while executing the catchment area treatment plan by the executing agency.
Accordingly, a separate budget of Rs.85.0 lakh has been kept for the purpose of Joint Forest

Management (including micro-planning).

1.8 SCHEDULE OF THE CATCHMENT AREA TREATMENT PLAN

The construction schedule of the proposed Luhri HE project is around 7 years and 6 months
(twin tunnel option) and implementation of CAT plan will also take 7 years and further 3 years are
suggested for the maintenance of the executed work. With this entire catchment area treatment plan
is prepared for 10 years, including seven years period for execution and 3 years time for
maintenance. However, development of nursery will start from the zero year and end in the ninth
year. A detailed fiscal and physical schedule for carrying out different biological and engineering

works in the catchment is given in Table 9.8.
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