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PREFACE w

The report on the Catchment Area Treatment (CAT) plan of the proposed Lubii HE
mmmmmmumﬁuw-pwmm
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
(SIVNL). 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 keen 10 make this study a more
fruitful and relevant exercise 1o address the needs of the human population.

lheddmotdqndﬁmwhmuﬁhqmﬂmmwy
sensed data and analyses were carried out using GIS softwares. The results are presented in the

form of 4 number of GIS outputs at sub-watershed levels ot 74 sub-watersheds in the
* study area. Though soil erosion was estimated in all the 74 however treatment
plan has been prepared for the free draining catchment only. The areas earmarked for

methods to check soil erosion. A number of novel methods, in biological measures,
have been proposed in order to select the locally available for prevention of soil loss and
stabilization of the degraded arcas.

The report emphasizes on the need 1o rejuvenate degraded ecosystems in order to
ensure sustainsble yield of resources like water, fuel wood and fodder for the pecds of local
mmmhmu&numuu!uad[anﬂhmmnh

- wildlife in the arca. An integrated catchment area management is proposed to ensure socially
relevant, economically visble and ecologically sustainable

It is hoped that the physical and fiscal targets outlined n the plan will be executed by the
project proponents which will not only ensure the economic upliftment and better quality of life
uummhummumm—:‘rammmuau

proposed Luhei HLE. Project reservoir.
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1
INTRODUCTION

mn&dnwmmmyqulmumormmuu
catchment area of the project, its transportation and deposition in the reservoir. Soil erosion oceurs
due to 8 number of abiotic and biotic factors like, topography of the catchment, 30il charscteristics,
meteorological conditions such as precipitation and its intensity in the form of minfall and snow fall,
wind velocity and the extent of vegetation cover and s types. It i thercfore imperative 10 coatrol
one or more of the most crucial comtributor’s of the triggering soil crosion, which will
enhince the life of u reservoir. In general. the silt loads in the dvers of mountains tend to be higher
2 owing 1o steep slopes of their catchment and this is true for most of the Himalayan rivers. The sil
laads of Eastem Himalayan rivers are known to be retatively higher than thase of the Wester
Muwﬂdlkudydﬁmbypmmwmdlofnhqmﬂummmm.m
proposed Lubri HE project on river Satly) in Himachal Western Himalays is one such
project where silt load in the river is very high. nuueus?ny.muofmmofm
river lying in the trans-Himalsyan belt with scarce vegetation cover.

The dam of the proposed Luhri HE peoject is at Nirath in the Shimla district of
Himachal Pradesh. The totsl caichment ares of the project up I the dam site is 45,453 sq km, out of
which 14,764 5q km is India and 30,689 sq km falls in Tibet. The free draining catchment area of the
- peoject is 797.14 sq km. However, the present catchment arca.treatment plan covers an area of
lmssnmdhwuamwmmhm+ﬁdwu.amm
Rampur 10 the powerhouse site of Lubri HE. project at Marols. The geographic location of the
project area is given in Fig 1.1,

L1 HIMACHAL PRADESH

Himachal Pradesh gained status of 4 full fledged state on Jan. 25, 1971 Himachal, transiated

|
as the “sbode of snow” is composed of mountainous terrain né “cging from the Siwaliks and goes
up to trans-Himalayan heights of Zanskar range with altitudes varying from 350 m 10 7000 m above

~ | |
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ummw.MhanbmwmwuuﬂMMh
north. The State is bound between 30°22° to 33°12° N Iatitude and 75%47" to 79°04" E longitude. To
the cast and northeast the State forms India's border with Tibet, 1o the north lies the State of Jammu
& Kashmir, in the south-cast lics Uttaranchal, Haryana lies in the south and Punjab in the west. The
uwuomwmussm_sqmwmswnmmm
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). Knngra is the most populous district (total population is
13,38,536) in the State with o population of 233 persons per sq ket (Census, 2001). The district has
around 22.01% of the total population of the ratio. For sdministrative purposes the State has been
divided into 12 districts, 75 tehsils, 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

WM&MMM«M&M)&mdNWNh
Himachal Pradesh. Other important rivers in the State are Ravi, Chenab, Beas and Yamuna. The
wammnmwmmhmmmmghuum-m-
Longchhen Khabab (Xianquan) (Fig.1.3). Some of the important glaciers feeding river Satloj in its
mwm«mmwm-uumammwmam)n
Brahmaputra are two other rivers which also originate from that region. Brahmaputrs (Tsangpo)
mmmwn»m-mvmwnhmumuw
the northernmost range of Kailash Himalaya at an elevation of sbout 5150 m. The two rivers, Sindhu
dMMMdgb‘bhmﬂthﬂncﬂnemdudh
mwmmm:mamm»mawm&
hmwuﬁm.deWMwMSWthmM
covering a distance of about 1500 km from its origin. Prior o 1700 B.C. the goological cvidences
Muwmnmmammmmmmmm
(VMM).&BNWMMMWWMMO&V‘WWM
mnmammmmuummmw.mu
mnm»u.mmum.wmmqmzmwwmmx
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emmdmmmummduwmmmm
ththmmmliwmman

The Satlj river enters India near Shipkila (2689 m) in Himachal Pradesh and leaves the State
ummm-p»mupowmamam}mmmmmum
Himachal Pradesh it travels a distance of 320 km. In Punjab it is joined by Beas and in Pakistan
Chienab meets it at Uch (Bahawalpur). The fitst major tributary of Sathuyj within Indian territory, is
Spiti river which joins it at Khab, Ropa, Taiti, Kashang. Malgao, Yula, Wanger, Throng and Rupi
are other right bank tributaries. The major left bank of Satluj are Gayathing, Baspa,
Duling and Soldang. The major settiements along the Satluj river within Himachal Pradesh are
w:mw.rmwumm.mmfm:mo(smmm
10 its confluence with Sindhu river, while up to Bhakra the arca is 56875 wq km (3690 s
km in Tibet and 19975 sq km in Himachal Pradcsh). The river Satluj passes through Tibetan plaicau
into the Himalayan ranges and the Siwalik ranges and finally flows alang the plains of Punjab. It
MWdewmﬂNﬁuMwnﬂ*hw

mmommawms.wmmu.'mmmmdmm
peoject catchment area from Rampur dam site to village Marola (the powerhouse site of Lubri HE
project). The total catchment area is 1920 5q km and the major that join Satluj within the
project area are Nogli Khad, Kurpan Khad and Bharo Khad. The major towns alang the river within
the proposed project stretch ure Nogli, Sainj, Lubri and Sunni. '

1.3 CATCHMENT AREA OF LUHRI HE FROJECT '

The proposed project area of the Lubri HE Project fies b Rampur and Sunni towns.
Thie proposed dam is located at Nirath and the powerhouse s at village on the right bank of
Satluj. Water from the river is proposed to be diveried by 2 38.9 km long head race tunnel to the
powerhouse. Geographical location of the catchment acea is 712" to 77 * 35* longitude and 31°15'
t0 31 “25" latitude and the total catchment arcs from Marola village to Rampur dam site is 192053
5 km. The arca 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, 200, with population density of 110

3
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person per sq km. The catchment area under discussion has been divided into 74 sub-
watershods/micro-watersheds (Fig.1.4). There are more than 15 small and big streams that join Sathu)
mhbﬁﬂthﬁMw%b&MMmNWtMﬁMmmm
Kongal Chapala, Pandola and Ogli ue the important left bank streams and Devidhar, Naharu,
M&Mum‘ﬂnﬁumd&dﬁb&“oﬂhﬂﬁw&f&nﬁnw
of monsoon streams which bring lot of water and silt into the main river Satluj.

131 Climate

The climate of Himachal Pradesh State is varied and changes with the altitude. The southern
lower elevation region, Siwalik zone (up 1o 800 m) with valleys and foothills has & hot wopical
me-ﬂnwhhnﬁuklmnmmmdwﬂ”nm
of the Stte's peographical arca. The region between 800 m and 1600 m is called Mid Hill Zone,
which receives miximum 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 goographic area falls in this rogion. Beyond the Mid Hill Zone are lemperate
and cold temperate areas, which come in the elevation range of 1600 m 10 2700 m, In this vegion 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
Motmwmm-uﬁwwasmummum
desert of Lahaul-Spiti and Kinnaur region. The region is in trans-Himalaya and receives very less
ruin (annual rain fall i less than 500 mm). Most of the area is covered with sund and barren rocks.

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

132 Silt load in Satiuj Basin

Himaluya being a younger geological formation, the rivers emanating from the mountains
mmwmummmm-dmm.whmmmm-nw
mumﬁuwmummwumnwunmm
aversge silt load 5t Khab is 12MCM (6 MCM from Satluj and 6 MCM from Spitit), at Nathpa dam,
which s 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 lood in the river Satluj is from downstream of

4
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WMMMMymmwum#‘uwwa
Joads in Satluj are ascribed o the fact that the major portion ofthe river's catchment lies n the trans-
Himalayan region where loose soil without any vegetation cover is eroded casily and ends up in the
dvcduud.‘l’npopphyofdwnﬁmismmha.bhiﬁqmﬂtyo‘dl.mu
the downstream of the Nathpa region. The river initially flows through Tibetan plateau, which is
wdmm-ormmmm-uuérswumorumm
MMWmMWWWT(uI(GMCM)NMWM.
Satluj carries very large quantities of debris during the carly summers when snow/glaciess start
melting and the lack of vegetation, above Kinnaur, accentuates the problem. The topography snd soil
mhMMMmeu and a1 times flash floods, which
MW&M&&M(WMC&O&&MJ‘MWW....W
wibutaries are not main contributors of silt in the river except the Nogli Khad.

| — k7 T— - . -
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14 LAND USE/LAND COVER

In Himachal Pradesh more than 35 per cent of the geographic area lies in the Trans-
WMMhleMNVMh&u:Whm.NMWh
the State s 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 Siste, while nearly 14 per cent area is covered with
moderately dense forest and 9.7 per cent area has the open (ESL, 2003). There are repons of
significant forest loss in the State (Joshi et al, 2001 Pandit ef al, 2007) and most of the forest cover
is now restricted 10 the ridges and some valleys where human population density is fow. Maximum
area in the lower ranges is under cultivation and human ment- with little or no forest cover.

The total arca of the CAT project is around 1920.53 sq km which falls in throe districts
himla, Mandi and Kull. More than 30 per cent (1588.56 5 km) of this catchment is covered with
forests and nearly 8 per (154.73 sq km) cent area is under ural/horticultural eultivation. The
l—mmwupiwhmmpodthdmupluﬁumj valley and also nloag the
streams Iike Noghi Gad, Kurpan Giad, etc. The upper reaches and ridges in the catchment are covered
with dense to moderately dense forest and the predominant are of pine. Around 933,44 sq km
"of“mmmdm&muﬂm* Carest, which is around 48 per cont
of the total catchment arca, The open forest s around 17 per of the total catchment area Arosnd

$
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l7mmtmdhmﬁmmmwmfmhmwm
Machhnd 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 aren. Barren or
rocky area in the catchment is sround 106.92 sq km, which is around S per cent of the total
mmmmﬂaﬁgnhMMMdMMhMyuw
cent (59.77 sq km) area of the catchment.

LS BIODIVERSITY

Despite the loss of forest cover there are pockets of rich biodiversity in the State of Himacha!
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 arca has low human population density, which
makes it possible for the biodiversity to thrive in many areas in the State. The shitudinal variation
from 250 m to more than 6,000 m and varied precipitation profile is also responsible for rich
wmuunm.amofmmmummwummmu
conditions and also ccological isolation, greatly contribute to the biodiversity of the State. The State
bmw-wmumammmmmmuumm

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

Hmmumummmmwdmummor
mammals, 447 species of birds, 17 species of amphibian and 104 species of fishes. There are
camivore species like tiger (Panthera tigris), leopard (Pantivera pardus), leopard cat (Prionailurs
bemghalensis), jungle cat (Fells chaus), Asiatic black bear (Ursus thiberanus) snd brown bear ( Ursus
mhhMHWM&dehmdhmﬂdmdalm
Himalsyan monal (Lophophorus impejamus), Kalecj phessant (Lophura leucomelanas) snd red
jungle fowl (Gallus gallus). A large number of bird species were observed in the project arca,
therefore, the CAT plan, afforestation and ccological rejuvenation of the proposed area is highty
MdmhMMmofhwdmwowm:mﬂawcub.
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 Mimalaya. CAT plan
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wmuuum;omumwumwmmmm»
the conservation of biodiversity.

The vast variations in the altitude, edaphic conditions and precipitation in the State have
offeced diverse microclimatic conditions resulting in multiplicity of habitats and ecological miches
for different plant species. There are reports of more than species of flowering plants from
WM.AM&MMH&MMMMMH&”M
by Paaceac with 321 species. Many of the plant species (like more than 80 flowering plant species)
like Agropyron dentatum, A. repens and Arabidopsis, n-%nmuu‘uum
H‘udﬂm“w“h.h’vmﬁyofﬂmwl have medicinal properties.
Broadly, the vegetation types of the State can be divided into tropical, sub-trogical, iemperate
and alpine vegetation and the vegetation of siony desert. The mai forests in the State are dominared

* by oak, cedar and pine and in some areas the formations are of mixed type. In the Lahaul-Spiti
fegion 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, is particularly restricted to upper
reaches and the ridges and in some area, particularty in Shimla district, cedar forest is also visible, In
lower warmer areas we encountered Eucalypius plantations. ’

16 SCOPE OF THE STUDY |
The main objective of the present study is to plan for checking soil erosion thus

-~ decrease the silt load in the river channels and the reservoir of the proposed Lahei HE Project on
Satlyj river. Catchment arca treatment (CAT) plan is an Important document, which portrays the
ecological health of the catchment arca, suggests various soil measurcs and watcrshed
mmmemmmmnim.mhhrnwhwbﬂd
habitat conditions of free drainage area and to rejuvenate the de, ecosystems in the catchment.
The scope of this study is not only to address all those factors wi h are directly responsible for soil
erosion in the catchment but also to addeess areas of concern 1 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 cxposure of soil 10
erosion. Additionally, there could be many natural fisctors like flash floods, land shides, otc.

7
> |
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wummwmmkuummam
mmum-ummubummwwxhd.-mmmw
wmwm'mmuoumormw«wmum
mwr«mmuu-wymrmmuy.ummmm
wmmummmmmwmhmm
erosion in the catchment area of the Lubri HE Project.

mmmudumulmsquuaummkmn
gmmsmduwmnmmummm;m“m
mhhubewuumﬂadumudmmmmmbhmwhdh
I’MJthMWmm“(wmmm*-mu
mmmmu)m,mmmmbmhn%qm
wrea which muhwmmmmaumm We have
w.mwm-ﬂmmhmemdmwmm
mm«ummmuwmwumm
nt@mmawuwmmm resources for their dally needs.

1.7 COST OF THE PLAN

lnlbepmpudCATphnuuoﬂl.%lqkn(ﬁ.Mofhwmw
area) has been identified for the trestment. Entite catchment has been divided into 74 sub-watersheds
Miaedﬁ“hﬂ““%hmﬂmmﬁkwﬁhﬁw
mmmunwnum.mumummwm
24 subwatersheds only, Masimum area for treatment s in SI3 sub-watersheds (19032 ha) and
minimum is in Kgd (541 ha) The areas for biological and engineering treatmeats have beca
wumw.um.humCATphmmﬂ.‘bwmmwu
biologicul treatment measurcs.

mtadbndutfwhmndCATphhkmuk“‘“hﬂ.mkMMm
hnﬂhmmﬂdﬂmﬁnﬂmbaﬂa&oh&c“ﬂymﬂbﬂuﬂu
mwy.:umw-uwm-mammmmmw
mwm«ummwmwaumuwummm
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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 ares treatment plan by the excouting agency.

Accordingly, a separste budget of Rs.85.0 lakh has been kept for the purpose of Joint Forest
Management (including micro-planning).

18 SCHEDULE OF THE CATCHMENT AREA TREATMENT PLAN

The construction schedule of the proposed Luhri HE project i around 7 yeary 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 execoted wark. With this entire catchment arca 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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2
METHODOLOGY

21 INTRODUCTION

A large number of hydroclectric projects are coming up on the Himalayan rivers to mect the
increasing demand of energy. These projects are tollowed by a number of related sctivities like
deforestation, urbanization and faulty management practices, which cause degradation of the
catchment. These processes directly or indirectly damage natural resources of the region like land,
ecosystems, biodiversity and the water resources, Damage 1 some of these resources has direct
bearing on the soil erosion, which affects the life of rescrvoir of a hydroelectric project. In order to

> ) mnduahaofdlmﬁm.dmbqhg“ﬂnlifcdim.hhelujtillwnﬂmha
heaithy catchment area of the project. The healthy catchment is also important for avoiding a series
amwymormwy,mlmotwmwmm
hydro-electric power generation and frequent floods. It is known that the problem of sail erasion is
more in mountainous terrain and more 50 in case of Satluj valley. The silt Joads in the river are much
higher than any other river system of Western Himalaya, both because of slope, geology and lack of
vegetation cover, particularly in headwater regions of the river. Extensive soil conservation and
watershed management programmes are needed to minimize the damage 1 the estchment and
mitigation of soil erosion problems,

& 22 STUDY AREA

The total catchment of the Luhri HE project from dam site upstream is around 45606.18 sq
km and the free draining catchment of the project from Rampur dar site to the dam site is 797,14 5q
kﬁHm.Nmﬂythmhmudwmm'mw
mm»mmm-mnmmmgumﬂlmaqmm
management plan is prepared for this arca, which includes five tehsils of three districts. Shimia,
Kullu and Mandi. Various parameters like physivgraphy. geo-physical aspects, hydro-meteorology,
Muulhﬁwwmymmﬁdufmim.mphhh

catchment area of Luhri HE project.
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23 PHYSIOGRAPHY AND BASE MAF

wmmmwmmmmm_mmw
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used in the formulation of CAT plan. These data were organized and presented in the form of a
mlmwormmuumum.mmu
Mmmwmwmumduummwwnwm-u
mmmaau«pmmmm”mwmwmd
Survey of India topographical sheets at 1:50,000 scale, where available, following a 40 m contosr
interval. The contours were traced from the toposheets, scanned and digitized using ArcGIS 9.1.
rmuawm-dwwmmmhumnwwm
ArcGIS 9.1, Similarly, thematic maps for elevation-relicf and aspect were alse generated.

mmhwﬂmmwmuwhbmmwmmuh
vatious slope categories namely gently stoping, moderately sloping “trongly sloping, moderately stecp
»mmmwwwmmuummmm
whsmhmdupamdoudumtn‘ym(upnm)m-dym
(2-8%). srongly sloping (8-15%), moderately stoep (15-30%), steep (30-50%%), very steep (50-70%)
MWPM}hdﬂmnmmdluﬂﬂqdhwm“mw
MdeMmokombhhmhmhmvm
wwulhm.ﬁmuuym‘wwhnmsmmhdhhm
m.ukmwahld‘mm&y,omuhmmmwhmhm
wmmumnummmu.mw
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checking.

24 LAND USE AND LAND COVER
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land under different land use fike agriculture, horticulture. Satellite images are very importaat (0
whmmdmmmwmw.muﬁﬂmdhmwﬂwh
Wmd&euﬁuummwmquhmmmm
m.yqumwmdmwm-mﬁmmmwun
wu«wuuu&wmwmmmmmmiﬂmﬂ
10 carry out detailed forest inventorics and monitoring of land use and vegetation Cover at various
scales.

wuuummofwmnmmwm»
mnofwmmumW-mumuwma-ﬂm-a
wammuumwmmmndmm@
“WWMmmﬂumedemaM.mde
blwwwmmmmovwlumwummm
on COROMs was procured from NRSA, HydmhdndF.lt';Sch&D&lmrﬁw(ESDnu
wwmmwubywm:dm.wyarw
Wumhmcmwmnmyu:mowiwmd
mﬂtumuumawwmuﬂdummmsmm
and ArcGIS 9.1 for GIS analysis.

For the secondary data, Survey of India topographic shedr S3E3, 4,7, 8, 10-12, 14-15, 00
lzmmmﬁmdohhmmdmﬂmm

mmummuMWMwm’manM
owo IRS-P6 LISS-3 scones ie. 9549 and 96/49 generated from scenes of dates 5-10-2006 and 10-
10-2006 (Table 2.1).

WM.’wammkwmmm.w&
processing was done for band separation. Different bands were Aownloaded into the workstation
msnmsmmmo.l.mwwmammmmmawway
amuunmwmumwmmmmmmm«
mammnmmwmmqmumumwmn
nearest-neighbour resampling algorithm (Jensen, 1996). The scene was geometrically corrected with.
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toposhects using proper identification of GCPs with & mot-mean-square (RMS) error of 0.0002 to
O.MJMIRS-MUSSJ“MNDSAT1M&'MMM1’MW
mmwmmmmmmw with SOF toposheets using UTM
m4mmmmmwmmwumm
awmmawmmn-mummmmm
mmso:mmwmmmemm«uu
mManﬁdu‘uﬁ.MOﬁhkamﬂdM&b
MWbmeyumemmw
Mnmnbundbyuh;dﬂhum“.ﬂwhuwmhhﬂ
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(Fig 2.1). The image was interpreted digitally using various digital image processing techniques. All
operations were carried out using ERDAS IMAGINE 9.1 software.

In order 10 utilise the higher resolution of panchromy .c band of IRS-P6 LISS3 and
LANDSAT ETM+, image fusion wis dane 10 enhance the lower multispectral ETM+ images. For
this purpose a portion of high resolution PAN band that corresponds with an area of interest in the
mwmsmmmw.mmwmmu
mw‘mmnw;mrww.m«MMmuw
spatial enhancement module of ERDAS Imagine 9.1 (see Table 2.1).

Table 2.1 Database used for land use/ land cover mapping of Satluj river catchment
Seasor Path/Row Dan. Data type & Bands
LISS3 0510-2006  Digil (123487
LISS3 10-10-2006 Dighal (1,2,3.4,57)
LANDSAT 7 ETM+ 02.06.2000 Digital (1.2.34.57)
LANDSAT 7 02.06.2000 Digital (%)
LANDSAT 7 ETM+ Digital (1,2,3.4.5.7)
LANDSAT 7 PAN Digital (§)
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The digital vector layers of state of Sathuj river catchment up to the Luhri H.E. Project dam
site as well as the administrative boundaries of different sub-watersheds of free-dmining catchment
were prepared from the Survey of India (SOI) toposhects st 1:50,000 scale. These vector layers were
used as masks to extract the sub-watersheds from the images for further processing. A mosaic image
was prepared from two different ETM+ scenes. As the scenes were of different dates for o particular

‘year, mosaicing was done by histogram matching using band by band matching ool of ERDAS

IMAGINE 9.1, It was from these mosaic images, mask of above mentioned study area was

extracted. From this mosaic image, miasks of different districts and watersheds were extracted.

In the preliminary analysis, imape classification was done by unsupervised classification
method by performing ISODATA training. It helped in assigning the classification of the image into
landuse categories. Later on, the boundaries of water bodics were separately mapped using SO
toposheets and merged with classified image. The doubtful areas or wrongfully interpreted aress
mumpmmmlmwmmw?w&.mmm
ground truth collected during the field surveys was used for the supervised classificuation for the
peeparation and identification of landuses resulting in accurmte classification of the areas, The
classificd map was regrouped and merged. The classified rasw. map, thus prepared, was then
converted to vector format for GIS analysis and the preparation of required thematic maps using
ArcGIS 9.1 and GeoMedin Professional 5.2. Reconnaissance suryeys of different pans of the study
area were conducted to collect ground truthing.

241 Ground Truth Collection

A reconmaissance survey was camed out in the Satluj river catchment in the month of
December 2007 and February 2008. These trips were undertaken basically to understand the terrain
and vegetation and vegetation associations of the sudy area. Dhring these visits the preliminary
inerpreted data was tested and necessary corrections were made. The physiographic festures on sutellite
data appearing in different tones and textures were used 1o comelate image elements and ground features
for accarste identification. Subsequeraly field visits were undesken in different watersheds for
assessing the vegettion cover. The surveys were also undertaken © collect the necessary ground truth
throughout the study aren. The interpretation key was finalized and the satellite images were interpreted
as per the objectives of the project and all the thematic details were then tnsferred to base map o
1:50,000 scale. The preparation of final maps was followed by ground checks, which form the most
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cssentinl part of the mapping. The final interpreted maps were taken to field and refined after the ground
checks.

242 Classification Scheme

The classification scheme adopted for the preparation of land use/land cover maps and
relsted thematic maps on 1:50,000 scale is as follows. Density classification was done by NDVI
technique. Two forest density classes were interpreted for the forest cover mapping, The forests with
4% canopy cover were delineated as dense forests and between 10% and 40% crown density as
open forest. Furthermore, degraded forests and scrubs were alvo delineated for the purpose of
erosion mapping. The cropland was also definented, The non-forest land cover in the form of barren/
rockyland, glaciers, lakes, etc. was also delineated for the calculation of erosion imlensity
clussificstion. For forest type map, queries were run using modeler and knowledge classifier
modules of ERDAS Imaging 9.1, The layers used for classification were relief, slope, sspect,
fandslides and peological formations. '

Density Class Forest Type
Dense forest Tropical semi-evergreen
(Crown density > 40%) Sub-tropical wet hill forest
Wet-temperate brosdleaved forest
Open forest Assam Sub-tropical pine forest
(Crown density 10 - 40%) Temperate dry coniferous forest
Scrub Secondary mois hamboo bracks
Temperate scrub
Alpine scrub/meadow .
Slope grassland
Non-forest Agriculture
Barren/ rockyland
Snow/ Glaciers

An interpretation key was prepared based on the relation.iips between ground features and
image clements like texiure, tone, shape, location, and patiem. Image interpretation was done for the
catchment aren of Satluj river. Interpreted details (polygons) were then transferred to the base map.
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25 FOREST TYPES AND VEGETATION COVER

mmummwuummmm-qmmuumum
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Kumharsain ranges of Kotgarh Forest Division and Rampur and Sarshan Ranges of Rampur Forest
Mermmmmmthummwum
the classification of Champion and Seth (1968)

26 FLORAL AND FAUNAL ELEMENTS

hmmmnwmm«uummumumorm
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by the local Forest Departmont.

17  SoIL

Sﬂwh&:m«mlmmmiﬂmummofnﬂ
mmwwmaws‘m-‘w-mvm.mssuwa
NBSS Publ. No. 57b, 1997), Indian Council of Agricaluml Research (IARI). This basic information
mmblﬁlswmmdw-lmubddmmrﬂdmﬁl

& ndwmhm&mmmhm”m-‘mm.

18 EROSION INTENSITY MAPPING

mmm&mmmmmumm.mmmmm
mk(CﬂU)mmpmdon 1:50,000 scale. We used hierarchical querying to extract the
mmmaymmcwummayq’mmmmwu
the dminage map with sub-watershed  boundaries, so that CEIU could be obtained sub-
watershedwise.
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281 Areas to be Treated

282 Treatment Measures

Mm.Auwmmmmuahm
control of soil erosion, which is caused by sheet erosion.
measures are given in Chapter 9.

Ihe aress in the different sub-watcrsheds of the Luhei H.E. peoject from Rampur dam
mwmepowuhouumnmmmummm“nwummum
wdouhmdtynnhmhlhhnub«ofﬁnphuwﬂluooﬂﬂaqﬂwiam
mhump-wuemwmms»ﬁwn(mbhum of ArcGIS 9.1 & GeoMedia
Professional 52). MWW&MM&M@(M&M»&I
depth, land use, ctc. F«mmmmmmmkmammm
ummmmmwmwmmormmm In casc
ormmwnlmmmmmam::mmmmm
mwmwmw&ﬂﬂmﬂldusu!mmww soils, deep soils, etc.
mummmmnmwmm‘mmmwmm
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measures can be undertaken. Such areas were extracted for each individual sub-watcrshed.

mwwbﬂﬂmmmmNMW
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The detniled descriptions of various
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DEMOGRAPHIC PROFILE

31 DEMOGRAPHY

The catchment of the propased Lubei HE project from Rampur dam site to powerhouse site at
Marola falls in three districts, Shimla, Mandi and Kullu in Satluj valley (see Fig.1.2). The dam site
of the proposed project lis in Nankhari Tehsil ad a portion in Kumharsain Tehsl of Shimla and
Nermand Tehsil of Kullu. The powerhouse site is located in Karsog Tehsil of Mandi. The catchment
area on the right bank falls in two tehsils of Kullu named Ani and Nermand and in Karsog tehsil of
Mandi. On the ieft bank all the wehils, Rampur, Nankhari and Kumbarsain are in Shimla districl. The
total sumber of villages focated in the catchment under refefence Is 1795, which are grouped into
370 revenue villagesblocks. The demographic profile and the related information on these 370
villages have been taken from Census of India (Census, 2001). The total population within the
catchment is 212685, which constitutes 1062 per cent of the total population all three districts
(Shimia, Kullu and Mandi) There are 45578 houscholds in this catchment and the population
density is zround 110 persons per sq km (Table 3.1).

uﬁuwmorummmuydwnz.m

ﬁnwwwwm.wcwhé

of the of the of the of the of the Seb-
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379865 ¥ 9,724 Q206 26,848 91 12888 u
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Shimts

Aelly

Mandi 900987
Shimla

Shimla is the third Iargest digrict of Himachal Pradesh afler Kangra and Mandi in terms of
population. The total population of Shimls district is 721,745, which s 11.88 per cent of the total
population of the State (Census, 2001). The density of the populition living in 17 tehsils of the distict
15 aroand 141 persons per sq km, The Lubri project area is Jocated in four tehsils viz, Rampur,
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Nankhari, Kumharsain and Seoni of this district. The Nogli Gad (Ng) watershed falls under Rumpur
tehsil. Machhad Gad (Mg) and Bhera Khad (Bri) watersheds fall in Nankhari and Kumharsain tehsits.
Sconi and Kumbarsain tehsils constitute the micro-watersheds of Satluj river (S1) on its left bank.
There are 35 micro-watersheds falling in the Shimla district. The total population of these micro-
watersheds is 147,198 and the namber of households are 32,232 The population living in this part of
the catchment area is 20.39 per cent of the total population of Shimla district (Fig. 3.1). These villages
have & population of 2455 and 45,511 belonging W the Scheduled Tribes and Scheduled Casts,
respectively (Table 3.2). The work force engaged in agriculture and rearing of livestock constitutes
56.42 per cent of the total population. The pastoral activities put pressure on the natural vegetation and
the forests and the moantain slopes are under heavy pressure of grazing and removal of grasses and
other vegetation for fodder, The grass is removed from the slopes and stored for wister feed lcaving
the shopes exposed 1o top soil erosion both by wind and min.

Kullu

Kully is o small district in Himachal Pradesh and is divided in four tebsils (Kullu, Manali,
Sainj and Banjar) and two sub-iehsils (Ani and Nermand). The total popalation of the district is
sround 3.79,865 with a population density of 69 persons per sq km. The upper region of the
catchment area of the proposed Luhti project, particularly o the right bank of the Satluj river, forms
lmofhmdmkmﬂmﬂmmwmﬂmﬂdmmbnof
Satly) River (&)mﬁmwhmmwmwnwm
are partially or fully located in the Kullu district. Out of these 30 sub-watersheds. 12 belong to Beha
watershod and 9 each 1o Kurpan and Sathyj watersheds. There are 36 revenue villages in these 30
sub-watersheds and the population of all these villages is 47,016, which is 12.37 per cent of the total -
population of the district Kullu (see Fig3.1; Table 3.3). The total number of houscholds fiving in
these 36 villages is around 9,725. More than 56,46 per cent of this population constitutes working
force (see Table 3.3).

Mandi

Mandi district is the socond largest in the State i terms of population. A part of the
catchment on the right bask of Satlyj, near the powerhouse site, falls in Mandi district. The
catchment arca of the project lies in Karsog tehsil of the district. The total populistion of the district
i% 9,00 987 whichi-I4.Dwmdhmﬂmhbuofm5mmmdudtyofw
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district (228 persons per sq km) is higher than the State average (109). The ares of 15 sub-
watersheds from the catchment is partially or fully falling in the district. Four sub-watersheds belong
10 Beha watershed, 3 sub-watersheds 10 Dhurmu Watershed and 4 each 10 Chainra and Satlyj
watersheds. There are 89 villages in these 15 sub-watersheds and & total population 2,431 fives in
4,424 bhouses (Table 3.4). The population living in the catchmen: area is 2.49 per cent of the total
population of the district Kullu (see Fig. 3.1).

Table 3.2 Demographic Profile of Luhri Catchment Area Villages (Shimia)
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PHYSIOGRAPHY AND CLIMATE
41 INTRODUCTION
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3 physiography of the arex and the climatic factors peovalent in the basin, These aspects of the Lubed
HE project region have been discussed in this chapter,

42 SATLUJ RIVER SYSTEM

The river Satluj onginates from Rakshastal in Kailash-Mansarovar as Loagchben Khabab.
After flowing for 1500 km from its headwater region the river Satlaj merges with Indus river st
Mithankot in Pakisthan. The river flows for 300 kms in Tibet und enters India at an elevation of
2800 m near Shipkila in Himachal Pradesh. Some of the important tributaries of Satluj are Spiti,
Beas and Chenab. An estimate based on long-term data (25 years) suggests that the snaval average
suspended silt load at Khab is 12MCM (6 MCM from Satluj and 6MCM from Spiti), at Nathpa
- Dam, which is 100 km doswnstream of Khab, it is 16 MCM and at Bhakra, 210 km downstresm of
Nathpa dam, it is 35 MCM (Chopra, 2006). h is, therefore, apparent that substantial volume of sik
load (19 MCM) into the Sutle] is also generatod and contributed from the catchment along the 210
km stretch downstream of Nathpa dam.

Tn the proposed Luhri HEP region, Sathu) flows from Rampur in the east to Marola village in the
west (Fig4.1). The total river stretch in the catchment is around 74 kms (from Rampur dsm site 1o Luhri
HLE. power house site, Maroln) The major wibutaries which join the Satluj river in the proposed CAT
mmnwmmm-wammmmmmu
Chainra Gad. Of these, the Nogli Gad, Kurpan Gad and Machhad Gad feed water and sediments into the

3



proposed reservoir area of the Lubei HE project. The Behea Khad, Behna Khad, Dhurms Khad and
Chainrs Giad feed the Sathyj river channel in the downstream stretch of the propased dam site at Nirath

|

43 RELIEF

mwuummmmmsmmnummdw-m
divided into twenty-two clevational bands of 200 m as shown in Fig4.2 We observe that the
clevational band 16001800 m has maximum land coverage area around 15.23% (23,164 ha) in the
catchment, Because the lowest point in the catchment is 620 m at the Satluj riverbed and the highest
point is 5240 m peak in the Nogli Gad watershed, the bottommost band is 180 m high and the
wthnhU%mmeMhuﬂ%oIMWMuﬁha
memh(onpm)umwuwms.ooomwudmm'm,
with snow. Starting from the bottommost tand the coverage area for clevational bands increases
raduslly up to 1400-1600 m band and sbave this an exponentially decreasing trend prevails. Since
umamemamhmmmmuu
mmﬂuudwmhm:tuiuﬁl.

44 ASPECT

The flat areas in the catchment mostly occur alongside the Sutlej river channcl where large
Jerraces have developed as well as at the mountain fops, particularly in the Guma Khad catchment
(Figd.3). These flat arcas in the catchment cover only 4.59% of the total tand arca in the caichment.
mmmsw-wuwwmmmhmmmwxdu
catchment area. The slopes with NE-E-SE aspect are predominaat in the catchment, which cover
12.40% of the catchment area. The NW-N-NE and SE-S-SW slopes cover 28.65% und 31.01% of
um-«.m@mmu;

45 CLIMATE AND RAINFALL
\
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June, iii) Monsoon season (June/July-Sept) and iv) Post-Monsoon serson (Oct-Nov). The gencral
Muldmazoﬂhumnduuiwbclow.
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Aubormmmmmmmma;mm
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not influence the Himalaya With the advancement of this season such disturbances reach 24°N
mmm.mmmuw.uhwmmm&mm
Mpm»wmmmmmmmm.mmm
M»umhm-mmﬂumm far away from the sea. The
Wmnﬁwmdhmmmm'm The stream flow during
this season khmhmlwhﬂmwwbymﬂfmuhﬂm
melt from lower hill ranges.

W) Suowmelt season (Mar-May/ June)
hMNthMpmdﬁqhﬂhmmﬁgo{mw
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swelling with higher water discharge.

i) Monsoon season (June-July/ Sept)
M.ﬁkmhmﬁymh&mmm&yofﬂuﬂ.ﬁm
westwards by the Eastern Himalayan ranges. While travelling along the Himalaya, this moist air
mmmmhummwofmrmm-mm.m
this scason, most of the Himalayan rivers are in spate. Snow and glaciees at high alitudes continse
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iv) mm(m)
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mwmhummmuum»wuuum
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received at Fancha (2071 m). Upstream of Fancha the rainfall gradually decreases. In the
downstream of Fancha, the precipitation is high (813 10 1974 mm) between Rampur and Theog.
rmamummmmummmnwmm
ummw-mmmmwmmma
Sunni receives high (1104 to 1228 mm) precipitation.

Table 4.1 u.mmmawuhummmuw

Places Rainfall (mm) Elevation (m)
Bilaspur (Sadar) 1o 580
Bilaspur (Obn) 1226 5K7 -~
Ghumsrwin 1215 . 637
Arkl 1228 1219
Suni 978 510
Shimla 20 265
Karvog 918 1890
Theog 1040 2286
Shillarv 1280 2590
Kothgarh 963 1828
Kumnesain 513 1388
Khadrala 194 2957 %
Ramipar 024 1067
Fancha 291 M
Nichar 907 2198
Kilbe 823 1707
Baspa 760 2550
Sanila 820 1986
Kalpa [32) anm
Purbani 580
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The month-wise rainfall data available st Rampur for the period 1999 1 2004 are given in
Tuble 4.2 and plotted in Fig.4.4. This figure shows that the precipitation in the region is high during
umm(uuuwmuwmh»mm monthly rainfall
goes up 10 350 mm in July and the variation in precipitation is large for the monsoon manths.

Table 4.2 Month-wise rainfall at Rampur for the period 1999 1o 2004

Moaths 1999 2000 2001 002 2003 2004
Jan 789 0 20 615 55 67
Feb 199 [} 40 142 110 i
Mar 54 0 108 93 60 0
Ape o 0 M ™ 61 69
May 314 0 103 13 1 57
Junm 196 W49 1139 45 415 14
Jul 185 1379 “w 10 264 a9
¢ Aug 60.9 213 1231 152 132 2445
Sep 18.5 121 0 (L) 107 24
Oct 0 0 0 0 0o 81
Nov 0 0 16 o K 2
Dec 52 0 4l I 41 6
Sowrce: CAT Man, Rampur HEP (2005)
46 SLOPE

The slope map for the catchment was generated from the DEM prepared from the SRTM
mmgmmmmhummmwunﬂm
categorles viz. Gently sloping (0-2% slope), Moderately Sloping (2-8 % slope), Strongly Sloping (8-
15 % Slope), Moderately Steep (15-30 9% slope), Steep (30-30 % slope), and Very steop (>70%
slope). The mountain slopes in half of the catchment area (50.23%) are moderately stecp. Steep
slopes cover 30.4% of the catchment, Strongly sloping and Gently sloping areas cover 7.45% and
7.10% of the catchment area, respectively. Moderately sloping arcas cover 4.54% of the cachment,
while very steep slopes cover only 0.28% of the catchment (see inset in Fig. 4.5). The spatial
coverage of these slope types in different sub-watersheds is discussed in the following paragraphs.

461 Satluj Watershed
Twenty-six sub-watersheds alongside the Sathyj river between Rampur in the east to Marola
in the west have been grouped under Sutluj river watershed because slopes of these watersheds
directly contribute sediments into the trunk channel of Satiuj. The covernge aren of different slope
£
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eategories in the sub-watersheds is shown in Fig. 4.6a. Moderately steep slopes are prevalent in most
of these sub-watersheds. All but and S124 sub-watersheds have more than 500 ha land under
moderately stocp slopes. More than 200 ha area in all bur St10, Seh1, Sti2, Seld and S23 sub-
watersheds hass steep slopes, whereas more than 100 ha lands in all but SI2. $16 and S122 sub-
watessheds are in strongly sloping arcas. Arcas with very steep slopes have lesser coverage, the
maximum coverage of $4 ha being in Stl. Such areas have lower coverage (<15 ha) in the sub-
watersheds S12, St3, &IG.S\I‘I;' $119, 5120 and S121, wnd are absent from the remaining sub-
watersheds. More than l@hhﬂuinlll but Stl, $12, S114, 51135 sub-watersheds have gentle
slopes. Amongst all the sub-wateesheds, the St23 has the maximum coverage arca for different slope
Mvhmlrmmsmmmmmmwuwm
(msth).nnbmmofwudmmmhmm&l

mﬂb-ww&wnd&whvehighamdwmw ;
MdMywmAmpnllmmwuﬁw.mmwofM L
sloping arcas lies in S©23. The sub-watcrshod St4 has large arcas with gentle stopes in contrast to
MW&WWN’!MnMMym.a.

462 Nogli Gad Watershed

This watershed is divided info six sub-watersheds, viz. Ngl, Ng2, Ng3, Ngd, Ng$ and Ngé.
The coverage ares of different slape categories in these sub-watersheds is shown in Fig. 4.6b. In sub-
watersheds Ngd and Ng$ more than 100 ha land are gently sloping. There are more thin 150 ha of J‘1
land in each of Ngl, Ng2, Ng3 and Ng5 sub-watersheds under strongly sloping category. In Ngl,
Ng2 and Ng8 sub-watersheds moce than 80 ha land are under moderately sloping category. More
than 1000 ha fand in all but Ngd (847.69 ha) sub-watershed has m.derately steep stopes. While more
than 100 ha lasd in all the sub-witersheds are under steop shopes, in Ngl and Ng2 more than 120 ha
are under steep slopes, ‘

Amongst all the sub-wascrsheds, Ng$ has largest land coverage for gently sloping (139,45 ha),
strongly sloping (293.52 ha), moderately sloping (146.07 ha) and moderately stecp (2441.08 ha)
arcas. On the other hand, the sub-watcrshed Ng! has the largest coverage for stoep (3123.56 ha) and
wmunh)mrmwr-wfmlsmwmymmmm”-ﬂ
very stocp arsas. The sub-wtersbed N also has lorge arcas und. gl sopes.
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Fig. 4.4 Month-wise varlation of rainfall at Rampur from 1999 to 2004
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Fig. 4.5 Siope map with sub-watershed boundaries of the proposed Luhri HLE, project area
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463 Kurpan Gad Watershed

This watershed has been subdivided into cight sub-witersheds, viz. Kgl, Kg2, Kg3, Kgd,
Kg5, Kgb, Kg7 and Kg8. The coverage area of different slope categories for these sub-watersheds is
shown in Fig4.6c. Major part of Kurpan Gad catchiment hus moderately stoep and stecp shopes.
Large arcas are under gentle slopes in Kg6 and Kg?, are strongly sloping in Kgl, Kg$ and Kg6 and
moderately stoping in Kgl, Kg3, Kg5, Kgb, Kg7 and Kg8 sub-watersheds. Large areas in  Kgl,
Kg3 and Kg6 are under moderately steep slopes. Large arcas under steep slopes are in sub-
watersheds Kgl, Kg3 and in Kg7, The sub-watersheds Kg5 and Kg7 have substantial sreas under
very steep slopes. The sub-watershed Kg3 has only 3 ha ares in this category and others do not
contain steep slopes.

Among these sub-watersheds, major arca under steep slopes lies in Kigl while under very steep
slopes in KgS. The sub-watershed Kgb has maximum coverage in moderately steep category. This
sub-watershed also has the highest coverage under geatly sloping, moderately sloping, strongly
sloping and moderately sloping areas.

464 Machhad Gad Watershed

This watershed has been divided into seven sub-watersheds named as Mg |, Mg2, Mg3, Mg4,
MgS, Mg6 and Mg7. The coverage area in different slope categories for these sub-watersheds is
shown in Fig4.6d. Large area of this watershed has moderately steep and steep siopes. More than
100 ha land in sub-watersheds Mgl, Mg2, MgS and Mg? are gontly sloping, In cach of the sub-
watersheds Mg1, Mg, Mg6 and Mg? more than 150 ha land is strongly sloping, More than 100 ha
land in Mgl, Mg2. MgS and Mg? are moderately sloping. Majoe portion in each of the sub-
watersheds Mgl, Mgd, Mg5, Mg6 and Mg, covering more than 1000 ha, has moderately steep
slopes. More than 300 ha land in each sub-watershed i under steep slopes. Such areas exceed 600 ha
in MgS and Mg6 sub-watersheds.

Among all the sub-watersheds, Mg5 has the largest coverage under strongly sloping (339,15
ha), moderately sloping (227.73 ha), moderutely steep (1946.28 ha), steep (695,62 ha) arcas. In this
sub-watershed, 249.39 ha land is gently sloping. The sub-watershed Mg7 has largest gently sloping
area, which covers 275.52 ha. More than 600 ha fand in Mg6 is under steep stope.
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465 Bhers Khad Watershed

In this watershed there are five sub-watersheds, namely Brkl, Brk2, Brk3, Bekd and BekS.
The coverage aren in different slope categories for these sub-watershieds is shown in Fig 4.6¢. Major
portion of these sub-witersheds is under moderately stecp and steep slopes. Large arcas in Bek2,
B3 and BrkS are gently sloping. Moderately sloping areas predominate in Hrk, Brk2 and Brk3.
Strongly sloping areas are substantial in sub-watersheds Brk|, Brk2 and Brks while good coverage
of gently areas are in Brk2, Brk3 and Beks.

Among these sub-watersheds, Brk2 has largest for gently sloping, moderately sloping.
Mym-dunduauym‘mm“mmuuhulwhmﬂ
584 ha snd has also good coverage (396,01 ha) in Brk3.

466 Beha Khad Watershed

There are 14 sub-watersheds in the Beha Khad watershed namely BEJ, Bk2, BK3, Bid, BES,
BL6, BK7, BKS, BK9, BKI0, BK11, BKI2, BKI3 and BKI4. The coverage area in different slope
mmmm&mnng_wuymmul.m&w.mu
Bk11 sub-witersheds are under moderntely sloping and moderately steep areas. The sub-watershed
BK7 has largest coverage for these areas. In Bk, area with moderately stecp slopes is very large
{2333.30 ha). Arca under very steep slopes covers only 6 ha in Bk7. The subowatershed Bki1 has
largest coverage for gently sloping, strongly stoping. moderately stoping. moderately steep and very
stocp areas while BKE has largest coverage for gently sloping arcus. Latge areas in these sub-
watershods are under steep and moderately steep stopes.

467 Dhurmu Gad Watershed

Dhurma Gad watershed hs been subdivided into three sub-watersheds Drg!, Drg2 and Drg3.
The coverage area in différent slope categories for these sub-watersheds is shown in Fig 4.6 In
these sub-wartersheds, area under moderately steep slope is maximal (209381 ha) in Drg3. Large

areas in Drg2 and Drg3 are gemly sloping, strongly sloping and moderately sloping. The sub-
watersheds Drg ) and Drg3 have large seeas under moderately steep and steep slopes.
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Large portion of Drgd is under strongly sloping (376.10 ), moderately sloping (215.76 ha),
and steep (44991 ha) arcas. The sub-watershed Drg! has 384,78 ha arca under steep slopes while
Drg2 has 317.64 ha under gentle slopes.

468 Chainra Gad Watershed ‘

There are four sub-watersheds in Chaines Gad watershed namely Cgl, Cg2, Cg3 and Ced.
mmmmammmmmwhmwm“.u
MMthmmmwMyMwm,m,
mmmhwummmmaymmmnncgn.
Cg3 and also in Cgd, mmmmmbmmvmmhmww
c.a.mnmuym-mmnuwwmaswmmmcgn
and Cpd, Muximum coverage under gently sloping (137982 ha), strongly sloping (81838 ha),
mtym(m.nh)muumemwca.mwuw-m
measuring 2485.68 ha under moderately steep slopes,

47  DRAINAGE DENSITY

mammmmmmsm’mhnmu four sub-

watershods — Ngs, Ngé, St2, Si25 — have drainage density above 4 km/kn'’. Similarly. three sub-
m-n;z.mw-mmmmWim&w.(mnw-
ummhyormu-dyossuuzm-n‘ for watersheds grester than | hectire was
MbWMMhmlﬁd mbu»%idnﬂymmd,nhhll
dﬂumﬂm.mu-mmwmmmmdumam
wmmmmewwm;wmdem

Three major tributary streams named Nogli Gad, Kurpan Gad and Machhad Gad drain into
lh_qsuluidvudlunlhﬂnwomdmoirmonhcl.omﬂl’.l‘.Fm(‘ATpl-Mve
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481 Nogli Gad Watershed

wmu-mummmmhhumhmm-um
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in the cast of $236 m peak on Kumashi Kharang Dhar.

Headwater Region
ummmmwmmmmm.-muhm
valley between Satmal Dhar in the west and Kumshi Kharang Dhar in the cast. At 3600 m it receives
mMMtMMMMMMhWMdM
(5088 m) peak. Then it flows towards southeast. There is no vegetation in this stretch sbove 3400 m.
The river takes & westward turn at 3240 m. At 3160 m the Sugeti God receives water on its right
bank from a stream originating from the southeast slope of Hansbeshan (5240 m) peak. This stream
flows in the valley between Ratonal Dhar in the west and Satmal Dhar in the east. The river

MWMmuMQMMMMMMQhWn
AL2600 m it receives water from Dey Ka Pani on its right bank.

Devka Pani

uu.m&ammmmnummummm
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drains a thick pine forest region.

Sageti God Channel from 2600 m to 2155 m
Bawwuzwoxozl.ﬁm&'uiﬁuduhlnﬂuckpiufmmioasmiuei!nhlkme
Dogrodansa forest mmuknuuwwusmuﬂ#mmm
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stresch flows from 4308 m peak on Paldhar and draining the Wajor Thach region confluences with
Sageti Gad at 2480 m. The central Setiy Nala originstes from 3930 m peak on Buj Dhar and fiows
towards north. Draining the slopes of Dogrs Dansa forest area it confluences with Sageti Gad at 2320
m. The westemmost stresm in this elevationsl range is small. Flowing from 3315 m peak it
conflucnces with Sageti Gad at 2040 m.

Among the right bank scasonal streams, the one joining at 2330 m is important. This is 2
small seasonal stream which originates on the castern slope of Thana Ki Dhat in the Pat forest
repon. umumwwhmummmw«wmnkm
mmmmwwmmmuwmmwmm
sSeason.

Katri Gad |

Kmﬂmw with Sageti Gad on its right bank wt 2155 m. It is a snowfed and
MM'MMMMnhMBWMJWmlm
me&uuammmmm“mhmmuumm
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its upper reaches. |

mc.aumim-mmo-

I this stretch three perennial streams join Sageti Gad on its left and one on its right. The lef
uummwmmumammnumornmmm
accur in the upper reaches of the Dhaula dhar on the left bank. In the lower reaches below 3000 m it
mummywmwmmmmmmmv
Saurakhal Dogri, Pat nd Puna Dogri.

Left Bank
Chhu Witri

It s a springfed and snowfed stream and drains a bow! shaped region between Janijot Dhr in
umus«lmmnmmmmamnmmmmmmdw
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Dansa and passing through 122 m and 91 m high falls in the lower reaches confloences with Sageti
God a1 1935 m on its left bank.

Another small springfed stresm denining the Dogri Dansa forest region, flowing from 3000 m
confluences with Nogri (Segati) Gad at 1930 m on its left bank about 130 m downstream of Chiva
Witri confluence,

Bankadari Nala
Itis o small springfed stream which flows from Sharmu pass (2860 m) and draaing the Dogri
Dansa forest area confluences with Nogri Gad at 1840 m.

Right Bank

in the right bank a pereanial stream draining the Pat protected forest in its upper reaches and
Pune forest in the lower roaches as well as barren rocky lands and cultivated termces around Puns
Dogri, confluences with Nogli Gad at 1830 m on its right bank.

In the upstream of Chhu Witri confluence another seasonal stroam joins Nogli Gad at 500 m
upstream of Pat village. It drains the Pat protected forest in its upper reach,

Sarta Gad

This is a large snowfed and speingfed stream flowing in the north of Ranipatagan Thach -
Taganbaw Thach ~ Biti Chappar - Jalsu Thona (Lodar Thach) range. It deains the Darkali forest in
the upper reaches ind Gandla forest in the lower reaches and joins Nogli Gad st 1450 m.

In the upper catchment of Saru Gad, Rutsdori Gad, flowing from 4331 m peak at Shalso
Mwmmmw-zm-mmmmmmwm
forest. After the confluence, the stream flows as Sartu Gad. Belo, 2195m Sartu Gad flows towards
northwest as & straight channel. On its right bank, are the thickly vegetated steep slopes of Davtikar
Dhar ridge. The left bank slope is gentler and the tributaries flowing on this slope drain the
cultivated terraces of Darkali, Palit Dogri and Marola.
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At the northwester slope of the Davtikar Dhar, a stream named Dogli Gad confluences with
Sartu Gad on its Jeft bank. Dogli God flows from Jarnida (3781 m) peak and Maral Kanda (3732 m
peak) and drains the Dar Kali forest region. At the southeast of Daleud Dogri it passes through an
arcuate valley and drains into Sartu Gad at 1910 m.

In the downstream, Sartu Gad drains the cultivated terraces of Kukhi, Chultidhar Dogri and
Radoll. Below 1800 m it drains the thick oak (banj) forest region of Gandla protected forest and
mmwwnuMamhmu-umudmmm

Thar Gad

This is a northeast-southwest flowing stream with a high gradient. It originates in the
southwestern slope of 3170 m peak on Dhaula Dhar range and confluences with Nogli Khad on its
right bank at 1440 m. Wimi Dhar is located on its left and its left bank slope is very steep. This
Wimi Dhar ridge is covered with thick mixed jungle with dominance of pine constituting the Kotla
forest. In the upper reaches on its right bank it drains the pine forest region of the Munich West
forest, and in the lower reaches (<1800 m) it drains the barren land and cultivable terraces around
Munish, Bahli and Jongani and confluences with Nogri Gad at 1440 m. In the downstream of Thar
Gad, Nogri gad flows as Nogli Gad.

Targali Khad
Targali Khad confluences on the right bank of Noghi Khad at 1370 m. This is & springfed
stream which flows in ks headwater region as Bati Gandri Khad. Most part of the catchment of
4 Targali Khad is covered with settiements and agricultural ficlds. Only on the left bank of this stream
between Dabir Kalepi Khad and Bari Khad confluence there are patches of forests composed of pine.
The villages present on its left bank are Kuhl, Chalni, Patena, Dini, Shegal, Thala, Barkal, Matalina,
Urmen, Bahl Bari and Pad. The villages present on its right bank are Chiksa, Majhali, Kamsari,
Jughol, Deothi, Chabi, Latehid, Sum, Shaphata, Dabri, Shil, Nog, Khun, Parandli, Oli, Gohra, Jndal,
Kim, Pharog, Kareri, Anua, Basa, Anu, Rakhshi, Dabir Kalupi Khad and Bari Khad drains the pine
forest region and joins the Targali Khad at 2030 m and 1520 m, respectively on the left bank.




This is a springfed stream which drains the Darkali protected forest in its upper reaches and
Taklech protected forest in the lower reaches. It flows from 3120 m and confluences with Nogli Gad
on its left bank at 1255 m. Above 1800 m the catchment is thickly forested. On the left bank it is
wmsa&mmwmmmmwmmmmm
Below 1800 m there are some cultivable terraces and settlements on either bank of Ghataguli Gad.
The villages located on its left bank are Damral, Theda, Chikhri, Devdhar, Bata Newal, Karobar,
Salari, Satot, Khanortu and Khamrala. The villages located on the right bank are Taklech, Ketu,
Syarta, Majhal and Kalricha Dogri.

Nogli Gad between 1255 m and 1150 m

In this stretch the Nogli Gad drains the thick forest region of Khanortu protected forest and
Rajpur protected forest and agriculture ficlds and barren lands around Khanortu, Devdhar, Karopar,
Shalari, Sarot, Khamrala on the left bank. On the right bank, it drains Darshal protected forest and
cultivable terraces of Maten and Darshal.

Sahreds Gad (1150 m)

It is a springfed stream which confluences with Nogli Gad on its right bank at 1150 m
appasite 1o Chatari. It originates from Shikar (3085 m) peak. The right bank of Shareda Gad contains
barren rocky land and cultivable terraces in the lower reaches. Ban hauri Nal and Darahal protecied
forests lic on the left bank of the stream. These are thick pine forests. On the left bank it also drains
the cultivable terraces of Darshal. On the right bank are villages Shanjal, Sgikikhad, Khanalshini,
Lambanol, batheds, Dwarsa, Pau and Larso.

Nogli Gad channel between 1155 m to 1070 m

In this stretch Nogli Gad drains the slopes of Khanirtu and Rajpur protected forests on the
left bank and some cultivable terraces at Chalari. On the right bank it drains the barren slopes and
cultivable termces around Chhan, Rawan, Pao, Dwarsa and Larso villages.

Silri Gad
It is a springfed stream which originates from 3195 m peak at Kul Dhar and flowing towards
northwest confluences with Nogli Gad on its left bank at 1070 m. Balti Dhar and Bhosnu Dhar occur
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in its east. On the right bank it druins the slopes of Khanortu und Rajpur protected forests and on the
left bank the slopes of Khetli reserved forest. The villages on its left bank are Rajpur, Gartor,
Masama, Rasindli, Kateri and Chakaru s located on its right bank.

The Streteh of Nogli Gad downstream of Silri Gad (1070 m) confluence
Three streams join the Nogli Gad in this stretch. The detailed description of these streams is
given below,

Stream at 1040 m
It is a springfed stream which drains the Nogli Gad protected forest in the higher arcas and
cultivable termces around Kamidu and Chhalsot and barren rockyland in the downstream. This
stream confluences Noglhi Gad at 1040 m on its left bank.

Stream at 965 m
It is a springfed stream which drains the Timali protected forest in the higher reaches and
cultivable terraces around Kamidu and Chholaot on the left bank and Gartor Masorna on the right
bank. This stream confluences with Nogli Gad at 965 m on its feft bank.

Stream at 960 m
It is a springfed stream which drains the southwestern slopes of Sikari Dhar (2600 m) and
flowing towards southwest confluences with Nogli Gad on the right bank at 960 m. Most part of its
catchment is barren and cultivable land, Some part of the upper catchment is forested.

482 Kurpan Gad Watershed

It is a snowfed and springfed stream. In its initial stretch it originates as Umli Gad on the
southemn slope of 5048 m peak. Its catchment above 3200 m elevation is barren rocky land. In its
upper catchment Garlandi protected forest is located on its left bank and Dwaridanda protected forest
is Jocated on the right. In the headwater region, three snowfed streams join together above 3700 m
and feed Umli Gad. Between 2200 m and 3200 m the catchment is covered with thick vegetation.
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Stream at 3080 m

This is & snowfed and rainfed stream which flows westward from 4415 m peak and
confluences with the Kurpan Gad at 3080 m. It drains the barren rocky land above 3400 m and dense
forest below 3400 m,

Stream at 2370 m
This is a snowfed and rainfed stream which flows westward from 4047 m peak and draining
the dense forest region of Shili Girchi reserve forest confluences with Umli Gad at 2370 m.

Dewar Gad

It is a large tributary of Umli Gad which originates from the Daradwar peak (3956 m) and
confluences with Umli Gad at 1629 m. After its confluence with Umli Gad it is named as Krupan
Gad. The right bank of Dewar Gad is thickly vegetated with Deodar and Banj between 3200-2400 m.
Below 2400 m the right bank slope is barren with some cultivated terraces. In the left bank it drains
the thick vegetated slopes of Kharyo protected forest, The forests are of deodar and banj in the upper

reaches and pine and banj at the lower level, It also drains the setlements and cultivated lands at
Nogt, Thana and Shill. It makes a 25 m fall at 1870 m.

Stream at 1470 m

It is # small springfod stream flowing westward from 2800 m which drains the thick forest
and some cultivated terraces at Thuruwa, Dim and Khanidhar. This stream confluences with Kurpan
Gad st 1470 m.

Stream at 1440 m

It is & small snowfed and springfed sweam flowing from a 3571 m peak, which drains the
stopes of Mul protected forest above 2400 m and cultivated terraces at Bhekwa, Pakara, Koti, Thonu,
Balni and Kharui, This stream confluences with Kurpan Gad at a 1440 m,

Left bank of Kurpan Gad below 1440m
The only perennial stream in this stretch is the one confluencing with Kurpan Gad at Shanun.
It is a small springfed stream which drains the cultivated terraces around Damohli, Arsu, Manthana
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and Shanun. Downstream of this confluence the left bank of Kurpan Gad is thickly populated.
mmwmorwmtmmrmmmnuuumh
either barren rocky land or covered with cultivated termces and human settlements.

Stream at 2130 m

ﬁhh.mﬁddmmw@%ﬁmm&mm.ﬂthh
u@wmwwmmmw 3400 m and dense Parali Girchi reserve
forest. This stream confluences with Kurpan Gad ot 2130 m,

Stresm at 1880 m

Awwmmnmuﬂ«muMumuwmn
muawywmorwummw-ﬂmumm
MMQ)N&MWIB&@hWﬁMW&hmw&MM
stream near Jaun.

Stream at 1540 m

This s & snowfed and springfed stream which originates from 3644 m peak. It confluences
with Kurpan Gad at 1540 m. In its upper catchment (>2400 m) it drains the slopes of Rachhokhari
protected forest, Mandrao protected forest and Jajot reserve forest. These forests are dominated by
fir. In the lower reaches it drains the cultivated tersces ol Sarshan, Djsogi, Shacan, Jhalair,
Bildrshal, Dharini, Datand and Chandt.

Stream at 1480 m

A small springfed stream flowing from 2280 m confluences with Krupan Gad at 1480 m.
Most part of its catchment is barren and covered with cultivated terrnces.
Ogan Gad

It is u small snowfed and springfed stream which originates from a 3400 m peak. In its
mmmmmmmwumwmummum
Mmmmmnum.ummanumumuo-oqum
fegion below 2200 m the left bank slope of Aukan Gad is barren and there are some cultivated
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terraces mt Dacadi, Bijri, Budna, Shomani. Below 1840 m the barren slopes continue Gl the
confluence of Ogan Gad with Kurpan Gad at 1400 m. On its right bank Ogan Gad drainy the dense
pine slopes of Lohar protected forest,

Kyali Gad

Two streams namely Bashad Gad and Buty Gad join togeiner af 1955 m and feed the main
m«xwlwmmmm.orwwumum-mmm
present on it at Eshwa, Nani, Deog, Ortu, Khaler and Koltha. On the right bank it drains the hick
pine forest of Bachad protected forest and Margi Kalaun reserve forest at higher elevation and
cultivated terraces at Ghatu, Gad, Jojhar, Nanchan, Dharll. The downstream catchment of Kyali Gad
is almost barren on both the banks.

Kherd Gad

nmm-ﬁu»ﬂmmummhmmmmuwm
the Patal and Moarhs Kod protected forests are located above 2000 m. It confluences with Kurpan
Gad at 1110m.

Bashwa Gad

It is & small springfed stream with its upper catchment covered with pine forests of Khaira
Kud. In the lower reaches (<1600 m) both the banks of Bashwa Gad are barren. It conflucnces with
the Krupan Gad at 1075 m, In the stretch below 1075 m, the Krupan Gad watershed is cither barren
rocky land or covered with cultivated terraces and settlements,

483 Machhad Gad Watershed
WNMMMMW-”F&MMBMM
mmmumumnnmmumﬂm.mmdm
mhmlmhkﬂbﬂnmdw%fu&.%.mkﬁﬂﬂhknmjapﬂmh
barren Mywwmmmkwﬂuﬂwm“m In the initial ssretch
Machhad Gad flaws as Seri Gad Khad, then as Gatera Khad after it receives water from Sungs Nali
Further downstream, in the region downstream of the confluev.e with Dhuni Nala. it lows as
Machhada Khad and below 1250 m it flows for o & km stretch us Machhad Gad. There are u few
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Right bank Streams

Stream at 2400 m

It is a springfed stream which originates at 3000 m and drains the mixed pine forest of Keran
and cultivated terraces at Kareli. It confluences with the main channel ar 2400 m near Mashaida,

Streams between 2400 to 1840 m

There are four small springfed streams which drain the cultivated termices around Karali,
~Mw.mmxmmm:mwwmmmu
sream joining at Palain olso drains s part of Ghat reserve forest and that joining s Barandli drains
the slopes of Kheran reserve forest,

Sangt Nali

mkhummmmm«mmwmmmm
WMMMMMMQMM‘Mthm¢Gﬁ
reserve forest. It confluences with Gatera Khad at 1840 m.

Baiharls Stream
nu.mnmwmm“uuwmmm-mm-num
and cultivated terraces and settlements at Bameara, Nohea and Kotly.

Bhut Nali
hbnmﬂuﬂlm&;ﬁﬂm%&hmmwn&mm‘l%ﬂ
confluences with Machhada Khad st 1570 m,

Stream at 1560 m
It is a springfed stream which originates from 2760 m and draing the barren land and
cultivated terraces. It joins Machhada Khod at 1560 m.

4
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Dhuni Nala
uu--ﬂlwﬂmmmmmmmunwmum
ndyhﬂ-ﬂnﬂvﬂdmhhbwmhmwmm- 1490 m.

Left bank Streams
th&deMkmw&hmﬂwMMnd
mumAwmdmmhwm.

Dabrela Nali

mhlﬁﬂdeMMMOmﬂmwﬁl&l&ﬂ&d
at 2255 m. It deains the slopes of Shapti reserve forest. Its catchment is covered with thick
vegetation,

Gharst Khad

It is a snowfed and springfed streum the catchment of which is spread between 3640 to 2000
nummmdmwawmm-‘umm
mmmummmwmum-wmmuw
receives water from Besir Khad,

Kopar Khad

nh-Mm'MMMZWNdMMSdMu 1950
m. ummm«wuo»hnmm-wu-w-m-w.
Jorati and Pelan.

Stream at 1830 m

ft is a speingfed stream which originates from 3000 m and deains the slopes of Palain, Daldar
mwmmummmwulnonmmnmhm
mnmmmmmmamﬂunmwm.nmu
Gatern Khad,

Stream at 1770 m
hhaMmM;ﬁmzmmMMMMofm Kotli and
Odi Gad reserve forests, It confluences with Gaters Khad at 1770 m.

0
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Dogar Gad Subsystem

‘A major part of the Machhad Khad catchment is drained by Dogar Gad. It flows from 2920 m
and confluences with Machhad Gad at 1250 m. lts catchment is bounded by Bamtikri Dhar in the
west, Tikar Dhar and Guni Dhar in the south and Arshell Dhar and Bati Dhar in the cast

Two streams joining together at 1840 m constitute the Dogar Khud. Above 1840 m these
streams drain the slopes of Bhali reserve forest and cultivated terraces around Khamadi, Karall,
Ghasgharl, Bal, Gadeali and Chamara. Dogar Khad receives wate from Tirl God at 1540 m, Tiri Gad
is a small springford stream which dmins the slopes of Kungal Muji Dar reserve forest and cultivated
termces around Dhal, Dogri and Garoti. It drains the fairly dense pine forests. The streams joining
Dogar Gad are discussed below. ‘

Katrel Khad
1t is a small springfed stream which originates from 2400 m and confluences with Dogra Khad

at 1350 m. It drains the slopes of Surad rescrve forest on its left bank and cultivated terraces and
barren lands around Kakeda on its right bank.

Stream at Chakti

This is a seasonal stream which drains the slopes covered with pine forest region of Charen
protected forest and Mastgarh reserve forest. In the lower reaches it draing the cultivated termees
around Dhadhara and Deorl. Batan Nali and Shill Khad are the two major streams joining this
stream, It flows from 2400 m and confluences with the main channel at 1340 m after traversing a
distance of 3.43 km.

Stream at 1260 m
This stream flows through Byunthan protected forest and drains the barren rocky lands in the
noth of Naga Dhar and Nahal Dhar. It confluences with Dogar Khad at 1260 m and covers a
distance of 3.34 km from 2160 m to 1260 m.

Punari Khad and Kungal Khad
These steeams drain the slopes of Kungal Muidar and Punan reserve forests, join together m
1675 m and flow down 1o 1355 m and merge into Dogar Khad There are cultivated termces and
settlements on the left bank of Punarikhad as well a5 on the right bunk of Kungsl Khad.




Belti Khad
Belti Khad is o springfed stream and its right bank 15 co.cred with cultivated termces and
settlements. On the left bank it drains the slopes of Kandren reserve forest which have fairly dense
pine forest. Belti Khad confluences with Dogar Khad at 1500 m.

Stream at 1460 m
Dogar Khad drains the slopes of Bhorjs and Charen protected forests, Mastgarh reserve
forest. Between 1500 m to 1340 m, a steeam flowing between Sholidhar in the south and Chimi dhar
i the north drains the slopes of fairly dense deodar forest. It confluences with Dogar Khad at 1460
m. 1t also drains the cultivated termaces at Shakla and Sholi and Sha.og.

Streteh of Machhad Gad downstream of Dogar Khad Coafluence

Dogar Khad confluences with Machhada Khad at 1250 m near Sharkot. Machhada Khad
flows as Machhad Gad from Sharkot up to its confluence with Satluj river at 870 my. Within this 6
km stretch it drains the slopes covered with cultivated terraces, settlements and barren rocky lands.
Machhad Gad confluences with Sutluj river in the south of Hul Dhar st §70 m. In this 6 km streich
anly scrubs cover the mountain slopes.
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Fig 4.6 (a-h) Coverage area (ha) in different slope categories for (a) Satluj: (b) Nogli Gad: (¢)
Kurpan Gad; (d) Machhad Gad; (¢) Bhera Khad; (f) Beha Khad; (g) Dhurmu Gad
and (h) Chainra Gad
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GEOLOGY

S1 INTRODUCTION

The regional geological map of Satluj valley covering the proposed project area is shown in
FigS.1. The dominant rock types of the area include granite gneisses, quartzites, schists, mafic
volcanics, limestones, dolomites, shales, laterites and older and newer alluvium. The details of
different groups of rocks are given in the following paragraphs.

* 52 LITHOSTRATIGRAPHY
The regional stratigraphic framework for the Lesser Himaluya established by GS1 is given in
Table 5.1. As evident from the Table 5.1 the rocks exposed along the Lesser Himalayan sectoc of the.

Satluj valley are of Archacan, Proterozoic, Palacocene, Pleistocens and Holocene age. The Lithology
of different formations and groups ks discussed below.

Table 5.1 Regional stratigraphic framework of Lesser Himalayan rocks of Satiuj valley

:-lqlhl-v Eulr Lithology
- Holocene Newer Allavium Boulder, pebbles, coarse sands -

younger terraces (1) and river
channcls

“Middic to Upper Older Alluvium Boulder, pebbles, coarse sands- older

Pleistocene termaces (T;)

Mm Sobaths (Kakara) | Dasal pisolitic Istevite, quanz arcnite,

Eurly Eocene variegated shales and massive to thin
bedded limestone

Mesaproterazoic to Jutogh (Kuls) Carbonaceous + graphitic schist and

Neoproterozole (11) phylite with lenticular limestone and

53
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quantzite; quanzite, quartz schist,
gametiferous achist and quanzite with
bunds of marble and locally
porphyroblasts. gnciss, amphibolites
Simin Quantzite shale-limestone mterbeds;
shale and siltstone altemations with
Hmestone interbeds; shale and siltstone
htermations with orthoguanzite und
siltstone, shale ahemation,
orthoquartzite; conglomente, arkosic
sandstane, protoquartzite, grey and
purple shale at wp

mafic meta-volcanics intruded by
Bandal Geanitoid gneiss
Palacoproteromic ShaliLargi . sequence
Sundernagar Quartzite with pencconiemporancous
mafic volcanics (Mandi-Darla
voleanic)

Archacan Zeori-Wangtu Augen gneisses. mylonitic gneiss,
Granitoid Gueiss | porphyroblasic biotite gneiss with
intercalated biotite, gamet, kyanite,
Intruded by protpysitic and tourmatine
franite, prgmatite and aplite.

m

821 Jeori-Wangtu Granitoid Goeiss

The Jeori-Wangtu Granitold Gnelss is composed of high grade metamorphic rocks. These
anmmhhmbhwﬂww&ﬁmmw
trending anticlinal structure, The contact of Jeori-Wangtu Granitoid Gneiss with the Rampur Group
s tectonic; this contact is defined us the Main Central Thrust (Kumaz, 1999). Strongly folisted sugen
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gneiss, mylonitic geiss, porphyroblastic gneiss with intercalated schist bunds bearing biotite, gamet,
kyanite and sillimanite chamcterise this thrusted contact. However, in the central part, nos-foliated
porphyritic and tourmaline granite containing pegmatitc and aplite intrusions: characterize the
granitoid.

522 Sundernagar Group
The Sundernagar Group comprises grey slates and phyllis., white and purple quartzite with
red shale partings, and green slates and phyllite with purple interbeds and occasional limestore
bands. Associated with it are penccontemporancous basaltic to andesitic mafic volcanics referred 10
as the Mandi-Darla Volcanics. There are three typical varictics, i.c. massive non-vesicular volcanics.
amygdaloidal volcanics and wnits which are metamorphosed to chloritic phyllite and schist. In thin
section, the mineral content typically shows the presence of albite, pyroxenc, ilmenite, sphene,
epidate, quartz, calcite, palagonite and chiorite with pigeonite in some sections. The groundmass
€ typically consists of glass vitrified into an opaque amorphous mass of viridite (ferruginous chlorite)
and feucoxene but in some cases is cryptocrystalline. The base of *he succession is not exposed. This
formation is averlain unconformably by the Shali/ Larji Group which primarily comprises quanzite
Mwhwphphkdﬁhlnw.ﬁpﬂmukdn‘mm

323 ShaliLarji Group
The Shall/Larji Group comprises a quartzarcnite-carboniate sequence which is divided into
cight formations, viz. Ropei (400 m), Khaira (380m), Khatpul (300 m), Sorghwari (460 m), Tatapani
(610 m), Makri (180 m), Pamali (700 m) and Bandla (250 m). The sequence overlies the
== Sundernagar Group and is intruded by doletite dykes, In the bawa! part of the sequence occurs the
evaporite deposit (salt beds). There is profuse development of stromatolites in the carbonate rocks
and occasionally there is some karst development. Sedimentary structures such as mud cracks, ripple
marks and cross bedding are extensively scen in arenites of the Khaira Formation, The Shali Group
is intruded by epidiorite/dolerite dykes and sills.

524 Rampar Group

It comprises quartzite with penecontemporaneous mafic metavolcanics. It is divisible into
theee formations viz: i) Bhallan Fm: Slates, greenish phyllite/schist with interbands of white flaggy
quanzite and subordinate metavolcanics; (i) Banjar Volcanics: Dark preen  metavolesnics
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(metabasakt), dark green chlorite phyllite with interbands of quartzite and grey phyliite; iii)
Manikaran  Fm; Grey and white maossive quartzarenite, looally with  penecontemporsneous
metavolcanics {metabasalt).

525 Shimla Group

The Shimla Group of rocks unconformably overfies the Shali Group. It is o sequence of
quartzite, siltstone-shale and limestone, and is well exposed around Tatapani along the Satluj River.
In the project arca it has been divided into four formations described below.

Basantpur Formation
This formation is composed of four members, viz. i) a 19 m thick greyish white quantzite and
conglomenate, ii) a 600 m thick sequence compased of sporadically curbonaceous shale with
impersistent bands of quartzite and dolomite, i) # 250 m thick sequence of massive to bedded
limestone-dolomite and iv) a 180 m thick bedded 1o plany grayish blue limestone with interbedded
shale.

b) Kunibar Formation
It is a 450 m thick sequence of shale siltstone aliermation with limestone interbeds
(Kakarhatti limestone)

¢} Chhaoss Formation
It is 2 1300 m of altemnating shale and siltstone, greywacke siltstone and orthoquarntzite.

d)  Sanjauli Formation

It 1 a 1600 m sequence composed of two members, viz. i) Upper member: Composed of
conglomerate, arkosic sandstone, protoquartzite, grey and porple shale. i) Lower member:
Composad of greywacke, sandstone, medium 1o coarse grained, greywacke siltstone- shale-siltstone
alternation, orthoguartzite

526 Jutogh/Kullu Group
The Jutogh/Kulu Group progressively overlaps the Jeori-Wangtu Gnelss. Sundemagar, Shali,
Rampur and Simla Groups. The contact has been considersd 10 be tectonic and is referred 10 as the
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In the Satly) Valley, Mkwwnpofmhmnfmdbulbm&oqbysm
and Bhatgava (1998). It is intruded by mmm-ammwmmmma
1) Kharmada Fm., ii) Gorh-Manjrot Fin, iii ’)Khnkul’mﬂndﬂﬁhofﬂudlmdmwn

%) Khamrada Formation
The Khamrada Formation is characterised by carbonaceous and graphitic phyllite-schist with
lenticular bands of grey limestone. The carbonaceous phyllite is at places bleached w wsh grey
nmmmmwmwmmnumwmwma
mmmmwmmwmmmwwu
varies in thickness from less than a metre to 20 m.
b)  Garh-Manjrot Formation '
WWWMBMMMMMMM It is & quartzose,
W““yp&ﬂmﬂmhmrw&hdamhdsotsdigwu
mmmnum,uwmmwmmnmmmu
coarse grains of bluish quantz standing out prominently.
¢) Khokun Formation
mmmkwormmm-mmmwwm
schist, slate, phyllite and gametiferous schist.

527 Subathu (Kbakra) Group
The Subathu (Khakra) Group occurs in the form of numetous isolated outliers over the Shali
umumuu,www;mm

528 Older and Newer Alluvium
NMNMMWMthMMWMNMMh
mmwuun-ormu«weumumm
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53 STRUCTURES

NNBMMNMMWM-JW
m.muormmmuhmm«mwwmwmmm
Mknmhmnfﬂmmummﬂmmmhu
m.mmmwhmwuwm.

mmmnmmumuun(m Fig.5.1), The earfient
phase exhibited by fold axes NIOE-SI0"W and N-§ were buer affected by NW-SE trending
plunging folds. These NW-SE mwmmuumﬂmmmap
mmm.s&mmmwmwnummmmﬂm
Muu-diummm-munwmmwmbum.:

Mmmhhmw-ssmsammmumamaﬂ
mdmﬁnmwummmmmmwwky.w
smuwmmdwmmnmhmmnludu
anticline for which the Khaira Member is repeated in the core of aiforms.

MWMWMMMMMW&Wb
the trough of a NW-SW trending syncline. This is the southeastem continuation of the Chansba
smummnmwum-uwiwmmnmd
the Rampur Group with the Jutogh Group.

wmmu-nw—ssmmm;mwm
mmwmmmauw‘ommw

An anticlinal w.ww.umaum«nm.muua
Bmgmndmniclimnloag&cNE—SWcmokaﬂgMn Nirnth proposed dam site,
mﬂoudhudiumuwwh.mwmm.

mmmmmhwmmwmunm»h
cast of Rampuor are;
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phyllite schist, ot places
s, Quartz biotite schist,
mmmh&ummnmhmwu
phyllite and biotite schists #re susceptible 10 chemical
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m-mrmmwummmnm
westhering, The barren slopewash materials also supply sediments into the stream.

& Behna Khad: s caichment mostly contsins the rocks of Khokan Fonmation (Phyflices

7'

mwmwmmmmmaormwmm
mummmmmmuummwmmmh
its Jower reach whete there are manifestations of Behnn Khad Thrust.
mmwmwumomornm(mormlmm
mumim-qmmmmmammmw
MM”manw.*mmmn‘m
lwnmmmmwwummmn
mumﬂmwmmhmahwmm
where the foliation dips towards north.
MMNMWMJ@M“MWMPMIMMW
mmmmwﬂnmmﬂmwmquuhhdﬂﬁ
mmmmmuﬂmm.phyumwmw
nmminkmmlnhmm&:hm.munp&ofw
FMWWFMEWMMM%L:)MW»M
mewmmmb)an&lwwmc)mm
MW&&Nmmﬁccﬂbﬂ\mMmﬁd);ﬂyM%thﬂ
conglomerate. These Basantpur Formation rocks are velnerable to erosion.

. Chapla Khad: The unclassified W'Gtoupo(m(wmpmd'of Phyllites, Quartz

mmmmmmmms-aam gneiss, quanzite banded
Ihm)nmlymhiummlnmmm«lmm
wmwmvmmm@y.mmckmumw
bedded limestone). In the lower catchment Khatpal Formation, Songhwari Formation and
Tmmmmnmmduummmuuwmmuaq
Limestone snd shale and Cherty grey dolomite with grey. There are blocks of conglomerate
ot the mouth of Chapla Khad. The limesiones are cavermbus. The shales, dolomite and

fimestones undergo heavy crosion, particularly, the region where the Chapala Khad cuts
mhMMhﬂuMmﬂy&nMMiwd&m
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10. Pandoa Khad : Like Chapala Khad the Pandoa Khad cuts across the unclassified Jutogh
mwmuumammwwwmmm
m.MMymnmwmmmnw
samh.muuwuahmmmmanmmumw
amount of sediments into the trunk stream,

1. Chainra Khad : The rocks of Jutogh Group as well au that of Tatapani, Songhwari and
thlbmﬂmhhmmnbnmubmwm
upstream of its confluence with Sathj,

12, Guma Khad : The rocks of Jutogh Group, Tatapani Formation, Soaghwari Formation,
Khattpul Formation are present in its catchment. The pink and purple white quartzites of
mruum-eumhummmmmu
chemical erosion are cavernous,

13. Satluj river Stretch in the proposed project area : There are fluvial terraces and tributary
mmumuwm.wmmmmm
collapse mms-hjmm-uummmumumﬁu
mvmwwnwm«mmummuununw
mmmmmmmu'mwmwmm
due 10 upstream Nathpa Jhakri dam also changes the river geomorphology.







6.1  INTRODUCTION

Soil is one of the most important natural resources that «=stain fife on carth. The economic
dﬂmtdnﬂmﬂlahﬂcmhhﬂm&m“l“w
water discharge, land cover, vegetation, and also supports diverse underground micro- and macro-
organism. The chemical, physical und biological properties of the soil determine the sustainability of
-wa.mhmammmmmmmm
by the geology, climate, organisms, weathering of rocks and minerals, relief, parent materials and

E time. Study of soil is very important for growing crops, for planning afforestation programmes and
10 avoid soil erosion. In the Himalayan region, soil crosion is & major problem, which resul in foss
of fertility of land on the one hand and increased sediment load in the river on the other. Increase in
mummh—muummmmmmmm
on terrestrial above and below ground biota as well as the aquatic life in the rivers and streams. In
u&»mm«mﬂamﬁﬁlﬁm@n‘hb&hhp&j«tmmc
number of management interventions in the relevant watersheds.

In the proposed Luhri HE project, a catchment area treatment plan is being prepared, which
MMMMwn{Lm&uﬂmmw.pﬂolhdtum
Mhmwmmmmb-mwmwww
MmmmthhﬂMhMMmumm
Bulletin 57 (Sidhu ¢f al, IM)%HMMMMiOMﬂ!MMW
dflhnbodkﬂlmﬂsd:outnﬂtype“dl‘wdkm(mmn}

The State of Himachal Pradesh is endowed with a wide range in climate, geology, lindforms
and vegetation which has resulted in the development of varicty of soils. The soil of the State
belongs to 4 Orders, 6 Sub-orders, 12 Great groups, 17 Sub-groups and 43 Families. The Entisols are
the dominant soils and are distributed over 51 per cent lact arca in the State, followed by
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area of the State, respectively.

Total catchment of the proposed Lubiri HE project is around 192052.51 ha and the arca drains
7 wributaries of Satluj, namely Beha Khad (BK), Kurpan Gad (Kg), Nogli Gad (Ng), Machhad Gad
MMKMMMN(CQNMQJMT&*WM
Mmmmmwmuwhmmn;
muwunm-umnmmbum
were delineated from the soil map of Himachal Pradesh. This source has identified eleven soil types
in the catchment area. The details of these soil types and definitions are given in Table 6.1 (sce
NBSS Publ. 57, 1997).

62 SOILTYPES

mmmmuwmmmmhdwnﬁmm
wits delineated and extracted from the soil map of Himachal Pradesh and 11 soil types were
wuhmmmmnummummmww
Mwm&ﬂﬂwdﬁﬂﬂmmmwwwm
and Typic Udorthents, which cover 24.91 and 22.10 per cent ares, respectively (Table 6,1; Fig 6.1).
Around 9 per cent area of the catchment has Dystric Eutrochrepts (10) type of svils. The details of
amumormmwwmnnmmmwnm»m per
cent (Table 6.1; Fig. 6.1).

621 Lithic Cryorthents
lekmnuo&ﬁmwmmwynm-uupmnd

is defined s shallow, sandy-skeletal soil. 1t is shallow, excessively dmined and prone 1o severe
crosion. This soil type has moderate stoniness and is generally associated witk rock outcrops. These
soil types cover # small portion of the catchment (0.39 per cent area) and are mainly found in Ng!
and Ng2 sub-watershod of Nogli watershed (Table 6.1; Fig. 6.1).

622 Typic Udorthents
This soil type is observed on the reposed slopes of the catchment. The soils are mostly
memw.mummmwmm.mmmgmy
o
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Table 6.1 sa.mmumhmmcmum

I Lithic Cryorthents WMMW“«M

muuuumwwuwma
Dystric Eatrochrepts wmmwmw

3. muum Mmmdll‘m

5. Typic Udorthonts M.MMMWW

Typic Udorthents Shallow, somewhat cessively draioed, coarse-loamy
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Dystric Eutrohrepts

Typic Udorthents

Dystric Eutrochrepts

Typic Udorthents

Dystric Eutrochrepts

Typic Udorthents

Typic Udorthents

Typic Udifluvents

9

Medium  deep, well drained, thermic, fine-doamy
calcarcous soils on moderately steep shopes with loamy
Medium deep, well +ainad, fine-lonmy soils with foamy
surface and moderte erosion.

Medium deep. well drained, thermic, fine-loamy soils on
moderately steep slopes with loamy surface. sovere erosion
and slight stoniness; associated with:

Shallow, well drained, fine-loany soils with baamy surfisce
#nd moderate erosion.

Deep, well drained, thermic, fine-loamy soils on moderate

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

Medium deep, well dmined, thermic, finc-loamy soils on
moderate slopes with loamy surface and sivere erosion:
associated with:
surface, severe erosion and slight stoainess.

‘.

Medium doep, well drained, thermic, cosre-Joamy soils on
associated with:

Shallow, excesstvely drained, coamedoamy, calcareous
soils with loamy surface and moderate erovion.

64

CONCLUSION

Soils of the catchment under discussion are generally coarse and fine loamy. The soils of
almost all the sub-watersheds (65 sub-watersheds) are prone o crosion of different intensities. Soils
of 17 sub-watershed are predominantly characterized by ‘very severe erosion’, which are located
along the left bank of river Sutlcj. Thus, left bank can be categorized broadly as ‘very scvere
-whn'm&W.ﬁﬁnhﬂamuMﬂhdmﬁMMmﬂhm
cultivation and degraded forest li¢ in the immediate vicinity of the river Sutlej, In general, the soils
in the vicinity are shallow, coarse loamy, with slight stoniness und experience severe 10 very severe
‘erosion,

a7
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7
LAND USE/ LAND COVER

7.1 INTRODUCTION

Himachal Pradesh with a total geographic area of 55,673 sq km has nearly 25% of the area
under dense forest (crown density - > 40%) and 10% of the area I covered by open forest. An area
equal 1o 15% of the State is covered by arable land and human settlements. Scrub, degraded forest
and non-forest land (barren, waterbody and snow/ glacicr area) is under around S9% of the ares. The
calchment area of the proposed HE project fulls in three districts, Shimla, Kullu and Mandi of
Himachal Pradesh. Al the three districts have good forest cover In Shimin, neacly half of its total
geographic arca (2,383 sq km) is covered with forest amounting to 46 per com forest cover. The
other two districts have more than 35 per cent of their total geographic area under forest (Table 7.1,
FS12003).

Table 7.1 Area (sq km) under forest cover in Himachal Pradesh and its three districts

The State Shimla Kullu Maadi
Geographic area 55,673 5,131 5,503 3,950
Very donse forest 1093 194 1" 7%
Moderately dense forest 7,883 1,587 1298 933
Open forest s3m 602 21 &7
Total forest cover 14352 2,383 193 1648

The project arca designated for the catchment area treatment plan covers 1920.53 sq kin
(192052.51 ha). The recent land use/ land cover of this area was interpreted from the satellite images
and confirmed by the field surveys. A false colour composite (FCC) was generated for the entire
catchment us well as for all the 74 sub-watersheds (Fig.7.1). The land use fland cover of the said
m“awmo{uuummmmdaﬁw'mmmm forest,
scrub, degraded forest, cultivation’ settlements, barren/ rocky land, snow and rivers
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7.2 LAND USE/ LAND COVER

The total area of the proposed catchment of Lubiri HE project from Rampur dam site to the
powerhouse site st Marola village is around 1,920.53 sq km (192052.53 ha) and falls in three
districts, Shimia, Mandi and Kullu of Himachal Pradesh. In Kullu district the project fills in Ani and
Nermand tehsils, in Shimla it falls in four tehsils, viz. Seoni, Kumbarsain, Nankhari and Rampur,
and in Mandi district some villages of Karsog tehsil fall in the project arca. Nogh, Macchad, Bhera,
Khaneti, Kingal, Chainra, Behna and Kurpan, are major perennial streams in the Satluj catchment,
Additionally, there are numerous monsoonal streams in the catchment.

The maximum nrea of the catchment under discussion is covered with forest (65.0 per cent),
which includes dense and open forests. The dense forests are found on the higher reaches and ridges,
while the low lying areas along the valleys are under cultivation 4nd settlements. Around 8.06 per
cent aren (15473.73 ha) of the said catchment is occupicd by human settlements and agricultural
land. Nearly 5.57 per cent of the total catchment area is covered by barren and rocky land. About 4.0
per cent area is covered with snow and water bodies. In some regions like Machhad Gad, the stopes
are extensively covered with orchards (Fig. 7.2 and Table 7.2),

Table 7.2 Area (ha) under under different band use/ land cover categories in the catchment of Lukri
H.E. project area (Ramper dam to powerhouse site at Marok)

SLNo.  Land use Innd cover categories Ares Per cent
L Dense Forest 9334340 4860
2 Open Forest 1H015.44 1719
8 Scrub 1321670 688
4 Degraded Forest 19.276.17 10.04
-9 Cultivation/ Settiements 15473713 8.06
6. Barren/ Rockyland 1069247 557
7 Snow/ Glacier $977.89 i
8 River/ Waterhody 1,056.80 0.55

The entire catchment has been divided into cight watersheds, which are further divided into
74 sub-watersheds (see Fig 1.4). All the cight watersheds have reasonably good forest cover. The
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Whﬂuﬂh‘mh.ﬁmﬂnhhﬂﬂlmndwmw
forest, cultivation, scttlements, barren, . has also be categorised.

721 Beha Khad (BK)

Beha Khad watershed is Jocated on the right bank of Satluj river having an area of 35, 27.15
ha. Around 72 per cent of the total area of the watershed is under dense and open forests (Table 7.3).
Scrub and degraded forests are spread over 16% area of the catchment. The human settlements/
agriculture cover 6,57% of the area in the lower part of the vall;. Most of the area under Barren/
rockyland has been covered on the higher elevation (Fig. 7.3).

722 Bhera Khad (Brk)
This watershed covers an area of 8,853.72 ha of the cawchment from Rampur dam to
_ powerhouse site at Marola. Bhern Khad is located on the left bank of Satlsj river. About 76.60% of this
Ly watershed is covernd with forests (dense forest — $9.76% and open forest ~ 16,84%), while 5.11% of
the ares is under degraded forest, The human settiements and arable land cover about | 1,66 per cent of
the ares (Fig. 7.4; sce Table 7.3).

723 Chaiara Gad (Cg)
Chainra Gad sub-watershed is located on the right bank of Satluj river near the proposed
powerhouse site and meet with river Satluj at Marola. This widershed has 3 geographic area of
16,604.73 ha, of which 68.59% is under dense and open forests. There are & number of human
scttlements covering an area of 0.98% in the low lying areas. The degraded forest and scrubs cover
- 14.26% of the area (Fig 7.5; see Table 7.3).

724 Dhurmu Gad (Drg)

This is the smallest watershed in the catchment located on right bank of Satluj and has a
geographic area of 748338 ha. It is located on the confluence of Dhurmu Gad and Satluj river.
Major part of the watershed is covered with dense and open forests (72.39%) on the higher slopes
(see Table 7.3). Nearly 10% of the area is under human settfements/ agriculture, while 13.33% is

covered with degraded forest and scrub (Fig.7.6).
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7.25 Kurpan Gad (Kg)

Kurpan Gad is the major tributary of the Satluj river in this area and the watershed 15 located
at the right bank of Sathsj (Plate 7.1). This watershed has an area of 26,249.28 ha and nearfy 42 per
cent of its area is under dense forest, while open forest covers 21.04% of its geographic arca and
around 14.32% of the area lics under degraded forest (see Table 7.3). There are small patches of the
human settiement areas covering nearly 4% geographic area of the watershed (Fig. 7.7). In this
region, bounded by Sakranda Dhar, the upper reaches are covered with snow (6.53%).

726 Machhad Gad (Mg)

The Machhod Gad watershed constitutes about 14,543,39 ha in this project catchment (Plate
7.1). This watershed is mainly covered with dense and open forests (71.42%). Scrub and degraded
forest cover 14.91% area of this watershed. A smaller arca (7.57%) is under human settlements and
cultivation (see Table 7.3). About §.49% of the area is under barren/ rocky lond (Fig. 7.8).

727 Noghi Gad (Ng) ;

Nogli Gad is the main tributary of the Luhri project area, originating at about $240 m
elevation. This watershed is located on the feft bank of Satluj river and the higher clevations are
bounded by Gangdhari and Trecha dhars. The watershed has s geographic arca of 24,855.74 ha. This
watershod has a good forest with dense and open forests (63.33%) (Plate 7.1). In this region, there
are small patches of settlements with an ares of 0.86% (see Table 7.3). The low lying areas are
covered with degraded forest (5.52%) and scrub (4,63%). At the higher clevations, the mujor part of
the watershed is covered with snow (17.06%) (Fig.7.9),

7.28 Satlej River (50)

This is the biggest watershed of the project catchment under discussion with an area of
S8,151.4 ha. This watershed has 26 sub-watersheds located on both the banks. The watershed has a
good forest cover, particularly at the higher elevations, where dense forests cover nearly 44.17% and
open forests cover 15.41% of its geographic area (sce Table 7.3 & Plate 7.2). The major part of the
catchment area in the valley at the lower elevations is covered by human settiements and agriculture
land. About 13.49% of the area is covered with degraded forest, while scrub covers only 7.56% of
the watershed. Barren/ rockyland covers about $.58% of its geographic arca, particularly on the
higher slopes (Fig.7.10 & Plate 7.2).




4 | (‘;D
_mmmm-wm CHMHE

Table 7.3 Area (ha) under under different land use/ lund cover categorbes in the catchment of Lubrel
H.E. project area (Rampur dum to powerbouse site at Marols) i

SL Land wse’ land cover m,mcﬁ.mmwum
No. _eategories Khad " d_ Gwd Gad  Gsd  Gad  River
L DemseForest INLST 529107 BAARTE AUSKD 1IM03)  KsSd 208331 2M6K0.0N
1 Open Foren TINIE  MNOAE 292830 120094 S8 12248 TN aw )
3 Semb UM A0 WML SO0 I9II26 163635 HISLIO 4396
4 Degraded Fosent IMBAT  AS2AN 262 ASAAE T ITSRS9 NI 1STIAL RS
4 Cubivasion'Semlemenss  23ITA1 1GSLI0 1K22ET TE321 1GS2DL NIOde0. 212U Fieess
6 Batow Rockyled 191493 BA7S 10269 30NN 12N M0S) 206N R
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Figk7.4 Land use/ land cover map of the Bhera Khad watershed of the purposed Luhri H.E Project
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Plate 7.1 A view of Nogli Gad (Above), Kurpan Valley (Middle) and Machhad Gad (Below)




Plate 7.2 A view of Satlaj near Damsite
Powerhouse site (Below)

(Above), Sattuj (HRT stretch) und Satluj near
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8
SOIL EROSION

Sdlmbahu-dmudhcudmﬂdydinmmqum.u
mmuwuuum»mmumuﬁmmwm
basins water is the main agent of erasion, In the higher altitudes and trans-Himalayan region wind
mawuhmeuuuam“mwmxmm-hnm
m&mwmammmumm~meMMu
dﬂmﬁ.dundmhbﬂmanuh.chd-‘-bhadmmumm”h
uwormudmmwmmmmmmodm

< The catchment area of the proposed Luhei HE project experiences one of the highest sil
muuwmummmwmmmumm’wwm
mhmamuwummuumumwmnmm
of silt annually. While the heavy loads of silt in the Himalsyan rivers have been responsible for the
MofhﬁbphhdAmUmhﬁah.Bhﬂm&cMmuﬁouhm
mwmwﬂmw.mofmuiwmhummom
Of the significant negative impacts of soil erosion is reduction of the life of reservoir of a
hydroclectric project. The increased silt in the rivers has severe adverse impacts on the micro- and
-mmummumuuumw'vwm:ymmnm
- There are a number of factors in the Sathuj basin which are responsible for extensive soil erosion and
heavy silt load in the river, Some of these mnmhhmnwm

hatural and man-induced factors leading 10 soil erosion in the Satlsj basin are described below.

Gwmwmu.mmmhmmmuu
mmmﬁmuhmmwmnummammmmmm
River Satluj originates from Raksa Tal in Kailash-Mansarovar region and brings lots of rocks and
mmummowmhww&mmpm
and scouting action on landmass. The occasional flash floods due to heavy precipitation and snow
mmummuﬁmmmmummmammAu.te
Mothbjnduwdnhminchmdm#hduu;hmmbu.
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Wind plays # significant role in removing the top soil of these regions,

mm:waﬂmwumamuumw
ransportation down the slope by water in the form of a sheet instead of well-defined channcls or rills is
wumm.mmhwmmwamnﬂmmms
well nmmhﬁhmwbﬁmmdﬂmmhmmwm
mormwummhmmorwwuwmm“
Mmhmofwﬁla“ﬂwhmmm.ofwmﬁmw
mmmanm»um«mmmuwmawu
mmmusmhmdnha_hsmbymmmwwb
wmmmuwm.smﬁy.wmummwmwiu
mummmmmmuwﬁwmm

mm:mm.am-namww-mmumammm
mm«rfwmumumuuummmormm
mmmuummmswarmummm
mmmumww. Kurpan and Mischhad watershed.
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81  ESTIMATION OF SOIL EROSION IN CATCHMENT

The entire catchment area has been delinested into cight watersheds, namely Noghi (Ng),
Machhad (Mg), Bhera (Brk), Khaneti, Kiongal, Chainra (Cg), Beha (BK) and Kurpan (Kg). These
watersheds are further divided into 74 sub-watersheds. Detailed drainage map (Chapter 4) for the
entire catchment as well as for each sub-watershed was prepared at 1:50,000 scale, All the rivers and
streams have been delineated in each sub-watershed. A slope map (Chapter 4), a soil map (Chapter
6), and land use/land cover maps (Chapter 7) were prepared for the entire catchment area and for
each sub-watershed. The areas under different erosion intensities were calculated using GIS software
as detailed in Chapter 2. For the estimation of erosion intensity three characters, soil depth, slope and
tand use, each with five (o seven parameters, were considered during hicrarchical querying. For soil
depth, deep (score 1), moderately deep (score 2), moderately shallow (score 3), shallow (score 4)
and very shallow (score §) were used. In case of slope, seven parameters, gently sloping (score 1) o
escarpments (scare 7) were considered and similarly five categories of land use, dense forest (score
1), open forest (score 2), scrub/alpine (score 3), barren/mountain (score 4) and cultivation (score 5)
was taken into account for calculating erosion in the catchment. After running the gqueries, an arca
with the final score of 12 or above was designated as having very severc crosion, the score 10 10 12
was designated as severe, 7 10 9 was classified as moderste crosion and scare up 10 6 was classified
as having slight erosion. Areas under different erosion intensities were estitated for each sub-
watershed is well as for entire catchment and the results arc presented in Tables 8.1 and 8.2 Around
40 per cent of the total catchment arca is found to be under very severe and severe crosion and
nearly 57 per cent area has moderate to slight erosion. Around 3.7 per ¢ent of the total catchment is
covered with snow and water bodies (Table & 1; Fig. 8.1). '

Table 8.1 Area under different inteasity of erosion in the watershed of Luhri HEP
‘catchment

Watersheds Very Severe Severe © Moderate Slight
Area (%)  Area (%)  Area (%)  Ara (%)
Beha Khad (BK) 16365 33 1137888 3235 242344 6073 12810 363
Bhero Khad (Br) BS8.74 97 272862 3081 483217 5457 31519 4D
Chainea Gad (Cg) 38299 23 352349 2121 1071081 645 19854 1195
Dbwrme Gad (Drg) 11696 156 195479 2612 4877388 6598 53226 M

Kurpan Gad (Kg) 17702 0674 433026 1649 1873545 7137 129239 4%
7
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Machhad Gad (Mg) 182737 1253 679698 662 577742 3963 8613 059

Nogli Gad (Ng) 353201 1421 1044400 4201 654197 2631 5557 0223
Satluj ($1) W6 663 2310642 973 IMEBE 488 207553 387
Total 191474 620 6426304 3346 10115800 5267 768357 400

Table 8.2 Area (ha) under different erosion intensity categories in sub-watersheds of Satluj CAT H.E.

Glaclers/
Lakes, etc.
Q) ® @ @

Bk 1o 07404 WTLIE 4S9 360122
Bi2 124.17 06246 157989 4546 71238
Bl 6700 339 190205 9848 281092 &
Blt 4626 $50.50 136643 493 2012.50
BAS 627 4195 90829 256 135887
BR6 8943 68980 119947 1102 1989.72
BT 6158 159842 256655 11649 432304
BlK 13468 75700 200404 20087 319569
Bk S8R9 614 1T 2 195723
BKIO 1802 w0178 14948 121 205141
Bk11 4063 07631 219704 17478 8876
Bk12 9.0 : 128357 6513 2307.33
BkI3 24675 078 43404 026 1671 172854
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any area with very severe erosion (Table 8.2; Fig 8.1.). Similarly, maximum severe erosion was
estimated in S22, with 67.78 per cent of total area under this type of erosion. Ng6, St9, St6, Mg6
and St7 are other sub-watersheds, which have 60 to 66 per cent of their total ares under severs
category of crosion (Table 8.2; Fig. 8.1), Kg! sub-watershed has only $.22 % of its afes with severe
erosion and Kg8, Kg6, and Kgd are the sub-watershods which hade less than 10 per cent of their area
under severe crosion (Table 8.2; Fig. 8.1).

Arcas with very severe erosion

In the present study the erosion of very severc intensity is defined as baving intensity score
of 12 or above on the scale of 1-12. The regions under cultivation with very shallow soil and steep
M%Wamﬂbh«mmwdwwuwmd
the total catchment area falls in this category, which is ncarly 119.15 sq km of the total catchment
arca (1920.53 sq km). Nogli (Ng) watershed has the maximun? area (14.21%) under very severe
erosian, followed by Machhad watershed (Mg) with 12.53 per cent of the total area with very severe
intensity of erosion (Table 8.2; Fig. 8.1). Other watersheds, Beha (Bk), Bhera (Brk), Chainra (Cg),
Durmu (Drg) Kurpan (Kg) and Satluj (St) have less than 10 per cent of this total aren under very
severe erosion (Table 8.2; Fig8.1). Kurpan watershed has just 0.7 per cent of its land ares under
very severe erosion (Table 8.2; Fig. 8.1).

Except the four sub-watershods, Kg!, Kgd, Kg6 and Stl, all the remaining 70 sub-witersheds
have recorded various arcas under very severe category of eroston (Table 8.2; Fig. §.1). Eighteen
sub-watersheds have less than two per cent of their area under very severe category of erosion and
23 sub-watersheds have less than 5 per cent of their geographic arca under this category (Table 82).
Sub-watershed BekS has around 26.7 per cent of its total area under very severe erosion, which is the
maximum among all the sub-watersheds, This sub-watershed is along the Satluj river on the Jeft
bank and has a number of scttlements, like Maten, Narola, Nauld, Chunja and Balthano located in it.
Mg? sub-watershed has around 23 per cent of its arca under very severe erosion category (Table
$.2), The sub-watershed is a part of Machhad watershed and the region has a number of orchards and
settlements. There are 15 sub-watersheds which have 10 10 20 %per cent of their geographic areas
under very severe crosion intensity (Table 8.2, Fig. §.1). Out of these 15 sub-watersheds, six are part
of Suthuj (St7, S19, St3, Si4, Si8 and Si16) watershed, five are pan of Nogli watershed (Ng2, Ng6,
Ngd, Ng3, and Ngl), two sub-watersheds (Mg3 and Mg!) are part of Machhad watershed and one
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each is part of Bhera (Brk4) and Beha (Bk13) watersheds (Table K.2; Fig. £.1). Most of these
watersheds have agriculture and settlements on their slopes.

Areas with Sever Erosion

The erosion infensity of 10 1o 12 was designated as severe ercsion in this CAT plan. Around
m;uan(m-qmamsluumaudm-uum.ssqm«momn
NMMMDMMMG&MMﬂhMMN-‘MG
banks of Satluj river, Nogli and Machhad gad. These areas have intensive agriculture and human
settlements and & number of developmental activities are going on in these arcas. Two watersheds,
Machhad and Nogli have 42.0 to 47.0 per cent of their areas under severe soil crosion, followed by
Satiuj, Beha and Bhera watcrsheds which have 30 to 33.5 per cent of their areas under this category of
erosion (Table 8.1; Fig. 8.1). The remaining four watersheds have less than 30,0 per cent of their arcas
under severe soil erasion (Table 8.1; Fig. 8.1). Kurpan watershed hus only 1647 per cent of its ares
with severe erosion, which is the lowest among all the watersheds (Table 8.1; Fig. 8.1).

Severe erosion was observed in all the 74 sub-watersheds, and the areas under this erosion
category ranged from a minimum of 522 per cent in Kg! to maximum of 67.78 per cent in S22
(Toble 8.2). In the sub-water shed S22 around 993.08 ha of land hus severe erosion that neods
treatment (Table 8.2; Fig. 8.1). This sub-watershed is on the right bank of Satluj and includes the
setlements like Parlog, Ropli and Sanhi. There are five other sub-watershods which have more than
60 per cent of their total area under severe erosion (Table 8.2; Fig. 8.1). Three sub-watersheds (519,
St and St7) are in Satiuj watershed and have 121221 ha, 1062.73 ha and 170131 ha area,
respectively, under severe erosion (Table 8.2). Two sub-watershed, one each in Nogli (Ng6) and
Mochhad (Mg6) watersheds have 2257.92 ha and 1373.55 ha arca, respectively undet severe erosion
(Table 8.2).

Around 20 sub-watersheds have more than 40 per cent of their land under severe intensity of
soil erosion. Maximum sub-watersheds (8) are part of the Sathaj watershed, which have 40 to 60 per
cent of their land under severe category of erosion (Fig8.1, Table 8.2). Six sub-wateesheds (StS,
St14, SO, S14, St1S and St16) which are all located slong Satluj river have more than 50 per cent of
their land area under severe erosion. The main reason is settlements and extensive agriculture in the
area (Fig. 8.1; Table 82), Five sub-watersheds (Mg?7, Mg3, isig2. Mg5 and Mgl) in Machhad
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watershed have 40 to 52 por cent of their land area under severe erasion. In this watershed slopes
have been converted into apricot and apple orchards. In Nogli watershed four sub-watersheds, Ngd,
Ng3, Ngs and Ng2 have 40 to 50 per cent of their land area undut severe soil erosion. Most of these
sub-watcrsheds arc along the river valley and the area is dry. Two sub-watershods, BK13 and BKI4,
of Beha watershed, also along the Satluj river, hive 54 10 60 per cent of their wtal arca under severe
erosion (Table 8.2; Fig. 8.1). Thero are a number of settlements in these two sub-watersheds and
slopes have been converted into agriculture. Brkd sub-watcrshed of Bhera watershed has 42.07 per
cent of land orea under severe intensity of erosion (Table 8.2; Fig, 8.1). There arc 34 sub-watersheds
which have severe erosion in 20 to 40 per cent of their land area. Eleven sub-watersheds, St, S125,
St12, St1, S, $t19, SIS, SQ1, $126, S120 and St11, are in Satluj watershed which have 20.84 per
cent (St11) to 39.24 per cent (St8) under severe erosion (Table &2; Fig. 8.1). In Beha watershed 10
sub-watersheds have severe crosion in 23.69 per cent (BKS) to 38.09 per cent (BK12). The other sub-
watersheds, BK7, BK2, Bk, BK11, BKS, Bkd, BK1 and BK3 have 20 10 40 per cent of their land area
under severe erosion. Most of the area in this region is under agricalture. Dhurmu and Kurpan
watersheds, have three sub-watersheds each with 20 1o 40 per cent of their land ares under severe
erosion. In Dhurmu watershed there are only three sub-watersheds (Drgl, Drg2 and Deg3) and these
have 21.36 to 28.88 per cent of their land area under severe erosion. In Kurpan watershed Kg2 and
Kg$ sub-watersheds have more than 60 per cent of their land area under forest cover (dense + open)
and there i no cultivation and settlementy. Rest of the area (3543 per cent and 27.15 per cent,
respectively) in these two sub-watersheds is prone 10 severe crosion. ln Kg9 sub-watershed around
18 per cent area has cultivation and seftlements and severe erosion is recorded in 28.31 per cent of
the land area (Tuble 8.2; Fig. 8.1). In Ngl sub-watershed of Nogli gad around 50 per cent area is
covered with snow and 25 per cent area has forest cover (dense + open) und the remaining 20 per
cent is faced with severe soil erosion. Cultivation and seftlements are absent from this sub-
watershed. The sub-watershed Cged of Chainra watershed has 2836 per cent land area under severe
erosion. Four sub-watershed, all from Kurpan watershed, have less than10 per cent of their land area
under severe crosion. These four sub-watersheds, Kg8, Kg6, Kgtand Kg, arc in the upper regions of
the Kurpan valley. Two sub-watersheds, Kg! and Kg4 do not have any areas under cultivation and
scttlements, while the two other sub-watershods, Kgé and Kg$ have 4,03 and 331 per cent of their
Jand under cultivation. The areas with severe erosion in Kg! sub-watershed ranged from 5.2 per
cent 10 9.38 per cent in Kg8 sub-watershed. In Kg! sub-watershed around 38.51 per cent of its area
is covered with snow (Fig8.1; Table 8.2).
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The area with moderate erosion is defined as the area with the crosion intensity from 7 10 9,
In the entire catchment around $2.67 per cent (101157.98 ha) area has moderate erosion. This arca
ba not been considered for treatment in the present plan. Five watersheds, Beha, Bhera, Chaines,
Dhurmu and Kurpan have moce than S0 per cent of their total geographic ares ander moderate
erosion and three watersheds, Machhad, Nogli and Satluj have le=; than 50 per cent of their land arca
under moderate erosion. In Kurpan watershed more than 70 per cent (71.37%, 1873545 ha area)
ares has moderate erosion followed by Dhurmu (65.18%, 487788 ha area), Chainm (64.50%), Beha
(60.73%) and Bhera (54.57%), Nogli watershed has only 26.31 per cent (6541.97 ha area) of its total
land under moderate erosion (Table 8.1).

With respect to the sub-watersheds, 35 of these have more than 60 per cent of their land area
under moderate category of erosion followed by 19 sub-watersheds, which have moderate erosion in
40 1o 60 per cent of their total area under this category of erosion (Table £.2). Seventeen sub-
watersheds have moderate erosion in 20 1o 40 per cent of their geographic srea and three sub-
watersheds have modernte erosion in fess than 10 per cent ares. Kg4 sub-watershed in Kurpan
watershed has more than 84.68 per cent (197591 ha) of its land area (233341 ha) under moderate
crosion and four sub-watersheds , Kg8, Kg6, Kg3 and Kg7, in the same watershed have more than
75 per cent of their Iand area under moderate erosion (Table 8.2; Fig: 8.1). These sub-watersheds
cither do not have any or have less than § per cent of their land under cultivation or settiements.
Minimum moderate erosion, in 15.57 per cent aren (287.36 ha) wits observed in S19 sub-watershed,
which has around 40 per cent of its area under cultivation and settjement (Table 8.2; Fig. 8.1).

Slight Erosion

The area having less than a score of 6 of erosion intensity has been designuted ay having
slight crosion. The peoposed project area has 4.0 per cent (7683.57 ha) of the total area under shight
soil emsion. This area has also not been included for the treatment plan. Nogli watershed has the
minimum sfight erosion area, which is just 0.2 per cent, whereas, Chainra watershed has 1,95 per
ceat of its area under slight erosion, which is the highest for all watershedy (Table 8.1; Fig 8.1).
Slight erosion was not observed in nearly 15 sub-watershods. These sub-watersheds we in Nogli,
Machhad and Satluj watersheds (Table 8.2; Fig 8.1),
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TREATMENT PLAN
9.1  INTRODUCTION

Erosion and sediment vield in Satluj valley and sediment sccumulation in the fertile flood
plains of Punjsb and lower regions of Himachal Pradesh represent a loss and gain phenomenon. In
the upper regions of the valley st Kullu, Mandi, Shimla, Rampur and Lahaul-Spiti, active processes
of slope denudation are operative and loss of fertile soil is taking place. The sediments so generated
are brought down into the man-made reservoirs which get filled with silt and other channel croded
materials. In the catchment arca of the proposed Luhri HE project, splash, shect, rill and gully are the
main types of erosion, besides wind erosion and glacial erosion in the upper stretches of Sathyj and
its other tributaries fike Spiti, Baspa and Nogli. The total catchment mrea of the proposed Lubri
project up to dam site at Nirath is around 45,453.20 sq km (13,779.71 sq km in India + 31,673.49 5q
km in Tibet) and the free draining catchment aren of the project from the dam site of Rampur HE
project near Rampur to Lubri dam site at Nirath is around 797.14 sq km (Table 9.1). The total arca
considered for study s around 1920.53 sq kim, which includes the free draining catchment of 797.14
%q km and also the area of 1123.39 sq km, which lies between the two componenty of Lubri H. E
peoject, dam site at Nicath and powerhouse site at Marola. In this defined region the total area under
MMJMMMmmmM slight) is 185020.06 ha
(1850.21 sq km), which constitutes 96,34 per cent of the total catchment irea (or study arca) (Table
9.2). However, the area under very severe and severe erosion is considered for trestment in free
draining catchment, which is around 349.71 sq km (34971 ha) and in the downsteam area under
erosion of very severe is considered for treatment which comes o around 202,08 sq km (20208 ha).
Traditionally, the area with very severe and severe erosions is considered for treatment. Though arca
with erosion has also been estimated in the downstream with an objective (o restore the degraded
arcas in the future. However, in the presemt CAT plan we have considered only 82.96 sq km
(§295.98 ha) for trestment, which is around 15.03 per cent of the total effective catchment area
(551.79 5q km out of 761.79 sq km because this area comes below 2600 m elevation and less than
45"). Remaining 84.97 per cent of the catchment arex is not suitable for treatment cither due fo
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higher elevation (above 2800 m) or steop slopes (slopes above 45%) or does not have the crosion of
very severe or severe intensity. Entire catchment area which is taken for treatment s divided into
eight witersheds which are further divided into 74 sub-watersheds (see Fig 1.4) and the ueatment
mhummnnwmmmmmnmmoa

We have suggested various biological and engincering measures for the treatment of these
areas. However, more emphasis is given on the biological methods including bioengineering
methods using locally available raw materials. Since the valleys have high human population density
and the land is under heavy pressure of cultivation, grazing and settlements, the CAT plan
emphasizes the use of such local materials (biological) for arresting soil crosion which have multiple
uses and can augment the needs of local villagers also. There are 1795 villages in the caichment
which have 45578 households with a population of 212685 (Census, 2001). The local population
depends on the forests for fuel wood, fodder and timber. The suggestions in the plan have been given
to decrease this dependency of local population on natural resources and allow the region 10
Whlt?a“,vnirumlﬁ:wplyofm&’ngmmm
cultivation of various other herbs for income generation, et have been suggested. The area receives
Jess rainfall and is relatively dry as a result the local population faces problems of drinking water.
Maost of the agriculture is min fed, except in some arcas along the streams. Suggestions have been
juhdmm“hqhumwmumummubn
increase soil moisture in the region. The implementation of the CAT plan will be done by the State
Forest Department.

Total budget for the catchmment area treatment plan is kept Ra. 12466 lakh and proposed
schedule for the execution of the planned work is seven years and three years time is kept for the
maintenance of the work carried out in the catchment. Zero year is also considered in the schedulo
for the development of nursery, raising of saplings.

The CAT plan has been prepared sub-watershed-wise. In all, 71 sub-watersheds have boen
considered for CAT plan. In 3 sub-watersheds, no ares has been found to be convenient for
treatment, even though they have potential to yield silt. The catchment area falls under five divisions
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and 13 ranges (Fig. 9.1). The emphasis is given for biological treatment measures us it was observed
that deforestation, conversion of land for orchards, agricultural ficlds and settlements and various
on-going developmental projects like road, dams, etc. are the main couses of soil erosion in the
region. The economy of the region is agriculture based with 70 1 80 per cent population of the
region involved in agriculture. The local communities are solely dependent on natural resources for
daily needs like fuel wood, fodder, timber, grazing ond water for irrigation. Commercial logging of
forests has continued in some ureas (piles of logs were observed in the rogion). Rejuvenation of
forest is slow and mostly Pinus and Eucalyptus are planted under afforestation programme in the
region.

In the present plan thrust has been given for sustainable development of the catchment area
as well a5 to protect and conserve the local environment with the active involvement of local people.
In the CAT plan equal emphasis has been given to the economic needs of the local people, greening
of the region and strengthening the local wildlife management and integrate these sctivities with 3
view to finally svoid soil etosion and decrease the silt load in Satfuj and ity tibutaries. Various
mechanical and biological measures have been suggested to treat the region to meet the following
objectives.

1. Ecological rehabilitation of the region for the sustainable development of local economy.

2. Greening the region.

3. To protect the region from soil loss.

4. Enrichmentrejuvenation of water resource in the region.

5. Increase the employment opportunities for local communitics 1o decrease their dependency
" on natural resources for their livelibood.

6. Management plan to protect the wildlife.

7. Initiation of rescarch activities to use and protect natural resources in a scientific way,

WATERSHEDS AND SUBWATERSHEDS IN THE CATCHMENT
The proposed project is in Sathuj valley/ catchment (1A2B as per AISLUS) on river Satluj.

The total catchment of the project up 1o dam site st Nirath s around 4545320 sq km, which
includes 13,779.71 sq km arca in India and 31,673.49 sq km area in Tibet (Table 9.1), The study area




inclodes free-draining catchment of proposed Lubri HE project from Rampur damsite at Jhaksi 1o
dom site of Lubri is around 797.14 sq km (around 33 km distance) However in the proposed
catchment areu treatment plan downstream arca between dam site at Nirath and power house site ot
Marols of Luhri H.E. project is 1,123.39 sq km Is also included. Thus total area considered for
trentment is around 1920.53 sq km. The geographical location of the catchment area (which is
considered for treatment) is 77°12" to 7735’ longitude and 31°15° 10 31"25°N latitude. The entire
m.uu-mnumwxumxmgmm).aﬁum
(Cg), Dhurmu Khad (Drg), Kurpan Khad (Kg), Machhod Gad (Mg), Nogli Gad (Ng) and Sathaj river
(St). These watersheds arc further divided into 74 sub/micro-watersheds (Table 9.1, soe Fig. 1.4).
There are 27 sub-watersheds in the free draining catchment (from four watersheds, Nogli, Machhad,
Kurpan and Satluj) 24 sub-watersheds are identified with an area for treatment and 47 sub-
watersheds are in downstream ares upto powechouse site out of which 47 sub-watersheds have area
for reatment (from five watersheds, Beha, Bhera, Chainra, Dhurmu and Sstiuj Table 9.1, Fig. 1.4).

L

Table 9.1 Salient features of the catchment area of Lahri H.E. project

1. Geographical location of catchment arca Long: 7712 71"35°E
Lat: 31°15°31°25'N

2 Total carchment area of Satly) river up 1o dam site at Nirath 45,453.20 sq.km.

a) Catchiment area in Indian region 13,779.71 sqkm.
b) Catchment ares in Tibet 31,673.49 sq km.
3 Towl catchment area (o be considered for the study area 1.920.53 sq.km,
(From Rampur dam site to power house of proposed
Lubri H.E. project st Marola)
) Free-draining catchment area of Luhe H.E. project 797.14 sq.km,
(from Rampur dam site to dam site of proposed Luhri I
H.E. project at Nirath) ‘
b) Downstream catchment area 1,123.39 sq km.
(from Luhri dam site ot Nirath 1o power house at Marola of
Luhri HLE. project)

4. Towl number of watersheds in the catchment
qmamhm:-dmcm
b) Number of watersheds in downstream 4
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13,

Number of sub-watersheds in the catchment
) Number of sub-watersheds in the free-draining catchment
b) Number of sub-watersheds in the downstream catchment
Number of sub-watersheds identified with arce for treatment
a) Number of sub-watersheds identified with area for
treatment in the free-drining catchment
b) Number of sub-watersheds identified with arca for
treatment in the downstream (biological)
¢) Number of sub-watersheds identified for with area
For treatment in downstream(enginecring)

Catchment area with erosion (Very Severe, Severe, Moderate,

Slight)

) Erosion (Very Severe, Severe, Moderate, Slight) in the
catchment

free-draining
b) Erosion (Very Severe, Severe, Moderate, Stight) in down-
stream

Catchment area with Very Severe and Severe erosion
a) Free-dmining arca with Very Severe and Severe erosion
b) Downstream area with Very Severe and Severe erosion

Total effective arca in the catchment

1) Effective area in Free-draining
b) Downstresm ares

b) Treatable arca in downstream catchment

G&D stations in the catchment
2) G&D stations in free-draining catchment
b) G&D stations in the downstream catchment

Treatment arca identified for :
1) Biological measures
(afforestation, regeneration/ plantation, pasture
development, etc.
b) Engincering measures
(staggered contour trenches, slips/ gullics’
rill and sheet crosion and Planting grass tufts)

Schedule

74

27

47

7

24

20

47

185021 3q km
733.98 sq km
111623 sq km
761.79 5q km
349.71 sq km
412.08 sq km
551.79 sq km
349.71 sqkm
202.08 sq km
£2.96 sq km
38.03 5q km
4493 sqkm
8

Bl

4

67.92 sq km

15.04 sgkm

7+ 3 yeurs
{Execution + Maintenance)




Caichoment Area mm-mm
14, Total cost of the cotchment area treatment s, 12466 lakhs

The area under different intensity of erosion (Chapier) was calculated afler considering fatest
information on land use/ land cover (EIA Chapter 7: Land use/ Land cover from satellite images), soil
(NBSS Publ57) (EIA chapter S: Sail), drainage (from SOI twposheets at 1:50,000 scale), slope (EIA
Chapter 3: Physiography), elevation aspect and geology of the region as given in EIA report. Almost
entire area of the catchment (1920.53 sq km) is eroded. The arca deducted under different category of
erosion (very severe, severe, moderate and stight) is acound 1850.19 sq km (96.34 per cent) and the area
under very severe and severe category of erosion is around 761.79 sq km (39.67 % of the total catchment
area considered for study; see Table 9.2). In tho present management plan the area with very severe
erosion (in the downstream area) and severe erosion categories in free dralning caichment have been
considered for treatment, which s around 44.93 sq km and 38.03 s km in downstream and in free-
draining cachment, respectively and the total reatabdo arca is around 82.96 sq km (see Tuble 9.1).

Table 92 Ares (ha) under different erosion (ntensity categories in subowatersheds of Lubri HLE,

project area
Ersios Intensity Category
Sub-Watersheds  VerySevere  Severe  Moderste  Slight  Snow/ Total
’ Glaciery
(2) (b) (©) ) Lakes, etc.
Bk1 1ot 914 UTIIR 4S9 3601.22
BK2 12417 9286 157989 4546 271238
B 67.00 I 190205 9848 1092
Bk4 46.26 55050 136643 4931 2012590
BEsS 6 41915 90829 256 135887 -
Bk 8043 64980 119947 1102 1989.72
BK7 61.58 159842 2546355 11649 02304
BKS 134,68 75710 209404 20987 3195.69
Bk9 5889 M6I4 133779 21441 1957.23
BR10 18.02 W78 144948 18213 2051.41
BK1 1 4063 107631 219704 12478 188,76
BK12 79.73 $7890 128357 6513 2307.33
Bk13 24675 103078 43404 026 1671 ImEs
Bk14 80.13 94931 65362 4281 34T M9
Total 1163.65 L7858 2142344 128119 W8 3827695




Brkl 125.50 40592 14415 6433 1929.90
Bri2 122,97 69343 160358 9584 281582
8ok 434 29748 58732 14429 1333.53
Bekd 139.89 ssg38 sos6 3634 132117
BS 466,04 6331 S04s6 3439 sw99 1129
Total 85874 mse 417 3719 5899 WS
Drg! 402 o785 135887 K938 2070.12
Drg2 6.17 G221 I 16726 202341
Drgd $6.77 ouTy 20124 27562 149 3988
Total 11696 195479 487788 53226 L TR
ce! 11248 44654 IELR0 24635 3817
cg 68.55 31086 140743 16614 1952.98
P 24.12 103361 eS8 §77.03 54204
cgt 177.84 173248 343500 69588 204 604124
Total 382,99 32049 1071081 198540 104 1660473
Kg! < 2647 AT S2B1 159835 415000
K2 5515 6200 967.04 642 7421 MR
Kgd 0.08 52508 254492 11483 . NMsE
Kgd . 10957 197591 12635 4158 BB
Kgs 2512 6435 165348 10335 - 244820
Kb - M2 255280 32683 - e
Ke? 712 39367 225141 21726 . 876
K8 nn 18658 166332 12479 . 19RA
Ked 7578 124016 284410 22008 . 00
Total 177.02 03026 1873845 129239 1TIAM4 204936
Mgl 27891 2971 8598) . - 01848
Mg 12728 62676 63517 . 008 138929
Mgl 252.40 73813 48741 . 227 un2
Mgé 178.80 s3244 109999 1143 938 1B124
Mgs 289.16 154276 154696 7329 - uan
Mgh 197.93 13355 640 - - nnss
Mg? 0287 ne  4mas 1Al 068 218601
Total 1827.37 6698 STI4 8613 #038  M4STIN
Ngl 566 44 4026  $4204 2652 256508 SeM0M
Ng2 17724 WIS 133147 2008 98600 92947




Catchment Area Treatment Plan — Treatment Plan cssa;not
Ng3 636,28 1790.41 93501 . 642.30 4024.00
Ngd 400.62 1234.00 790.00 . 7.78 2432.40
Ngs 143,57 1685.70 211242 76.52 4020.2)
Nu6 585.86 2257.92 3103 : 1452 340933 r
Total A53201 10444.00 654197 557 4182.20 24855.75
Stl . 117.18  2239.13 90.25 6.97 3453.53 "
502 54.79 626.11 136039 : 610 211739 Ly
S13 494.42 1936.41 753 .83 247 102.39 3289.52 L3
Si4 330.15 151149 11,76 . 87.24 2649.64 ”
Sts 23135 1550.37 780.15 - 29.57 2593 44 ]
Sth 180.43 1062.73 374.05 1.84 45.28 1664.33 g )
St7 S14.34 1701.31 561,05 : 0.01 277671 h3
St 260.37 89976 102377 28,96 7984 229270 5
S19 0520 121221 287.36 0.21 i1.06 184604 «
Sto 77.98 33064 142852 96,66 193350 b
St 110.29 421.71 1455.33 36.04 - 202337 a
Su2 14842 73384 132822 24.34 505 223987
St13 SR 47662 172202 17878 16,08 239632 &
St 5493 800,91 402.28 1317 69.16 134045 f
Sti§ 13338 869.02 523,96 17,65 S2.88 1596.89 n
stle 5209 1519.46 1299.32 08.57 65.36 034,80 .
St7 249,62 113038 1123.64 20.74 40.51 2568.85
Sts 7828 85238 215748 25872 . 1346.83 H
St19 108.89 50120 104826 13872 5.33 180240 9
$120 49,19 64973 210204 19740 9.28 3007.64 9
Si21 7280 393.63 102591 45.00 26,26 1563 60
S122 36,20 9931 08 18376 162 4833 1465,68 A
S123 10,87 00 139942 0180 2415.58 b
$124 17.37 551.21 666,04 4181 2485 130128
S128 §9.62 506.99 840.09 4063 1328 1490.61 "
S126 179.14 45403 1260 96 3715 ¢20 194048 4
Total 3856.63 2310642 2825884 207553 854058 S8151L.45 A
Grand Total 1191537 64263.14 10115798 7683.57 T0324S  1920%52.5) .
¢

90
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93  AREA FOR TREATMENT IN THE CATCHMENT

Around 551.79 sq km (55179.0 ha) area is considered for treatment which is 28.73 per cent
of the total geographic area (1,92,052.51 ha) of the study arca (free-draining and downstream area up
1 dam site) (Table 9.2). This includes area (34971.0 ha) with very severe and severe erasion from
hmmm,ﬂmnmmmmmummhu
downstream (from dam site at Nirnth 1o powerhouse site). However, total arca considered for
weatment is around 829598 ha (82.96 5q km) after leaving area above 2600 m clevation and area
ﬁwammwhmwmmamummduwmm
mmummmwmmmuwhmmum
(380335 ha) which falli in 20 sub-watersheds and from downstream the arca considered for
trestment is around 44.93 sq km (4492.63 ha) and 15.04 sq km (1503.66 ha) for enginecring
messares. The disribution of the treatment area for sub-watersheds falls under different ranges in 5
different divisions is given below (Table 9.3).

mum‘dw-mmummmmwus
different

divisions
|
RAMPUR DIVISION - 125045
N NANKHARI BANGE DAHL RANGE RAMPUR RANGE
| Watershed |
1 g2 -—5-7”-'. (Mgt | 3223 Ngd | 2818
2 |mgy | exaa| [wgs | w0235 [Ngs | 4sen
3 Mg A172 | Ngt 000 s 1609
« |mgs | vrass) Ingy | 3283 s | syt
5| wgr 17848 | | Ngd 2485 |
¢ |®sa |  wsos| [mgs | 12680
7 | Bas €178
o (eas | 3278

i
I

|
:
|
I
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1455.14 |
1AL 817098 | Ha
Nateh Trostmant 8 Road side Erosion contral, Pine approx | 12500 | he
Neadie log & checkdam®
TOTAL AREA OF TREATMENT 828598 | Ma
*The s for nalish meszment & road sade emeion coatrol. pane pecdie log an Sl ry decided try HP Stise Forest
Drepaetmant through fleld visn

94  TREATMENT MEASURES

Various treatment measures, biological s well as engineering, have been proposed in the CAT
Plan to manage the catchment area in an integrated manner to prevent soil erosion and maintain the
ccology of the region. Sheet erosion has been observed 1o be the main cause of soil erosion, followed
by gully and/or rill crosion, which makes it imperative that the land needs 10 be covered with
vegetation. Accordingly, more emphasis has been given for biological methods like plantation of tree
species, greening of the slopes with hardy pioneer grass and other shrub species. The factors such as
aver-grazing, road construction, fuel wood and fodder collection, etc. lead 10 soll erosion in the region.
The messures, therefore, have been suggested to address these causal factors of soil erosion, Measures
have also been suggested for min water harvesting and to increase the soil moisture.

9.4.1 Engineering Methods

In the catchment ares, particularly in the free draining catchment of Lubri HE project, nutural
landslides are not the main cause and source of soil erosion or silt in the river. Sheet erosion, as
mentioned above, followed by rill and gully are the main sources of bringing silt load in the streams
which finally comes to Satlyj river. To address this emphasis is given 10 control the gully and rill
crosion by adopting various engineering and bio-engineering measures, which are discussed below.
Specific requirement for & particular structure should be considered at the time of micro-planning
and after looking into the condition of the aren where treatment measure is 1o be undertaken, Dry
rubble stone masonry (DRSM) check dams, brushwood check dams, masonry retaining wally, and
bioengineering methods fike use of Treatment of slips/ gullies/ rills & sheet ervsion, Staggered
trenches and Planting of Grass Tufts and Pine Needle logs have been suggested Considering the
topography a8 well as the nature and quantum of crosion more emphasis is given for the use of
biological material even in enginecring measures.
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9.4.1.1 Brushwood Check Dams

These small check dam are made up of locally availsble material. Small coppiceable species
are fixed in two paraliel rows across a gully or 2 nals and packed with rubble and stone. At places,
hetbs and gmss species ‘ in necarby area can also be planted and packed between stone of
rubble layers. This will help in binding the structure with roots. These types of check dams are
suggested ot the starting point of a gully. The purpose here is also to harvest the rain water in small
pools and puddies during monsoon, The schematic diagram of a brush wood check dam is shown in
Fig 9.2, In this case the straw and brushwood are laid across the gully between two rows of country
wood posts spaced at 0.9 m apart, The stakes are 10 1o 13 cm in diameter and go at least 0910 1.2m
into the hard bed of the gully. A brushwood apron held by galvanized iron wire s necessary 1o
peevent scour. The ‘type is more efficient and stable and is used in the control of
maximum decp gully (about 2 10 2.5 m deep) and sbout 6 m wide. which have 4 contributory
watershed area of 40 ha and more.

9.4.1.2 Dry rubble Stone M Check Dams

The dry rubble stone masoncy (DRSM) dams are bigger in size than brushwood check dams.
These are generally constructed using stones, rubble and cement. A schematic dingram of DRSM
check dam is shown in Fig. 9i:;.mmmuuhnum is cleared and the sides
sloped 10 I:I.mudmﬂlthwlﬁh-dqubdmmmndtym
packed from that level (Fig. 9.3). In the centre of the dam portion, sufficient water-way is allowed to
discharge the maximum runoff from the catchment. The stone filling should 2o up 10 0.3-0.6 m into
bﬂmduﬂly#lblommm In the rear, sufficient length and width of
whnkwﬂbmm.mmdﬁmmm“bihtﬂ
0.45 m and the gully sides above the apron have 1o be protected with stone pitching to a height of at
mu-mumﬂdpu:nd maximum water level 10 prevent side scours being formed by the
inh'm.cmdmldpeqnnmmmwmmupmmmmm
Wumm,w%mmmmhmwwnmuwuau
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9.4.1.3 Retaining Walls

Road o foot path construction is the main activity in the region which leads to soil erosion.
D 1o hilly tervain, slopes are cat, the soil and rocks are removed to construct & levelled path and
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extracted materials end up on the valley side, which finally comes into the river or streams as $ilt o¢
sediment. For construction of houses, making terrace fields or orchards similar methods are used for
muummm;w;awmymﬁunnammm
mmm»uw»mumaumm»m
mmmmmu«mmmgmmuwur
ﬂnmmmmmmmﬁmﬁymhﬂw»mm
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9.4.1.4 Bio-Enginvering Method
MWMMG:MW hmullingqnwnam
Thmh&*wmmwﬂhﬁﬂyormmm-da.nhm“m
sMMMMMMmmmmquVMW
materials like grsss tfls, pine ncedles and various agricultural waste is being used (0 stabilize the
L 4 mguummump;msomormmmmmuww.umamrwwmu
very useful in the proposed study area.

9.4.1.4.1 Treatment of Stips/gullies/rills & sheet erosion
swumh-my-mwubmmnmm&wmm
wmm-mﬂMMMTomhmmem
mdmmwkﬂaﬂwfmudmdymg’cwmmMMlh
mwuwmmmwmmwmummpm
hdlhmh&hudmdhcmwlhnkcmdiﬁm.w-ﬂlwﬁ'mbw
- uofmmnwmmxwmmmmpm
rmmwwm,smuwmmn.mcw
m.MMWme. Pmbanmmnﬁﬂhn.ek
inhabsic the mid slopes. In the up hills Agrostés micrantha. Calamagrostis emodensis, Danthonia
cumminsil, D, jacquemontil, Phicum alpinum, Stipa roylel, etc. may be planted to check soil and
wates erosion. Trees like Acacia catechu. Bombas ceiba, Dalbergia sissoo, Ougenias owfeinensis,
Phyllanthus emblica, Sapium insigne, Terminalia chebula, ctc. aro suggesied in lower dry arcas,
while Celtix austealis, Grewla optiva, Pistacia khinjuk, Quercus lewcotrichophora, etc. in mid hill
siopes of the catchment. Abies pindrow. Cedrus deodara, Pime wallichiana, Taxus buccata, et
Mthh@Mm.Mbuﬂywﬁﬂkwhmuhhpwun
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the climatic suitability. A total area is 94.86 ha for the treatment of slips/gullies & sheet erosion. An
amount of R, 527 lakh has been carmarked for this purpose (Annexure-111),

9.4.1.4.2 Pine Needle Log

I order to treat the areas prone 1o slips’ slides and barren slopes, 5000 pine needic logs are
suggested in diffecent watersheds. Pine needies are casily available in the arca, biodegradesble, cost
effective and practical to use. Total budget for pine needie logs would Re.25.00 lakhs.

9.4.1.43 Staggered Contour Trenches & Planting of Grass Tufts

These trenches act as trap for the water and minimise soil erosion. The trenches do not need
10 be very large to be effective. A trench about 10 feet long, one foot wide and one foot deep is very
effective (Plate 9.1), However, it should be taken care of that these ficlds are not being used for
grazing of snimals, otherwise they could be injured in holes and trenches.

Staggered trenches & planting of grmss tufls would be more useful for water retention and add to
hh&Mhhmh&demmﬁmmwa
ander the trestment with locally available grasses. The planting of grass species in the ares would be
MMGhM&.Mm—.NMMbWuNQn
of 971.43 ha. Total financial outlay would be Rs. 68 lakhs (Table 9.8). The staggered contour trenchies
will cover the area of 312.37 and the financial outlay would be Rs, 118.70 lakhs.

942 Biological Methods

I the proposed Lubri HE project catchment area covering of the top soil by vegetation will
be the best way of checking soil erosion. Treatment of catchment area with method/s described
below will greatly help in checking the soil erosion in the area.

9.4.2.1 Regeneration/ Plantation of oak forests

Ok MnmﬂﬂmﬂMMthﬁﬁBuMn
g0od fuel and fodder yiclding plants. Three species, viz. Quercus leucotrichaphora (ban), Q. dilatata
(Moru) and Q. semecarpifolia (Kharsu) are supgested for the regeneration and plantation over an
uam«utwmwummmuummmm;
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9.4.22 Aforestation

It was observed that deforestation and removal of vegetation is the main cause of soil
erosion. Forests/vegetated areas are cleared for timbef, fucl wood and for various other purposes fike
agriculture, settlements and orchards. In this region or any other montane area, natural regeneration
dmmmmmnmwumumwm-mormdm
forest as is available in some areas of the catchment. Planting of native species of trees and plants in
# scientific way will help in regencrating the forest which will be essential for protecting the soil
from being eroded. The afforestation programmes in already existing forest arcas need to achieve a
density of nearly 1500 plants per ha. The trenches and pits must be preferred for planting trees and
umdmdﬂnmummemdlm-dmﬁ-
mmmumwmwhumdmhm-unxmm
mMMW-kamﬁmhmquMwﬂl
Artimisia spp, which will help in nourishing the young saplings and also provide moisture. The tree
saplings should be raised along with grass and other hetbs (legumes should be preferred) and planted
MMM#wMo{meuhmymbwyb
implement the CAT plan. However, first preference should be given to local species, which are fast
mummu-n-mmmmuuuanummmmm
for the afforestation in the proposed plan is 109340 ha and the total cost is Rs.732.58 lakhs
(Annexure-Ti(a).

9.4.2.3 Pasture Improvement

The entire region is under heavy pressure of grazing, particularly during winters when the
herds come down to these areas from alpine pasturcs. The grasses growing on the slopes are
harvested during summers and aftor rains and stored for winter feed. Additionally, during summers
thnu&ewuwMehhhmolnhgmmthdwhm
monsoon months. These activities make the region more vulnerable 10 %oil erosion. To prevent soil

mwwpuwmﬂuormmummnmmuw
New species of pasture grass and fodder would be introduced to improve the pasturization. The
‘Mmhm&wlopmau7ﬂ.l4hm9.s$nmof&cmdw-u
taken in the catchment with a financial outlay of Rs.$8.48 Lakhs (Annexure-I(h).
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9.4.2.4 Replenishment of old plantations

Plantation is a regular practice in the forests, conducted by Forest Depantment. Himachal
Pradesh State Forest Department has also accomplished plantation in many watersheds in the
catchment ares. Sometimes, survival rute in the seedlings does not satisfactory in many sites. In
order to achieve the target of old plantation a replenishment plan over an area of 105847 ha. For
better growth and dense canopy forest, the plantation of suitable plant species are suggested in
different agro-climatic conditions, The important species suggested for the plantation are locally
available Acacia catechu, Almus witida, Ougenia owjeinensis, Pinuy wallichiana, Quercus
leucotrichophora, Terminalia chebula and Toona ciliata , whereas ot higher clevations Abies
pindrow, Cedrus deodara, Quercuy dilotote. Q. semecrpifolia and Taxus baccata sre proposed for
plantation. The Total financial outlay for the purpose would be Rs. 393,75 lakhs (Annexure-11(d).

9.4.2.5 Replenishment Afforestation (nevw plantation)

In order 1o achieve the target of old plantation a replenishment plan over an area of 300 ha
is proposed in the CAT plan. For better growth and dense canopy forest, the plantation of suitable
economic plant species are suggested on non forest and forest land according to different agro-
climatic conditions. The reduction in old plantation of Excalypius sp. from lower surrounding gentle
slopes is urgently warranted. In the degraded areas where excessive lopping, grazing and buming
have tken place, the plantation of locally available Acacia carechu, Almus nitids, Ougenia
owjeinensiz, Pimuy wallichianu, Quercus lewcotrichophora, Terminalia chebula wd Tooma ciliara is
required, whereas at higher elevations Ables pindrow, Cedruy deodara, Quercus dilatata, Q.
semecrpifolia and Taxur baccata are proposed for plantation. The Total financial outlay for the
purpose would be Ry, 133.75 lakhs (Table 9.8) (Annexure-1i(e).

9.4.2.6 Non-timber Forest Products (NTFF) of tall plants

Non timber forest products (NTFP) con be important source of cash in the area if plantation
of suitable trees be done properly. Fuel-wood and fodder yvielding trees may also be inchuded in the
category of NTFP plants, Important fodder vielding species which also are source of one or more
minor forest produce, viz. edible, medicinal and fibre wre Bawhinia variegata, Dendrocalamuy
lewcatrichophare, etc. Fuelwood yielding species see Acacks nilotica, A. catechy, Ficus palmata,
Mallows philippensis. Sapium insigne, Taxur baccata, Terminalia chebula, Zizyphus fufuba, etc.

-
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planting NTFP trees would be Rs. 108.00 lakhs (Anncxure-1i(g).

9.4.2.7 Development of medicinal plants

A large section of India's rural population depends an the forests for food, fuel, fodder,
shelter and income. However due o increasing population pressure, forests are being depleted
increasingly st higher rates. Annually hundred of tones of medicinal plants are harvested from nature
and traded outside. These medicinal plants demanded from out side and finally collected by the
unskilled labourers and dealers, In order to conserve forest resources, cultivation of medicinal plants
hmm.mwmummmwmwh
conservation of forest resources. The raising of medicinal plant garden and community gaeden will
encourage focal people and schools 10 set wp their own medicinal and herbal gardens. Further,
M.mwmumnuwumwm.m«mu
“amwm&mmnn»wmmmmumor
waditional healers. From these visits, the beneficiaries have been able 1o identify the species,
harvesting methods and modicinal plant uses. By working with local people 1o develap best practices
for harvesting, drying. storage and local will be stimulated. The Total financial outlay for the purpose
would be Rs. 12.42 lakhs (Table 9.8).

9.4.1.8 Energy plantationx of faxt growing fuel wood and fodder species

Energy plantation would be carried out to fulfill the wood aad fodder requirements of the local
people. The locally available fuel wood and fodder plant species in various agro-climatic conditions
ate Acacka catechu, Lyonia ovalifolia. Quercus leucotrichophora, Riws wallichiana, etc. (fuel), Celris
me.mmmm(mmwmmuhuuuh
$69.85 ha land near human settlements (@ 5000 plats'ha). Total budget for the plantation would be
Rs. 376.10 lakhs (see Annexure-11(f).

9.42.9 Enrichment Plantation

The traditional monoculture plantations cause nutrient imbalance and nutrient Joss of the soil
due 1o low nutrient fixstion in the biomass. The demand for wood for the local requirement and
market fs met from natural forest which leads to exploitation of high quality timber species. To
overcome these problems. enrichment plantation systems can be executed as an altemative foe

9
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sustainable high quality wood production. However, tree growth depends on sufficient light, water
and mineral element, therefore knowledge about site demands of native timber tree species and
appropriste management of timber plantation is necessary. The enrichment plantation can be done on
barren and gentle slope of Nogli gad and Machha Gad areas. Cultivation of suitable native tree
species for high quality timber production in plantation will be saccording to agro-climatic
conditions. In Jower reaches Acacia catechn, Ougenia oujeinensis, Pimus roxburghii, P. wallichiana,
Quercus leucotrichophore, Terminalia chebula and Tooma ciliata are important for plantation. Abjes
pindrow, Cedrus deodara, Quercus dilatata, Q. semecrpifolia and Taxus baccata e suggested at
higher reaches or ridges of catchment. The total financial outlay for this head would be Rs. 282.00
lakhs (Table 9.8),

9.4.2.10 Lantana eradication with planting of bamboo

The exotic species Lantana spp., Eucalyptis globuley, Grevillea robuste, Albizia spp.,
Agerating adenophora, Parthentum hysterophorus etc, are one of the theeats for indigenous plant
diversity in the catchment ares; Larsana spp. of them are highly obnoxious. In onder 1o recover the
native species, project authorities are suggested to carry out an operation of eradication of Lantana
spp, and planting of locally avaitable specics Demdrocalamms strictus and Simarundinaria spp. in
different agro-climatic conditions in the catchment. This plan would be implemented in 316,67 ha land
of the catchment. The sites would be selected after detailed field survey, consultation with local people
and after conducting the micro planning of the areas. The 1otal financial outlay for this head would be
Re. 95,00 lakhs (Table 9.5).

9.4.2.11 Raising of high value medicinal species for distribution to farmers

The raising of medicinal plant species in the catchment Is related 10 the income generation of
local people. After mising in the nursery the scedlings would be distributed to the farmers of nearby
villages. The medicinal plants include berbs, shrubs and trees. The srea would be decided affer field
surveys. Generally, locally available medicinal plant species, viz. degle marmelos, Asparagis
recemosus, Gentiana kurroa, Gloriosa suparva, Plumbago zevianica, Swertia chirita, Zanthoxylum
armatum, ctc. sre suggested for the plantation, however, State Forest Department would be final
suthority to decide the species to be planted. Total budget of Rs. 103,00 lakhs has boen carmarked for
this category.
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material foe the supply of saplings for afforestation progrmme and various other activities. Main
nursery may be developed near Lubri region, possibly along the road side for easy accessibility. Lubei
region is well-suited for this because of its proximity 1o both the upstream and downstream part of the
CAT plan area as it lies in the middle of cachment. Besides, the Luhri town possesses nccessary
nfrastructure and various raw materials for nursery development can be casily made available. In
addition, provision has also been made for two green-houses/chick houses for maintaining plant
saplings. Ove chick-house may be located in Nogli area and the other one near Karsog or in Marola
region, The estimated cost for the development of nursery and greenhouses will be around Rs. $82
lakh. Development of nursery will start from the zero year and will continue for 11 years (Table 9.8).
During maintenance year nursery will supply plants wherever required for the replacement.

96  MODERNISATION OF NURSERIES

Modemisation of nurseries would be done by improved irrigation system using sprinkier 1o
provide best facilities for seedling propagation. Large application of eco-friendly by fertiliaee and
compost would also be considered for rising field plantations.

hhmmmmumawmmmuupm
and root trainers. A total of 13 nurseries (one nursery per forest range) would be modemized in the
catchment. An outlay budget would be Rs,186 lakhs.

9.7  GAUGE AND DISCHARGE STATIONS

To the best of our knowledge the GRD infrastructure in the catchment is largely lacking. In this
CAT plan provision of cight gauge and discharge stations have been made. These stations will be
ocated on the main streams like Noghi, Kurpan, Macchad, Beha Khad, Chaines Khad and Satlyj river
in differcnt five divisions (Table 9.4). Total budget of these stations for ten years will be around Rs.
S8.40 Inkh (sce Table 9.8)




1. Satlyj river ‘ Upatream of Nogli gad confluence Rampur
2 Nogli gnd Just before confluence with Suthyj Rampur
3 Kurpan Khad Before confluence with Sathuj river Ani

4 Machhad Gad Before confluence with Satluj river Rasmpur
5. BehiaKhad | Before canfluence with Sathy) river Karsof
6, Dhurmu Khad | Before confluence with Satiuj Karsog
7 Chainra Khad Before conflucnce with Satiuj river Karsog
5 Satluj river Near Marola village Kaesog

98 FOREST INFRASTRUCTURE DEVELOPMENT
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region s sccordingly abudget of Re.S48 akhs i proposed fox this puepose (Tuble 9.5).

99  OPERATIONAL SUPPORT
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divisions are given in Table 9.5.
“& Mo, | Name of Component | \
1 : T Rampur Division
— T , T Rampr Gvion [ 2406000
, Ambassador Car-1 Nos
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the CAT plan has 4 number of perennial streams fike Nogii, Machhad, Kurpan. However, mast part of
mmwmumw-uumaq.hummsmmwm
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trickle down as run off water and ends up in the river channels slong with huge quantities of debris and
iu.Atmorm-veuuhnmdoamdbwwmm_umpbdm
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monsoon time. 11 would be highly desirable to reverse this trend by ensuring that a mujor part of the
MMMbWMWmeM)ﬂMe«mmbh
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available and the most suitable ones, according to the location, could be selected. Provision of water
mqmrw_umhmwwmuammuucnmmnw'
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911 RIM PLANTATION
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the proposed reservoir ares of Luhri HE profect. A huge reservoir will be created due to constraction
of dam at Neerath. The reservoir rim ares is either barren rocky slopes or Has agricultural fiekds snd
MWMM-moflmmMMWhuw
Management plan, however, the rim arca has a few small active landslides and slips due 10 road
construction. These vulnerable arca will be treated using engineering measures, A total outlay for
this purpose is Rs.330.00 lakhs to cover an area of 195 ha.
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012 IMPROVEMENT AND DEVELOPMENT OF WILDLIFE

The protection of wild life can be afforded by preventive and control
measures for which purpose the following objectives have been framed for
effective wildlife management:

I. To maintain plant and animal bio-diversity in nature by establishing @
healthy and productive population of wildlife for conserving genetic
resources.

3. To ensure collection of scientific data for the maintenance and development
of viable population of flora & fauna for ecological and economic purpose.

3. To identify the problems of wildlife in the tract, which in turn will help in
formulating the guidelines for their development and improvement.

Forests provide a vast resource of livelihood for various communities. The
communities are heavily dependant on the forest for meeting their day to day
consumptions and livelihood. Hence for their sustenance it 1s necessary to have a
balance between the ecological need and Forest. In order to achieve this following
activities are required to be carricd out under this CAT Plan. A total outlay of Rs.
229 lukhs has been kept for this purpose wherein the following activities shall be

carried out:

1) Protection of Forest and Wildlife: A provision for formation of a street theatre
of the local community may be very effective for the protection of wildlife and
forests. Several bands of ten to twelve village youth cach may go performing
about wildlife and forest conservation (with local nature based songs and natti)
from village to village. The wages for one of such performances (including
traveling and boarding, lodging) will be about Rs.3000 per performance. In a
day two performances may be given by one band. A dress, musical instruments
and workshops for their training, etc. will also be part of this arrangement.

é
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2) Wildlife Research: The wildlife research may be encouraged by engaging three
to five researchers and making a provision of a Research Station, The
researchers may work on surveys and natural history of endangered animals such
as Musk Deer, Serow, Himalayan Tahr, Western Tragopan, Chir Pheasant and
others. The wildlife research organizations located at Dehradun ndeysom may
be invited to undertake such work. A sum of Rs. 90 Laks may be used for this

purpose.

3) Unique Wildlife Habitats: The area scems 1o have a lot of unique wildiife
habitats such as gorges and hidden valleys which are home 1o many such species
which may be new to the science (such as amphibians like salamanders, ete.).
There is 4 need to identify such unique habitats and protect then from blasting,
degradation, etc. Same is true for nesting sites of vultures, pheasants, ctc. the
mapping of such ¢ritical and unique area need to be done. A sum of Rs.15 Laks

may be kept for surveying and mapping.

4) Linking community development with wildlife conservation: The community
living in the villages in the project area need to be made part of the wildlife
management effort, The micocredit schemes in the area may be an effective tool
to do so. Emphasis may be given on proper micro planning and suitable
measures of organic farming, education of girl child, training of teachers in the
schools, use of LPG in place of fuciwood, vermicompost, etc. There may be a
need for capacity building of staff and community for this purpose. A sum of
Rs.B4 laks will be spent for this purpose.

All the territorial DFOs are also wildlife wardens for their areas. They will
undertake necessary action for Wildlife Mansgement/ Improvement on the above
lines as per allocations made under table 98 &9.9.
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913 JOINT FOREST MANAGEMENT INCLUDING MICRO PLANNING
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with processes for rapid adsptation to changes in what people need, want, and can do. As an adaptive
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effectively 1o diverse und dynamic perspectives of what the forest is about and should be.
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taken up as pilot projects under this head.
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authorities would be Rs. 85,00 lakhs (Table 9.9),
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914 GOSADAN
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where these stray animals are frequently seen. Total budget of Rs. 205 lakh is proposed for the
maintenance of these gosadan for 10 years and after that these will be handed over to the focal
mubumummmummm'mm
gosadan in S0 ha area for each and second i 10 get manure for the plant saplings, These gosadans
#ill be maintained and run for 10 years the grant of peoject developer. Afler tha these facilities will
be maintained and run by state government.

915 RESEARCH AND STUDIES
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Centre, which wil initiste experiment and customise peoduction of various locally availabie
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9.16  ENERGY CONSERVATION/ FOREST PROTECTION
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; Village (Tehsi) Number
8. No. LPG/Kerosene/
: Sunni (Shimia)
1. LPG Depots . :
Nirath (Rampur)

i
i

FETEH
%3%321

E

:

-
i

Nlul-.m-w)
Parlog (Karsog)
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N 0909090909090

%mmm-mm CISWE

In addition to sbove mentioned measures offorts would be made towards energy conservation
ﬂWdWwdwnwand
paramount impoetance for conserving the environment Under this program following facilities bave
been provided. '

(i) LPG Depots: Four LPG depots have been proposed one each at Sunni, Gharana, Nirath and
ww.mmmmmumwmmwmuum
area,

(i ‘Km-ummmmwmumdwummstmm
nilwmuw.n.lzmapmumﬂumoﬁnmw
the project workers and local people.

(i) mnomm:wmmmmwuﬁmmdy
S‘w.MLMMNbgdmn.nimmmemmm
bMWMWwMMmMMWlMW«LM
wmhw-mmmnmmmmﬁmw
Mmmuummuwmummmm-m
incresse the work efficiency of the workers at the project site.

Various measures like supply of pressure cookers, solar cookers and installation of smokeless
mmmm»mmmam and ¢lean cooking.
mmmhmdumworamhuvmmvm”m
mwhmwmmmAwwnw
wmmumnumuwnumwmmmm
98&59)

917 ECO-TOURISM

The project area is rich in cultural diversity as well as bio-diversity. Culturally as well as
Mllwdbmhhmeﬁwmgm““:ww forests found along
ummmmawm&um&m.m-munu
ma-mmhmmu&m.m.hmmmu-m
munuuamwnidummmku@nwmw;m

m




activities such as hiking and trekking along the existing traditional trails can be promotod at state,
national as well as at international levels. The involvement of local communities in eco-tourism
activities would grestly help them in generating new income sources. This peoples’ involvement will
go a long way in the maintenance of the local culture as well the biodiversity of the region. The
natural landscapes such as higher ridges along the sub-watersheds, lower ridges with dense forest
and along the riparian woodlands in the sub-watershed are suitable arcas for such recreational
activities. An amount of Rs. 95.17 lakhs @ 1% of the cost of biological and engineering works is
proposed for Eco-tourism purpose (Tables 9.8 & 9.9).

918 ECO-SERVICES

The provision in CAT plan for payment of eco services have been worked @ 10% of the
CAT plan. This effort shall not only repay the value of protection of ecology 1o the local people but
will siso create their permanent stake in protection and conservation of natuml resources in
catchment of the project. A total outlay for the eco-services is Rs.951.67 lakhs (see Table 9.9).

919 ECO-BATALLION

The implementation of the CAT plan will be done by the State Forest Department. However,
the task of afforestation and other work should be preferably given to the Eco-battalion of the State,
which is mised for the ex-service men. The local NGOs (non-government organizations) and
unemployed youth should ulso be engaged in the work of catchment area treatment as mentioned in
the plan, Rs.475 83 lakhs @ 5% of the cost of biological and engineering works is proposed. (sec
Table 9.9).

920 MONITORING AND EVALUATION

Monitoring and evaluation is very essential for the various types of activities in CAT plan on
daily, monthly and annual basis for proper execution of planned works. A total budget of around
Rs. 475,83 lakh is proposed for monitoring and evaluation of the work (see Table 9.8). This will also
include the recording of silt data at cight gauge and discharge stations proposed in different sub-
watersheds,




-
Catchment Area Troaoment Plan - Treatment Plan CSE
921 SCHEDULE OF TREATMENT FLAN

The total time schedule for the execution of the planned CAT works has been kept at 7 years.
Wy.mmmmuwm;mmwwu-

yesewise plan has been assigned (Fig. 9.4). Zero year is also kept for the developmeat of nursery
and raising sapling for plantation. Maximum area for treatment taken in first year and minimum is
taken in seventh year. In the first and sccond year the area taken for treatment is 2019.06 ha and
$07.62 ha respectively and in seventh year the arca to be taken for treatment is 807,62 ha. in the
remaining years the area for treatment ranges from 807,62 ha (3" year) 1o 807.62 ba in the sixth year
(Fig, 9.4). Three years time is given for the mainicasnce of the exccuted work in the catchment.
However, the maintonance of plantations would continue for five years. A division-wise treatment
arca is given in the Fig. 9.5 and Table 9.9,

= 4 922 COST ESTIMATE FOR TREATMENT PLAN

W“hﬂmhm&»h&h’l;&%&%ﬂ@mdh
mmmwummm.mwwu
WMOWPHIMMWKW%&MM 10% of the total budget
ﬁm&&.”l.ﬂh&(me%l&&ﬂ.hﬂhphlwiomww&n
mmwmwdkahumm.ithm
w&rdnphmiwormy.wdwwmmnhb
u'wmmmmyumuuwwmmwau
same has been taken from competent authority.

The cast estimate break-up for all the components division-wisc and range-wise are given in
Tables 9.6 & 9.7 (see Annexures 1V to VI,

mekmmMmmmdmf«pmm
mmwm&wﬂmbgmm“muummmum
bmwﬂdﬁmewmmﬂmndw,dmmdmhb
MNMMmcmwdﬂmﬂmﬁmﬂnm:ﬁmMmu
qmmmwmaudumum
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Table for Computation of Silt Yield Index

Subowatershed  Epasion Area*
code intensity (ha) o o
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A
Annexure-ll(A)
Afforestation cost/ ha of plantation
(incl. maintenance)
S. No. Description Cost
1 umdm-ammm-uu | hae 6733 $7.33
of seditions, path preparation of map,
£ and preparation of wooden posts | 8 mtrand 810 10 60 Nos #63.35 51801
1/C debarking and fashioning the top 15 cm in
conical shape
\pﬁ—ammwzmmwmloman 60 Nos 453.67 per % 27220
‘over distance 2 KM per KM 2
a@udmm«u.««mm 60 Nos 186.33% 111,80
5 it e dhiping o bt 2030 o i & S oo deop @Nos.  GOASH par¥ 36271
i
6 g of wooden posts 1/C stntig @ONos 479 per% 24640
? : of barbed wire bundies up hill over an overage 0.90 quis. 54.50 per 9810
ance of 2 km qtiKm.
5 aéuumuwmmwm T0Rmt 316 per Rnt. 27520
9 Mdmmmuummmm ISORm.  2.74 per Rme 49320
Plasting svde
IOM‘M'UIIGO:—V& 290 Rmt 7.24 per Raut 1810.00
- nma'mmmm s us 200000
( Wﬁuma Lo 900No.  3I822per % 286198
N ] 1
N@qmpmm «{w’ G00No.  63628pats  IRITEN
14 Filling of pits (J0x30x30) em rmNo. 12722 per % 114498
; ne®
15 Filling of pits (45%45x45) em 18231 per % 1003 86
16 m“ﬂMWMMM:MMum 600 No. 249 241,88
average distance of 2 Km. up hill
“dﬂmhl’hpmmﬂwwm 900 No. 145,39 per % 2617.02
average distance of 2 K. uphill per K.

,-4.2... : -




18 Planting of naked root Plants 1'C ramming raised in Poages 600 No.

19 Planting of grass mfty/prepration of 1/C sowing in 500
'ﬁﬂl«iﬂ?ﬁ'ﬂﬁ’lﬂmr‘” " g

20 @6t of BWireUnail 0.90 qifs.
21 Nursery Cost of Naked root Plants 600 No.
22 Nursery Cost of P/bags raised Plants 900 No.

15t Year Maintenance (30%) mortality
2nd year Maintenance (20%) mortality
Jrd Year Mamtenance (10%) mortality
Ath Yoar Maintenance (10%) mortality
-y §¢h Year Maintenance (10%) mortality

G. Total =

GRAND TOTAL(New & Maintainence)

133
12266 7896
61333% 306665




Regeneration/Plantation of Oak & Deodar Forest
(incl. maintenance)

Description

wmmamm-—wmm
of seditions, path preparation of map.

cmumammumnﬂmm

CM dia 1/C debarking and fshioning the top 15 cm in
comical shape

Cﬁmoﬂmmwzmlmwsm 10 cm din
over distance 2 KM

Charring and coal tarring of the ends of fence posts
Preparation and digging of holes 20-30 cm dia & 45 cm decp
Fixing of wooden posts UC strutting

Carriage of barbed wire bundles up hill over an ovetage
distance of 2 km
thdﬂxh‘dwmmu-mbhi
strand

lmﬁ:h.oﬂbmyhdmﬂwmwm

Filling of pits (30x30x30) cm
Fifling of pits (45x45x45) cm

WJMNMMMNmstum
average distance of 2 Km. up hill

Carviage of Mants m P/bags from Nursery site over an
aymaedilomto( 2 Km. uphill

67.33

$63.35

453,67 per %
per KM

186.33%
604.51 per %
477.34 per %

54.50 per
qWKm.
3.16 per Rt
2.74 per Ront

7.24 per Rt

s
318.22 per %

63628 per %
12722 per %
18231 per %%

2349

N:.;?&%

6733

51801

mae




Planting of naked root Plants V/C ramming raised in P/bages

Plasting of grass tufts/prepration of strips VC sowing in
strips 100x30x5 cm for grass sowing

Cost of B/Wire/U-nail
Nursery Cost of Naked root Platts
Nursery Cost of P/bags mised Plants

lu'luwm)m&y
wrmmmmmny
3rd Year Maintenance (10%) mortality
4th Year Maintenance (10%) mortality
ﬁYnM(lﬂ)mﬁw

GRAND TOTAL{New & Maintainence)
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Assisted Natural Regeneration Plantation
(including maintenance)
8. No. Description Cost
I Survey and demarcation of plantation and arca IC marking of | hac 6733 6133
seditions, path preparation of map.
2 Cuning and preparation of wooden posts |8 mtrand $10 10 60 Nos 86335 31801
CM dia I/C debarking and fashioning the top 15 cm in conical
shape _
3 Carringe of fence posts upto 2 mir long and K10 I0cmdia 60 Nos 453,67 per 2220
over distance 2 KM % per KM
4 Charring and cosl tarving of the cods of fence posts 60 Nos 186.33% 111.50
5 Preparation and digging of holes 20-30 cm dia & 45 cm deep 60 Nos Wﬁw amn
6 Fixing of wooden posts I/C strutting 60Nos 47734 per 286,40
%
7 Carriage of barbed wire bundles up hill over an overage 090 qtls. 5450 per 08,10
distance of 2 km Qil/Km.
§  Streching and fixing of barbed wire with Li-stapple in 4 strand 720 Rmt. 316 per 227520
Rt
9 Interfacing of thorny bushes with barbed wire obtained from 180 R, 2.74 per 49320
planting side Rimt
10 Prepacution of inspection path 60 cm wide 250 Rme. 724 per 1810.00
Rt
11 Prepeation of water retention mounds/treanches LS LS 200000
12 Diggmg of pits (30x30x30) cm 400 No 318.22 per 127238
%%
13 Filling of pits (30x30x30) ¢ 400No. 12722 per SO8.88
%
14 Carviage of Plants in P/bags from Nursery site over an average 400 No. 14539 per 1163.12
distance of 2 K. uphill % per Km,
15 Planting of naked root Plants VC ramming raised in Pages 400 No. 12266 490,64
16 Prepration of strips VC sowing in strips 100x30x5 cm for SO0 swips  613.33% 3066.65
sowing
17 C:uidwww 0.90 gils, 7000 m.n




N

18 Nursery Cost of P/bugs raised Plants 400 No. 8 per plant 3600
G.Toml 24697.12

OrSsy  24700.00

15t Year Maintenance (30%) mortality 4787.60
2nd year Maintenance (20%) mortality 3200
Ird Yeor Maintenance ( 10%) mortality 1600
Ath Year Maintenance (10%) mortlity 1500
Sth Year Maintenance (10%) mortality 1400
G Toml = 12487.6

GRAND TOTAL(New & Maintainence) mse o
Or Say 3200




Replenishment of Old Plantation (Planting/Sowing)
Description

Servey and demarcation of plantation and area U'C marking of
“MW@(M
Mn’ﬂmﬂmqu’mumdlblo
cuwahmmw {ashioning the top |5 cm in conical

Carriage of fence posts 2 mitr long and & 1o 10 em dia 453.67 per %
over distance 2 KM per KM

Charring and coal tarring of the ends of fence posts 186.33%
MMMMLMZGMM&&M“M 604.51 per%
Fixing of wooden posts W:‘dnmia; 47734 per%

Cni*orhuhdwiuhndhsupﬂlmmw 4 54.50 per
distance of 2 km qiKm,

M-‘ﬁxﬁ.o{N‘dwhthi‘M 3.16 per Rt
Mofmudmwmmm 2.74 per Rust
planting side |

Preparation of inspection path 60 cm wide 250 Rmt.  7.24 per Rt
mdmmnmmm s us

Digging of pits (30x30x30) cm 400 No. 31822 per%
Filling of pits (30x30x30) cm 400No. 12722 per%

Carriage of Plants in P/bagy from Nursery site over an average 400 No, 14539 per %
distance of 2 Km. uphill per Km.

Planting of naked root Plants UC ramming raised in Phages 400 No. 122.66

Prepeation of strips /C: sowiag in strips 100x30xS cm for SO0 strips  613.33%

Cost of B/W ire/Usnani| 0.90 quls. TO00




\\

18 Nursery Cost of P/bagy raised Plants

15t Yenr Maintonance (30%) mortality
Mywmm)m
3rd Year Maintesance (10%)

nvumum)m
Sth Year Maintonance (10%) morality

GRAND TOTAL(New & Maintainence)




+ Asnexure 1I(E)
Replenishment Afforestation(New Planting)
§. No. Description Cost
1 Survey and demarcation of plantation and arca I'C marking of | hac 67.33 6733
seditions, path preparation of map.
2 Cutting and peeparation of wooden posts 1.8 mir and K to 10 60 Nos #6335 51801
CM dia UC debarking and fashioning the top 13 cm in conical
shape
3 Carminge of fence posts upto 2 mir long and 8 10 10 con dia 60 Nos umzu 27220
‘over distance 2 KM per
4 Charring and coal tarrng of the ends of fence posts 60 Nos 186.33% 11180
5 Preparation and digging of holes 2030 cn dia & 45 cm deep 60 Nos 60451 per% 36271
6 Fixing of wooden posts UC strutting 60 Nos 47734 per% 28640
o 7 Carringe of barbed wire bundles up hill over an overage 0.90 quis. 54.50 per 9810
distance of 2 km VK.
§  Sweching and fixing of barbed wire with U-stapple in 4 strand 720 Rmt.  1.16perRmt  2275.20
9 Interlacing of thomy bushes with barbed wire obtained from 180 Rmt. 2.4 per Rt 49320
planting side
10 Proparation of inspection path 60 cm wide 250Rmt. 724 perRmt  1810.00
11 Prepration of water retention mounds/treanches s s 2000.00
12 Digging of pits (30x30x30) em S00No.  JIE2per% 159110
b 13 Digging of pits (45x45x45) cm J00No. 63628 per% 190884
14 Filling of pits (30x30x30) cm SOONo.  1272par% 63610
15 Filling of pits (43x45x45) cm 300 No. 18231 per % $46.93
16 Carviage of Plants Naked roots from Nursery site over an 3040 No, 2340 14094

average distance of 2 Km. up hill
17 Carriage of Plants in P/bags from Nursery site over an average 500 No, 14539 per% 145390
distance of 2 K. uphitl per Km.

18 Planting of naked root Plants VC ramming raised in P/bages 300 No. 122.66 36798

19 Planting of grass wfts/prepration of strips VC sowing in strips 500 strips  61333% 306665
100x30x5 cm for grass sowing




\“‘\)

20 Cost of B/Wire/U-nail 0.90 qtls. 7000 630000
21 Nursery Cost of Naked root Plants 300 No. 7 Gperplant  1500.00
22 Nursery Cost of Pbags raised Plants S00No. ~ 8 per plant 1500

G.Total 3060739

OrSay 3060000

15t Year Maintenance (30%) mortality £100
2nd year Maintenance (20%%) mortality 3600
Jed Year Maintenance (10%) mortality 2000
Ath Year Maintenance (10%) mortality 1800
Sth Year Maintenance (10%%) mortality 1600

G. Total = 14100
GRAND TOTAL(New & Maintainence) 4470000 ~
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Anncxure-11(F)
Energy plantation of fast growing fuel good
and fodder species
_S.No._Description Cost
I Murvey & demarcation of Plantation area and
peeparation of maps per hectire i G0 Rs. 68.21/hn 6821 v
2 g of area of barbed wire
& horizoatal and 2 strands @ Rs, IWrunning metres ~ SI17.18
dingonal ( mp-Scm 400mMa)
3 Layoat of Pits/Patches per hectare @ Ry, 68.15/ha 6Bis
aalf 1 mﬁqor 30em' 5000 15910,00
4 ‘o lb)l':;‘lw i
5. .Amorymou-' 636050 vV~
H. hﬁaoﬂ'ﬁnhm
1012500 v~
) .r\’m-erplmhpasmsom‘ 6692.50
' Cast of plants 1625000
9. Qfficr material cost 1100,00
» 10, \aterial cost (M.S single wire with bars) 420000
6589100




NTFP plantation of tall plants
1 Survey & denurcation of Plantation area and ‘
preparation of maps per hectare @) Rs. 68 21/ha 6821
P Fencing of avea of barbed wire
4 strands horizontal and 2 strands @ Rs. 38/running metres  S117.18
diagonal ( mp-Scm 400m/ha)
3 Loyout of Pits/Patches per hectare i Rs. 68.15/ha 68.15
' Digging of pits 30 cm’ 2500 nos 2955.00
@ R 318201100
5. Filling of pits 30 cm’ 2500 nos 318025
@ Rs. 127.21/100
6. Carringe of Plants for Jkm 2500 nos 506228
@ Rs. 67.50/100/km
7. Plantation of plants in pits for 30 cm’ 2500 nos 334625
i Rs. 133.85/100
8. Cost of plants 2500 $125.00
(@ Rs3.25/ plant
Total 3292229
Or Say Rs. 33000




Clhhru‘horulmlqh

Suwyo(!l-nlouuuud
Digging of pits Sm’

Filling of pits um‘

Pluﬁuufjh pits for 45cm’

Pmd.' for

Swhdpubfhhmum‘n;
Cond‘;-‘ﬁ
Collection of seed

|
C‘dm

|
Other material cost
Cucfwl

Grand Total (1 4+ 1)

|
|
\
|
>

Plantation area % hai@ Rs. 68.2|

@ Rs. 68.2)/ha

400 nos
@ Rs. 636.25/100

400 nos
@ Rs. 18228100

400 nos
@ Rs.133 85/100

400 nos
@ Rs, 67.5/100km

250 nos
@ Rs, 166.85/100

250 nos
(@ R 48.70/100

Lump sum

Total

Lump sum

Total

Or Say

146.00

6821

254500

ne1

4172

12175

97.00

120000
1600,00

Rs.7000
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Annexure-111

Cost per Engineering Measures® :
A DRSM Checkdams -
Avernge Dimension = 8m x L.49m x2m=23925m'
Cost %@ Rs. 1070/ m*= 23.925 x Rs. 1070 = Rs25600.39 g
Add 30% for hill area = Rs. 7680.117 a
Total = Rs,33280.507 E
Say  Rs. 33281/ 1
2
B Brushwood Checkdam L
Includes wooden post, GI wire, fiber and straw as well B
construction cost = Rs, 1500/ dam v
Total + Ra 1500/ dam =
Say Rs. 1500/ 5
. Retention wall of average 10m height E
ltem Quuntity (m*) Rate (Rs.)/m’ Amount (Rs) ;
Excavation 5.08 64.00 325.00 L
Cement Concrete (1:6:12)  1:56 982.10 1532.00 3
R/R Masonry (1:6) 641 1077.20 6905.00 B
PMum Concrete (1:5:10) 20.66 1048.70 2166600
Boulders filling 3.08 391.70 1206.00 =
Total cost per running mtes in Rs 311634.00
Miscellancous 169933
3333333

Say Rs, 33333.00

D. Water Hurvesting System

|-Staggered Water Harvesting Trenches :
Lumpsum Rs. 38000/ ha

3-Roof top harvesting (in HPFD buildings):
Lumpsum Rs. 200000/ no

F. G&D Station

+ G&D Discharge Equipments (lumpsum) Rs. 40,000/ station
per station

* Stalf salary and Mainienance
per unit

Toatal cost per unit

= Rs.3,00,000/ station

= Rs. 340,000/ station




G

Treatment of slips/guilies/ril
Total

Planting Griss Tufts

Total

Pine needle Logs

Total

Is & sheet erosion

Rate (Rs.)
Rs. 5553560/ ha
Rs. S55560.00/ ha

Rate (Rs.)
Rs. 7000/ ha
Rs. 7000.00/ ha

Rate (Rs.)
Rs. 500/ ha
Rs. S00.00/ ha
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