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PREFACE

|
Himachal Prodesh is blessed with perennial river systems fed by glaciers, therefore, halds o
vast potential of harmessing water resources for irrigation, hydroelectric projects,
fisheries, etc. originating from Himalayas. Because of special ecological condition, Himachal
Prodesh is also blessed with unique biodiversity that holds huge potential of germplasm for
future generation The Himalayon mountains rise obruptly, resulting in a diversity of
mmeMMMMMMW!««"hM
meadows abeve the tree line. Life-style of local people is closely interlinked with the forests
and natural environment. |

The last century has seen unprecedented growth in irrigation projects on o global level. The
use of tube well irrigation has decrecsed the cest of groundwater, and the
mwudwwummmdnmwmry
m«wdwmwmmm(uumymsoouww
WMMMdMWmmnMW Between 1962
and 1996, 'umnnmmm“nmzwm.m
leading 1o o neor doubling in irrigated lnd. For example. in 1950 Tndia hod on iFrigation
potential of 22.6 mhe by 1993-94, this had grown to 86 mha (Saleth, 1996).

J
MWMMM&M““WM“MW Recent years have

momunnmmdmmmammmdm
and cost concerns. Most of the areas that ore good locations for woter projects have
already been developed and there ore growing concerns obout the quality of available water
as well as the quantity.

Increased supplies of irrigation water have been instrumental in feeding the populations of
mmmmmmmmmﬂuumummu
wmmnmmdmwmmmwdﬁd
m,mm«m-m.mwm«u,—-wmmm-
relative decrease in deforestation of land for agriculture.

mmmmw«mwmﬂmmm«
mmdmmmwdmwadmmwm.
mdmm,wmu-mwpw. Initially it wos
proposed 1o construct a Dam ocross Chakii Khod just at the confluence of Chakid Khod and
mwwmmmcwammdrmww
channels, The project is named of ter Lete Shri Phina Singh, cbdrddmofﬂlgnﬂd
-hobimdﬁnldudmdbalwd\ﬂdﬂ'ﬁmﬂqcm“h
situated in tehsil Bhatiyot, district Chambo, on the boundary of Kangra and Chambo
districts.




Due to increasing bictic pressure and other develcpmental activities, the environment is
under tremendous pressure. The fertile soil is under threat 1o be washed off cousing lot of
adverse downstreom impact on populction and the production systems. Now as per the
latest directions of the Governmen?, the loss 1o be coused due fo establishment of
developmental project is to be compensated through some monagement plans. Therefore,
the IPH authorities interacted with Himaksyan Forest Research Institute (HFRI), Shimlo - o
regional Institute of Indian Council of Forestry Research & Education (ICFRE) for the
development of Catchment Area Treatment (CAT) Plon,

Detalled field work wes corried out by HFRI and i1 associates by using available scientific
methodologies for development of CAT Plan. A draft Plan wos discussed in detail with IPH
authorities including the Chief Engineer, other senior functionaries of IPH, Forest Officers
of Himachal Prodesh Forest Deportment ond the experts from HFRI, Shimia on 04.09.2010.
After incorporation of the suggestions put forth by the experts and views of the
authorities of IPH, the revised ond final CAT Plan is being submitted. The Committee
appreciated the CAT Plon ond approved it with minor suggestions, which were incorperated
in this finol CAT Plon.

HFRI will like 1o put on record the cooperation extended by IPH authorities, Divisional
Forest Officer, Dolhousie, Ronge Officers ond other local Forest Officiols for successfully
completing this assignment. HFRI is olso thankful to its associates M/ S MANTEC
WMMMMMWmmmmwnﬂm
for developing this plon.

Mobucde S

[MOHIDER PAL, IFS)
Director
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A 11 INTRODUCTION

Of late India has turned into a vibrant economy. The growth process and
Wofw&xﬂﬁmmlwwhﬂbm
increasing demands for water for diverse purpose like domestic,
industrial, agriculture, hydro-power, pmml power, navigation,
mﬂm&.Wm&rb-mmdom‘ofhumdmumnl
mnmmdabycknmthhwdpmdt&vebpmmda
omhy.hﬂnﬂbhnminmofwbﬂ.?mmpmdﬁhﬁmnm.
MMNMWMMOfWIMNdWM
monsoon rainfall from June to September alone accounts for 3000 BCM. A

pmditislou-thmghwapw'aﬁutmpo-mmm
yet large part of it percolates into the ground and is available to us in the
mdmmm.m.vmmmmm
Mwmbpﬂlnllwmmd '
and other constraints about 60% of it i.e. 690 BCM form surface water and
432 BCM from ground water, can be put to beneficial use.

!

India accounts for a meager 24% of the world’s surface area of 135.79
million sq km yet it supports and sustains a whopping 16.8% of the fotal
world population of 6055 million (census of India 2001) and is second only
to 21.03% of China. ‘

mmdwmmmmwlmwlmdwduﬁ
million and 361 million respectively and/ or, rose to 1028 million by the
turn of century (census year 2001). This implies that the progressive
growth rate of population over popula 1 of 1901 and 1951 were 331.47%
and 184.90% respectively. The country’s is expected to reach a
level of around 1390 millions by AD. To support population,

whichhmdininduda.rahitdaopﬂtmd\ehnd,mﬂ
husbandry, agro-forestry and pisciculture has been practiced since time
immemorial in India which has been pre-eminently an agrarian state. Till
1971, about 80% of India’s population lived in rural areas and were
w:mwmmwmamnmm
MM&M&&WBWMWMWM
mmmam.mummmam
still the agriculture forms the hub of India’s economy. With the advent of

Green Revolution in the country, the | of food grains has
increased from around 50 million tonnes in the fifties to about 208 million
x tonnes in the year 1999-2000. This will ¢ to be mised to around 350

million tonnes by the year 2025 AD.
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pupuhﬂa\hsmulwdhpuiormpdwmed
wmhrayhdmhgemnludhdgnbnh)pamhrwhlkhgm

¥ irrigation potential is estimated to have increased from 195 million
mawmawmmsmmwum
of 2000 AD, further development of substantial order is necessary 1o meet
the food and fiber need of our growing population.

India’s Water Resource vis-A-vis Irrigation

Avnllnbllilydmhmlmouumicuhdyh#dmdmm.forpeophd
muwuugwlmumuy,mmwsofmmmd
water resources, India has to support 168% of world’s population and
15% of livestock which essentially causes stress on available water
resources, The water is available in two different forms, viz., surface water

and ground water. ‘

1.1.1.1 Surface Water |
Surface water is available on the surface of the earth in the form of rivers,
ponds, lakes, canal etc. However, the rivers the most important
source of surface water. In this respect the nature has showered bounties
on India in so far as it is blessed with a large number of major, medium
and small size rivers. As many as 13 of them are classified as major rivers,
whose total catchment of 252.8 million hectares is about 83% of the total
> area of all drainage basins. Of the major rivers, the tra-
mmumwwm\awwmdmnm
million hectare being about 43% of the catchment area of all other major
rivers. The surface water resources in major river are shown in Table-1.1.

Table-1.1: Surface Water Resources in Major River Basins of India

sl Basin Av.Annual | Utilizable | Storage
No. Run-off Flow Completed
(km?) (km?) (k)

1. | Indus 73.00 46.00 1452
1 |Ganga 501,00 25000 7.4
3. | Brahmputra 537.00 24.00 1.09
4. | Barak-sub basin 60.00 - -
5. | Mahanadi 67.00 50.00 8.9
6. | Brahmani 3600 1810 429
7. | Godavan 119.00 76.00 1727
8 | Krishna 65.00 58.00 3323
9. | Cauvery 21.00 19.00 725

-




1112 Ground Water

A part of the precipitation percolates in the focks and soils and is available
to us as ground water. According to the latest ground water statistics,
2003, Central Ground Water Board, Ministry of Water Resources, pp-I-II,
the total replenishable ground water rese in the country is 432
mlyw.mmunmmdmmavmkbrkﬁyumbabomﬂt
m/mwwmhmdmmmmm

stage of ground water development is 41 only, The ground water
resource of India is shown in Table-1.2.

Table-1.2: Ground Wmtkumdl;:tdhummnm
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15 | Mabarashtra WA | 1240 || 2547 | 044 [ 1604 | 3704
16 | Manipur 315 047 || 268 | Neg. | 268 Neg.
17, | Meghalaya 054 0.08 046 | 002 | oM | 37
18| Mizoram ¥y o2 | 119 | Neg. | 119 | Neg
19, | Nagaland 072 on 062 | New | 062 | Neg
20, | Orissa %00 | 300 | 1700 | 361 | 13® |23
21. | Punjab e | 187 | 1679 | 1640 | 000 | 9766
72, | Rajsthan 1271 199 [ 1071 | 926 | 145 | 8642
. | Sikkim oo | oor | 00é Neg | 006 | Neg
24| Tamil Nadu 3% | 3% | 243 | 1445 708 | 6440
2. | Tripura 0.66 510 | 056 | 019 | 03 |38
26| Uttar Pradesh STz | 1217 | 6895 | 32233 | 3662 | 468
27. | Uttaranchal 27 | | m A7 | 578 |
28, | West Bengal BB | 6 | Ve | 750 | 1218 W
~Total States | 433.04° | 701 36198 | 14970 | 21278 | 4183
w377 (360.73) Q@11.53)
“Union Territories =
Andman & Nicobar® | 0326 0313 | Neg | 031300 | Neg
Z | Chandigath 0.000 0025
T Dadra & MNagar| 002 | 0006 | 0040 D000 | 0031 | 1281
Haveli
3 | Daman & Diu_ go13 | oos | ooz | oonl 008 | 0003
5 | Delhi 029 018 02
6 | Lakshadweep Do | 000 | o002 | o7 o000
7. | Pondicherry 0029 | O0bos | 0024 | 0116 | 0000
Uts o732 | 0025° | 038" | 0160 0348°
06 | ©o| ©orn ©.035)
"Grand Total WaaR2 | TLAGS | 362364 | W97 | 713287 057

112 Need for Irrigation

mmlﬂ\idmdimcpedaﬂynﬁemmdmnhfﬂh
I wake  imigation indispensable | for sustainable agricultural
development. Unhmﬂynhﬁ“hlﬁdhismvmlymtﬂﬁ
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bringing south-west monsoon often fails to keep its date and thus disturb
thetropakndar.Theamoumolnhfallabonrbsgmﬂyﬁmd\c
* normal. Excess rainfall may cause floods but less rainfall forces the farmers
to resort to irrigation. Generally when the rainfall is in short of evapo-
transpiration demand of a crop, the irrigation is immediately required to
protect the plant from permanent wilting. Ironically the variability of
rainfall is very high in areas of low rainfall like Rajasthan. The north
western parts of the country, especially Punjab, Haryana, Rajasthan and
the western parts of Uttar Pradesh often suffer from high variability of
rainfall. Even during the monsoon months, about 50% of the total annual
rainfall takes places within 15-20 days and in less than 100 hours. As far as
spatial unevenness is concerned, the a e rainfall in Meghalaya is
10900 mm, whereas, in Rajasthan it is as low as 100 mm against the
mﬂaulnmnsemudninfaﬂo[llmmm.’ﬁwnduﬁngmmh
thm&mmw‘\ﬂmwwmm
more weeks and badly damage the crops which are entirely rain fed and
have no other irrigation facilities. It is vd that only one third of the
cultivated area receives annual rainfall in s of 1000 mm of which 75%
falls during 3-4 months during monsoon while the remaining months are
marked by dry seasons of long spell underli the need for irrigation for
successful growing of crops. Besides, the wtial nature of rainfall leaves
little for soil to absorb water. This loss of water by wasteful
flow has to be compensated by irrigation. Even in areas of high rainfall,
> itdpﬁmbdndummdedbtnhﬁ\gcmpihrh. jute
and cotton which require more water. With the introduction of HYV seeds
requiring heavy input of chemical fertilizers, as a result of green
revolution, irrigation has become a very important ingredient of
agriculture. ‘
1.13 Development of Irrigation in India
Irrigation has been practiced in India since ancient time from wells, tanks
and small channels. The Hindu monarchs, the Mughal emperors and the
British rulers exhibited great engineering feats to develop irrigation at
different times in the Indian history. The Musiim emperor constructed a
number of canals from Sutlej and Yamuna rivers. Major irrigation projects
were built by British starting in the middle of the 19" century and the
development was steady and gradual. The British constructed the great
Ganga canal (now UGC), Lower Ganga Canal (LGC), the Eastern Yamuna
Canal (EYC), Western Yamuna Canal (WYC), Sirhand Canal, Sarda Canal,
Couvery Delta System, Godavari Delta system etc. Sustained and
systematic programme for development of irrigation facilities were taken
up with the advent of plan development in 1951. The irrigation potential
x created before the First Five Year Plan was 22.6 million ha which rose to
93.95 million hectare at the end of Ninth Plan. The main thrust on the
WWBMM?MM target of
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millimhedmolyoulnigaﬂm"m in the country by the year 2010
AD, out of which 58 million hectares will be by major/ medium schemes
and wmsmmwumm
nmmnmm;ormmmm

Hmwu.mymnmmgmmwmuym
China on east and is bounded by the state of Jammu and Kashuais o

S. No. Sector Area covered upto 31,03.09 Total Area
(Ha)
1&PH RDD
1 Minar Irrigation 112,649 93,19 2,05845
Z Medium Irrigation 12,897 0 12,897
3| Major imrigation 9755 0 9755
Total | 135301 93,196 228497
ﬂ!mhduudhﬂpﬂcnad\mmo)cmlﬂbﬁmw
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' Nurpur, Distict Kor Manl

14 PROJECT PROFILE \

p 7 mwmuﬁp&mmm conceived with a view to
harness water of Chakki Khad and Kalam by constructing a 22 m
hlghsmstmdtmﬁmdmamﬁwh#mi\dmppm&\gh
wmmwww.mmd-m
weitaMWmlmgheduchmndouthuhgimomoitbkqund
mmmmmurmudlmwmmmml

1

ml.s%kmhngmhwulandaboun‘)km distribution system and
4.29kmlongliﬂcmllbpmvldcgnvilynd irrigation to 2881 ha and

mpudvelyunlhsms covered under 60 villages
area in tehsil of district Kangra. The

gross irrigation
as 1.70:1. The project

in 4 to 5 years time frame. The
hyoutohhpmkdmdminﬂngu
dmdleonmkldl(hndmdpropu!duud\
gmmnpnumngmu.m
towards end is shown in Figure 14.
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Figure 1.2 General View of Proposed Dam Site

Figure 1.3: General View of Proposed Trench Weir Site on Kalam Khad

Chopler-1: Introduction
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Figure 1.4: Photograph of End of Reservoir

PROJECT LOCATION

The project area encompassing the storage dam on Chaki Khad, the trench weir
on Kalam Khad and the feeder channel and the reservoir lies under tehsil
Chowari, district Chamba, The command area under the project falls on the left
bank of Chaki Khad and on either banks of jabber Khad in tehsil Nurpur, district
Kangra. The geographic location of the command area is between latitude 32017
{0 329 25" N and longitude 75 50" 307 to 7% 5¢' )" E with average elevation of
command being 700 above msl, The area is well connected by motorable roads
and Pathankot-Joginder Nagar narfow gauge railways upto Jassur, The head
works of the project is located near village Lahru on Nurpur-Lahru-Chamba SH-
28, about 25 km from Nurpur and about 1 km on Lahru-Sihunta SH-3. The link
road connecting command area s Nurpur-Dhanni-Malakwal road and Sodwan-
Suliali road

Chapter-1: introduchion
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1.6 DEMOGRAPHIC DATA OF THE VILLAGE PANCHAYATS FALLING
UNDER THE PROJECT AREA
Mmasmknmmammmmmmumm
(Table: 14). As the household survey conducted by this Institute, total
population of Panchayats is 12,848 (approximately). Maximum population
is recorded in Panchayat (3500) followed by Raipar Panchayat (2580)
and Manthua (1005).

- Survey was also ucted 1o assess the livestock number In 122 villages falling
under 13 falling in the project area (Table-1.5). Total population of
livestock (Cow, Sheep, Goat, Buffalo, Horse/ Mule), in these Panchayats
were 19637, The um population of the livestock i.e. 6034 was recorded in
Jandroh Panchayat by Khadret (4117) and Raipar (1683).
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A
17 MANDATORY REQUIREMENT FOR sunmmoL OF CAT PLAN

mmmmammawﬂnmmmm
mmmom,mmmmmwomm,

Nmmmmﬁwmuadw.dpdm,omm
wmm&.m.npu 4.8 A added to Forest
4/94-FC dated 1.11.2001, it

implemen
allotted the work of preparation of CAT Plan to
mﬂu&ﬂd“ﬂm/hﬂwﬂchﬂomq%m

elaborate CAT Plan costing Rs. 453 lac.
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2 PHYSICAL ENVIRONMENT OF CATCHMENT AREA

21  INTRODUCTION

Gwmtmdunpmpoedpmaﬁmmmmdimdam
mmpﬁmammmumofoﬁmmwmm
Kalam Khad whose water shall also be diverted to augment the water
awhﬁlltybtﬂ!pmkctllhuhunwslss.ﬁqkmmdh
mainly rain-fed except for relatively small as on the summits of Dhaula
Dhar ranges on the north and north-east wi altitude varying from 2441
m to 2772 m above msl, which experiences § fall during winter. The
mdwmmmwmvmmmsuh.mm
MmmWrmdM{MwM&mﬂfﬁan&b—
basin of Beas basin. |

22 CLIMATE |

The altitudinal variations of the catchment area from Elevation 700 m
abovenulbmmaboveuulgiverhe;wmmdimw.lnm
Wﬂ,mmm&mwﬁuﬂwwmm-m
mMMmeﬁNnﬁ-lemm,mﬂ
Wﬁ(l@m-MmMmﬂ)nﬂpﬂdlﬂ@mﬂmﬂ“m
~ 4000 m).

> The climate of catchment area is affected by the tropical weather systems
during the summers and the cold weather systems known as Western
Disturbances during winter and per-monsoon months. The Western

the westerly wind regime along H n latitudes during the winter
mmmmummma.wmam
pmwnnmmmuppuakcytbnk or a trough in lower
isobaric levels. They shift to more latitudes as the summer
season approaches. \

Summer precipitation in the catchment area is mainly associated with the
Southwest monsoon in the form of rainfall, which is dominant from June
mw.mmnwmm-nqmtymmw




23 METEOROLOGICAL CHARACTERISTICS

A Qwepdlumumdhdwpdlnﬂrlmw , the meteorological
facmplaymimporhmrolehmmpaf,dkpenlmmddmmbn
mums&«mmmmnmwu
ﬁme.hwnhumcusarymddumbleapnnddﬁsatudy,bmlka
meteorological data for the period of thirty years at nearest IMD station
mwwhkhkﬂnmtohcnambﬁnpmdnﬂw
climatological data is presented in Table 2.1. The principal determinants
o(mathermddlnuﬂcamdithuhﬂwnghphdude-

Altitude and its physiographic completing.
Direction of the ridges and location on the windward and leeward

L
2
sides. ’
3. Degree of slope and its aspect
4. Intensity of forest cover and
5. Proximity to water bodies and glaciers. l

Table-2.1: Average Air Temperature, MLWnnmﬂilynM
mmwmammmmbhwdmm

(1951-1950) I
| Missi Prevailing |
Alr Temperature Relative Humidity |  wind Wind
> Average [ Speed Direction
Highestin | Lowestin | Average Average
the month | the month | (st 8:30) | tat 17:30) | Averase
kS © % % Kmph

AN 172 26 62 n 34 NE

FEB 192 22 61 % 37 NE

MAR 240 08 57 I 4 NE

APK 71 45 % % 48 NE

MAY 05 73 2 © 55 NE

JUN 313 07 0 L3 a7 NE

UL 79 128 8 & 19 NE

AUG %60 132 ™ s 14 NE

SEP 258 106 81 ® 19 NE

ocT 252 62 0 ) 26 NE

& NOV n0 29 4 P 25 NE
e 195 a7 3 o 28 NE

|

Chapler-2: Physical Environment of Calchment Area




231 Rainfall

|

A The catchment area receives summer precipitation mainly in the form of
rains from the south west monsoon which is dominant from June to
w.mwdhmbamampi«iﬁnﬁmdmumm
mdahopmma\mmlhaﬂxenlnhllisMhﬂnbmdl@ﬂ
and combined shower but sometimes extreme rainfall floods are
expahmdmﬂydndngm.mmmmlynhhlldmbmd
mddlynmfaﬂ&udurvedatninpugemvahd\hmw,
being maintained by Dr. Y. S. Parmar of Horticulture and
Forestry, Solan (H.P.), presented in Table shows an annual mean
rainfall of about 1366 mm, with 80% falling d June to September,

|

232 Relative Humidity

mumammammn@.hmwlm-m,
at Weather Station at Jachh, near Nurpur, being maintained by Dr. Y. S,
muwdwmﬂw.&hn(ﬂ.ﬂ).whld\h
nearest to the catchment area, the value of mean monthly maximum and
nﬂnh\umRHobomedbmaM«%inAogM.lmmdMny,lm

respectively. The statistics of mean monthly relative humidity is presented
in Table 2.3. |

> 233 Maximum and Minimum Temperature |
The value of mean monthly maximum minimum temperature
observed is 44.1° C and 2.2° C in June, 2000 and January, 1997 respectively,
The maximum and minimum temperature data is presented in Table 2.4.
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in Nurpur, Dishvict Kangra. Himochal Prodesh

PHYSIOGRAPHY

The catchment area physiographically Hes in Western Himalayan mountains
of Himachal Pradesh and its geographic locations are longitude 75" 55" 127 o
76" 8 48" E  and latitude 32° 20" 6" to 32" 29' 46" N, forming a part of Tehsil
Chowari, district Chamba, The catchment area Is encompassed between
Dhaula Dhar range on north and northeast, Dhady  Dhar  on south  and
southeast, Kallnal Dhar and Sundla Dhar, on north and northwest The
Dhaula Dhar ranges overlook the catchment area lving in Shiwalik or  outer
Himalayas which constitute the outermost range of the Himalayas. These
Shiwalik ranges overlook the plains of the Kangra valley, The elevation tends
10 increase from west to cast and south to north

TOPOGRAPHY

Topography of the catchment area is rugged mountainous marked by the
presence of Dhaula Dhar range on north and northeast giving rise to various
dhars or spurs with steep to gentle slopes. The elevation of the catchment
varies from 705 m above msl at dam site to 2771 m above msl at Kharu Gala
The entire tract is mountainous with steep to gentle sloping arcas and is
drained mainly by Kalam and Chaki Khads and their tributaries, originating
within the catchment, Forest is predominant land-use of the area followed tn
agriculture and settlement. Well terraced fields, for raising paddy and other
crops, are existing within the catchment. The view of Chakki Khad near
village Dadrivara, Kalam Khad near Chowari and Balud Khad at confluence
with Chakki Khad are shown in Figure 21 and Figure 2.2, respectively

Figure 2.1: View of Chakki Khad near village Dadriyara

Chapler-2: Physical Enviranment of Calchmen! Area
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Figure 2.2: View of Kalam Khad near Chowari
REGIONAL GEOLOGY

The catchment arca, encompassed by the project mainly lies in outer
Himalayas (Shiwalik) surrounded by lesser Himalayas, Dhaula Dhar range, is
characterized by steep to gentle sloping mountains and deep cut valleys. The
rock types exposed in the  area comprise conglomerate / quaternary deposits
and sand rock of Shiwalik formations.  The surtounding areas consist of
cand stone, silt stone and shales of Dharamshala formations; quartzites,
phyliites, limestone and intensive volcanics  belonging to Sundernagar
formations and granite-gneisses, phyllites of Jutogle formations

The regional stratigraphic succession of the area after Srikantia and Sharma
on the basis of systematic geological mapping is as follows:

Siwalik Formation - Conglomerates, Sand rock, Clay Stone

- Main boundary fault

Upper Dharamshala : Thinly sand stone, silt stone with minor shale beds.
Lower Dharamshala : Mainly shales with sand stones.
wwmemee MUTEE THIust cs e ciaianains
Sundemagar Formation : Quartzites, phyllites, lime stones, volcanics
=8 Jutogh Thrust -
futogh Formation ; Phyllites, granites and gneisses,

Chapter-2: Physical Environment of Catchment Arec




subsequen
ommmrmm:(cnnmuu-mmnmm
above- adverse causes and process of soil erosion. The
catchment area treatment involves an understanding of the erosion
characteristics of the terrain and suggests remedial measures to reduce the
erosion rate. this reason catchment of the directly draining rivers,
smmuhlnTnmmmndu\dﬁnmkMMhhm
cost.

Watershed is the basic unit of a catchment. Watershed is a natural

hydrological hic unit of spatial extent characterized by surface
run-off to a defined course at a particular point. The boundary of
the watershed is delineated by the line of water divide in a basin with
reference to point drainage. The pre-requisite for a watershed

management the collection of multifarious data eg., geology,
geomorphology, topography, soil, land-use/ land-cover, climate,
% pattern, etc. The catchment of Phina Singh Project
of sub-watersheds. The multifarious data generated from
on the form the basis of the Action Plan for
Catchment Treatment which is presented here.

Chapter-3: Colchment Atea Treciment Pan
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32 OBJECTIVES \
watershed is dimed at
!tdhnenuumhw ofhmdr.Mththmmwnt‘Am
Tthl’lmh!omiumuvm ecosystems in the
mdummaforlawtyownmuv For this purpose an action
phnhnbempmpamdwmdwfolbwiw =

1. To&ﬂhwhﬂwmm&duam:mbm
hqmﬂtydwaudnnﬂmmdibuhm

ZCanuvmmof-oncover-\dtonm#nnemde,M
dlhﬂonolthemdmgwithlb_ ies and consequent
n&mammmhmdhpm.

3 mawmm&uwuwm
rea.

intensity in the catchment a
4 Mhﬁmo{dqudedhum afforestation and bio-
engineering thereby wuulnyfmuhn plants,

% ation from increased cover and
P L A e e
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33 CATCHMENT AREA

<+ Hill streams, viz. Chakki Khad and Kalam Khad emanates from the
UaulaDhum\gemKhamGah(zm:mabovenl)dehhwiml

pwdmmummmwats&m;q.mm
catchment is like a fan and is characterized by mountainous terrain with
mwwwmumywmwmmnm
odumqurormmdmvalleypmje:te#huwi&inhm,h
fuemddhecuydnhhgmd\mmhthemmmemnimnmof
ﬂ\eﬁndﬂhﬁgaﬁdmtbdwnhwm

Mpamdam@minﬂ:WahdnJMhsofhdm 1990, the free
dnhungaﬂmenlmde:madyliuhwa&rmmmgim-l (Indus);
Basin 1B (Beas), Catchment 1B1 (Whole Beas), sub catchment 1B1A (Lower
Beas) and watershed 1B1A7 (Chakki & ‘Khad) falling totally in

district Chamba of Himachal Pradesh. Catd Area Treatment Plan
hubmhmhbdbrﬂnlneduhﬁngu@mubyl&ngm&h
> subset of IRS LISS-II1. The free draining watershed 1B1A7 has been sub-
W&mmmm.umummexmawma
d\ownh'l'ablcumddepuedlnl’l;nm
Table-3.1: Hydrological Units
SI. [ Watershed | Name of Sub- | | Area of the
No. sub- watershod (ha) | highest point in
watershed Code
(m)
1 [Chaki and [KalamKhad | 1BIAZ(1) | 674036 )
Jabbar Khad | d 1B1A7@) | 153926 61
ChakiKhad | 1B1A70) | 730826 | 2771
Total | 15584.88
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free draina area, confluencing with it from right are Balud

Z
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are

The dmmmmamdem
parallel to each other. They are evolved in areas of

uniformly d rocks.
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The soil resource map of Himachal Pradesh (NBSS Publication No.
58) has been used in the present study. The soil is predominantly
coarse loamy to fine loamy. The soil map presented in Figure 3.4
reveals that the soil of the area belongs to Lesser Himalayas having
map unit 28 and 38, whose characteristics are described hereunder.

Soil belonging to Map Unit-28.

Soil belonging to Map Unit-38
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36 METHODOLOGY USED FOR THESTUDY

+ The digital satellite data of IRS P6 LISS-TII was evaluated on ERDAS
Imagine Software. The standard False Colour Composite (FCC) was
generated by assigning blue, green and red colours to visible green, visible
red and near infrared bands respectively. Expressing image pixel
addresses in terms of a map coordinate base is often referred to as geo-
coding. As various thematic layers were to be overlaid for this project, all
d\ehyenmmfemwedlomlwmldmadmm.mmmo
scale topo-sheets No 52 D/3 and 43 P/15 of the catchment area were used
for the purpose of geo-referencing. Alargenunh-rolGCPsmmnw
for reasonably

Histogram of the scene under study has been generated to check the range
of spectral values present in the scene. In order to use total grey range and
to optimize the contract, the actual grey level ranges of three bands were

|
:
£
i
%
:
i
i

use/land cover, litho-logy, structure, drainage  pattern,  slope

procedures:
36.1 Land use-Land Cover Classification

e Prior to ground truth the satellite dats was classified using
classification technique. Further, after collecting ground




o After the

5

prepared which the team at field verified and any errors or omissions
were identified.

A reclassification of the land-use categories implementing the details
and corrections, if any, was done. The reclassification output was used

]

for preparation of the final land-use tion map. As required
this map after due verification was then and printed.

The Land use map of the study area free draining catchment area
is presented in Figure 3.5. The Jland-cover details for free-

mmmmmmmnﬂmmpm in Table 3.2.
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362 SlopoMaphtpanﬂon ‘

4 * Slope is @ measure of change in the value of altitudes over distance,
which in can be expressed in degrees or as a per cent (%), The first step
h\mﬂmddopemphlocmmwmusmhekvmm
values stored in the form of contours or points. Surface is a
upmuhnno‘maphkinfonmﬁoanlmdcmdmin
which the map features are not spatially discrete, i.e., between any two
locations, there are no clear or well defined breaks between possible
values of the map feature. Models built from regularly or irregularly
spaced sample points on the surface can represent surfaces,

. Shpemnpofﬂ\emd\muumwuwndusinghdwm

After marking the catchment area all the contours on the toposheet
were digitized. The output of the digitization procedure was the
contours as well as point contour in the form of x, y and z points. (x
and y are location while z is their elevation). All this information was
in real world coordinates (latitude, bd@nﬂemdhdghthm
above mean sea level).
A Digital Terrain Model (DTM) of the area was then prepared, which
was used to derive a slope map. m:bpewudivndndhdmd
slope percentages.
The slope of a watershed plays an impartant role in controlling soil and
water retention thereby affecting the land-use capability. The
slope in a watershed determines the soil erosion
and forms the basis for classifying different watershed
into suitable capability classes for formulating suitable soil erosion
conservation measures. Broadly, the following slope classes and ranges
ﬂnk”)ummdMthidl&wm&mm
adopted for the present study:
Table 3.3: Slope Class
Slope Range (Degrees) |
0-5 Slope
6-15
16-25 Modans:gope
36-50
Above 50 Viry Steep Slope____|

of the free draining catchment is presented in Figure 3.6
are as presented under Table 3.4.

| : = i\ 41U




uAmyE)
‘ad
%001 | 00 89y s §96E $6'07 080°¢ 191 JO %
SEFRSST 00 SLRL £9°006% 0F'SIZ9 SHPITE 09'sLy moL
orsoes | 00| 00 | 61y | 9RS0e | OMiZ | BSI00T | ITER | IN9SIE | 192X | 66'1S9L | 65T onest | (Ezviar] €
wzecct | 00| oo | set | @ | e | ssosr |0y | Twe9 [wvT| TEE | WE | WIS (Zevigl| T
ocore | 00 | 00 | 965 | soror | evoe | Lomwaz | 009e | 69T | STRE | LUOETI | VE | O9ER (Dzvigl] t
(*H) (*H) (*H) (*H) (FH) eH)
w vy | % | emsy | o | emy | % | emy | % | v | % ray
(*H) ws< W06-9E SE9T &£T-91 179 &0 o8
ey ON 2pOD
1oL adojs SMS | IS

spayssaepm-qns aandadsay ug sepoSae)) adofs e AqTL

SOOI U0 DB IHANQ 'NINN U :
Ot._!ii}iti!!il&i
Ss

&«




UDYY IMOUHDI| DAY JUIWYNOD T-IMAOUD

poyidiN (IAS) xopul PIRIA NIS Bugsn $507 105 ®

ary Juawiyaje)y Sutures(g 2314 jo depy adojs :9°g aandyg

LM Lavlow

WP PN - WY TVl

(oL EE L L
) ose Mo .
mnn SR .
e RN W ©n
Wy AL TE]
o Ry ey oo
ON3OT

8 2

(ANIWHOLYD ¥O 33H4)
dVW 34078

(HSAavud TYHOVIWIH
LOArOMd HONIS VNIHA

—
WEPOLG YN YoM IBUDY NG NN W
0910 91 afioy 1291014 LONDBUY WNPSW YOS DUl 10} UL (VBGOSR DAY JUUUNOD

A v



Cotchment Arsa Trectment Plon for Phina Singh Medium irigotion Froject  Foge 17 o1 0
hmmmmw

363 Soil Loss Using Silt Yield Index (SYI) Method:

e The Silt Yield Index (SYI) Model) considering sedimentation as product
of erosivity, erodibility and aerial extent was conceptualized in the All
India Soil and Land Use Survey (AISLUS) as early as 1969 and has been
in operational use since then to meet the requirements of prioritization
of smaller hydrologic units within river valley project catchment areas.

« Methodology for calculation of sediment yield index developed by All
India Soil & Land Use Survey (Development of Agriculture, Govt. of
India) was followed in this study.

(i) Erosion Intensity and Delivery Ratio

s Determination of erosion intensity unit is primarily based upon the
integrated information on soil characters, physiography, slope, land-
use/land-cover, lithology and structure. This is achieved through

i of different thematic map overlays. Based upon the
field data collected during the field survey and published data,
weightage value and delivery ratio assigned to each erosion
intensity unit. A composite map for del different erosion
intensity units was prepared through superimposition of the maps

composite erosion intensity map was then
map with sub-watershed boundaries to evolve CEIU
individual sub-watershed. '

e Each element of erosion intensity unit is assigned a weightage value.
The cumulative weightage values of the erosion intensity units
represent approximately the relative comparative erosion intensity
within the watersheds. A basic factor of K=10 was used in determining
the cumulative weightage values. The value of 10 indicated an
mmmm@mmmﬂx
(104X) is suggestive of erosion intensity in an ascending order whereas
the value of K (10-X) is suggestive of deposition intensity in
descending order. |

and

delivery ratio was assigned to each en intensity units, The
superimpaos the

for

o The delivery ratios were cakulated for each composite erosion
intensity unit. The delivery ratio suggests the percentage of eroded
4 material that finally finds entry into the reservoir or river/stream.
Total area of different erosion intensity classes (composite erosion
intensity unit) in each watershed was then calculated.




Nearest Stream " Delivery Ratio (DR)
0-0.9 km 1.00
1.0-2.0 km 0.90
2150 km 0.80
5.1-15.0 km 0.20
15.1-30.0 km 0350

(i) Sediment Yield Index and Prioritization of Sub-Watersheds

. mmqmmwcwmwmmw
ammmwmmmmihuwgmﬁnwdh
mwmmm be expressed as:

|
Soil =f( ; soil
2 - erosivity Mphydmm parameters

cover, soil management) ‘
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o Climatic factors comprising total precipitation, its frequency
and intensity

o Geomorphic factors comprising land forms, physiography,
slope and drainage

o Surface cover factors governing the flow hydraulics

o Management factors. |

« Data on climatic factors can be obtained for different locations in
the catchment area from the mefeorological stations whereas
field investigations are required for estimating the other
attributes. ‘

o The various steps involved in the application of model are:

o Preparation of a framework of sub-watershed through
systematic delineation ‘

o Rapid reconnaissance surveys on 1:50,000 scale leading to
the generation of a map indicating erosion-intensity
mapping, units. i

o Assignment of weightage values to various mapping units
based on relative silt-yield potential.

o Computing Silt Yield Index for individual watersheds/sub
watersheds. l

o Grading of watersheds/sub-watersheds into very high, high,
medium, low and very low priority categories.

o The area of each of the mapping wnits is computed and silt yield
indices of individual sub- are calculated using the
following equations:

Silt Yield Index

SYl= (Al x WixDi) x 100/Aw  wherei=1ton

|

- Weightage value of ith mapping unit
= Delivery ratio '
= No. of mapping units

B Total area of sub-watershed

The SYI values for classification of various categories of erosion intensity
rates taken for the present study are:

Where

Ai = Area of ith (EIMU)
Wi

Di

n

Aw

|
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in Nurpur, District
SY1 Values
+ 1 Vetyl-!lgh >1300
2. High 1200-1299 \
3 Medium 1100-1199
4 Low 1000-1099
5 Verylow <1000
(Refer pp 27-28 of AISLUS Bulletin-99)
, the Sediment Yield Index was calculated for sub-watersheds

uﬂhympﬁdﬁad.hhﬁnmm very high and
high priority were assigned to 1 and 2 sub-wa respectively. The
calculation of SYI has been shown in Table 3.6.
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37

CATCHMENT AREA TREATMENT PLAN

It is known that there are mainly five of land uses for which a
proper treatment plan should be deve . First is the agricultural land
as this activity can never be eliminated. It is also known that faulty
agriculture activities result in heavy loss of fertile soil. Second s open
forest land for obvious conservation reasons. Third is scrub or degraded
land, which contributes heavily to the silt load. Possibilities exist to bring
this area under pastures and other plantation to meet the local demand of
fuel and fodder and thus decreasing biotic pressure on the forests and
leading to environment friendly approach of sustainable development.
The fourth and most important category is barren land because with
prxﬁanyquculmu,hnmpmd{:cu:huyammd‘ﬂtm
The fifth is dense forest land where soll conservation measures are
required at few places. For treatment of catchment area, the areas
requiring treatment have been delinea with the Composite Erosion
Intensity Unit Map. The sum of was reclassified as per Table
3.7 below to subdivide the area as per the erosion intensity classes. The
weightage for land use, slope and soil summed to get the Erosion

Intensity Classes.
Table 3.7 Erosion Intensity and Weightage
Erosion Intensity Class Sum of Weightage
Very severe (E5) 121014
Severe (E3) 91011
Moderate (E3) . 6to8
Low (E2) ' 405
Negligible (E1) 0to3

would be taken-up for conservation measures. In view of the
fact that various soil conservation and afforestation activities in the
catchment area are being carried out by pus agencies, such as, Soil

Conservation Department, Forest and under Block
Development Schemes, only 30% of area falling under severe erosion
intensity would be taken-up for treatment measurers. In the
present case, an area of 538 ha implementation of CAT. The
Erosion Intensity of the free catchment is presented




Table 3.8: Erosion Intensity Categories in Sub-Watersheds

* S. | SWS Code Ares under different erosion intensity class (ha) Total
No No. [Negligible | Slight Moderat Very

Severe
1. 1B1A7 (1) 32729 155480 | 422261 52388
5 1B1A7 (2) 4634 13043 1086.71 275.7
mq4
1538.30

“CEEL
g
B

3 1B1A7 (3) 17643 118020 | 490534
Total 850.06 290543 | 10214.66

mmdwyhdﬁmw-megtypa.nhmpamtb
mmmdmmmﬁm.mcmww
plan for treatment.

37.1.1 Agricultural Land
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3.7.12 Open Scrub

Undﬂt!u;wqﬂmdaaemmhluuwmwmah
free draining catchment is present. Waste land is characterized by highly
degraded surface and rock outcrops. Very little or no vegetation

Huge gullies, frequent land slips and high to extreme high
erosion rates are other prominent features. Plantation is proposed for this
land. |

Around 2100.32 ha area constituting 13.48% of the free draining catchment
area is cl under this land-use category. These areas
characterized by highly degraded land surface. Very little and

are
onl
Mmmumb.ﬂnygqu&lqwlmdsﬂp.:l
high to high erosion rates are other prominent features. Well

followed by Stream bank Protection works

W%Mmmummwdm
uuommt'hd

, category 312786 ha, constituting 20.07% of the free
draining catchment, is present. Forest crown density ranges from 20-40%

average 30% crown density can be assumed to be present in the
area. Soils have relatively good water holding capacity, humus and
nutrients and have moderate to slight erosion rates on steeper slopes.
mmmﬂ“mmdmawmmdxcmmum
lands with gullies. Plantation is suggested so as to increase the
mm“ﬁfiwmmhmmm

3.7.1.6 Dense Forest
Dense forest covers 485489 ha area constituting 31.15% of the free
dnﬁmmuuutmduﬁtymmmﬁkrmmy
good in water holding capacity, rich in humus and nutrients with no
erosion.

, due to steeper slopes some areas require soil
conservation ¢ Under this model soil conservation measures have

been proposed.
3.7.1.7 River and WaL Body







372 Activities to be Undertaken

& 3.7.2.1 Afforestation

4 lncﬂﬁuﬂydegndedamphnhﬂmofb:allyumﬁddivemmd
h\dwmmaﬂundmlpmm&mboo,hddm
wild fruit bearing and fuel wood species would be undertaken. The
afforestation will include planting of suitable local species in the steep and
sensitive catchment areas of rivers/ streams with the objective of keeping
MMMWWWMW,FW.W
mswouldahobebmxghtunduvwm.&mbkmd
economic value to local people shall be raised in the degraded forest areas
wmwmmmdmppmmwn\oodduw
villagers.
The area after removal of Lantana will be planted with Bamboo, medicinal
value plant species, wild fruit bearing and other suitable indigenous
species, No fencing will be involved instead a strip of Lantana bushes on
the periphery of the plantation will serve as live fence with no
maintenance. In the areas which are not infested with Lantana the normal
Himachal Pradesh Forest Department model for plantation especially in
mwuwmnuﬂmﬂm.ithm&d
Mbmhpmumcﬂomdmflocﬂ:uﬁ,hvolwd
local people, Self-Help-Groups will be required and will be very critical
for survival of the plantations. The species to be planted will be, Bamboo,

» Toona ciliata, Acacia catechu, Rhododendron arboreum, Juglans regia, Punica
mwmm.mmmmmrm&
chebula, Sapindus mukrosii, Populus deltotdes, Picea smithiana,Cedrus deodara,
etc.

3722
is state-of-the-art technique using the living vegetation,

either alone or in conjunction with non-li plant material and civil
engineering structures, to stabilize slopes {/or reduce erosion. Such
measures utilize live plants and plant parts, either alone or in conduction
with non-living plant material and hand measures usually referred to as
civil engincering structures, where they additional mechanical
support to soil, present barriers to earth function as hydraulic
drains, and act as hydraulic pumps. Bio-engineering system use live plant
cuttings, rooted plants, and plant stems that are placed in the ground, or in
earthen or other structures. Multi-layered vegetation is raised along with
the soil conservation measures to stabilize and improve the area. The
concept being that the area has to be stabilized with shrub and herb
species along with minor soil conservation measures during the initial two

& years and during the third year, 500 plants per ha are to be planted to
further stabilize the area, so it is able to support permanent vegetation in
future. !

|

!
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Control of severe landslide or gully erosion usually requires engineering
structures to avoid slope failure and gully cutting. However, such

¢ measures involve exorbitant investment and a high degree of technology.
It has been experienced that lack of timely and adequate maintenance has
resulted in spectacular failure of measure under taken and the resultant
erosion is more serious than before the treatment.

mwmdmﬁnmérmdmmw&
and severe gully erosion often results in failure. However, when
vegetative measures are combined with engineering measures, ie. bio-
engineering, the end result can be effective stabilization of the area from
mass movement and gully cutting, and dramatic reduction of surface
erosion, at relatively low cost and high sustainability and with added
benefit of fodder and fuel wood production for local people.

for erosion control in degraded area

Bio-engineering measures shall be adopted in degraded areas, landslide
zones and area degraded due to road The work shall involve
minor soil conservation works, fixing of wood check dams, patch
mdmmwmm@dwmmd
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substantial pmmmm/hﬁmndhbkmm
species. spedehobepumdwmummﬂn.mummh,
mmumm.wmu.sampp..mm ete.

alummmmMMWer

For control of erosi ami.iludondﬂnmdmlyioh\hgﬁn
reservoir a whpqudmumdmmmmm
m.wumaﬁmmmmup»wmmmmmaum
mwnﬂmmm&mw»mommmwwmm
nmmd.mwwaudm:fammmamm
cmubbdlhe‘ldlowins:

« Broad leave mmmmmmwumndhpund
along the pt of reservoir and approach roads.

. Mm!olmdmﬁwﬂyhmmhmﬂln
aﬂdhlgulvwsﬁatm;ﬂmhperhl

. lnal/lndigumuma/shmhdmldbepufumdu. Dalbergia
MWWWmeMMM
Punica m.mnumummcmm,muwm.
wmmwwmmwm
Am.t ‘.WW.WW.VMW,M

. Wlkamerdsbcpmkhderoudhymplmbs

In areas w : mwmmhmdmw
the will be done by distributing saplings free of cost to
M»mmmmnmwmmm&-ﬂ.

37.2.5 Nursery

In order the meet ﬂnhuaemqwdnphp under
biological / Mmummww
to the mhbmulbnhquﬂtypmm:h&nuh
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augment the supply of saplings for the works proposed. A provision of
Rs. 29 lakh is being provided to strengthen the nurseries. A dedicated

+ section within the Central Nursery shall exclusively raise quality saplings
of Bamboo species for which 7 lakhs within Rs. 29 lakhs has been
carmarked.

3.7.2.6 Engineering Measures

» Brush Wood Check Dams and Retaining Walls

Brushes wood check dams are useful in arresting further erosion of
depressions, channels, and gullies on the denuded landslides. In addition,
retaining walls would be constructed to provide support at the base of
threatened slopes.

» Slope Modification by Stepping or Terracing

The slope stability increases considerably by grading it. The construction
of steps or terraces to reduce the slope gradient is one of the measures,

» Bench Terracing

H!mundumndmﬁelymepahpombe:lmlo'd?abpemddh
subjected to bench terracing. The local people would be convinced fo
follow this type of terracing for comparatively better yield and with

» minimum threat to erosion. Moreover, in a number of habitations in the
catchment such practices are already visible. While making bench terraces,
care will have to be taken not to disturb the topsoil by spreading earth
from the lower terraces to higher terraces. The vertical intervals between
terraces will not be more than 1.5m and cutting depth may be kept at 50
cm. The minimum average width of the terrace would be kept from 4 t0 5
m in order to enable usage of prolong hinge. The shoulder bunds of 30 x
15 cm would also be provided. Staggered channels will drain off the excess
water from the terraces.

# Gully Control-Check Dams

Gullies are mainly formed on account of physiography, soil type, and
heavy biotic interference in an area. The scouring of streams at their peak
flows and sediment-laden run-off cause gullies. The gullies would be
required to be treated with engineering/mechanical as well as vegetative
methods. Check dams would be constructed in some of the areas to
promote growth of vegetation that will consequently lead to the
stabilization of slopes/area and prevention of further deepening of gullies
- and erosion. Different types of check dams would be required for different
conditions comprising of different materials depending upon the site
conditions and the easy availability of material (stones) at local level and




provided in the Jo o aches where discharge is higher. In such stream

where d a\dvdodndnowmnmhigtmgabmmmd\nﬂ
be provided. down the sub-watershed, i.e., in the third order
drainage silt dam‘slnﬂ\obtmofgabiu\smmduﬂbe
provided.

Stream Bank

Stmmhnka*imbamedbyvnﬁe&ydmmmd:adﬁmdﬁmd
vegetative .mmmmmmubhbmk.lommm
of top portion lowerbmhhyturbukmﬂowmdulidhgdslopeswhm
saturated with m.mscmbmkmﬁmwouldh\dndewh
unbdbw&rm:mmolomuasdepa\dk\;uponﬂnhighﬂood
lcvelohhemvdlms.

Contour Staggered Trenches

Contour trenches are mainly to trap the silt and
nmﬂ.m'nhodwlopupue:mbmbrpm-ﬂon.in
moderately steep to very, very steep slopes.

Landslide Con

Rainfall dhmuﬂmmmwbdﬂmw
formation mhnddﬂeaw:wrpl-ysmw:ohinm
of landslides mwﬂnswmmmmmmmnhu
slope and nature of soil/land-cover/land-use. However, most of the
landslides ar¢ caused by human negligence. Road construction,
mdmm._mummm,mtmwm
Wmﬁmdmmmmdmhwd
Gabbnmhflumupmﬁedn&cmedn\ewsudemm
conuolthcbﬂaodmbywuer.
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38 TREATMENT OF INDIVIDUAL SUB-WATFRS
+ The area and type of treatment to be undertaken is based upon stream
. dmwppnmmdfomtm.nmﬁbﬂhydmemwm,
soil profile and slope. Details of sub-watershed-wise treatment measures

are described below:

381 Sub-Watershed: Kalam Khad 1B1A7 (1)
The sub-watershed is mainly drained by ‘Khad whose two upper
arms viz., Badhenal and Babledhnar from bridge of Dhauldhar

ranges near Kainthali RF (Elevation 2723 m) and Khara Danda or Chamba
Jot (Elevation 2441 m) respectively. Mar is another tributary meeting
Kalam Khad on its right bank near Tipri. The sub-watershed has a

geographical area of 674036 constituting 43.25% of the free draining
catchment with Elevation varying from 725 m to 2723 m.

The predominant land- use is dense l(lmha)(ollomdby
ture and settlement (1208.19 ha), open forest (1184.73 ha), open
scrub (1180.89 ha), degraded forest (1127.34 ha) and rest other classes of
land use. The very severe and severe erosion infensity prone area have
been assessed as 71.78 ha and 523.88 respectively and the sub-
watershed has been prioritized as high on t basis of SYL The thematic
mamsmnm«muhwwmmm
ambybhbg’almdebpuhﬂowhw—

* Corrective Measures . AreainHa
1. Afforestation 68.00
2. High Density Energy Plantation 16.00
3. Bio-engineering Works 107.00
4. Rim Plantation 2000
5. Engineering Measures (Ha/ Nos) 76.00
Sub Total 287.00

The treatment measures, under the sub-watershed, proposed to be carried
out in beats of forest blocks under Chowari range are given in Table-3.9.




|
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Table 3.9: Forest Block / Beat-wise Treatment Measures
|

+ Si. | ForestBlock/ | Afforestation / High Rim Engineering
No, Beat Plantation Density Plantation |  Measures
Plantation (Ha) Shs
Ha) ; e
A. | Chowari Block
(i) | Lower Chowari 12 2 5 !
(i) | Upper Chowari 8 2 10 :
i) | Lahm 10 4 18 20
B | Kainthati Block j
) | Kainthat 18 4 26
() 20 4 ik
68 16 20

Location-wise  proposed  afforestation/ p activities, bio-
engineering works, high density energy p rim plantation and soil
conservation works for the beats under v forest blocks of the sub-
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382 Sub-Watershed: Balud Khad 1B1A7 (2)

t The sub-watershed is mainly drained by Balud Khad, a third order stream,
originating from Bintrudhar (Elevation 2361 m), located in mixed jungle
mainly pine. Balud Khad meets Chaki Khad of Lahru and
npumunolmeproponddamathelalm.m”b-muuhedhna

area of 153926 ha constituting 988% of the total catchment
mnwiﬂnﬂcvaﬁonvaryhghm?ﬁmabovemslwmlmabwemal.
Predominant land use is dense forest (354.91 ha) followed by open scrub
(324.54 ha), agriculture and settiement (307.03 ha), open forest (30252 ha),
degndedfotut(?ﬂlﬂbha)mdrmlotherdamolhndmmvcy
severe and severe erosion intensity prone area has been assessed as 275.78
ha and the sub-watershed has been prioritized as very high on the basis of
Sﬂ.mmﬁcmdd&wb-wnmlwdymmﬂ;m”.ui
pmpoadlomnlﬂhnm\deru\esubmmhedbyw-nd

engineering measures as per following:-
Corrective Measures Area in Ha
1 Afforestation 15.00
2. High Density Energy Plantation 5.00
3. Bio-engincering Works 5.00
4. Rim Plantation 10.00
5. Engineering Measures (Ha/ No.) 16.00
- Sub Total 51.00
The treatment measures, under the sub-watershed, to be carried

wthhbdhdbbcbuﬂerﬁwwaﬂrm‘emdmin?abm
Table 3.10: Forest Block / Beat-wise Treatment Measures

Si. | ForestBlock/ | Afforestation / High Bio- Rim Engineering
No. Beat Plantation Density | Engineering | Flantation Measures
(Ha) Energy Works Around Dam | (Ha/Nod
Plantation (Ha) Site
(Ha) | (Ha)
A. | Raipar Block |
(i) | Raipar 10 3 3 - "
(i) | Saloh 5 2 2 10 2
Total 15 5 5 10 16

~wise

Location afforestation/  plantation activities, bio-
Mwwb,h@d«dtywphﬁﬁu&ﬁmpmamu\d»ﬂ
conservation works for the beats under various forest blocks of the sub-
watersheds have been marked in the Survey of India map together

horticulture and animal

with
fry practices followed in the
area has been shown in Annexure-l along with showing

plmmtaudmdmphceswwmmdmm
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383 Sub-Watershed: Chakki Khad 1B1A7 (3)

The sub-watershed is mainly drained by Chaki Khad whose first order
streams originate from Kharu Gala (Elevation 2773 m) located in dense
mixed jungle unhlydwdnandlbbﬁunkubuwylwm
whid\islolnedby Nala a third order stream, emanating near
Dhadu Dhar (Elevation 2300 m). The sub-watershed has a geographical
area of 730526 ha constituting 46.587% of the total catchment area with
Elevation varying from 2773 m to Elevation 705 m. Predominant landuse
i¢ dense forest (2591.19 ha) followed by open forest (164061 ha), open
scrub (1155.39 ha), agriculture and settlement (920.50 ha), degraded forest
(769.92 ha) and rest other classes of land uses. The very severe and severe
erosion intensity prone areas have been assessed as 4.65 ha and 738.64 ha

and the sub-watershed has been prioritized as high on the
basis of SYL The thematic map of the sub-watershed is shown in Figure
3.10. It is proposed to treat 267 ha area under sub-watershed by biological

Corrective Measures Area in Ha
1 Afforestation 76.00
2. High Density Energy Plantation 29.00
3. Bio-engineering Works | 116.00
4. Engineering Measures (Ha/ No.) 46.00
Sub Total 267.00
The treatment measures, under the sub- proposed to be carrled

out in beats of forest blocks under Chowari R are given in Table-3.11.
Table 3.mraumumufrmmum

SL | ForestBlock/ | Afforestation / High . Bio Rim Engineering
No. Beat Plantation Density Engineering | Plantation Measures
(Ha) Energy ‘ Worka Around Dam |  (Ha/ No)
Plantation (Ha) She
Ha) (Ha)
A. | Raipar Block
(i) | Chakii | 50 i i s+ | | x4
B. | Manutha Block
() | Hathidhar 12 5 12 . 5
() | Manutha 12 8 15 - 5
(i) | Parsiyara 0 1 3 - 2
Total 76 » i 116 - 46
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39 COST ANALYSIS OF DIFFERENT WORKS UNDER PLAN

vﬂyh\!emdwiml.qmmmd'mwyas
Pradesh Forest Department, the area after
umwlllbeplmudwith&mboo,mdidmlvﬂmpm
um;mmmuwm No
hvolved:hmdlnﬂpollmmbmhesonh
phmﬁmwillmculiwfbmwithmmahum.
kbmﬂMhlbpﬂﬁMpWﬂMumcﬂmd
involvement of local people, Self-Help-Groups will be
wdﬂdhmﬂddhplmhmmw

tation @ 1100 plants/ha under afforestation has been

fied for arriving per hectare

‘ Forest Department

for three years,
been made under the Section-3.10.4.

The cost of works under afforestation component
has been assessed as Rs. 46.11 lac and is shown in Table-3.14.

chhsakhthcmmmm Plantation Works
Model-A:  Plantation

Name of Scheme

i) Afforestation
Lantana removal (100%

cutting and uprooting)
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Cost of plants raised | 3850
{Rs, 350 / Plant)
£ Total Rs. 22862
Norms per ha ‘Rs. 23000
B. Maintenance
B | Maintenance cost
First year Maintenance Maintenance cost 3200
Second year Maintenance | Maintenance cost 2000
Third year Maintenance ) cost 800 |
Total Maintenance Rs. 6000
C Tohl&dpnﬂllu“ﬁnﬂdlﬂluww-n Rs. 29000
including maintenance for three years with 100% Lantana
removal as live

Model-B: In the areas which are not infested with Lantana the normal
Himachal Pradesh Forest Department model for plantation
apednllyhmpememi!jnqdredwﬂlbowwlm
norms of Rs. 30,800 per ha including maintenances. The
norms for Model - A & B are 5 similar and minor site
Mwwmwmw-amum

TNCMM&C&WMMWWW

L8 Al Plantati |
SL Name of Scheme Component With
No. [ B Wire
A | i) Afforestation Fencing cost 517
il) Re-afforestation of Scrub | Planting cost 10286
Area (1100 plants per ha) Sub-Total Wages 15403
Material cost 3500
Other material cost 1100
Cost of plants raised 3850
M/MthnTM
Total : 23853 |

B]  Maintenance: "

Name of Scheme Component With




Table 3.14: Cost Estimate for Afforestation Measures

- SWS Area under Afforestation Cost & Rs. 29000/- Ha
(Ha) (Rs. in
Kalam Khad 65 1972
Balud Khad 15 | 4.35
Chaki Khad 76 2204
Total 159 46.11

392 Bio-engineering Works
{ works shall involve minor soil conservation works, fixing
ofbnnhwoodcb«kdm,pud\mingdgn-mdbgmmm,
pmnmdwﬁgwdmmwmmolm
shrubs and 500 trees/ ha, fencing of the area with live hedge and
mni:ﬁmmlwlyearofshmbspadamd!yuuformm The
Mmdyﬁsprhadbb«\ghnrhswmmgdw
mmmmmmmwmmm
bemuuednas.m/-mdhgimh_hbkms.m.wo‘mb
under bio-engincering measures for three sub-watersheds has been
assessed as Rs. 114.00 lac and is shown in Table 3.16.

Table 3.15: Cost Analysis per ha of Bio-Engineering Works
|
Bio-Engineering Cost Norms for Degraded Forest Lands (Per Hectare)

» (Live Hedge Fencing)
Al  First Year Operations:
sk Detail of Works Quantity Rate Amount
No. (Rs) (Rs)
1 |Survey and demarcation of plantation 1 Hectare | 75/ Hectare 7S
area, marking of sections, path and
preparation of map. |
2 | Preparation of inspection part. 200 Rmt. 8 per Rmt. 1600
3 | Live hedge fencing with Agave, Ipomoes, 300 Rent. 10 per Rmt. 3000
Dodonaen, etc.
3 | Preparation of gradonial trenches/ | 700 1000/ 7000
staggered trenches (1 X 03X 03 m) No./Rmt. | Per Rmt.
5 | Digging of 1400 pits on mounds of | 1400 Nos. | 100/% 1400
trenches (2 pits per mound) 20 X 20 X 20
cms.
6 | Filling of pits 20 X 20 X 20 cms. 1400 Nos. | 60/ % 840
- 7 | Planting of 1400 nos. plants (" Bags) on | 1400 Nos. |4/ % 5600
mounds (2 pits per mound) inclusive of |
carriage of plants. !

|



| ) i :
Catchment Area tor Phine 430160
seRement et u-:.;m-mmm Poge

Preparation of patches of grass/ legume
(03 X 03 X 03 m) Inclusive of

sowing
carriage of plants.

700 Nos.

240/%

Sowing of grass/legume seeds in patches

700 Nos.

70/%

Cost of raising plants [P, bags
(6"x4")/Root trainers}in the Nursery

1400 Nos.

Cost of grass/legume seed

Minor small soil conservation activities as
Small gully plugging. brushwood check
dams etc.

e

TOTAL

Second Year Maintenance Operations:

Detail of Works

Strengthening/ support to  live-hedge
fence (approx. 30%),

Minor small soil conservation activities as
small gully plugging, brushwood check
dams etc.

L/s

TOTAL

Third Year Operations, Planting of 500 Plants:

Detail of Works

|

Strengthening/ support to  live-hedge
fence (approximately 30°%).

50 Rmt.
!

Digging of pits (60 X 60 X 60 cm)

sopm
i

Filling of pits (60 X 60 X 60 cm)

E?Not.

Carriage of plants raised in Polythene
Bags (P Bags) of size 476", from nursery
to roadside by road including loading &
unloading over a distance of say 10 kms.

500 planis

Canh’dpluh(l’hp)buam
site by manual labour over a
dhina of 2 kms. (approximately 20%

mortality replacement).

Planting of P. Bags plants
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plants in I". Bags. 500 Nos. 350/ plant
conservation activities as | L/S 1000/ ha
g brushwood check

Detail of Works

Re-digging of pits (60 X 60 X 60 cm) - 25%
mortality. |

mugotptnlkw X 60 X 60 cm)

Carriage of plants raised in Polythene

Bags (P Bags) of size 476", from nursery

to roadside by road including loading &
a distance of say 10 kms.

wdﬂnuwmawmw
;bymxﬂmmn

Mdz

Bags plants
Cost of plants in P. Bags.

mTw(wxwxwm-m
mortality.
ﬁugdpi?ceoxeoxaoan)

Carriage of plants raised in Polythene
Bags (P Bags) of size 4”*6”, from nursery
1o roadside by road including loading &

over a distance of say 10 kms.
Carriage of (P Bags) from roadside
o site by manual labour over a
distance of 2 kms.

Chapler-3; Catchment Area Treatment (CAT) Plan

—_— h !
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in Nurpur, District Kongra,
Planting of P. Bags 75 Nos. 160/ hundred 120
4 6_ Cast of raising plants in P. Bags. 75 Nos. 350/ plant 263
’ 7 | Minor small soil conservation activities as | L/S 500/ ha 500
Small gully plugging, brushwood check
dams etc.
TOTAL 2358
Orsay Rs.2360
ABSTRACT
Sl Abstract Amount
No. (Rs.)
A | First Year Operations 29500
B | Second Year Maintenance Operations 4100
C | Third Year Operations, Planting of 500 Plants 10630
D | First year maintenance of plants planted in 3+ year | 3415
E | Second year maintenance of plants planted in 3 year 2360
Total Cost per Ha ' 50005
| Or say Rs. 50000
& Table 3.16: Cost Estimate for Bio-Engineering Works
SWS Area under Bio-engineering Works Cost @ Rs. 50000/- Ha
(Ha) | (Rs. in Lac)
Kalam Khad 107 | 55
Balud Khad 5 25
Chaki Khad 116 58
Total 28 . m

393 High Density Energy Plantation

The cost analysis per ha of plantation @ 3000 : /ha under high density
energy plantation has been worked out on basis of norms fixed for




in Hurpur, District Kangea, Himochal
|
Table 3.17: Cost Analysis per ha of High Energy Plantation
4 A. Plantation
. Energy / High Density Plantation Cost Norms Per Ha
(3000 plants per Ha with Babed wire |
Sl Name of Scheme Component With B/ Wire
No. ‘ (Rs.)
1 | Energy/ High Density Fencing Cost ‘ 5120
Mantations Planting Cost . 28064
i, Sub Total-Wages 13184
Material Cost 3500
Other Material Cost 1100
(ii) Sub Total- M&S 4600
2. - | (i) Cost 0f 2200 Plants raised in 10300
P.bags @ Rs. 350 /Plant
Total i+ii+iii (A) Rs. 48284
B. Maintenance :
2 | Maintenance cost ‘
First year Maintenance Maintenance cost 5700
Second year Maintenance Maintenance cost 4000
. Third year Maintenance Maintenance cost 2300
Total Maintenance (B) 12000
Total Cost per Ha (A + B) 60284
T' Or say Rs. 60000
Table 3.18: Cost Estimate for High Density Energy Plantation
SWS Area under High Cost @ Rs. 60000/~ ha |
_Energy Plantation tha) | (Rs.inLakh) |
Kalam Khad 16 9.6
Balud Khad 5 30
ChakiKhad 29 174
Total 50 30

394 Reservoir Rim Plantation

The cost analysis for per ha plantation @ 3000 ha under reservoir rim

;:»Immitmhnll:eeln«u'haﬂ¢mtcmhnb¢sisdI fixed for arriving per

hectare afforestation cost proportionately after incorporating labour and
- material rates as per schedule of rates of Himachal Pradesh Forest

wmanmdwﬁ@mdma
Rs. 68900/ha is shown Table-3.19. Out of total area of 30 ha, approximately
| SR A

.
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Whaplmwlhdmh&bhbmdiﬂwﬂodhmm
catchment and remaining 20 ha plantation will be done in Lahru beat of

A Chowari block in Kalam Khad catchment around the proposed reservoir.
The cost of reservoir rim plantation in 30 ha area @ Rs. 68900/ - works out to
Rs. 20,67 lac. ‘
Tbk&l&?«ﬂaCﬂMfwMMuﬂuWub
SL Particulars of Work Quantity Rate Amount
No. (Rs.) (Rs.)
A.lew |
| |Survey and demarcation of | 1ha | 7489/ha 7489
plantation  area  including f
marking of sections, path and
preparation of map |
2 | Fencing cost as per HPFD Norms | S17.00
Material cost as per HPFD 1 3500.00
Norms !
4 | Other material cost as per HPFD | 1100.00
Norms |
Total Fencing Works Cost ' 9791.89
‘ O say Rs. 9792.00
B-Planting
s 1 islwgdpibﬁmxﬁmx 3000 Nos. J699.&/!11::\(!!«! 20995.00
: plt |
2 | Filling of pits 45 cm x 45cm x 45 | 3000 Nos. | 200.01 /hundred 000,00
cm |
3| Carriage of plants in P/bags over | 3000 Nos. | 159.86/hundred/ 4795.80
distance 2 km up hills Km
4 :hn&gdm&&plnhuhdln 3000 Nos. | 160.05/hundred 4801.50
Total Planting Cost 3659530
Or Say Rs. 36595.00
C-Material
1 | Nursery cost of plants @ Rs. 3.50 10500.00
per plant |
Total Material Cost | 10500.00

Grand Total {A + B+ ©) ' 56887.00
| Or Say Rs. 56900.00




|
‘ Arwa Treatment Man for Phina Singh Medwm Imigotion Project
n Nurpur, District Kangea, Himochat Pradesh

Abstract

New plantation cost

1 year maintenance cost

1l year maintenance cost

m maintenance cost

Total Plantation and Maintenance Cost

395 MS-%“
mmdmummwm\mmammm
lothnplememingnuwympponandnungommynmﬁng&n&hu
been as Rs. 29 lakh. A dedicated section in the Central Nursery
will be exclusively to raise Bamboo species. The nurseries to be

include the following:

Forest Nursery

Sk
No.
1 Lahmu
2
3
K
5
6
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3.9.6 Engineering Measures '

- The engineering measures are to be implemented over "Severe” and “Very
A Severe” erosion intensity areas to control the sediment flow and further
of the free draining catchment areas. Since the measures are

to be carried out by construction of individual structures such as wire

crate spurs, check dams, contour stagger
the number of such structures to be raised
area and accordingly the financial p

catch water drains etc.,
calculated in the entire
s were made. The analysis of

rates is presented in Table 3.21.

Under engineering measures 22 wire crate boulder spurs, 149 DRSM check
dams, 20 ha contour staggered terracing and 046 km catch water drains
are proposed 1o be constructed. The overall cost of engineering measures
ismmrm.m-uworboumh*&u

Table 3.21: Cost Analyses for Engineering Structures

SL Quantity | Unit | Rate | Amount
No.
1. | Dry Rubble Stone masonry (DRSM) Check Dam.
(@) | Excavation in foundation with 50% soft rock & 375 Cum | 16490 | 61838
S0%E&B  Smx15x050
() | Labour charges for dry stone masonry with outer | 17.03 Cum | 20350 | 346554
face stone dressed & 100 m lead.
1-5tep 5x15x125 = 938
) N-Step 7x10x075 =525
Wing Walls 2x2x 06 x 1.6 = 240
17
(c) | Carmiage of boulder by mules beyond initial 100 m | 17.03 Cum | 58088 989239
Jead up to 1 km
(d) | Collection of boulder | 17.03 Cum | 12851 218853
Total 1664464
Add 3% Contingencies | 45450
Grand Total Rs. |  16644.64
Say Rs. |  16600.00
2 Wire Crate Check Dam |
{a) | Excavation in foundation with 50% Shale & 0% E | 12 Cum | 16490 197880

&B-6x2x1

) | Weaving of wire netting of G.1. Wire mesh size 15 ‘
em x 15 em.

Foundation Step 2 (6x2+ 6x1+2x1) =40 em2
J-Step - 2(6x19+6x142x1) =388 m2 |
4 T-Step - 26 x 1.8+ 6x 08 + 22 0.8) s34 4 m2
1132m2 i

12
|




Nurpur, District Kangra, Mimochol
(&) | Filling of boulder and hand packing in wire crates | 3204 Cum | 10578
Foundation 6.00 x 200 x 1.00 = 12.00 m’
latep 60x 19 % 1140 m*
l}mpwxllx‘q-a A.64 m*
3204 '
(d) | Collection of bouldes 2, 12851
(e) wwwutmwm 320 Cum | 580,85
(f) | Contof Gl wire 225 Q 8000
(3] Carriage of Gl wire 10 an average load of 1 km 23 Qu 12494
ponies
Total Rs.
Add 3% Contingencies
Grand Total Rs.
Say Rs.
a Wire crate boolder Spurs for stream bank protection
fa) | Excavation in foundation with 50% soft rock & 50%
E&B
A5mx25x05 4375 Cum 16490
() | Filling of boulder and hand in Wire crates
2.25m x 1.25m x 1.25 in three tiers Le. 3 in first tier 2
each in second and third ther.
7(225x125%1.25) 24.61 Cum | 10578
©) | Collection vf boulder 24.61 Cum | 12551
(d)__| Carriage of boulder average lead 1 km by mules 2461 Cum | 58088
{e) | Cost of G.1 wire crates
7x1510sqm 10570 | Sqm | 15900
n Wdﬁl.wb”bmmudlh 3 Qu 12494
by ponies
Total
Add 3% Contingencies
Grand Total
Say Rs. 39100,00
4 Bench / ha excavation 100 | Cum 164.90 -
5 Contour trenches / ha excavation 75| Cum 164.90
6 | Catch water /RM
Average =1mx05mx05m
a. Excavation (1.5 + 0.75) x 0.75 084 | Cum 16490
b. Collection of 050 | Cum 12851
¢. Carriage of average lead 1 km by mules 050 | Cum 088
d. Labous e for dry stone masonry 050 | Cum 20013
Total Re.
Say Rs.

ster-3: Catchment Area Treatment (CAT) Plan
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COMPONENTS OF CAT PLAN

mebmmmlwmmmm

catchment area there are other aspects of the CAT plan to be addressed
and their cost included in the overall plan. The eco-restoration works,
i works, user group and social mobilization,
doaunmuﬁm:andpubuammmgnndnnmammmd
jents which have been considered and included. The

formulated in the light of guidelines issued by the
Notification No. FFE-B-F-

MMMWMSuWWCd
lno«!etloI te the catchment area treatment plan, the forest

equipments

shown in T l
T&ha{.ﬂ:mmhﬁmw
" Particular Quantity | Unit Rate

(Rs. in Lac)

Computer  with m No. 050
accessories  and

vehicle/
of  department
of private
transport as per HLP. Government
appmdumi
O & M Charges for vehicle @ Rs
050 lac/year fot 7 years

3.10.2 Fuel Wood Devices

In order to ummmwwmymwm
living near forest areas under the catchment, who are
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i) For Women Headed Households : 90% subsidy and 10% cost sharing
- i) For Schedule Cast Households  : 75% subsidy and 25% cost sharing

Identification of Women headed households and Schedule Cast
households should be backed by data available with Panchayat Secretary
and with local NGOs. An amount of Rs. 25 lacs is earmarked for this
activity under the CAT Plan,

3103 Training and Extension Programme
There is a need to keep local people in center stage in programme
im ion 0 that they can play an active role in the implementation
duurmwmmmmmmtmmnwm
Mmhwkham&&mm.w%mmpbmb
be trained in respect of different measures jally for agriculture lands
nndu&eCATwiﬁ\spednhhmﬂmthehul;ndmiquemlHngmol
uwmnmlwimmm\gnw.mwd

are achieved. For this purpase training programme has to be carried out at

W}qunwhwhkhalmmpmmdm
1.00 lac is being made.

3.104 Provision for Mobilizing User Groups

Based on the ground truth reality in each of the Village Forest
Development Committee or Society falling under the different sub-

& watersheds, mobilizing the user groups will be of utmost importance so as
to involved them in afforestation and other agreed activities of the CAT
Plan. For this purpose a provision of Rs. 0.50 lacs is being made.

3.10.5 Provision for Proper Documentation

Bmph-dsdmﬂdbehldmﬁ\evlsmlpubﬁq\lydhworkpmya:d
under the plan and work carried out on annual basis so that transparency
ismnhhhedandthtpmperdmmmhﬁm&thwatisnbun&d
out for future reference and testing the efficacy of the work in due course
of time. On this count a provision of Rs. 0.50 lac is being made. The
Mpwnphy,vuwnphymhumprubhm
would be made and distributed to concerned panchayat and Village Forest
Development Committees / Societies. '
3106 Propagation of Medicinal Tree Species under Afforestation

In keeping with the provision under para 4.62 of Himachal Pradesh

M&Muwdﬁnd?hnu?olky,m,cﬁusmmgmdh

-4 conservation and enrichment activities related to medicinal plant sector.

WWWMMWMMN
species shall be planted.

m-&omanrlmwmm




3.10.7 Monitoring of Silt

~ The mandatory provision of silt observation pasts and monitoring of silt is
integrated within the overall monitoring and evaluation component of
CAT Plan works in the Section-3.10.10.

3.10.8 Development of Eco-tourism

Obligatory amount for development of eco-tourism in the catchment area
is provided under the Section72 of Wildlife and Biodiversity
Conservation Development and Management Plan. The development and
protection of Rhododendron patch in the ca t area is expected to
enhance eco-tourism potential of the arca and also provide research
options in the field of gene pool conservation o Rhododendron and other
assoclated studies. It will also have positive upon the avifauna of
the forests in the catchment area.

3,109 Provision for Bamboo Nursery

A provision of Rs. 7.0 lac is being made for establishment of Bamboo
nursery. A specific portion dedicated in the Central nursery shall

3,10.10 Provision for Monitoring and Evaluation

As per the guidelines for preparing and implementation of CAT plans,
MWNWW,M]MMWR.A&
m/umapmﬁmmmmw«dummo
5% of the CAT plan outlay has to be earmarked on this count.

canopy. Various engineering and blological have been aimed at
treating the degraded and areas of severe to very severe soil
erasion by increasing the soil holding capacity and thus reducing the
sediment flow in the flowing water. For ing and recording soil
and silt data at regular interval, one small / observatory each
Mbcmathhrmwl\ueﬂnn#ﬂumdm
Khad shall be monitored.
|

= A provision of Rs. 22.60 lac is being made for monitoring and evaluation

activities under the CAT Plan.
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31011 mmwmmww

pact on the environment
approved activities for Payment
been provided under this componen
mmmm&qﬁmmmpﬂvuz

as well as on government land/forests, ision of funds for live hedge

fence on private land and Payment for ‘ Services as per

WWWRMWMMW
very significant. The
drainage, contributes

way of arresting
Accordingly, funds for
made available:

1. mudgehwhsdpﬂvahhnduhylrmt-mnhmdeﬁhm
after live hedge fence is established.

2. wmmmw-miw&wmm
with Agriculture Department. ‘

3. Incentives for prevention of forest fires shall be provided village-wise.

Fire management expmdihwq‘hfﬂ\em\u\tmnwm

bedamm\dulhemsc«npum\t.hrmudmrvlvddhb-

engineering plantations, protection against the fire will also be very

WMNMWWMMMW

anmmu-mwwmmmm

in the catchment area;

e To prevent and tackle fire incidences campaign against the
fire hazards and involvement of local people in controlling and
pnvanimdﬂnlnddelmbbemnd,

. wawmmwmmw
wmw«pmawmwm

« Maintenance of fire-lines as per the Working Plan.

|




« Winter control burning to be ensured as per the Working Plan.

A oSmMgdmmmhmwmrkmmﬂwyand
' immediate response to tackle fire incidences.

e Enforcing fire rules and regulations especially during the fire season.

e Need based fire equipment be purchase and to be kept at appropriate
places.

e Fire watch towers and fire huts to house equipment and manpower
duﬂngﬁmmbemmwdbucdmmdmmlmm
approval from the Conservator of Forests, Chamba,

Fornamdicnkn.whomlgnnnlmgwnhshnpmdgmbmh
mmmmbypmﬂhs;uwdmudm
to maintain hygiene and health of the animal stock based on the
of local veterinary office will be provided at pre-identified
mmmwmdmmuwmwbmupummﬁm
time. The cost of medicines and other assistance based on realistic
assessment and inputs from Veterinary Office/ Department will be
charged to PES. ‘

3.10a2 WMqWCMdemM

Moisture availability in the forest areas due to uncertain and erratic
mamsmwumwnummd
forest productivity and health of the forests. Need based Van Sarovars
and water harvesting structures are proposed to be constructed at

: sites with an outlay of Rs. 15.00 lacs. The retentitive capacity
ddnwﬂlmhuquhvdbhmlyuduﬂmdpmdym
constructing the Van Sarovers as per the Himachal Pradesh Forest
Department norms.

31013 Wildlife Management and Bio-diversity Conservation Plan

Amummwmqammpmwm
habitat, improvement, enrichment and ion of wildlife has been
made in a separate Chapter-4. The cost of the pl has been assessed as Rs.
7.50 lac. Some companents enlisted in the Chapter shall be covered under
Chapter-3 as plantation of fruit bearing wild § s under afforestation,
support to livelihoods under fuelwood saving ices and monitoring and
wmmnuam:mwmmmm
and staff.
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3.10.14  Capacity Building

» Sincclﬂedfccﬁvmo{thebuogialmdmgmﬁngmmmmd
their proper implementation will depend on the and
preparedness of the forest staff. It is important that the Forest
Mmb%ummm&:mﬂmhnpmummmd

mdlh,)pmvldeguidmmdmaeﬂmhhﬁdnqmdh
capacitie Capadlybulldmganbeuhkvedﬂ\mu;hmhhg
pmy:muforwhichnpwvidmolls.whchubmm-dehh
plan. Qapau‘tybuﬂdhgmlnmgprognmmwmbemomdbyh
Forest Ti Institute, Sundernagar, District Mandi (H.P.)

311 INS ONAL MECHANISM

3.1L1 Role of M Proponent

Thefom'ptdepamnntwmldhnpleumh&hhumumm
plan. jolnlimpedkmgxoupwouldbehmaliudwhid;wm

3.113 Project Monitoring and Reporting Procedures




ts team members to ensure the implementation and monitoring

of the CAT works and reviews the progress from time to time. Quarterly

& progress reports and completion certificates would be submitted to IPH
1, for evaluation and disbursement of finance. In addition, the

work done should be published through public awareness campaigns.

Visual and print media need to be used to embark on maximum benefit by

direct and indirect beneficiaries. Such efforts would resolve conflicts

which otherwise are potential sources for project gestation.
3.12 SUMMARY OF COST OF WORKS

The cost of all the works proposed in the CAT plan has been assessed as
Rs. 453.00 lac and is enumerated in Table 3.24. Year-wise break-up of CAT
plan outlay is shown in Table 3.25.

Table 3.24: Cost Estimate of CAT Plan

sk Particulars ‘

No. _ (Rs. in

1 | Treatment works under free draining catchment.

{a) | Afforestation (159 ha @ Rs. 29000/ per ha) 4611

() | Bio-engineering works (228 ha @ Rs. 51000/~ per ha) 114.00
() :?MWMM(SOMOM 60000/~ per

Rim plantation (30 ha @ Rs. 68900/~ per ha) L
Nursery support |

S|E2|B

30.00

20.67

29.00

Engineering measures 38,63
Implementation of Support Infrastructure Cost 9.00
Fuel wood saving devices | 25.00
Training and Extension Programme | 1.00
0.50

050

250

50.00

1500

750

249

Mabilization of User Groups

Documentation

Provision for Monitoring and Evaluation Activities
Provision for providing Environmental Services

mmmymmdv.n
Sarovars and Water Harvesting Structures

10 | Wildlife Management and Biodiversity Conservation Plan
11 | Capacity building '

AR R R R N

t 12 | Cost escalation at 10% per year 4100
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Chil gives way to Ban Oak, which is the fore runner to Deodar and then
Fir/ Spruce, which are more prominent on colder aspects. The
zonation culminates into Kharsu (Quercus ) and then the sub-
alpine pastures. -

mw’l‘ypu |

Dllfemntfmattypesfcmmilnthemctco\n:redl this plan
to “Revised Survey of Forest types of India” by Champion and Seth are
briefly discussed below:

4.3.2.1 Type 9/CIB  Upper or Himalayan Chir-Pine Forests
Thhtypediomhunmptwmlllnﬂwmwm

clevation ranges from 1050 m ~ 1675 m. al rainfall averages 1400
mm. Though, there are some good forests of Chil but the overall quality is

In majority of DPFs, due to heavy burden of Timber Distribution and
natural calamities like wind and fire damage, the density has considerably
gone down,

4.32.2 Type 9/CU/DS1 Himalayan Sub-Tropical Scrubs
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4323 Type 9/ CI/DS2 Sub-Tropical Euphorbia Scrubs

P Ummwww;ma)mtmmw
HhmllyanChlelnemmmkwby&iﬂypo

4.3.24 Type 10/Cla Olea ferruginea Scrub Forests ‘
|
It occurs at elevations ranging from 800 m — 1400 m. Annual rainfall
about 1250 mm. Olea ferruginea (Kahu) in the admixture with
other broadleaved species is distributed in the tract some portions in
Chowari range. Other associates are Pistacia ima, Dalbergia sissoo,
Albizia, Toona ciliata, Lannea grandis, etc.

4.3.2.5 Type 12/Cla Ban Oak Forests

Ban Oak confines to the elevations ranging from 1500 m - 2000 m, where
the annual precipitation varies from 1250 - 2250 m and winter snowfall is
m:mm.&umdmh@uunyium.hﬂ-wood
wmwwwmnmammymmmwa
of economy in this tract, , the biotic
interference over the area has always been of an high order,
which has resulted in the retrogression of this cl species. This can be
mhhvﬁd@dhﬁhﬁmw&eﬂmmﬁaamm
thus, rendering the natural regeneration and propagation impossible.
Many areas have simply dwarfish bushes of this important Oak due to
] indiscriminate lopping and browsing.

situations intermingled are Litsea umbrosa, species, Ewonymus
tringens, etc. forming considerable part of the leaf Scattered trees
of Rhus semialata, i Pyrus and of llex
dipyrena are also found. There is generally a deal of shrubby

undergrowth consisting chiefly of Viburnum cotonifolium, Myrsine africana,
Ammvwspedumdm“mﬂul

4 ! |

|
and
}




Thbimpormtypemwhﬂwammdim!nngedumm-wm.
Amuduhﬁnvuiaﬁomlzmmwmnmbndwhid\hmdh
the rainy season. But precipitation in {
considerable and important as well. The top canopy consists of nearly
m&dﬂrhlﬂmﬂd&mdammdm!uminbutwm
Dcodnmnmhwdwithoumbm.ﬂ\edzdduousmodamfmmd
Mhmmowumuﬁamcmismurdh
Cedrella serrata, Populus ciliata, Carpinus m’u, Utmus villose, Cornus
Prunus padus, etc. In damp localities Ulmus wallichiana, Juglans
mmmuimmmmmumam:y.mm
frequently distributed in undergrowth area Virburnum cotonifolium.
Indigofera heterantha, Desmodium tliacfolium, Rubus ellipticus. Fragaria vesca,
Lonicera , Berberis lycium, Viola canescens, Artemisia _
Valeriana  jatamansi,  Jasminum humile, Clematis  montana, Galium
W,Mﬂummmmbnm&m.

12/C 1d Western Mixed Coniferous Forests:

At elevations from 2000 m to

mainly of Silver fir and Spruce

and Deodar. Pure Fir or Spruce

Silver fir and Spruce combination. In
wopotﬁmmmmmdklvedw
mgﬁnuk/mdawdopawimhhbygoodw.
seen scattered, single or in groups
Assoclated with Fir/ Spruce

In the elevation of 1000 m — 2800 m particularly
tree cover is unable to develop due to dry conditions




on these aspects due to concentrated habitation also
impedes cover. Shrubs of Berberis, Indigofera, Rosa, etc. are commonly
fmuﬂmmmakwsamdhtaolmm.m

43210 12/DS3 H an Temperate Pasture:

Such po are particularly near halting grounds of Gujjars. At places
tree cover Is 10 establish due to shallow soil and only grasses cover
the area. lands are reduced to pasture status. They are found at
clevations g from 1500 m ~ 3100 m on all aspects.

14/ DS1 Alpine Pasture:

Inn.b.bh*m.nphaswheummmwstdmhdﬂbw
soil or snow M/shnhuhpo-esimdywd.Mmylmpam
medicinal herl are found here like Banafsha (Viola canescens), Ban-Kakri
(Podophyliu hexandrum), Mushakbala (Valeriana jatamunsii).

02-04-1973 and rules were made thereunder.

Varied conditions and the resulting variation in the vegetation
have a thM&mhhMMWn
variety of animals and birds. Some of the animals found in the
catchment have been described below with their habits and habitats.

It is an omn with a dominant sense of smelling. It prefers steep
forested Durhgmmerhblmmdmvhmdm&nu.
3000 m — 37 m, but in winter comes down to lower valleys about 1500 m
mdmbwu.hhmmdﬁwcr.umﬂyﬂmwym
sometimes iates in small parties. It is much sought after animal by
poachers for its medicinally valuable fats.

Leopard uncia).

A ,dmmmmuu»mmwmmm-
forests, mﬂy.mdsmddwbq.mluhohmd\m&ym,

when it fails to get food at night. It follows, roads or paths or
the beaten of animals through the forest or waits for its prey in the

Chapter-4: Wildiife and Biodiversity Conservation,
Management & Development Plan
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hiding. It lives singly except for mating period. Due to loss of habitat and
prey base it has been reported to intrude into the areas outside forest for
food.

Ghoral (Naemorhedus goral)

It is a stocky goat like animal having short insignificant horns. It favours
an elevation of 600 to 2750 m. It is an herbivore. It lives in small parties
and gives loud hiss to alarm others against any danger. It is found on
steep slopes with low tree cover, moderate shrubs and open grass banks

with cliffs. Its height at shoulders is 65-70 cms and weighs
about 25-35 kgs.

Muntjac or Barking Deer (Muntiacus muntjak)

It is found in scrub forests up to elevation of about 2000 m in all the ranges
of this division. It feeds on grass, leaves and wild fruits. When heard from
a distance, its call sounds like barking of a dog. The un-branched antlers
are small, and measure 5-8 cms. As the forest are in Jower elevation are
honey-combed with cultivations and are also frequented by villagers, this
minulhnbeengndmllypmhedmmehwﬂrtnneys.

India Wild Boar (Sus scrofa)

Wild Boars are found in parts of Bhattiyat and Bakloh ranges only. It feeds
on field crops, wild roots and tubers. Wild Boar is a prolific breeder and
gives at least two litters in a year, one in the beginning of rains and the
second after the rains. This animal causes damage to field crops and is in
direct conflict with man. |

Himalayan Pine Martin (Martes flavigula)

It is found up to an elevation of about 2500 m. Its distribution is not
uniform, the number being more in coniferous forests than in the scrub
forests at low elevations. They live in pairs. Called locally Gothu, it is very
much valued for its Fur. It is predator and preys upon birds and their
eggs and occasionally the young ones of Deer antelope family. It is
reported to chase big animals too at times.

The Indian Porcupine (Hystrix indica)

This destructive rodent abounds in all areas of the area up to an elevation
of 2500 m. It adapts itself to any type of land, but favours rock hill sides,
where it lives in burrows dug by itself. The Porcupines are characterized
by the spines, borne on the neck, back and hind quarters. They feed on
field crops, fruit roots and tubers. Besides, being destructive to young
plantation, they are very much harmful to field crops and gardens also
when adequate food is not available in the forests. The young ones are
usually born in spring. !
Management & Development Plan




44.1.7 The Indian Hare (Lepus nigricollis)

44010

This rufous tailed animal is found all over the area in the lower elevations.
llﬁbsbud\yfomgmmhmdwuﬂylivqbunndghbu’mdof
cultivations and villages. It is believed to give young ones, one to two in
number, in early winter months. The animal is hunted for its flesh.

Flying Squirrel (Petuarista inornatus)

It is found from an elevation of about 1000 m to 3000 m. It is nocturnal in
habit. Flying Squireels are valued for their fur. They eat fruits of various
forest tree species and also the insects hiding under the bark. The damage
dwydobfaﬂmpithumm&db)hhelpﬁwymby
cating injurious insects. ?

Rhesus macague ‘

It is closely associated with humans and is mast widespread monkey of
northern India. It is found in urban areas, deciduous and evergreen forests
mdnhohoaubnus.llhmnwlveprln‘mmdhbmdhmulu-
nukmpdmwwdbyntmmllbvlmdﬂgemmwih
increasing numbers has become a threat to agricultural crops.

Monal ( lophophorus impejenus)

\

Its habitat les at high elevations above 2500 m extending up to snow-line
in summer but descending to lower during winter. It is
frequently found in Fir, Deodar, Kail and forests but occasionally
makes appearances in the vicinity of grassy glades. Monal is of moderate
size with short, broad-tail, It is characterized by brilliant metallic green
head, the glistening purple upper part, cinnamon coloured tail and

breast and crest of beautiful feathers. It breeds in May/ June.
Monal eats tubers and seeds in alpine pastures. In autumn, it feeds on
mwﬂmmdvammmm

Chakor (Alectoris chukar)

Chakor is found throughout the tract mainly between elevations of about
1500 m to 3000 m but descends down to lower elevation during winter in
the vicinity of cultivated fields. It feeds on grain, tender shoots of grass,
wmmmnmmmmdmmmmnu
moderate sized plump, pinkish-grey brown partridge having conspicuous
fib like bars on flanks in buff and chestnut. The female is somewhat
m.mmliwamwm
Snmbhvdneggsmhidaammlullswumm
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Koklas (Pucracia macrolopha)

The Koklas Pheasant occurs between elevations of 2000 m to 4500 m. It lies
flush to ground, keeping still and flies swiftly when disturbed as such it is
hard to shoot. It relishes leaves and buds. The cock of species has dark
green head. The breeding season is April to June.

Chir-Pheasant (Catreus wallichii)

It is a long-tailed West Himalayan Pheasant. These birds lack the color and
brilliance of most pheasants, with buffy gray plumage and long gray
crests. Its long tail has 18 feathers and the tail feathers are much
longer and the color is mainly gray and brown. The female is slightly
smaller in overall size. The long narrow pointed laying down crest and the
bright scarlet patch round the eyes confirms its identity. The bird sails
ACTOSS ravines on open motionless wings. |

mwmmmmunaw.mumnm
(Arborophila torqueols), Red Jungle Fowl (Gallus gallus), Grey Headed
Woodpecker (Picus canus), Great Barbet (Megalaima virens), Indian Roller
(Coracias benghalensis), Slaty Headed Parakeet (Psittcula himalayensis),
Oriental Turtle Dove (Streptopelia orientalis), Black Shoudered Kite (Elanus
caeruleus), Common Kestrel (Falco tinnuenculus), Yellow Billed Blue
Magpie (Urocissa ornata), Long Tailed Minivet (Pericrocotus brevirostris),
Dark Throated Thrush (Turdus muficollis), Bush Robin (Tarsiger cyanurus),
Rufous Naped Tit (Parus rufonuchalis), Tickell's Leaf Warbler (Phylicscopus
affinus), White Throated Laughing Thrush (Grrulax albogularis), etc.

SUMMARY OF THREATS TO WILDLIFE CO&SEIVATION

Biotic pressure and habitat destruction are threats to the wildlife
conservation in the sensitive Himalayan Shivalik region. The
domestic animals compete with the wild dw population of the
mountain specles resulting overgrazing, which has led to the degradation
of wild areas and pastures. Due to biotic pressure, soil erosion and habitat
fragmentation, efforts are required to protect and conserve wildlife so as to
maintain the viability of the populations. Rehabilitation of the degraded
areas, habitat improvement and corridor protection will lead to the
enrichment of biodiversity of the region.

Socioeconomic Analysis

Villagers have right of grazing, fuel-wood collection, timber, minor forest
produce collection, etc. Unsustainable pressure on the natural resources
has lead to the degradation of the area in many parts of the area.
Ayimltmhthedﬁefmowwm\oodd#mhdﬁnm

Chaple:-4: Wildlife and Blodiversity Conservabion.
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WILDLIFE MANAGEMENT AND DEVELOPMENT PLAN
Wildlife Management and Conservation

Himalayas along with Shiwaliks represent very sensitive ecosystems,
sustaining the critical natural food web s appropriate management
mmﬂMWma(hpﬂn. The management
mpuuhawwbeappwpmsouwdlowimmtohmﬁmwim

ion of cultural values. To achieve these goals, with an overriding
mawwukwammwocmmmum

i To improve the habitat and protect the species found in the catchment

i

Tompputnvdﬂ\oodu\hud\gmpq\maloasmmﬂw
depadumofdubcalpopuhﬁmmmh;ralm.

i, To build capacity and impart professional training to the staff in
|
|

Wildlife matters.
IMPLEMENTATION ;

ﬂ!prbd!ywﬂlbebmmdpmhd biodiversity of the
catchment, To reduce the man-animal conflict, activities as habitat

, soil & water conservation activities, protection of unique
wwuwmbmmwwwum&dmmme
mmdwmm@mwam
muummmmvmwe«aumm
hmmmhmb.dmmmm«.mﬁu

MW' & Development Pion
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under following components based on the objectives outlined aboye are
required to be lemented. The activities mentioned hereunder will be
anbdhﬂwvﬂhguwhid\amndimtbthelotwhlmgwd

and conserve wildlife resources. The main criteria will
ofpwpkolmeldmﬁﬁedvuhguwhdphwﬂduk
ation of the biodiversity.

OVEMENT

potential to prot
be the .

Planting of Fruit Trees, Shrubs and Native Grass Species:
Improvement alpine pastures and planting of indigenous useful species
will be ; Rotational grazing in alpine pastures and stocking by
genetically and improved varicties of grass involving

stakeholders decrease overgrazing and pasture degradation. Alpine
grass species li Pou alpina, Trifolium repens, Agrostis gigantea and legumes
m»wxmmmwmmuumwwm
improvement un component

in Chapter-3. Fruit

bio-engineering
bearing tall species will be planted under this plan such as Quercus

wwmmmmmmmmmu
Apricot), cumini, Myrica esculanta, Pyrus pashia etc. No exotic
grasses or p to be planted. Promotion of this activity will be
undertaken afforestation component under Chapter-3, where
suitable of above species useful to wildlife will be planted.

PROTECTION OF RHODODENDRON AREA, SUPPORT TO GO-
SADAN:

An identified of about 7 hectare of pure Rhododendron patch in
Dabthedda (having GPS coordinates of N - 32¢ 25'21.5" and E - 76°02'59")
wmnummmawmmmby
mdnkhgupregumﬁmacﬁviﬁudthnpadeswm

of the species. Further it will also enhance the eco-
of the area and have positive impact on the avifauna of

help in
tourism
the area.
An amount of 1.00 lakh is proposed to be utilized to support and
strengthen the existing ‘Go-Sadan’ near Indora for accommodating and

the cattle of the area. A provision of Rs, 6.5 lac is being
made for above activities under this section of the CAT Plan.

made to the livelihoods of the local In order to reduce
fuelwood on the forests, under fuelwood devices in
Chapter-3, an amount of Rs. 25 lakhs has been earmarked of
subsidized Gas connection with cylinder to the identified families
will reduce re on forests thereby imp health of the forests
and which will be favourable towards conservation and
preservation of wildlife in the catchment area.
’ Chapler-4: Wikdiite and Biodiversity
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74.  CAPACITY BUILDING AND SKILL-UP GRADATION

> For quality Wildlife management inputs, the capacity of the field staff
; deployed in the catchment area will be « with appropriate
m;mnmmmnmwmmdm
mhkhkpmpoudmdlldwldbemndﬂutﬂnbalmﬂbmh\ed
with these funds. The training will be imparted in the Forest Training

Institute, Sundemngar.

AMmewammummmm
will be established under the umbrella of ‘monitoring’ funds
(Chapter-3) in the beginning for effective implementation. Monitoring
wildlife population trends,

non-timber forest p shall be taken up on

priority. An and monitoring committee is proposed to be
constituted for monitoring and evaluation of the project
under Chapter-3, which wmdymmmn

Tabledl FINANCIAL ABSTRACT

Sk Component Outlay
No. (Rs. in Lakhs)
") 1 | Planting of Wild Fruit Trees, provided under Section-
Shrubs native Grass species 39.1: Afforestation and Section-
39.2: Bicengineering Subheads in
Chapter-3,
2 | Protection of Rhododendron 1 65
area, support to Gow-Sadan

3 | Support to sustainable mountain Mwmm
livelihoods, supply of LPG to 3102 Fuelwood Saving Devices
poor identified wwmw&

4 | Capacity building and skill-up | 10
gradation  (Wildlife) by FTL :

Total | 75




FINANCIAL ABSTRACT FOR FIVE YEARS

Year-wise Financial Oullay

0 1 2 3 K 5 Total
Year | Year | Year | Year | Year | Year | (R in Lakin)

Funds provided under Saellm-&’l. Afforestation  and
Section-3.9.2: Bioengineering Subheads in Chapter-3.
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Land Erosion on right bank of Kalam Khad in Lahru Beat
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Nurpur, Distrdct Kangro. Himochal Pradesh
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Land Slide due to Xalam Khad and Kenthli Rroad
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Soll Erosion in Lahru Beat above SH.43

Land Shde in Lahru Beat above SH-43
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Land Siide in Manuto Beat

Land Siide in Hathidhar beat neor Banne Do Nola
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Land Slide above village Raipur In Raipur Beat
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Alpine Pastures of the Catchment Area
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Catchment Area Treatment Man for Phina Singh Medium Irigotion Project in ~ Page 10 of 10
Nurper, Mimoc hal

Identificafion of Afforestation Sites by Field Teom along with HPFD Stoff
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For details please contact:

Director

Himalayan Forest Research Institute
Conifer Campus, Panthaghati
SHIMLA-171 009 (H.P.)

Telephone: 0177 - 2626778 (0)
FAX: 0177 ~ 2626779 (0)
Email: dir_hfri@icfre.org
Website: www.icfre.hfri.org




