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CHAPTER-1
INTRODUCTION

1.1 GENERAL

The state of Himachal Pradesh is located in the vicinity of Dhauladhar and Pir
Panjal ranges of Western Himalaya and lies between 32° 22’ 40’’ to 33° 12’ 40’ N
latitudes and 75° 45’ 55"’ to 79° 04’ 20’ E longitudes. The state has a
geographical area of 55,673 sq km demarcated into 12 districts, 109 tehsils/sub-
tehsils and 57 urban areas with a total population of 60, 77,248 persons as per
2001 Census.

The geographic location and physiography of the state result in varying climatic
conditions and diverse natural ecosystems. The variations in climatic conditions
range from lower tropical regions to cold and alpine conditions in the upper
regions. Many areas in the north and east in Himachal Pradesh are snow-bound and
glaciated. These glaciers are the source of many perennial river systems in the
state. The prominent rivers rising from these upland glacial areas are Sutlej, Beas,
Parbati and Ravi - all south and southwest flowing rivers. The perennial availability
of water and the conductive geographic terrain have allowed harnessing of energy

from these rivers. The project location map is given in Figure-1.1.

PROJECT AREA

= B JAMMY - =0 § & § §
/ = AN NE ey ~ R
. @*ﬁ": \ i \ 7’”"4«, 3300'
[ HIMACHAL PRADESH s ( NHSIRN
) | &y @ S Ny
¥ x \
2o~ [PROJECT AREA 17 GRS Q‘M&"e \ -
. / {" 4‘\ My N ,’\& ,{/&d C‘/;,o \\ S ’Z
R P / ,‘/%\\CWRBA e A/F,;\Ki@ %p’, (‘Vo e 2
2 e N N e
N\

3700’
oy JNe
ANGTHAG

\ Yuwéﬁ\\\ \/ /}/,/{S«wa s g/ :.% CHINA
\ \ Mo}; N\ oLl et %

\ SGAGRET Mmuh@'aﬁ,’} \ )/\ ) /

\
HAMIRPUR ) D
:f’Lﬁ S %%4 a
M, SR = /”/ & A
Sany, f’@kﬁ ) \\\ kfj;\ﬁ ; g\,!ﬁw‘“ﬁ v 3100
4, X N \M/ﬁp &
T, oA \\\/ QQ‘
W S

%0 [ 50 100 150 200 250m]

Figure 1.1: Project Location Map
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1.2 PROJECT PROFILE

The project is proposed for development on Chenab River in Lahaul-Spiti District of
Himachal Pradesh. The project is envisaged as a run-of-the-river scheme in the
upper reaches of Chenab river with project area lying between longitude
76°29°27.22” E, latitude 32°44’34.63”N to longitude 76°24’1.95” E, latitude
32°49’36.72” N. The proposed diversion site is located d/s of Seli HEP and the
powerhouse site near Reoli village, 350m upstream of the confluence of Reoli Nala
with the river Chenab. The projects in cascade development in Chenab basin is
given in Figure-1.2. The projects in cascade development u/s and d/s of Reoli

Dugli Hydro-electric project is shown Figure-1.3.

1-2
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| LINE SCHEMATIC OF HIMACHAL PROJECTS OVER CHENAB RIVER
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Figure- 1.3: Line schematic of hydro projects u/s and d/s of Reoli Dugli HEP
1.3  ACCESSIBILITY

There are three accesses available for the project site listed below:

e From Jammu via Kishtwar - Gulabgarh - Killar and Purthi
e From Chamba via Killar and Purthi
e From Manali via Rohtang Pass - Tandi and Udaipur

The most favourable approach is the third one through Kullu-Manali via Rohtang
pass. This approach from Manali to Udaipur and further to site location is
characterized by overflowing nalas, bridges (max 9.0 t capacity) and culverts.
The project site is located at a distance of about 25 kms from Udaipur. The road
up to Manali is in good condition. Further, to reach Udaipur, Rohtang pass situated
at a distance of 140 kms and at EL. 3195m has to be crossed. This stretch
officially remains closed from 15th November-15th May due to heavy snow fall.
Double laning of this stretch is under progress by BRO and a tunnel viz. Rohtang
Tunnel to bypass this area is also proposed. The road (partially metaled and
partially WBM road) from Udaipur to site is in very bad condition with
numerous big overflowing nalas; sharp carves and overhanging blocks (rock mass).
These nalas are to be cleared very frequently during the rainy season by
JCB’s/Dozers to make it approachable. The approach road and cross drainage
works needs to be improved before the start of the construction activities.

The approach from Jammu & Kashmir side via Kishtwar is open more or less all

1-4
WAPCOS Limited



L&T Himachal Hydropower Limited EIA Report for Reoli Dugli HEP, Lahaul-Spiti, HP

throughout the year except during December-January when there is excessive
snowfall. The route is through Jammu-Kishtwar-Gulabgarh-Killar. The distance
from Jammu to Killar is 345 km. The condition of the single-lane Gulabgarh-
Killar stretch of road is very bad. The approach from Chamba to Killar also
remains unusable during the winter months due to snowfall. The nearest airport is
Bhuntar and the nearest rail head is Kiratpur.

A considerable amount has to be spent for up gradation of Roads and Bridges in the
area to make the route feasible for the movement of heavy machinery/equipment
required for the construction of the project. The access to the project area is

shown in Figure-1-4.
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Figure-1.4 Access to the project Area

1.4 LEGAL AND POLICY FRAMEWORK

Under the Environmental Protection Act (EPA), 1986, various rules/notifications/
acts have been promulgated to control pollution and manage environmental issues.
EIA Notification, 2006 imposes certain restrictions and prohibitions on new projects
or activities, or on the expansion or modernization of existing projects or activities

based on their potential environmental impacts. These project categories are

1-5
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listed in the notification and clearance process defined based on their capacities
to obtain prior environmental clearance.

State Pollution Control Boards issue NOCs and “Consent” under Air and Water Act
to various projects. Hydroelectric projects are considered as Red Category projects
by HPPCB. Forest and Fisheries Department of Himachal Pradesh have also issued
specific notification with respect to Catchment Area Treatment (CAT) and
Fisheries management applicable on hydroelectric projects in state.

1.4.1 EIA Notification, 2006

The proposed Reoli Dugli HEP (420+9.2 = 429.2 MW) is a Category A project (> 50
MW), as per item 1 (c) of Schedule attached to EIA notification of September 2006
and requires Environmental Appraisal from the Ministry of Environment & Forests
(MoEF), Government of India.

The appraisal process involves three stages:

e Scoping
e Public Consultation
e Appraisal

Scoping: An application for scoping was submitted to MoEF in the month of June
2012 for issuance of Terms of Reference (TOR) to undertake EIA study.
Subsequently, a presentation was made before Expert Appraisal Committee (EAC)
for River Valley and Hydroelectric Projects of Ministry of Environment and Forests
(MoEF) for Prior Environmental Clearance (Scoping) on 7-81.09.12, 26-27™.12.2012
and 1-2".02.13 and the same was accorded by Ministry of Environment & Forests
(MOEF) vide letter no.J-12011/22/2011-1A-1 dated on 12/03/2013. The validity of
granted ToR has also been extended by EAC in its 81" meeting held on 27-28"
January, 2015.A copy of the TOR approved by MoEF is is enclosed as Annexure-I.
Public Consultation: On completion of draft EIA report and its executive summary,
Public consultation shall be organized by Himachal Pradesh State Pollution Control
Board (HPSPCB).The outcome of the Public Consultation process in the form of
report detailing the proceedings and video of the entire event shall be submitted
to MoEF by HPSPCB.

Appraisal: On completion of Public Consultation process, incorporation of
suggestions, if any during the public consultation, final report has been prepared,
submitted, and presented to the Expert Appraisal Committee for River Valley and
hydroelectric projects at MoEF &CC for final approval.
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1.4.2 State Level Clearances

The Department of Environment & Scientific Technologies, state government of
Himachal Pradesh was set up in April, 2007 with an objective to improve the
effectiveness of environmental management, protect vulnerable ecosystems and
enhance sustainability of development. The Environmental Impact Assessment and
monitoring of Environment Management Plan Report prepared by the Project
Proponent is reviewed by the Department of Environment and Scientific
Technologies. A committee constituted by the department with members from
State Pollution Control Board, Forest Department, Fisheries Department, etc.
reviews the EIA reports before Public Consultation as per EIA Notification of
September 2006.

Various state departments have also lately issued specific notifications to be taken
into consideration by project developers in Himachal Pradesh. Relevant
notifications for Hydropower projects are briefly described.

Notification on Catchment Area Treatment (CAT) Plan

Department of Forest has issued a notification no. FFE-B-F-(2)-72/2004-Pt-1l dated

August 03, 2009 setting out the requirements of preparation of CAT plan and
defining the minimum cost of this component as 2.5% of the project cost. It was
later modified vide notification no. FFE-B-F-(2)-72/2004-Pt-1l dated September 30,
20009.

Notification on Fisheries

The Department of Fisheries, State Government of Himachal Pradesh has come out
with a notification no. Fish-F (5)-1/2008 dated May 2, 2008 specifically for the
hydro power projects to specify the compensation to be paid by developers for
various categories of Projects.

1.5 SCOPE OF THE EIA STUDY

The brief scope of EIA study includes:

- Assessment of the existing status of physico-chemical, ecological and socio-
economic aspects of environment

- Identification of potential impacts on various environmental components due
to activities envisaged during construction and operation phases of the
proposed Reoli Dugli project.

- Prediction of significant impacts on various aspects of environment.

1-7
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- Delineation of Environmental Management Plan (EMP) outlining measures to
minimize adverse impacts during construction and operational phases of the
proposed project.

- Formulation of Resettlement and Rehabilitation (R&R) Plan, if any
- Formulation of Catchment Area Treatment (CAT) Plan.

- Formulation of environmental quality monitoring programme for
implementation during construction and operation phases.

- Estimation of Cost for implementation of Environmental Management Plan,
Resettlement and Rehabilitation Plan, Catchment Area Treatment Plan and
Environmental Monitoring Programme.

1.6 REGISTRATION WITH QUALITY COUNCIL OF INDIA (QCI)/NABET

WAPCOS Limited is accreditated by QCI/NABET and the Certificate is enclosed as
Annexure-ll.

1.7 ENVIRONMENT CORPORATE RESPONSIBILITY AT L&T

L&T is conscious of its responsibility to efficiently utilize resources and add value
to its businesses. Corporate governance, environmental stewardship and social
performance are integral part of the Company.

At Larsen & Toubro, sustainability is at core of its businesses. Social responsibility
is well understood with a belief that community around the operations should also
benefit with growth of the business. The sunmmary of Environment Corporate
Responsibility at L&T covers the following aspects. The detailed Environment
Corporate Responsibility at L&T is enclosed as Annexure-lil.

Environmental Performance

The Company looks at environmental challenges from the prism of opportunities.
At L&T, responsibilities begin at the design stage and extend to the entire life
cycle. The sustainability objectives are interlinked to effectively address Social
and Environmental issues. After successful completion of first short term
sustainability targets (2009-12) last year, L&T released its Sustainability Roadmap
for the period 2012-15. The roadmap emphasizes on energy conservation & GHG
mitigation through innovation, inducting a ‘safety culture’, and actively
propagating the concepts of water conservation and material management. In the
first year of our three-year sustainability roadmap, L&T saw a good performance

on most parameters, even surpassing the final targets in quite a few areas.
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Corporate Environment, Health and Safety Policy

Larsen & Toubro Limited has well defined Corporate Environment, Health and
Safety (EHS) policy and the details are given in Annexure-lil.

Sustainability Reporting

Since 2008, L&T is disclosing its sustainability performance through annual
Sustainability Reports. These reports conform to GRI guidelines and carry an A+
application level depicting highest levels of disclosures in public domain.
Stakeholder Engagement

The Company continues to use multiple communication platforms in our dialogue
with stakeholders. Our diverse pool of engagement channels helps us gain deeper
insights into their expectations. This in turn contributes to superior strategy
formulation, decision-making and accountability. Along with customers, supply
chain partners and employees, we recognize that engagements with regulatory
bodies, capital providers, NGOs and communities are vital to attain our goals.
Certifications

All our units are I1SO 9001 certified. Further, 19 of them are certified for ISO 14001
and 18 for OHSAS 18001. We currently have 4 Platinum, 4 Gold, 3 Silver, 1
Certified Green Buildings and 1 Silver rated Green Factory among L&T
establishments.

Compliance

Our compliance system covers a multitude of statutory obligations which ensures
that all applicable laws and regulations are observed and complied with. All
necessary approvals are obtained from statutory authorities for our units and
project sites.

Regular checks are conducted by internal and independent auditors, to ensure
compliance with relevant pollution control regulations.

1.8 OUTLINE OF THE REPORT

The document for the Comprehensive EIA study for the proposed Reoli Dugli
hydroelectric project has been presented in two volumes. The details are listed as
below:

e Volume-I presents the Environmental Impact Assessment (EIA) study
e Volume-Ill delineates the Environmental Management Plan.
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The present document (Volume - 1) outlines the findings of the EIA study for the
proposed Reoli Dugli hydroelectric project.

The contents of the document are organized as follows:

Chapter-1 The Chapter gives an overview of the need for the project. The policy,
legal and administrative framework for environmental clearance has been
summarized. The objectives and need for EIA study too have been covered.
Chapter-2 gives a brief description of the proposed Reoli Dugli hydroelectric
project.

Chapter-3 gives a brief description of the methodology and schedule to adopt for
construction of the proposed Reoli Dugli hydroelectric project.

Chapter-4 outlines the methodology adopted for conducting the Comprehensive
EIA study for the proposed Reoli Dugli hydroelectric project.

Chapter-5 covers the hydrological aspects of the proposed Reoli Dugli
hydroelectric project. The data was mainly collected from the DPR prepared for
the proposed Reoli Dugli hydroelectric project.

Chapter-6 covers the geological and seismicity related aspects of the project. The
data on geological aspects has been collected from the Detailed Projects Report.
Chapter-7 covers the environmental baseline conditions covering physical aspects of
environment. The baseline study involved both field work and review of existing
documents, which is necessary for identification of data which may already have
been collected for other purposes. The data on various physico-chemical aspects
namely soil quality, water quality, ambient air quality, noise quality and landuse
pattern has been presented in this Chapter.

Chapter-8 presents the information on ecological aspects of the Study Area. The
study is based on collection of data from various secondary data sources. As a part of
the Comprehensive EIA study, detailed ecological survey for was conducted for three
seasons. The findings of the survey were analysed and ecological characteristics of
the study area have been described in this Chapter. The key aspect covered in the
Chapter includes flora, fauna, planktons, benthos and fisheries.

Chapter-9 presents the information on socio-economic profile of the Study Area. The
study is based on collection of data from various secondary data sources.

Chapter-10 describes the anticipated positive and negative impacts as a result of the

construction and operation of the proposed Reoli Dugli hydro-power project. The
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impacts on physico-chemical, ecological and social aspects of environment have been
covered in this Chapter. Both qualitative and quantitative methods of prediction
have been covered in this Chapter. For parameters, which cannot be quantified,
qualitative assessment has been done to assess their possible effects so that

appropriate mitigation measures can be formulated.
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CHAPTER-2
PROJECT DESCRIPTION

2.1 INTRODUCTION

The Reoli Dugli Hydro Electric Project is located about 25 km downstream of
Udaipur in the Lahaul Spiti district of Himachal Pradesh on the Chenab River. The
Chenab river is one of the principal rivers originating and flowing through Himachal
Pradesh and then through Jammu & Kashmir eventually meeting the Indus in
Pakistan. The project lies between the proposed Seli Hydro Electric Project in the
upstream and the proposed Purthi Tail-tapping Hydro Electric Project on the
downstream. The diversion site is about 5km upstream of Tindi village on the SKT
Road, about 25km downstream from Udaipur town. The underground power house
site is proposed on the right bank near Reoli village, 0.35 km upstream of the
confluence of Reoli nala with the Chenab. The HRT (head race tunnel) runs
through the right bank for a length of 11.548 km.

2.2 ALTERNATIVES CONSIDERED

Alternative - 1

The first dam site is located 3.1km upstream of the Harsar Nala. The river bed
level at this location is EL 2446m (approx.). With the FRL at EL 2483.9m, the
length of the reservoir is about 3.1km with gross storage of about 3.85 MCM. The
live pondage required for peaking operation of the plant is assessed as 5.24 MCM.
Hence this site has been basically discarded from the consideration of insufficient
storage requirements to operate the plant.

Alternative - 2

The second alternate site 2.6km u/s of the Harsar Nala. This is basically, one of the
sites identified by CWC during the preliminary feasibility study stage. The river
bed level at this site is approx. at EL 2442.0m and a 44m high concrete gravity
dam is envisaged. Abutment rocks are well exposed on both the banks. The length
of the reservoir works out to 4.2 km with a gross storage of about 5.6MCM.
Considering the live storage (5.24 MCM), the MDDL would be fixed at EL 2457m.
A lateral type power intake 15m u/s of the dam axis is envisaged on the right
bank. The invert level of power intake would thus be fixed at EL 2447.4m from
hydraulic consideration to avoid the vortex formation. The TWL at dam site is at EL
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2456.0m. The crest of the sluice spillway is kept close to the river bed at EL
2445.0m (3m above RBL) and the submergence of the spillway crest is 11m w.r.t.
TWL.

As the level difference between the power intake and the sluice spillway is only

2.4m and the angle between the sluice spillway crest and the farthest end of

power intake is 1.8° (which is much less than 6° to 7°), most of the bed load will
enter into the power intake. Further, the length of the water conductor upto
the surge shaft is about 13.3 km accordingly, this site was thus discarded both
from sediment management and longer length of water conductor considerations.

Alternative - 3

The third alternative site is located just 300m d/s of the second alternate site
(2.3km u/s of Harsar Nala). This also is another site examined by CWC during the
feasibility stage studies. Abutment rock conditions are not favourable for siting the
dam here, since folded and highly jointed phyllites are exposed on both the
abutments. The river bed level at this site is EL 2441.14m having a gross storage
of 6.5 MCM. With a live storage requirement of 5.24 MCM, the MDDL would get
fixed at EL 2464m. A lateral type power intake 15m u/s of the dam axis is
envisaged on the right bank. The power intake would further be fixed at EL 2454.5
from submergence criteria. The TWL at dam site is at EL 2455.5m. The spillway
crest would get fixed at EL 2451m.

Here again, there is only 3.5m clear depth between the power intake and spillway
crest and the angle between the sluice spillway crest and the farthest end of power
intake is only 2.5°. As such most of the bed load will enter into the power
intake. Further the length of the water conductor system upto surge shaft would
be 13.0 km making it uneconomical. This site was also discarded as it is not

feasible on geological and engineering considerations.

Alternative - 4

Traversing further downstream, another site was located 700m u/s of the Harsar
Nala. This site is a narrow V-shaped valley with steep escarpments on the left bank
and a relatively flatter hill slopes on the right bank. It also has favourable
geological conditions exposing sound rock ie., hard and fresh quartzite exposed on
both banks for the dam. The river bed level at this location is at El. 2132m and
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accordingly, the dam height above the river bed is 54m with gross storage of 11.4
MCM. Considering a live storage of 5.24 MCM, the MDDL is assessed at El 2472.5m.
The power intake would be provided on the right bank and the invert of the
power intake is kept at El. 2462.9m. The spillway crest gets fixed at El.2446m. In

this case, the height between spillway crest and invert of power intake is

16.9m and angle between spillway crest and farthest power intake is 12.4°
resulting in a better and effective sediment management of the reservoir and
possibility of entry of bed load into power intake is minimized

The length of the water conductor system gets reduced to 11.5km from the earlier
layouts. From the above, this site is suitable for location of the dam and

further development of other components of the project.

Alternative - 5

Traversing further downstream by another 1500m, one more site could be located
just 500m d/s of the Harsar Nala. This site has steep escarpments on the left bank
and a relatively flatter hill slopes on the right bank. However, the geological
conditions display highly fractured folded and crenulated phyllite rock and are not
very encouraging on both banks. This could be a result of the influence of the
Harsar nala, which is a huge glacial stream with fluvio-glacial moraines deposited
on both the banks. Further d/s of this site, the valley starts to widen out upto and
beyond Tindi village (EL 2420m). This site has been discarded from geological
conditions.

Although locating a dam site further d/s of Alternate-5 above may reduce the
length of HRT, it will invariably increase the height & length of the dam and the
submergence area. This would result in submergence of Tindi village, huge
forest/agriculture land, nurseries, forest guest house, etc. Hence no further site
for locating the dam axis was explored beyond the Tindi village.

From the above studies, it is evident that the site identified at Alternate-4 is
suitable from technical and geological considerations and hence this site has been
finally selected for locating the dam and its appurtenant works.

A layout plan showing the alternate sites for selection of dam axis & layouts has

been presented in Figure 2.1.
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2.3 SELECTED PROJECT LAYOUT
Various alternate locations for the dam site, HRT alignment and powerhouse
complex have been considered and based on techno-economic considerations, the

final layout of the project is shown in Figure-2.2.
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The final layout of the project comprises the following main components:

2.4

A 79m high concrete gravity dam above deepest foundation level (54 m from
river bed level)

5 nos. of sluice spillway of size 8.3m x 13.1m to pass the design flood with
one gate inoperative.

2 nos. lateral power intakes located on the right bank 15m u/s of the dam

A 11.55 km long, 10.5m dia. Circular head race tunnel

A 35m dia, 100m high u/s surge shaft to take care of the hydraulic transients
2 nos. of 6.1m dia steel lined penstock/pressure shafts each with an average
length of 222.5m and bifurcating into 4.3m dia penstocks, average 68m long
A 56.5m long, 12m wide underground Butterfly Valve chamber

Underground powerhouse of size 161m (L) x 23.0m (W) x 52.2m (H) housing
4 nos.

Francis turbines each of 105 MW capacity (Total installed capacity 420 MW).
An underground transformer cavern with GIS 40m d/s of the powerhouse.
100m long x 14m wide x 43.2m high d/s surge (collection) gallery

A 246.4m long, 10.5m dia horse-shoe shaped tailrace tunnel

SECONDARY POWERHOUSE

A secondary power intake in the body of the dam in the right flank NOF block with

surface cum underground penstock and a pit-type surface powerhouse on the right

bank of the river Chenab to generate 9.2 MW from the mandatory

environmental flows proposed to be released immediately downstream of the

dam
2.5

SALIENT FEATURES

The salient features of Reoli Dugli hydroelectric project are given in Table-2.1.

Table-2.1: Salient Features of Reoli Dugli Hydro-Electric Project

Project Location

State Himachal Pradesh, India

District Lahaul & Spiti

Location - Dam Axis 76°29°27.22” E, 32°44°34.63” N to
Powerhouse site 76°25°58.15”E, 32°49°35.40”N

Udaipur(20Km upstream of Dam

Nearest Town site)

Nearest Rail head Kiratpur Sahib

Nearest Airport Bhuntar

Nearest International Airport Delhi

River and Hydrology

2-7
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River Chenab
Catchment area 6155 km2
Average Bed Slope 11in 126
PMF 8157 cumecs
GLOF 964 cumecs
Reservoir

Gross Storage 11.41 MCM
Live Storage 5.24 MCM
Reservoir stretch at FRL 5.2 km
Reservoir stretch at MDDL 4.2 km
River Diversion

Diversion Flood 1820 cumec
No. of diversion tunnels 2

Size & shape of diversion Tunnel

10.5m, Modified Horseshoe

Average length of tunnels

444.3m

Size of Diversion Tunnel Gates

2 nos., 4.3m (W) x 10.5m (H) in
each tunnel

Type of Coffer Dam Concrete
Top of U/s Coffer Dam EL 2449.7m
Height of U/s Coffer Dam 18.6m

Top of D/s Coffer Dam EL 2441.3m
Height of D/s Coffer Dam 10.8m

Concrete Dam and Spillway

Orientation of the Dam Axis

N 120 W/S 120 E

Top of dam EL 2486 m
River bed level EL 2432 m
Deepest foundation level EL 2407 m
Full Reservoir Level EL 2483.9 m
Minimum Drawdown Level EL 2472.5 m
Dam length at top 123.5m
Height of the Dam above deepest | 79m

foundation

Sluice Spillway

Type of spillway/ Nos.

Sluice type/ 5 nos.

Spillway crest elevation EL 2446 m
Sluice size 8.3m x 13.1m
Type of Gates Radial Gates
Ogee Spillway

Number & Size

1 no., 4m x 4m

Crest Elevation

EL 2479.9 m

Type of Gate

Vertical Lift Gate

Intake (On Right Bank)

Number

2

Location

Lateral Intakes 15m u/s of dam axis

Intake Crest

EL 2462.9 m

Design discharge

345.65cumec

Trash Rack Size

3.7 (w) x 14.415m (h)

WAPCOS Limited
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Gate operation level

EL 2486 m

No. & Size of Service gates

2 nos., 6.0m x 4.5 m

No. & Size of Emergency gates

2 nos., 6.0m x 4.5 m

Intake / Feeder Tunnels

Number 2
Size and Shape 7.4m dia, circular
Length 84.13m, 96.96m each

Design discharge

172.825 cumec

Headrace Tunnel

Number 1
Diameter and Shape 10.5m, Circular, Concrete Lined
Length 11548 m

Design discharge

345.65 cumecs

Construction Adit

4 nos., 6m (W) x 7m (H) - D-shaped

Surge Shaft

Numbers 1

Type Underground (Orifice Type)
Diameter 35m

Height 90O m

Dia of Orifice 5m

Size of Vault

43 m (L) x39m (W) x 19.5m (H)

Butterfly Valve Chamber

Type Underground

Size 56.5m (L) x 12m (W) x 21m (H)
Butterfly Valves (Steel Lined Pressure Shaft)

Number 2 Nos.

Inlet diameter 6.1 m

Pressure Shaft

Number / Shape

2 nos., Circular, Steel Lined

Diameter, Length up to bifurcation

6.1m, Limb1 - 222.5m, Limb2 -

222.5m

Unit Penstocks

4 nos., Circular, Steel Lined

Diameter, Average Length

4.3m, P1-48.8m, P2-66.84m, P3-
69.8m, P4-87.83m

Penstock Erection Chamber

Type Underground

Size 56.5m (L) x 10m (W) x 8m (H)
Powerhouse

Type Underground

Size 161m (L) x 23m (W) x 52.2m (H)

Number of Units

4

Installed capacity 4 x 105 MW
Type of turbines Vertical Francis
Center line elevation of Turbine EL 2322m

Unit Design discharge

86.41 cumecs

MIV Type/Inlet dia.

Butterfly, 3.7m

Normal Tail Water Level

EL 2333.2m

WAPCOS Limited
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Minimum Tail Water Level EL 2330.0m
Maximum Gross Head 153.90m
Minimum Gross Head 139.30m
Head loss when four units are| 13.83m
running

Head loss when one unit is running | 1.82m

Net Head 133.07m
Crown level of powerhouse EL 2358.0m
Spring Elevation EL 2352.5m
Crane elevation EL 2347.5m
Service Bay level EL 2335.0m
Generator Floor level EL 2330.0m
Turbine Floor Level EL 2325.0m
MIV Floor Level EL 2318.0m
Draft tube bottom level EL 2308.6m
Powerhouse bottom pit level EL 2305.8m
Transformer Cavern

Type Underground
Size 150m (L) x 16m (W) x 26.5m (H)

Transformer details

43 MVA, Single Phase

GIS Voltage level/Number of bays

400kV, 8 bays

Power Evacuation

Through 2 Nos.,
Transmission Line

Double Circuit

Unit Tailrace Tunnel

Number

4

Size & Shape

7m dia, circular, concrete lined

No. & Size of Gate

4 nos., 6.2m (w) x 6.2m (H)

Collection Gallery

Type Underground

Size 100m (L) x 14m (W) x 43.2m (H)
Tailrace Tunnel

Dia/Shape 10.5m , Horseshoe, Concrete Lined
Design discharge 354.65 cumecs

Length 246.4m

No. & Size of Gate

2 nos., 4.8m (W) x 9.5m (H)

Mxm. TWL at TRT outlet

EL 2339.73m

Secondary Power Intake (For Environmental Flows)

Number

1

Location

Frontal Intakes on right NOF block of dam

Intake Crest

EL 2464.75m

Design discharge

11.22 cumecs

Type, Size of gates

Vertical Lift, 2.2m x 4.0m

Gate operation level

EL 2486 m

Trash Rack Size

3.8m x 9.0m

Secondary Pressure Shaft

Number

1

Size & Shape

2.5m dia., Circular, Steel Lined

WAPCOS Limited
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Length upto bifurcation

101.55m

Unit Penstock

2 nos.

Diameter, Length from bifurcation
to PH

1.8m, P1-9.45m, P2-21.8m

Auxiliary Powerhouse

Type

Surface

Size

39m (L) x 12m (W) x 24.9m (H)

Number of Units

2

Installed capacity 2x4.6 MW

Type of turbines Horizontal Francis
Center line elevation of Turbine EL 2431.42m

Unit Design discharge 11.22 cumecs
Normal Tail Water Level EL 2432.12m
Rated Net Head 47.6m

Power Generation (Main)

Energy in 90% Dependable Year 1560.23 MU
Energy in 50% Dependable Year 1625.23 MU

Source: DPR

2.6 LAND REQUIREMENT

The total land required for the project including for building and roads etc. is

about 174.35 ha. This includes 55.44 ha. of land coming under reservoir

submergence. The entire area of land to be acquired is privately owned forest

land. No cultivable or homestead land is required by the project. The detail of

land to be acquired for the project is given in Table-2.2.

Table-2.2: Particulars of area (permanent and temporary) to be acquired for

the Project

S. No. Forest Land(ha) Private Land(ha)
Description
Permanent | Temp. | Permanent | Temp.

1 Submergence area 55.44

2 Dam Complex

a. Surface 2.73

b. Underground 1.08

3 HRT Complex

a. Surface: Portal works 0.14

b. Underground 14.65

4 Powerhouse Complex

a. Surface area: portal works & switch 0.78

b. Underground 3.59

5 Muck Dumping Areas 46.19

6 Quarry Sites 10.76

7 Explosive Magazine 0.25

8 Project Roads 3.24 3.65

WAPCOS Limited
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S. No. Forest Land(ha) Private Land(ha)

Description

Permanent | Temp. | Permanent | Temp.

9 Diversion of existing road due to 2.45

submergence/cutting
10 Townships, offices, job facilities, 6 21.46 1.94

camps, stores, other infrastructure

Total 89.96 82.45 1.94 0.00

2.7 INFRASTRUCTURE PLAN

The infrastructure works at proposed Reoli Dugli hydroelectric project would

broadly comprise of:

Owner’s & Contractor Colonies
Road Transport facilities

Construction Power Setup
Telecom System

Project roads leading to all work
Disposal areas

Borrow areas/quarries

Explosive Magazines, and

e Acquisition of Land

Construction plants, repair and storage areas

sites

Infrastructure works and facilities required for constructing and maintaining the

project are discussed in following sections. The Infrastructure layout plan has been

depicted in Figure-2.3. The land requirements for various infrastructure works

covering residential buildings are given in Table-2.3. The land requirements for

permanent and temporary Non-residential buildings are given in Table-2.4 and 2.5

respectively.

WAPCOS Limited
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Table-2.3 Land Requirement for Residential Buildings - (Permanent &

Temporary)
S. | Type of Colony Remarks
No. | Quarter Permanent Temporary
Number | Plinth Total | Number | Plinth Total Total
of Units | Area Plinth | of Units | Area Plinth No. of
(m?) Area (m?) Area units
(m?) (m?)
1 | Type A 7 240 1680 1 240 240 8
2 | TypeB 16 200 3200 15 120 1800 31
3 | TypeC 15 150 2250 56 100 5600 71
4 | TypeD 23 100 2300 37 80 2960 60
61 9430 109 10600 170
Total 20030
Source: DPR
Table-2.4: Land Requirement for Permanent Non Residential Buildings
Plinth .
S.No. | Description No. | Area Zotal thnth
(mz) rea (m”°)
1 General Manager 1 150 150
2 Project Control Office 1 840 840
3 Deputy General Manager 3 150 450
4 Sr. Manager Admn. and Chief Accounts | 1 150 150
Officer
5 Public Relation Officer 1 75 75
6 Hospital/Dispensary 1 500 500
7 Telephone Exchange 1 100 100
8 Rest House 1 400 400
9 Sub-ordinate Rest House 2 200 400
10 Fire Station 1 50 50
11 Officers Club 1 150 150
12 Staff Club 2 100 200
13 Model Room 1 30 30
14 Market 2 1500 3000
15 Bus Stand 2 50 100
16 Security Post 5 50 250
17 Central Field Stores and Workshops 1 1000 1000
18 Field Testing Labs 1 100 100
Total 7945
Source: DPR

WAPCOS Limited
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Table-2.5: Land Requirement for Temporary Non Residential Buildings

S. Description Total Plinth Area (m?)
No.
1 Site Office 2500
2 Store 3000
3 Q.C. Lab 500
4 Pantry 900
5 P&M Office Workshop 4000
6 Diesel Dispensing 300
7 D.G. Room 600
8 Repair Shop 1200
9 Batching Plant 13000
10 Chilling Plant 3000
11 Cement Godown 4500
12 Stock Pile 5000
13 Mobile Crushing Plant 10000
14 Fabrication shop & yard 6000
15 Carpentry Shop & Lagging Yard 3000
16 Explosive Magazine with Portable 400
17 Department Workmen 900
18 Labour Roof Shed for 200 Nos. 6000
64800

Source: DPR

Road Facilities and Bridges

The transportation of the material would be done by road transport to the project
site. The main highway from Chandigarh to Project Site has been surveyed to study
its suitability to transport heavy loads to the project site. Road through Rohtang
Pass will be opened for six months in a year and the same road will be utilized for
the transport of construction material.

Workshops at Dam site and Powerhouse Areas

With a view of layout of project components, all the three complexes i.e., Dam,
HRT and Power house would be major hubs of construction activities throughout
the construction period of the project. Further, since Dam and Powerhouse areas
are not close to each other, it would be practical and efficient that separate repair
and maintenance facilities are created near dam and Powerhouse complexes.
However, to cater for day to day running and maintenance; small facilities should
be set up outside each portal of the various adits.

Since all the work would be highly mechanized, adequate and self-sufficient
repair and service facilities would be set up at the project site. Pertinent to
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mention that there are absolutely no services or facilities of mechanical nature
available near the project area. All mechanical repairs and servicing will be done
in house by providing enough space for workshops, maintaining an adequate
inventory and deputing skilled manpower. Close monitoring of the inventories of
spares, consumables, and other materials would be done to ensure reduced
downtime. Adequate and competent repair staff would be deployed in the field as
well as in the shops to keep the construction fleet in top operational condition.
Separate workshops would be set up for:

e Earth moving machinery mounted on tracks like shovels, dozers, etc.

e Earth moving machines mounted on tyres like dumpers, loaders, graders.
etc.

e Pneumatic, concreting equipment like boomers, wet shotcrete machines,
concrete pumps, etc.

e Transport equipment like buses, trucks, transit mixers, ambulances, light
vehicles, etc.

e Penstock fabrication yard, preferably near the powerhouse area

Every workshop would have partly covered area in addition to open area.
Equipment requiring major overhaul/repairs would normally be parked under
cover. The open areas would provide parking space for the equipment under minor
repair. A store to stock the spares for the equipment, a site office and toilet
facilities would be provided under the covered space. The penstock fabrication
yard would be equipped with two plate bending rolls, a battery of welding and
gas cutting sets, hydro-testing and radiography facility, sand- blasting and painting
equipment and sufficient space to stock the raw plates as well as the finished
ferrules awaiting dispatch. An E.O.T crane of 40 MT capacity erected in the yard
would be deployed for handling the ferrules during different stages of fabrication.
A separate mobile crane of 40 MT would be deployed to handle the
plates/ferrules in the stock yard. The fabrication yard would be partly covered to
allow welding and other activities to go on unhindered under the covered area.
Stores and Warehouses

Keeping the view of size of the project and project layout, a central warehouse
would be set up to stock the material required for the project. All supplies to the
project would be stocked hereon their arrival from the suppliers. Site stores would
be made for daily need at every work site to stock the specific material required

for the work it is meant to cater for. These site stores would receive material
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from the central warehouse as per their demand. Inventory control would be
computerized to increase efficiency and also to assist in planning procurement of
material.

Workshops have been proposed for earth moving equipment and for concreting and
drilling equipment at contractors cost. Since all the work would be highly
mechanized, adequate and self-sufficient repair and service facilities would be set
up at the project site since none of these facilities are available in the area
nearby. Since all mechanical repairs and servicing will be done at site, maintaining
an adequate inventory and having adequate skilled manpower available will be
essential.

Construction Power

Construction power would be available through two sources, i.e. 4.40 MW Tindi
Small Hydroelectric Project and through diesel generating sets. It has been planned
that 75% of Power will be available through diesel generating sets and 25% through
Tindi Small Hydroelectric Project. The requirement of construction power would
vary at each individual site depending upon the equipment deployed.

Aggregate and Batching Plants

A total requirement of all type of concrete (concrete, shotcrete, SFRS and
concrete etc.) Would be around 8.44 lac cum. Out of which around 7.90 lac
cum is exclusively allocated to concrete only; where Dam and HRT are having the
major concrete quantity of 2.97 lac cum and 3.02 lac cum respectively.

The following equipment will be will be deployed to arrange the concrete and
aggregate for the project:

3 Batching Plant of 30 Cum capacity each
Batching Plant of 60 Cum capacity
Batching Plant of 90 Cum capacity

2 Crusher Plant of 200 TPH.

Project Areas Roads

To execute the various civil works, a network of project roads would be
constructed to approach the various work sites. These roads would be linked either
to existing roads or to the project roads themselves. They would be constructed at

a workable gradient so that loaded construction equipment does not have to toil
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hard to negotiate ascending or descending gradients. An average gradient of
1:15 has been contemplated. The details are given in Table-2.6.
Table -2.6: Project Road Network

Road Distance Length
(km)
Proposed from existing road to left bank DT Inlet 1.00
Proposed road from bridge at downstream of Dam to Magazine 0.50
Proposed road from bridge at downstream of Dam to right bank DT
Inlet 0.60
Existing road to Adit-1 Portal 0.15
Proposed road from existing village Tindi link road to Adit-2 Portal 0.20
Proposed road from existing road to Adit-3 Portal 0.20
Proposed road from existing road to Adit-4 Portal 1.50
Proposed road from Adit-4 road to TRT Portal 1.00
Proposed road from TRT road to Ventilation Tunnel Portal 0.70
Proposed road from existing road to Portal of Adit to Surge shaft 0.80
Top
Proposed road from existing road to Dam Top 0.24
Proposed diversion of existing road due to cutting at Intake 0.15
Proposed diversion of existing road due to submergence 2.3
Total 9.34

Source: DPR

Bridges Required

Most of the civil works are located on right bank of the river Chenab. They are
approachable from the existing road which runs on the right bank of the river
along the entire length of the project area. However, to approach the Diversion
Tunnel and Magazine sites located on the left bank of the river Chenab, it is
proposed to cross the river channel by constructing a temporary bridge at the
downstream of the dam area. For the easy movement of construction equipment
over the bridge, it is proposed to construct an extra wide single lane bridge of 40
R loading with carriageway width of 4.25 m. The clear span of the bridge would
be around 50 m. To approach gate operation level of TRT outlet, a single lane
bridge of 40 R loading with clear span of around 30 m is proposed. It is also
proposed to strengthen the existing steel bridge on the river Chenab near village
Tindi for enabling the movement of dumpers

Muck Dumping Areas

Total muck from excavation of the project components such as Dam, Power house,
TRT, Adits, Pressure shaft etc. worked out, Component wise muck generation,
disposal & area required are presented in the Tables- 2.7 and 2.8 respectively.
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Project Quantity | Quantity of Total Estimated Estimated Nameof
component | of muck/ | muck with | quantity of quantity of quantity of the Capacit
debris 45% swell muck/ muck/debris muck/ Dumping ofI:he y
generated factor debris proposed to debris Site dumbin
(m?) (m?) including be utilized proposed site ping
swell factor (m?) to be (m’)
(m?) dumped
(m°)
1 2 3 (2+3=4) 5 (4-5=6) 7 8
DT 1,68,000 75,600 2,43,600 75,000 1,68,600 | D-1 307,000
Dam,
PlungePool
&Intake 4,90,000 2,20,500 7,10,500 2,17,000 4,93,500 | D-4
HRT
(i/cAdits) 14,43,000 6,49,350 20,92,350 6,40,000 14,52,350 | D-1
(Balance)
D-4
(Balance) 447,000
D-2
D-3 535,000
D-6 107,000
D-7 14,000
Pressure D-7
Shaft 1,48,000 66,600 2,14,600 66,000 1,48,600 | (Balance)
(i/cAdit) 1,777,000
SurgeShaft
(i/cAdit) 1,66,000 74,700 2,40,700 74,000 1,66,700
Powerhous | 3,60,000 1,62,000 5,22,000 1,60,000 3,62,000
e
(i/cAdit) D-8
MAT 36,000 16,200 52,200 16,000 36,200
TRT,VT 88,000 39,600 1,27,600 39,000 88,600 D-8
(Balance)
Project 3,00,000 1,35,000 4,35,000 1,33,000 3,02,000 | D-5 88,000
D-7
Roads (Balance)
Total 31,99,000 | 14,39,550 | 46,38,550 14,20,000 32,18,550 117,000
3,392,000

The total quantum of muck to be generated shall be 31.99 lakh m?, considering
45%, swelling factor, the total muck to be handled shall be 46.39 lakh m>. About
14.2 lakh m® of muck is proposed to be utilized. Thus, (46.39-14.2) 32.19 lakh m?

of muck needs to be disposed. The capacity of muck disposal sites is 32.82 lakh m>.
2-19
WAPCOS Limited



L&T Himachal Hydropower Limited EIA Report for Reoli Dugli HEP, Lahaul-Spiti, HP

Thus, capacity of muck disposal sites is sufficient to accommodate the muck
generated from the project.

Table 2.8: Muck Disposal Areas and Capacities

S. No. Disposal Site Capacity (cum)
1 D-1 :Near Dam Complex 307,000
2 D-2:Near Adit-2 535,000
3 D-3:Near Adit-2 107,000
4 D-4:Near Village Tindi (L/B) 447,000
5 D-5:Near Village Tindi (L/B) 117,000
6 D-6:Near Adit-3 14,000
7 D-7:Near Adit-4 1,777,000
8 D-8:Near VT,MAT/Powerhouse Complex 88,000
Total 3,392,000
Source: DPR

Quarries/Borrow Areas

On the basis of estimated quantities of concrete, shotcrete, SFRS and colcrete etc.
total requirement of aggregate (coarse and fine) would be around 8.02 lac only. To
be conservative and on safer side keeping the perspective of aggregate
rejection, losses etc. two quarries i.e. one near dam complex and another near
powerhouses complex, have been selected for production of aggregates. Detail of
quarry sites is given in Table-2.9.

Table 2.9: Details of quarry sites

S. No. Description Quantit
(lakh m?)
1. Quarry near dam (approx.3.5km u/s of dam site) 4.99
Quarry near powerhouse (approx.3 km d/s of powerhouse 7.14
Telecommunications

The different work sites, stores, workshop, office, colonies, police station,
hospital etc. should have a reliable telecommunication network, interconnected to
the existing telecommunication network of Himachal Pradesh. An electronic
exchange with a minimum capacity of 50 lines is proposed at the project site
during the construction stage. This internal system should be maintained by
Bharat Sanchar Nigam Limited to ensure reliable connectivity with the rest of the
country.

In addition to the above, a wireless VSAT system is also proposed as a standby
system for linking the project site with headquarters, procurement offices and
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regional offices.

After completion of the project construction, the telecommunication network is
proposed to be maintained to the extent necessary so as to provide a reliable
service during plant operation.

Domestic Water supply

There is no treated water supply source available near project site. For the
potable water supply to the main residential colonies, a water treatment plant of
sufficient capacity is proposed to be provided in the area earmarked for the main
colony complexes. The nearest water source/ nallah are proposed to be tapped.
For the office/field hostel/staff hostel complex packaged water treatment
plant is proposed to be provided. For labour/construction colonies, the
water sources at nallahs and various other small sources would serve the purpose
after providing suitable water treatment.

Sewage Treatment Plant

During the construction stage, for main colony complexes, it is proposed to
provide septic tanks with adequate capacities. The above system will facilitate
easy maintenance of the sewerage system. At a later stage, all these septic tanks
would be connected to a common sewer line leading to a sewage treatment plant
(STP) which shall be constructed catering adequate capacity.

Solid Waste Disposal

It is proposed to provide an incinerator of adequate capacity, away from the
residential colonies on the Right bank to incinerate the garbage/ rubbish.
Explosive Magazines

As per the construction programme, it has been estimated that 2 magazines of 20
MT capacities each, would be sufficient to meet the requirement. From security
point of view an integrated planning has been done. The area around the
building for explosive and detonators would be fenced and have a strong gate
which would be operated by the armed guard only. Adequate protection of the
building against lightening would also be provided as per IS: 2309.The Explosive
Rules of 1983 lay down that a safe distance of 303 m should exist from the
magazine structure of 20 MT capacity to any railway line or public road. It also

specifies that a safe distance of 605 m should exist from the magazine to any
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houses, dwellings, factories etc. As per investigations at site, the requirement of
605 m safe distance can be met.

2.8 CONSTRUCTION PHASE

The total period envisaged for construction of the proposed Reoli Dugli

Hydroelectric Project is 10 years (including 2 years for infrastructural works)
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CHAPTER-3
CONSTRUCTION METHODOLOGY

3.1 GENERAL

The project implementation schedules are drawn with a view to complete all the
works and commission the project in the shortest possible duration, so that the
construction cost in terms of IDC is minimum and the project benefits are
accrued early, Mechanized construction has been planned for all components
of the project to achieve consistent quality with faster progress. Construction
activities in different parts of the project will be so sequenced as to optimize the
use of construction equipment and machinery. Access to the various work sites
and all the basic infrastructure facilities will be provided in advance, before

taking up of the main civil structures.

Major assumption considered while making the construction methodology are as

below:

e Construction Period: 10 years (including 2 years for infrastructural works)

e Monsoon months - June - September

e Winter (non working months): November - April

e In a day, 20 hrs working is considered, whereas in a month 25 days

working is considered.
e Efficiency factor of all equipment is considered as 80%.

The methodology proposed to be adopted for construction of various project
appurtenances is summarized in the following sections:

3.2 CONSTRUCTION OF ADITS

Construction adits would be constructed to access the underground
construction sites, mainly the HRT at different locations, surge shaft, pressure
shaft and Power house. The details of Adits are given in Table-3.1.

Table-3.1: Details of Adits

List of Adits Length (in meters) Size

Construction adit 1 to HRT 265 6m x 7m
Construction adit 2 to HRT 344 6m x 7/m
Construction adit 3 to HRT 207 6m x 7/m
Construction adit 4 to HRT 144 6m x 7/m
Adit cum ventilation tunnel 329.6 6m x 7m
Adit to B/F valve chamber 366 8m x 8m
Adit to top of Transformer cavern | 100 6m x 7m
Adit to top of collection gallery 98 6m x 7m
Adit to top of surge shaft 338 6m x 7m
Adit to bottom of pressure shaft 431.5 6m x 7m
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The construction time required for any Adit would depend upon its length. It is
proposed to use modified D shaped section for the adits to have better head room
cover for the construction equipment.

Portal Construction

Any loose deposits/ vegetation above the tunnel portals would be removed
manually or mechanically and the tunnel face would be prepared for portal
construction by blasting. The entire portal will be completed in 1 month..

Tunnel Excavation

The Adit section would be excavated full face by the conventional drift and blast
method depending upon the classification of rock (except a small depth at the bed
to maintain a horizontal surface for traffic movement). Open cut excavation to
expose tunnel portals would be done. The tunnel excavation in all classes of rock
per month for Adits are given in Table-3.2.

Table-3.2 : Excavation advances in all classes of rock per month for Adits

Class Il Class lll Class IV Class V

Full Face Excavation 135 118.75 78.75 42.5

3.3 DIVERSION WORKS

To carry out the construction of the diversion structure i.e. the main dam, the
river would be diverted through two diversion tunnel of 10.5m dia Circular
shaped one on both right and left bank. Before the construction of the tunnel is
taken up, protective dykes/bunds opposite the inlet and outlet portals would be
constructed to keep out the river current.

Portal Construction

Any loose deposits/ vegetation above the tunnel portals would be removed
manually or mechanically and the tunnel face would be prepared for portal
construction by blasting. The entire portal will be completed in 1 month.

Tunnel Excavation

The Tunnel section would be excavated by Heading & Benching Method by the
conventional drift and blast method depending upon the classification of rock
(except a small depth at the bed to maintain a horizontal surface for traffic
movement). Open cut excavation to expose tunnel portals would be done. The
time required to excavate 444 m long diversion tunnel shall be 6.1 months

3-2
WAPCOS Limited



L&T Himachal Hydropower Limited EIA Report for Reoli Dugli HEP, Lahaul-Spiti, HP

(Considering benching will follow heading after 100 m and will be done 1 month
after the Heading), 6.0 months with two set of equipment for two tunnels.

3.4 CONCRETING OF DIVERSION TUNNEL

The concreting of the overt is proposed to be done with 12m long collapsible
hydraulic gantry. It would move over rail track mounted over concrete beams at
the correct location and grade.

The hydraulic system of the gantry would be used to adjust its leaves at the
required location. After the profile is checked for the correctness, the bulk head to
close the gap between the gantry and the rock would be built in place with timber
planks.

Concrete pump of 25 cum per hour capacity (effective output of 16 cum/hr,
considering

63% efficiency) would be deployed. Transit mixer of 4 cum capacity would feed
concrete to the pump for placement behind the gantry. Care would be taken
to keep the level of concrete on both the left and right sides of the gantry at the
same level to avoid differential pressure from being created on the gantry.
Vibration of the concrete would be carried out with immersion vibrators through
the placement ports, while shutter vibrators fixed on the gantry would also be
used.

After the placement of the block is over, it would be allowed to set for 24 hours.
The gantry would be retracted, cleaned and oiled and shifted to the next block.
Two Gantries with one Traveller will be used for Concrete Lining to reduce the
duration of

Lining

3.5 RIVER DIVERSION

After the completion of the diversion tunnels and the concreting of the inlet
and outlet areas, the diversion of the river would be effected.

The downstream and upstream guide bunds would be breached to allow the river
water to flow into the tunnel. Simultaneously muck would be dumped in the
river in a way so as to deflect the river current into the tunnel mouth. This
diversion dyke would be strengthen so that it remains in position till the
completion of the coffer dams.

The diversion tunnel is planned to be completed in one season to facilitate the
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excavation of Dam foundation and its concreting up to river bed level.

3.6 COFFER DAMS

After the diversion of the river, the construction of the upstream and
downstream coffer dams would be taken up. Construction of coffer dam with the
placement quantity of around

14625 cum concrete for Upstream and Downstream Cofferdams shall be carried
out in a period of 2 months including excavation, grouting etc. It is proposed to
utilize the usable excavated muck from the Diversion tunnel as well as
abutment excavation in the construction of coffer dam.

The height of the cofferdam will vary based on the river bed. The central hearting
zone will be formed with concrete. The top of the hearting zone will be 1m below
the top level of the cofferdam. The Concrete will be overlaid with M 20
concrete. A concrete key of thickness 2.5m and depth 4.5m has also been
proposed at the end of the concrete block.

3.7 DAM

The diversion structure would comprise of a concrete gravity dam 79 m high and
having the deepest foundation at EL 2407m. The length at the top and width at the
bottom would be about 124m and 78 m respectively.

The dam would comprise of two sections viz. the overflow and the non-
overflow sections. The overflow section would be 76.5 m wide and would have 5
sluice bays.

The spillway openings would be of 8.3m width and 13.1m height. The opening
would be operated by radial gates. The crest elevation of the spillway would be
at EL 2446 m. The dam body would have various galleries at different level for
varied functions.

A gantry crane would be mounted on the dam top to handle the stop logs to close
the spillway opening for maintenance of radial gates. The stop logs would be
stored in the dam top in spaces created for storage.

Cofferdams and Diversion tunnels are designed to carry the monsoon floods and
hence excavation and concrete work will be done during monsoon season also.
Excavation of Dam Foundation

As soon the access to the dam top is available, the excavation of the dam

abutments would be started from the top level, on both the left and the right
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sides. The overburden over the rock strata would be removed mostly without
blasting, while some rock excavation would have to be done to strip off the
incompetent rock zones and expose sound bed rock. The rock face so exposed
would be provided a protection coat of shotcrete and rock bolting would also
be resorted to prevent damage due to sliding and weathering. This activity of

protection of slopes would be carried out concurrently with a safe space lag.

Methodology

The quantity of excavation for the dam is estimated as below:
e Above EL 2432 on both banks = 2,00,137 Cum
e Below EL 2432 including river bed = 1,90,000 Cum

a. Excavation above EL 2432

The excavated profile of the dam foundation would be achieved by cutting the
earth rock in slopes and benches. The excavation/stripping of the left and right
abutment would be taken up ahead of the diversion of the river.

Excavation of both the abutments would be carried out up to EL 2432 before the
diversion of the river is achieved. After the river diversion, the excavation below
EL 2432 including the river bed would be done. The overburden/loose mass
would be removed either by dislodging it with the help of bulldozers and then
loading it in rear end dumpers or alternatively by excavating and loading directly
with hydraulic shovel excavators, if feasible. Hydraulic excavator of 1.84 cum
bucket capacity and 25 T rear end dumpers would carry out the mucking,
assisted by 180 HP bulldozers.

Controlled drilling and blasting of the weathered rock shall be adopted to expose
the sound bed rock.

b. Excavation below EL 2432

Excavation below EL 2432 would be done after river is diverted. This activity is
planned to be started parallel to construction of coffer dams and starting
immediately after non-working season. The total quantity of excavation
(including plunge pool area) involved would be around 190,000 cum.

Attempt would be to quickly expose the bed rock, carry out the foundation
treatment and place concrete up to river bed elevation before the onset of next

non-working season.
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The excavation potential of one fleet is of the order of 29000 cum per month and
with the second fleet it would go up to 58000 cum per month. The excavation
quantity of 100000 cum up to the dam foundation would be completed in about
two months’ time. Thereafter, the foundation treatment would be taken up.

The balance quantity of bed excavation of about 90000 cum for the plunge pool
would be taken up in the subsequent lean season.

c. Drainage and Dewatering

After the excavation of the pit is done, two dewatering sumps of adequate
capacity, one each on the upstream and downstream ends of the pit at deepest
foundation level would be constructed. These sumps would dewater the surface
precipitation as well as any seepage water finding its way into the pit. A battery of
high capacity of pumps would be installed to dewater the dam pit. Attempts
would be made to lead away surface run-off of the area above the pit level, to
avoid its pumping out.

3.8 CONCRETING OF THE MAIN DAM

a. Foundation Treatment

As and when the final level of the dam pit is achieved, manpower and equipment
would be deployed to start the removal of loose muck or incompetent rock
pockets. Dental treatment of joints appearing in the foundation would be carried
out as per standard practices. Thereafter the cleaned rock surface would be
covered with a thin layer of concrete over which the body of dam would be built
block by block. The expected time to complete the foundation treatment is 1
month.

Drilling of grouting of the foundation would be done and grouting carried
out simultaneously. On completing the foundation treatment and grouting, the
first layer of structural concrete would be laid block wise.

b. Concrete Placement Methodology

The placement of concrete of the dam body is proposed to be carried out with
tower cranes of 50m jib length capable of lifting 10 MT at the end. Two cranes,
one on the upstream and the other on the downstream of the river bed are
proposed to be located at EL 2407. Concrete would be carried in transit mixers of
6 cum capacity and transferred to concrete buckets of 3 cum capacity which would

be lifted by the cranes for delivering at the desired location. To cover the entire
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width of the dam, both the cranes would travel on tracks.

Stage-l Concreting

After the foundation treatment is over, concrete placement would be taken up. In
the first season of placement i.e. in Stage |, 112500 cum of concrete is expected
to be placed. Stage-l concreting will be done till EL 2432 and duration for Stage-I
Concrete (112500/22500) 5 months.

Stage-Il Concreting

For Stage Il Concreting, the tracks of crane would be laid at different locations as
per requirement. Both the cranes would be mounted on tracks this time also
because they would be required to reach out the downstream edge of the dam.
Concreting with the track mounted cranes would be done up to EL 2446.
Thereafter, tracks would be dismantled and the cranes would be stationed at one
location. Longitudinal movement of the cranes would not be required at the
stage. Concreting done after this would embed the vertical masts of the
cranes which would be sacrificed. After the concreting reaches the top of the
dam, the crane booms would be dismantled and the job completed. The balance
quantity of concrete after Stage | placement would be around 151900 cum.

During the second phase above EL 2432 the, the activity of installing various
embedment for reinforcement and mechanical parts would also be required
to be done concurrently. Allowing efficiency of 75% during second stage
placement, monthly rate of concrete placement is adopted as 22500 x 0.75 = 16875
cum (say). Concreting in the second stage is expected to be finished in
(151900/16875) 9 months.

The plunge pool excavation and concreting of the river bed downstream of the
dam would be taken up in subsequent lean season and could be completed
simultaneously with dam Stage Il concreting.

Transit mixers of 6 cum capacity would be deployed to transport concrete from the
batching and mixing plants to the location where they would off load the
concrete into 3 cum buckets.

3.9 POWER INTAKE

The Intake structure has been located on the left bank with its crest invert at

EL 2462.9. The Intake is located approx. 15 m upstream of dam axis.
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a) Open Cut Excavation

The open cut excavation of the intake bench would be taken up parallel to left
bank dam excavation as the road to dam top shall be extended to Intake Area
to start slop cutting from top. The total quantity of excavation including rock and
overburden material is 75681 cum. Excavation shall be taken up from the top of
the cut by removing loose deposits/overburden with bulldozers and removing
the muck with 1.84 cum capacity hydraulic shovel and 25 T dumpers. With a
progress rate of 38000 cum the open cut excavation of the intake bench would be
completed in two month time.

b) Portals Construction

The construction of the portals (one for each feeder tunnels) would be taken up
thereafter. Time for construction of portals for both tunnels would be one month.
c) Tunnels Construction

Once the portals are ready, full face controlled blasting of the tunnel face
would be taken up. Two tunnels of 7.4 meter diameter would be constructed full
face. Double boom jumbos would be deployed for drilling the holes for blasting.
Mucking would be carried by 1.7 cum capacity front end loaders and 10 T tippers.
Roof support will be provided by installing rock bolts as per design drawing
followed by a layer of shotcrete.

d) Concreting of Intake Structure

Concreting of Intake Structure shall be taken up after the excavation and
concreting of the feeder tunnels. The total volume of concrete in Intake Structure
is 32000 cum.

Concrete will be transported from the batching plant with the help of transit
mixers and pumped to the required location with the help of concrete pumps.

Wall formwork will be mobilized for the construction of inlet structure. Heavy
Duty staging will be erected adjoining the inlet structure to act as a support
for the pipeline of the concrete pump. The Inlet structure will be concreted in
lifts of 2.4m.

Considering, 12 hours of concreting every fourth day using 20 cum/hr pump.
Concrete Quantity per month (26/4*12*20) 1560 cum per month.
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3.10 HEADRACE TUNNEL

One head race tunnel 11561 m long and having 10.4 m finished diameter,
circular shaped will be constructed to carry a design discharge of 353.5 cumec to
the underground power house for generation of power. As the rock quality in most
of the reach is good 60% lining and 40% unlined sections are planned for Head
Race Tunnel.

As per Geological Report for Head Race Tunnel, 75% of rock is Good/Fair, 15% is
Poor and 10% is Poor and all unlined section are at Good/Fair stretch only.

Intake Tunnel

Two number of Intake Tunnel will be constructed of 7.4 m finished diameter and
with average length of 84 m and 97m respectively.

Excavation of Intake Tunnel shall be done from Construction Adit 1 after Head
Race Tunnel at D/s of Construction Adit 1 is completed and same set of
equipment will be utilized for both the tunnels consecutively. Full Face
excavation will be carried out for both the tunnels and both tunnels shall take one
month respectively.

Duration of one month is also considered for Lining of both the face, 12m gantry
with one traveler will be mobilized. Concrete Lining of both the tunnels shall be
done consecutively.

Surge Shaft

One underground Surge shaft is foreseen for Reoli Dugli HEP. It is 122m high with
35m circular finished diameter and restricted orifice type (5.0 m finished
diameter); thickness of lining varies between 2m at bottom to 0.7m at top. An
access adit to the top of Surge Shaft is proposed as shown in the general layout
drawing.

Excavation of Surge Shaft

The Surge shaft shall be excavated full face by sinking top to bottom, however
the area of the excavation shall be divided into half to reduce the time cycle and
execute the activities in parallel. After excavation, muck will be lowered
through Pilot hole and will be disposed from Construction Adit-4 to HRT to the
dumping yard.

SFRS, rock anchors, ribs installation and backfilling will be executed layer by layer

during excavation and according to the rock quality. The excavation progress of
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one meter for surge shaft

Surge Shaft Lining

Lining is proposed by means of slip form; concrete placing is envisaged with

concrete pump which will be fed by concrete mixers.

Once excavation is completed one month is envisaged to install a full section slip

form with working platform and concrete distribution arrangement; after slip form

erection concrete lining for Surge Shaft begins and a conservative progress of 2

m/day is foreseen in the construction schedule. So the lining of the Surge Shaft will

take 6 months.

Pressure Shaft

Two pressure shafts of 6.1m finished dia. emerges out of the surge shaft

bottom at EL

2426.75. Thickness of backfill concrete is 750mm. The profile of the pressure shaft

is described hereunder:

o Two horizontal limb, 85m long from the bottom of surge shaft

o One Butterfly Valve Chamber (56.5mx12mx21m)

. Two drop shaft of 6.1m finished diameter 100m deep

o Two bottom horizontal limb, 50m long 6.1m finished diameter

) Two branch tunnels, bifurcate from one bottom horizontal limb each
makes four pressure shafts of 4.3 m finished diameter

Approaches to the Pressure Shafts:

o Adit to top of Butterfly Valve Chamber and Pressure Shaft Erection Chamber

. Adit to bottom of Pressure Shaft

3.11 POWERHOUSE

An underground power house is foreseen for Reoli Dugli HEP with installed

capacity of 4 units of 105 MW each. The size of power house is 161m(L)x 23m(W)x

52.2m (H).

Following Access are foreseen in powerhouse area complex:

o Construction Adit cum Ventillation Tunnel (324m) at top of Power House
) Main Access Tunnel (424m) at Machine Hall Level
o Construction Adit cum Ventillation Tunnel at top of Transformer Hall
o Transformer Hall Connection Tunnel
J Cable and Ventilation Tunnel
3-10
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The power house cavern will be reached at three levels i.e.

o At crown level through Construction Adit cum Ventilation Tunnel
o At service bay level through permanent Main Access Tunnel
o At draft tube level through tail race tunnels

Power House Concreting

Power house first stage construction usually is not controlled by the volume of
concrete to be placed but by formwork and reinforcing steel fixing operations.
Concrete placing will be done mainly with concrete pump or concrete bucket

handled by EOT crane. The total volume is about 30,000 cum. The construction

sequence of 1St and 2nd stage concrete in power house is detailed in the
construction schedule

Work will start from service bay and draft tube level of Unit 1, service bay columns
will be completed at the earliest to allow for EOT crane erection; 2 months are
foreseen for its erection. Power House first stage concrete will start after the EOT
crane installation. This crane will be utilized for erection of draft tube lining as
well as for concrete and formwork activities during the entire construction period
of the Power House.

Power House second stage construction is controlled by the E&M erection phases;
in this stage concrete placing will take place as soon as the erection of the various
components of the machine is completed and the area is made free from concrete
embedment.

Simultaneously slab formwork and pouring for different floors will be carried out to
build the offices and galleries as well as the control room. Architectural works and
finishing will be carried out in parallel to E&M works.

Transformer Hall Cavern Construction

The size of the transformer hall is 150m (L)x 16m(W)x 26.5m (H). It is
foreseen to be reached at two levels i.e. at crown level through Construction
Adit cum ventilation tunnel and at service bay level of transformer hall through
Main Access Tunnel.

Bus duct tunnel excavation

Bus tunnels have the invert level at EL 2335; when transformer hall cavern

excavation will reach this elevation the bus tunnel excavation can be undertaken.
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Collection Gallery

The size of the collection gallery is 95m (L) x 14m (W) x 43.2m. The excavation of
collection gallery will be undertaken by first constructing an adit branching out
from the Main Access tunnel to the collection gallery.

3.12 TAILRACE TUNNEL

One Tailrace Tunnel 10.5m dia, 246.4 m length is envisaged for Reoli Dugli HEP.
One month is envisaged for portal excavation and consolidation before the TRT
excavation begins. Four TRTs of 7m diameter, circular shape is proposed starting
from the power house, each of length 79.4 meters meeting the draft tube gate at
collection gallery at invert EL 2317.30.

TRT Concrete Lining

The concreting of the overt is proposed to be done with 12m long collapsible
hydraulic gantry, as proposed for diversion tunnel. Two Gantries with one Traveller
will be used for Concrete Lining (same as Diversion Tunnel with small modification)
to reduce the duration of Lining. Same methodology as adopted in Diversion Tunnel
will be adopted for concreting of Tail Race Tunnel.

As calculated for Diversion Tunnel Concreting, with two gantry and one traveler,
advance per month will be 233m, and invert concreting will be done part in
parallel and part in series. Concrete Lining of TRT shall be completed in two

months.
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CHAPTER-4

METHODOLOGY ADOPTED FOR THE EIA STUDY
4.1 INTRODUCTION
Standard methodologies of Environment Impact Assessment have been followed for
conducting the CEIA study for the proposed Reoli Dugli hydroelectric project. A
brief description of the methodology adopted for conducting the CEIA study for the
proposed Reoli Dugli hydroelectric project is outlined in the present chapter. The
information in this Chapter has been presented through various primary as well as
secondary sources.
4.2 STUDY AREA
The Study Area considered for the CEIA study is given as below:

Submergence area

Area within 10 km of the periphery of the submergence area
Area to be acquired for siting of various project appurtenances.
Area within 10 km of various project appurtenances

Catchment area intercepted at the dam site

The FCC of the Study Area is enclosed as Figure-4.1.
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4.3 SCOPING MATRIX

Scoping is a tool which gives direction for selection of impacts due to the project
activities on the environment. As a part of the study, scoping exercise was
conducted selecting various types of impacts which can accrue due to
hydroelectric project. Based on the project features, site conditions, various
parameters to be covered as a part of the EIA study were selected. The results of
Scoping analysis are presented in Table-4.1.

Table-4.1: Scoping Matrix for EIA study for the proposed Reoli Dugli
Hydroelectric Project

Aspects of Environment | Likely Impacts
A. Land Environment
Construction phase - Increase in soil erosion from
various construction and quarry
sites

- Pollution by construction spoils

- Acquisition of land for labour
camps/ colonies

- Solid waste generated from labour
camps/colonies

Operation phase - Acquisition of land for various
project appurtenances

- Loss of forest land
due to acquisition of land for
various project appurtenances

B. Water resources & water quality

Construction phase - Impact on water quality of
receiving water body due to
disposal of runoff from construction
Sites carrying high sediment level.

- Degradation of water quality due to
disposal of effluent from labour,
camps/colonies

Operation phase - Modification of hydrologic regime
due to diversion of water for
hydropower generation

C. Aquatic Ecology

Construction phase - Increased pressure on riverine
fisheries as a result of
indiscriminate fishing by the
Immigrant labour population.

- Reduced productivity due to
increase in turbidity levels as a
result of disposed off waste water
from construction sites and labour
Camps/colonies.
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Aspects of Environment

Likely Impacts

Operation phase

- Impacts on spawning & breeding
grounds in the stretch downstream
of dam site to Tail race disposal site.

- Degradation of riverine ecology

- Impacts on migratory fish species

- Impact on aquatic ecology due to
reduction in flow downstream of the
dam site upto tail race disposal site.

D. Terrestrial Ecology

Construction phase

- Increased pressure from labour to
meet their fuel wood requirements
during project construction phase

- Adverse impacts on flora and fauna
due to increased accessibility in the
area and increased level of human
interferences

- Loss of forest due to siting of various

project appurtenances

Operation phase

Impacts on wildlife movement due to
the project
- Impacts on wildlife habitats due to
Acquisition of forest land for various
project appurtenances.

E. Socio-Economic Aspects

Construction phase

Increased employment potential
during project construction phase
Development of allied sectors
leading to greater employment
Pressure on existing infrastructure
Facilities.
- Cultural conflicts and law and order
issues due to migration of labour
population

Operation phase

Loss of community properties, if any
Impacts on archaeological and
cultural monuments, if any

Impacts on mineral reserves, if any

F. Air Pollution

Construction Phase

- Impacts due to emission as a result of
fuel combustion in various
construction equipment

- Impacts due to emission as a result of
increased vehicular movement for
transportation of men and material
during project construction phase

- Fugitive envisions from various
sources

Impacts due to emissions from DG set

WAPCOS Limited
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Aspects of Environment Likely Impacts
G. Noise Pollution -
Construction Phase - Noise due to operation of various

construction equipment

- Noise due to increased vehicular
movement

- Impacts due to blasting

- Increased noise levels due to
operation of DG set

H. Public Health -

Construction Phase - Increased incidence of water related
diseases

- Transmission of diseases by immigrant
labour population

Operation phase - Increased incidence of vector- borne
diseases

Based on the Scoping matrix, the environmental baseline data has been collected.
The project details have been superimposed on environmental baseline conditions
to understand the beneficial and deleterious impacts due to the construction and
operation of the proposed Reoli Dugli hydroelectric project.

4.4 DATA COLLECTION

4.4.1 Physico-Chemical Aspects

Primary surveys have been conducted for three seasons namely, monsoon, post-
monsoon and pre-monsoon seasons. The data has been collected for flora, fauna,
forest types and ecological parameters, geological and soil features. During these
surveys data and information was collected on physico-chemical, biological and
socio-economic aspects of the study area. In addition, detailed surveys and studies
were also conducted for understanding bio-diversity in the study area.

As a part of the EIA study, primary data has been collected for three seasons. The
details are given in Table-4.2.

Table-4.2: Details of field studies conducted as a part of CEIA studies

Season Months

Summer June, 2013

Monsoon September, 2013
Winter February-March, 2014
Geology

The regional geology around the project area highlighting geology, stratigraphy,
etc. has been covered in the EIA Report, as per the available information in the

Detailed Project Report (DPR) of the project.
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Hydrology

Hydrological data for river Chenab as available in the Detailed Project Report was
collected and has been suitably incorporated in the Comprehensive EIA study.
Seismo-tectonics

The regional seismo-tectonics around the project area highlighting seismicity has
been covered in the EIA Report, as per the available information in the Detailed
Project Report (DPR) of the project.

Landuse pattern

Landuse pattern of the study area as well as the catchment area was carried out
by standard methods of analysis of remotely sensed data and followed by ground
truth collection and interpretation of satellite data. For this purpose digital
satellite data was procured from National Remote Sensing Agency, Hyderabad, IRS-
Pé6 LISS-IV. The data was processed through ERDAS software package available with
WAPCOS.

Soil

The soil quality was monitored at various locations in the catchment area. The
monitoring was conducted for three seasons as detailed in Table-4.2. The
parameters monitored were:

pH

Electrical Conductivity

Organic Matter

Sodium

Available Phosphorus

Available Potassium

Available Nitrogen

Cation Exchange Capacity

Particle Size Distribution
e Texture

Water Quality

The existing data on water quality has been collected to evaluate river water

quality on upstream and downstream of the project site. The water quality was
monitored for various seasons as listed in Table-4.2. The water samples were
collected from the study area and analyzed for various physico-chemical

parameters, listed in Table-4.3.

4-5
WAPCOS Limited



L&T Himachal Hydropower Limited

EIA Report for Reoli Dugli HEP, Lahaul-Spiti, HP

Table-4.3: Water quality parameters analyzed as a part of the field studies

pH Zinc
Electrical Conductivity Mercury
Total Dissolved Solids Cadmium
Sulphates Magnesium
Chlorides Lead
Nitrates Manganese
Phosphates Cyanides
Sodium Hardness
Potassium DO

Calcium BOD

Copper COD

Iron Oil & grease
Total Coliform Fecal Coliform

Ambient air quality

The ambient air quality was monitored at three locations in the study area.
Monitoring was conducted for three seasons as listed in Table-4.2. The frequency
of monitoring for each season was twice a week for four consecutive weeks. The
parameters monitored were Respirable Particulate Matter (RPM), Sulphur-dioxide
(507) and Nitrogen di-oxides (NO;).

Ambient Noise level

As a part of the EIA study noise level was monitored at various locations in the
study area. Monitoring was conducted for various seasons as listed in Table-4.2. At
each station, hourly noise level was monitored during day time. Further day time
equivalent noise level was estimated.

4.4.2 Ecological Aspects

Terrestrial Ecology

Flora

Data on forest type legal status and their extent in the catchment and study area
has been collected from the forest department. The other relevant data on bio-
diversity economically important species, medicinal plant, rare and endangered
species in the study area and its surroundings have been collected from secondary
sources like Forest research institute and wildlife department. In addition field
studies were conducted to collect data on various aspects in the study area. The
sampling sites were selected based on topography and floristic composition. The
various aspects studied were floral density frequency and abundance of species of

trees, shrubs, herbs and grasses. Plants of economical species and medicinal use
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and endangered species were also identified as a part of the study. The monitoring
was conducted for various seasons listed in Table-4.2.

Fauna

The faunal assessment has been done on the basis secondary data collected from
different government offices like forest department, wildlife department, fisheries
department, etc. The presence of wildlife was also confirmed from the local
inhabitants depending on the animal sightings and the frequency of their visits in
the catchment area. In addition review of secondary data was another source of
information for studying the fauna of the area. In addition, sightings of faunal
population during ecological survey and then field studies were also recorded as a
part of the data collection exercise.

Aquatic Ecology and Fisheries

Water samples from river Chenab were also collected as a part of field studies.
The density and diversity of periphyton and phytoplankton’s, species diversity
index and primary productivity etc. were also studied. The field studies were
conducted for various seasons as listed in Table-4.2.

The secondary data pertaining to fisheries in river Chenab was collected from
Fisheries Department and through literature review as well. Fishing was done at
various sites in the project area and river stretches both upstream and downstream
of the dam site of proposed Reoli Dugli hydroelectric project to ascertain the
dispersal pattern of fish species. Identification and measurements of all the fish
catch was done and an inventory of the fish species was also prepared. Various
migratory species and the species to be affected due to conversion of lentic to
lotic conditions as a result of commissioning of the proposed project were also
identified.
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SUMMARY OF DATA COLLECTION

The summary of the data collected from various sources is outlined in Table-4.4.

Table-4.4: Summary of data collected for the Comprehensive EIA study

Aspect Mode of | Parameters Frequency | Source
Data monitored
collection
Meteorology Secondary Temperature, |- India Meteorological
humidity, Department (IMD)
rainfall
Water Secondary Flow, Design | - Detailed Project
Resources hydrograph and Report (DPR)
design flood
hydrograph
Water Quality | Primary Physico- Three Field studies for
chemical and seasons summer, monsoon,
biological and winter seasons
parameters
Ambient  air | Primary RPM, SPM, SO,, | Three Field studies for
quality NOx seasons summer, monsoon,
and winter seasons
Noise Primary Hourly  noise | Three Field studies for
and equivalent | seasons summer, monsoon,
noise level and winter seasons
Landuse Primary and | Land use | - NRSA and
secondary pattern Ground truth
Studies
Geology Secondary Geological - Detailed Project
characteristics Report (DPR)
of the study
area
Soils Physico- Three Field studies for
chemical seasons summer, monsoon,
parameters and winter seasons
Terrestrial Primary and | Floral and | Three Field studies for
Ecology secondary faunal diversity | seasons summer, monsoon,
and winter seasons
Secondary data as
available with the
Forest and Wildlife
Departments
Aquatic Primary and | Presence and | Three Field studies for
Ecology Secondary abundance of | seasons summer, monsoon,

various species

and winter seasons
Secondary data as
available with the
Fisheries Department

WAPCOS Limited
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4.6 IMPACT PREDICTION

Prediction is essentially a process to forecast the future environmental conditions
of the project area that might be expected to occur because of implementation of
the project. An attempt was generally made to forecast future environmental
conditions quantitatively to the extent possible. But for certain parameters, which
cannot be quantified, general approach has been adopted to discuss such
intangible impacts in qualitative terms so that planners and decision-makers are
aware of their existence as well as their possible implications. Impact of project
activities has been predicted using mathematical models and overlay technique
(super-imposition of activity on environmental parameter). For intangible impacts
qualitative assessment has been done. The environmental impacts predicted are
listed as below:

- Loss of land.
Impacts on hydrologic regime.
Impacts on water quality.
Increase in incidence of water-related diseases including water-borne and
vector-borne diseases.
Effect on riverine fisheries including migratory fish species.

- Increase in air pollution and noise level during project construction phase

- Impacts due to sewage generation from labour camps

- Impacts due to acquisition of forest land

- Impacts due to increase in terrestrial and aquatic ecology due to increased
human interferences during project construction and operation phases

4.7 ENVIRONMENTAL MANAGEMENT PLAN AND COST ESTIMATES

Based on the environmental baseline conditions and project inputs, the adverse
impacts were identified and a set of measures have been suggested as a part of
Environmental Management Plan (EMP) for their amelioration. The management
measures have been suggested for the following aspects:

Compensatory afforestation

Establishment of Botanical Garden

Habitat improvement for avi-fauna

Afforestation in degraded areas

Conservation and cultivation of Medicinal Plants

Anti-poaching measures

Provision of facilities in labour camps (Heating, Water Supply, Sanitation &
Sewage Treatment Facilities, Solid Waste Management )
Provision of free fuel to labour population

e Public health delivery system

e Restoration of quarry sites and landscaping of construction sites
4-9
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Disposal of Muck and Reclamation of Muck Disposal Sites
Management of Impact due to construction of road
Water pollution control, Control of Air Pollution
Measures for noise control

Greenbelt development plan

Energy Conservation measures

Catchment Area Treatment

Release of Environmental Flows

Fisheries Management Plan

The expenditure required for implementation of these management measures

has also been estimated as a part of the EMP study.

4.8 CATCHMENT AREA TREATMENT PLAN

As a part of the CEIA study, a catchment area treatment plan for the catchment
area intercepted at the project site has been formulated. An amount of 2.5% of
the project cost has been earmarked for implementation of CAT Plan. Various sub-
watersheds have been categorized into different erosion categories, as per Silt
Yield Index (SYI) method. For high and very high erosion categories, a catchment
area treatment plan comprising of engineering and biological measures has been
formulated.

4.9 LOCAL AREA DEVELOPMENT PLAN

As a part of the CEIA Study, a Local Area Development Plan (LADP) has been
formulated for implementation in study area villages. An amount of 1.5% of the
project cost has been earmarked for implementation of Local Area Development
Plan (LADP).

4.10 ENVIRONMENTAL MONITORING PROGRAMME

It is necessary to continue monitoring of certain parameters to verify the adequacy
of various measures outlined in the Environmental Management Plan (EMP) and to
assess the implementation of mitigative measures. An Environmental Monitoring
Programme for critical parameters has been suggested for implementation during
project construction and operation phases. The cost required for implementation

of Environmental Monitoring Programme has also been indicated.

4-10
WAPCOS Limited



CHAPTER-5
HYDROLOGY




L&T Himachal Hydropower Limited EIA Report for Reoli Dugli HEP, Lahaul-Spiti, HP

CHAPTER-5

HYDROLOGY
5.1 CHENAB RIVER SYSTEMS
The river Chenab on which Reoli Dugli Hydroelectric Project is proposed to be
located is one of the five major rivers of the great Indus river system. The Chenab
River originates from the snow covered slopes of Great Himalayas in district Lahaul
& Spiti and flows through steep gradient with series of loops and bends. In its
upper reaches, it is also known as the Chandrabhaga. In India, Chenab basin
spreads over two states namely Himachal Pradesh and Jammu & Kashmir which
comprise of the extreme western sector of the Himalayas. The Chenab River is
formed by two major tributaries in the head reach namely Chandra and Bhaga
rivers. The Chandra River originates from Baralacha La at an elevation of about
4950 m above sea level and is augmented by Chandra Tal. The Bhaga River rises in
the north-western slopes of Baralacha pass and is further joined by Jhankar and
Millang nalas in the head reach. The Chandra River comes forming a loop changing
the course from southerly to westerly and then to north westerly direction and the
Bhaga River comes descending in direct westerly course. The important places in
this reach are Koksar on Chandra River and Keylong on Bhaga River. The Chandra
and Bhaga rivers confluence at Tandi (EL 2820 m) south of Keylong, the district
headquarters of Lahaul and Spiti in Himachal Pradesh. These two streams, after
meeting at Tandi in Lahaul Valley, form the Chandrabhaga River which flows
forward through the Pangi valley towards Kashmir.
Downstream of Tandi, the Chandrabhaga River continues to flow in the north
westerly direction when it meets its first major tributary, Miyar Nala on its right
(EL 2590 m) at Udaipur. It is later joined by Sach Nala on its right which drains a
catchment area of 690 sq. km and keeps flowing in this northerly direction till it is
joined by Lujai Nala.
After a short journey from the confluence of Lujai Nala, it enters the Paddar area
of Kishtwar district of Jammu and Kashmir state at EL 1980 m.
About 60% of catchment area at Project site remains perpetually covered by snow
and glaciers and the comparatively high flows between March to June are largely

contributed by snow melting. High discharge in the river between July to

5-1
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September is further compounded due to monsoon precipitation. The minimum
flow occurs during the months of December, January and February.

5.2 CATCHMENT AND PHYSIOGRAPHIC PARAMETERS

The Reoli Dugli HE project is proposed on river Chenab in Himachal Pradesh. The
project is located about 25 km downstream of Udaipur G&D site (Latitude:
32°43’45”N, Longitude: 76°39’ E). The substantial part of project catchment is
snowfed with elevation greater than 4500 m. The physiographic parameters of the
project catchment and Udaipur G&D site have been estimated using the GIS and
remote sensing techniques. The catchment area of the project, longest flow path,
centroid, centroidal flow path and equivalent stream slope has been estimated by
GIS processing of SRTM digital elevation model namely srtm_52_06 on Arc GIS 9.3.
The cumulative hypsometric curve for the project catchment has been developed
using ILWIS 3.7. The estimated physiographic parameters are given in Table 5.1.

Table 5.1 Physiographic Parameters of Reoli DugliHEP site and Udaipur G&D site

Reoli Dugli HEP Site

Total catchment area 6155 sq.km

Snowfed catchment area (for 3904 sq.km (63.42% of total catchment
Permanent snow line at area)

EL4500m)

Longest flow path (L) 180.61 km

Centroidal flow path (Lc) 58.94 km

Equivalent stream slope (S) 9.38 m/km

Udaipur G&D Site

Total catchment area 5910 sq.km

Snowfed catchment area 3860 sq.km (65.31% of total catchment area)

Source : DPR

The catchment area intercepted upto dam site is 6155 sq.km, of which 3904 sq.km
is snow fed. Thus, about 63.42% of total catchment area is snow fed. The
physiographic maps of catchment up to Reoli Dugli HEP site and Udaipur G&D site
are shown in Figures 5.1 and 5.2 respectively.

5.3 HYPSOMETRIC CURVE

The hypsometric details of the catchment up to Udaipur G&D site as well as Reoli
Dugli dam site are given in Figures 5.3 and 5.4 respectively and Tables 5.2 and

5.3 respectively.

5-2
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Figure - 5.1 Physiographic Map of catchment up to Reoli Dugli HEP site
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Hypsometric curve at Udaipur G&D site
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Figure- 5.3: Hypsometric Curve at Udaipur G&D site
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Table-5.2 - Hypsometric details at Udaipur G&D site

Elevation (m) Cumulative Area below Cumulative Percentage of
elevation (sq.km) total area
2611 0.01 0
2700 7.04 0.12
2800 21.08 0.36
2900 46.76 0.79
3000 102.04 1.73
3100 163.30 2.76
3200 229.62 3.89
3300 297.63 5.04
3400 370.70 6.27
3500 451.99 7.65
3600 535.99 9.07
3700 631.91 10.69
3800 743.44 12.58
3900 873.87 14.79
4000 1023.61 17.32
4100 1190.68 20.15
4200 1374.76 23.26
4300 1574.62 26.64
4400 1797.14 30.41
4500 2049.66 34.68
4600 2316.57 39.2
4700 2595.52 43.92
4800 2897.54 49.03
4900 3227.56 54.61
5000 3580.14 60.58
5100 3947.45 66.79
5200 4333.97 73.33
5300 4717.08 79.82
5400 5074.54 85.86
5500 5378.52 91.01
5600 5603.30 94.81
5700 5747.27 97.25
5800 5830.43 98.65
5900 5876.44 99.43
6000 5898.20 99.8
6100 5906.56 99.94
6200 5909.33 99.99
6294 5909.99 100
Source: DPR
5-6
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Figure- 5.4: Hypsometric Curve at Reoli Dugli HEP site
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Table-5.3 Hypsometric details at Reoli Dugli HE Project site

Elevation (m)

Cumulative Area below elevation (sq.km)

Cumulative percentage

2432 0 0
2600 29.51 0.48
2800 65.65 1.07
3000 162.49 2.64
3200 306.11 4.97
3400 465.35 7.56
3600 647.90 10.53
3800 873.88 14.2
4000 1171.90 19.04
4200 1545.02 25.1
4400 1990.67 32.34
4500 2251.50 36.58
4600 2526.73 41.05
4800 3122.77 50.74
5000 3815.33 61.99
5200 4574.57 74.32
5400 5317.92 86.4
5600 5848.11 95.01
5800 6075.47 98.71
6000 6143.27 99.81
6200 6154.40 99.99
6294 6155.06 100
Source: DPR

5.4 GAUGE & DISCHARGE DATA
A brief summary of G&D data availability status of Chenab (Chandrabhaga) Basin

with respect to Reoli Dugli HEP is given in Table-5.4. These G&D sites have been

established and maintained by Central Water Commission (CWC).

Table-5.4: Details of G&D Sites in Chenab basin

Latitude/Lon
Station | gjtude CA River Type of Data Data Available
(Sq.km)
32°33'00" Daily G& D Jan 1986 to Jun
Tandi 76°5800" 1640 | Bhaga 2010
Daily Discharge | Jan 1974 to Dec
1985
32°23'00" o
Ghousal o 2477 | Chandra| Daily Discharge | May 1973 to Dec
76°5800 2007

WAPCOS Limited
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] Latitude/Lon ) )
Station | gjtude CA River Type of Data Data Available
(Sq.km)
32°43'00" Daily G& D Jan 1986 to Jun
. e 2010
Udaipur | 76°39°00 2910 | Chenab Daily Discharge | Jan 1974 to Dec
1985
) 32°42'00" _ .
Miyar . 9 Miyar | Daily Discharge | Jun 1992 to May
33°16'00" o
Gulabgarh 8548 | Chenab | Daily Discharge | May 1990 to May
76°1000” 2009
33°2200"
Benzwar 10687 | Chenab | Daily Discharge
75°45'00°

Source: DPR
5.5

STREAM FLOW CHARACTERISTICS

A preliminary analysis of discharge data of Tandi, Ghousal, Udaipur, Gulabgarh and

Benzwar is carried out to find out the general stream flow characteristics in the

project catchment. The maximum and minimum daily flows, the 10-daily average

flows, average annual discharge, annual runoffs etc. are computed for these G&D

sites. Finally, the average annual runoffs and specific yields of the catchment are

computed and presented in Table-5.5 to have a comparative picture.

Table-5.5: General flow parameters in the G&D observation sites

Parameters Tandi Ghousal Udaipur Gulabgarh | Benzwar
River Chandra | Bhaga Chenab Chenab Chenab
CAin sq. km 1640 2477 5910 8548 10687
Maximum

discharge in | 816 629 1750 1599 3147
m3/s

Minimum

discharge in| 2 7.25 12 7.32 15

m/s

Average annual | 57.61 106.81 237.53 284.35 417.43
discharge in

m/s

Average annual

runoff in Mm? 1816.78 | 1359.78 7490.70 9012.57 13164.19
Specific yield in

mm/sq. km 1107.79 | 1359.78 1267.46 1054.40 1232

Source: DPR

It is observed from the Table-5.5, that the flow variation is quite

high in the

Chenab River. It is further observed that the maximum and minimum discharges

WAPCOS Limited
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observed at Gulabgarh are not in line with the maximum and minimums of rest of
the sites.

5.6 WATER AVAILABILITY

The 10 daily discharge data at Reoli Dugli HEP site for the period 1974-75 to 2009-
2010 has is enclosed as Annexure-lIV. The 10 daily discharge data at Reoli Dugli
HEP site for 90% dependable year is given in Table-5.6.

Table-5.6: 10-daily discharge data at Reoli Dugli HEP site for 90% dependable
year

Month Discharge (m?/s)
50% DY 75% DY 90% DY
2009-10 1981-82 1993-94
June I 483.90 304.31 317.44
Il 379.63 323.37 490.73
1 701.75 768.18 477.09
July I 633.83 606.44 674.65
Il 844.55 811.61 676.84
1] 715.89 851.54 469.88
August I 856.01 723.08 516.35
Il 854.50 653.62 414.60
1 686.23 486.36 488.16
September I 310.13 385.75 370.86
Il 159.11 230.27 256.41
1] 169.99 219.23 208.40
October I 141.28 130.08 135.70
Il 98.93 111.96 112.27
Il 83.12 96.28 83.32
November I 81.84 78.63 80.09
Il 78.84 59.68 83.00
1 77.89 54.78 77.07
December | 78.07 51.03 70.71
Il 74.42 46.66 69.88
1] 73.27 46.29 58.04
January I 72.50 36.97 51.97
Il 70.53 36.03 50.20
[ 62.32 34.37 46.98
February | 56.26 37.60 47.49
Il 58.04 36.87 47.18
Il 57.62 38.01 63.01
March I 57.74 38.53 46.24
Il 58.58 38.01 54.88
[ 68.81 39.76 66.56
April I 73.81 46.55 71.03
Il 81.23 58.43 71.03
Il 110.88 83.32 91.34
May I 211.30 143.72 120.08
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Month Discharge (m°/s)
50% DY 75% DY 90% DY
2009-10 1981-82 1993-94
[l 182.96 113.62 139.76
11l 283.49 186.42 202.14

Source: DPR

5.7 DESIGN FLOOD

5.7.1 DESIGN FLOOD CRITERIA

A 79 m high concrete gravity dam from deepest foundation level is proposed at
Reoli Dugli dam site on Chenab River with gross storage capacity of 11.41 M cum
at FRL EL 2483.9 m. The bed level at dam site being El 2432m, the static
head of the project is 51.9 m. The criterion of selection of inflow design flood
for safety of dam as per 1S-11223-1985 is given in Table-5.7.

Table-5.7: Criteria for Selection of Designh Flood

Classification Gross Storage Static Head at FRL Inflow design flood
for safety of dam
Small Between 0.5 and 10 M| Between 7.5 m and 12 100 year flood
cum m
Intermediate | Between 10 and 60 M | Between 12 m and 30 | Standard Project
cum m Flood
Large Greater than 60 M Greater than 30 m Probable Maximum
cum Flood

Source: DPR

Gross storage capacity is less than 60 Mm?® but the static head is more than 30 m.
Therefore, the spillway of the proposed dam shall be designed to pass probable
maximum flood.

5.7.2 METHODOLOGY ADOPTED

Floods in Chenab River are generally observed due to heavy rains in its lower
catchment during southwest monsoon season of June to Sept. In order to estimate
the Probable Maximum Flood (PMF) under the complex hydro-meteorological
conditions in Reoli Dugli catchment, it is desirable to separately analyze the
contributions of rain storm and snowmelt and then synthesize them into flood
hydrograph with reference to the most severe combinations of critical hydrological
and meteorological parameters/factors that are reasonably possible in the region.
In the absence of the data pertaining to snowfall and seasonal snow cover area; it
is not possible to estimate the snowmelt contributions during flood conditions. The

base flow is thus assumed to take into account the snowmelt contribution.
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The design flood value has been estimated by adopting the following approaches:

e Probabilistic approach using frequency analysis
e Deterministic approach using Unit Hydrograph analysis
e Transfer from downstream projects using Dicken’s formula

Probabilistic Approach using Frequency Analysis

Annual flood peaks are available for the period 1974-75 to 2009-10 at Udaipur. This
annual peak series have been considered for frequency analysis. Figure-5.5 shows
year wise variation in flood peaks. The visual inspection of data does not indicate

significant variation in the average value for different data sets.

Yearly observed peaks at Udaipur

01 July 1978
01 January 1980
01 July 19E1
01 lanuary 1983
01 July 1984
01 January 1986
01 July 1987
01 lanuary 1989
01 July 1990
01 January 1992
01 Juby 1993
01 January 1995
01 July 1996
01 January 1998
01 July 19549
01 January 2001
01 July 2002
01 lanuary 2004
01 July 2005
01 lanuary 2007
01 July 2008
01 lanuary 2010
01 July 2011
01 January 2013

Figure-5.5 Yearly variation of peak floods at Udaipur
Daily discharge observations at Udaipur had been taken once in a day. The peak
discharges are limited to the above conditions, which do not take into
consideration the possible peak discharge occurrences during the daily non-
recorded hourly gauge observation. However the frequency analysis has been
carried out with this limitation. As it is quite likely that possible peaks might have
been missed for reasons explained above, the design flood peak arrived at by
frequency analysis has to be maximized appropriately. In view of these factors and
to allow for the possibility of floods due to bursting of temporary blockage of river
due to ice and landslides, the peak discharges have been maximized by 35%, as

used in the case of Chhatru HEP located on the same river in the upstream. The
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daily observed peak and maximized peak series are given in Table-5.8. Detailed
statistics of flood peak series are given in Table-5.9.

Table - 5.8: Peak Series at Udaipur

S. Year Date Daily Flood Daily value increased by
No. Peak (m®/s) 35% for Instantaneous
peak
1 1974 18 July 1974 975.00 1316.25
2 1975 16 July 1975 1200.00 1620.00
3 1976 25 July 1976 860.00 1161.00
4 1977 15 July 1977 987.00 1332.45
5 1978 30 June 1978 1076.00 1452.60
6 1979 16 July 1979 993.00 1340.55
7 1980 14 July 1980 1116.00 1506.60
8 1981 29 June 1981 989.00 1335.15
9 1982 30 July 1982 1129.00 1524.15
10 1983 | 05 August 1983 986.00 1331.10
11 1984 27 June 1984 785.00 1059.75
12 1985 13 July 1985 762.00 1028.70
13 1986 07 July 1986 1081.00 1459.35
14 1987 25 July 1987 1144.00 1544.40
15 1988 22 July 1988 1739.00 2347.65
16 1989 30 July 1989 1750.00 2362.50
17 1990 25 June 1990 1235.00 1667.25
18 1991 20 July 1991 1238.00 1671.30
19 1992 23 July 1992 1284.00 1733.40
20 1993 08 July 1993 911.00 1229.85
21 1994 01 July 1994 1262.00 1703.70
22 1995 19 July 1995 1083.00 1462.05
23 1996 28 June 1996 806.00 1088.10
24 1997 | 12 August 1997 826.00 1115.10
25 1998 05 July 1998 1097.00 1480.95
26 1999 20 July 1999 1382.00 1865.70
27 2000 | 01 August 2000 1199.00 1618.65
28 2001 | 14 August 2001 1278.00 1725.30
29 2002 04 July 2002 1388.00 1873.80
30 2003 27 June 2003 1286.00 1736.10
31 2004 09 July 2004 1177.00 1588.95
32 2005 01 July 2005 1131.00 1526.85
33 2006 | 06 August 2006 1200.00 1620.00
34 2007 29 June 2007 1023.00 1381.05
35 2008 14 June 2008 857.00 1156.95
36 2009 | 12 August 2009 1220.41 1647.55
Source: DPR
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Parameters Statistics
Mean 1517.08
Median 1515.38
Mode 1620.00
Standard deviation 305.34
Sample Variance 93234.41
Kurtosis 1.54
Skewness 0.86
Minimum 1028.70
Maximum 2362.50
Count 36

Source: DPR

Application of various Frequency Distributions

To carry out the frequency analysis, the following commonly used distributions

have been applied:

e Gumbel extreme value distribution
e Log Pearson type-lll distribution
e Log Normal 2-Parameter distribution

The summary of the flood frequency analysis by the above three methods is given

in Table-5.10.
Table-5.10: Summary of Flood Frequency Analysis

Sl. No Return Log Log Gumbel
Period (Yrs.) Pearson-lli Normal Probability
Distribution

1 25 2122.71 2097.57 2500.97

2 50 2268.11 2225.82 2744.07

3 100 2409.74 2347.84 2985.79

4 500 2731.90 2615.66 3545.17

5 1000 2869.84 2726.52 3785.86

6 10000 3332.52 3083.60 4585.44

Source: DPR
Selection of Best fit Distribution

Chi Square Criteria

Chi square test (X ) has been conducted for goodness of fit for the above-

mentioned theoretical distributions and is shown in Table-5.11.

Table-5.11: Chi Square criteria for different Distributions

Gumbel Extreme | Log-Pearson 2-Parameter Log
Type of Test value Type llI Normal distribution
distribution distribution
X? 3.72 3.72 3.72
Critical X* 5.99 3.84 5.99

Source: DPR
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It can be observed from Table-5.11, that both Gumbel Extreme value and 2-
parameter Log Normal distributions appear to be the best fitting theoretical
distribution to the sample data. We may consider the Gumbel distribution as it
gives a higher value. Transferring this value to Reoli Dugli by Dicken’s formula we
get the design flood as 4728 cumec.

Deterministic Approach Using Unit Hydrograph Analysis

Estimation of Rainfed Catchment

The permanent snowline elevation for the catchment is around 4500 m. From the
hypsometric curve (Table 5.3) the snowfed area has been worked out as 3904 sq.
km and rainfed area is worked out as 2251 sq. km.

Design Storm Studies

Design Storm study of the Reoli Dugli H.E. Project was entrusted to the Indian
Meteorological Department (IMD), New Delhi. The 1 day SPS and PMP estimates as
supplied by IMD at Reoli Dugli H.E. Project are 9.7 cm and 14.2 cm respectivelly.

A 24-hour clock hour correction of 15% has been applied to 1-day SPS and PMP as
suggested by India Meteorology Department (IMD). The temporal distribution of
rainfall for 1-day is given in Table-5.12 and plotted in Figure-5.6.

Temporal Distribution (%) 1-Day
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Figure-5.6 Temporal Distribution of Design Storm
Table-5.12 Temporal Distribution of design Storm

PP TR
Duration (Hrs.) Temporal Distribution (%)
1-Day

0 0

3 30

6 46

9 60

12 71

15 81
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Duration (Hrs.) Temporal Distribution (%)
1-Day
18 89
21 96
24 100

Source: DPR
While carrying out the studies, double bells have been used. Two bells of 12 hours
each has been considered as per current practice with details as under in Table-
5.13.

Table-5.13: 24 Hour, 48 Hour Distribution of PMP & SPS

24 Hour Distribution PMP 24 Hr = 16.33 cm
i) 15¢ Bell (71% of 24 Hour Rainfall) 11.594 cm
ii) 2N9 Bell (29% of 24 hour Rainfall) 4.736 cm

Source: DPR

Derivation of Unit Hydrograph

Reoli Dugli Hydroelectric Project, intercepts an area of 6155 sq.km having snowfed
area of 3904 sq. km and rainfed area 2251 sq.km. On the basis of above, the unit
hydrograph parameters have been calculated for snow free catchment area only.
(Ref.: Flood estimation report for Western Himalayas - Zone 7). UH ordinates for
the Reoli Dugli catchment are tabulated in Table-5.14. The ordinates of unit
hydrograph are plotted in Figure-5.7.

Table-5.14: Unit Hydrograph Ordinates

Time (hr) Discharge (m®/s) | Time (hr) Discharge (m?/s)
0 0.00 11 155.00
1 5.00 12 95.00
2 12.00 13 65.00
3 32.00 14 45.00
4 110.00 15 26.00
5 300.00 16 15.00
6 850.00 17 8.00
7 1280.00 18 4.00
8 1648.68 19 2.00
9 1285.00 20 0.00
10 320.00

Source: DPR
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Figure-5.7: Ordinates of Unit hydrograph

A uniform loss rate of 2 mm/hour has been adopted as suggested by CWC.

Transfer of Design Flood from Baglihar, Ratle and Dulhasti Hydroelectric

Projects

The design floods fixed for some of the downstream projects in Chenab are

transferred to Reoli Dugli dam site using Dicken’s formula as shown in Table 5.15.

Table-5.15 Design floods of downstream projects

S.No | Name of Catchment Design flood Transferred to Reoli
project area (km?) (m3/s) Dugli by Dicken’s
formula (m?®/s)
1 Baglihar 17325 16500 7593
2 Ratle 14965 14700 7550
3 Dulhasti 10500 8000 5360
Source: DPR
5.8 RECOMMENDATIONS

The floods estimated by all the three approaches are summarized in Table-5.16.

The flood computed by deterministic approach using Unit Hydrograph method is

quite high as compared to the flood obtained by other methods. The design flood

of 8157 cumecs has been recommended based on hydro meteorological approach.

Table - 5.16:

Design Flood Estimated by Different methods

S. No. Method Flood (Cumecs)
1 Frequency Analysis (10,000 Year Return Period) 4728
2 Hydro-meteorological approach 8157
3 Transferred from Baglihar H.E.Project 7593
4 Transferred from Ratle H.E.Project 7550
5 Transferred from Dulhasti H.E.Project 5360

Source: DPR

WAPCOS Limited
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5.9 SEDIMENT DATA AVAILABILITY

The Silt rate estimated at various sites namely Udaipur, Benzwar and Premnagar
Site in Chenab river basin by CWC are tabulated as in Table-5.17.

Table- 5.17: Details of Silt data

G&D Site C. A Type of | Period River | Sediment Source
(Sq.km) Data Rate
(ha-m/Sq.
km/Yr.)
Udaipur | 5910 |Daily  |gan 93 |chenab | 0.313 | Calculated
Benzwar 1068 | Monthly KAL;E/,?Z Chenab 0.972 Calculated
7
Premnagar | 15490 | Avg. 1968 to Chenab 0.155 Sept 84
Annual 1976 Feasibility
Report,
Baglihar
HEP,
Volume-VI

Source: DPR
It may be concluded from Table-5.17 that annual silt yield increases as we go
downstream of the river. By simple catchment area proportion, the annual
sediment rate at Reoli Dugli dam site comes to 0.326 mm/Sq. km/year. A linear
interpolation between Udaipur and Benzwar yields the rate at Reoli Dugli as
0.347 mm/Sq. km/year. The Reoli Dugli catchment area is nearly half the
catchment area of Benzwar and one-third that of the Premnagar.
Comparatively, Udaipur is much more in the vicinity and in view of 10 years’
data availability, the calculated rate of 0.326 mm/Sq. km/year can be
considered to adequately represent the average annual sediment rate for Reoli
Dugli HEP.
5.10 DISCHARGE DATA MONITORED BY PROJECT PROPNENT
The project proponents have established a G&D site at dam site. The data is being
monitored since May 2011. The 10 daily flows at the G&D site for the years from
2011 to 2013 is given in Tables-5.18 to 5.20. The average annual discharge data
for the years 2011 to 2013 is given in Table-5.21.
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Table-5.18: 10 Daily Discharge based on the observed data for the year 2011

Month

Discharge (cumec)

May

493.67

505.36

June

669.48

870.82

July

806.35

720.42

888.02

August

738.93

619.03

590.82

September

542.79

473.13

278.04

October

219.02

140.84

112.93

November

100.26

92.97

87.22

December

82.75

75.10

70.71

Table-5.19: 10 Daily Discharge for the observed data for the year 2012

Month

Discharge (cumec)

January

71.52

68.88

66.57

February

59.48

57.54

61.96

March

66.01

68.22

74.68

April

98.69

92.62

114.72

May

151.48

208.06

264.50

June

321.28

351.06

WAPCOS Limited
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Month

Discharge (cumec)

582.23

July

794.55

704.99

842.24

August

798.25

657.96

731.25

September

607.19

459.82

218.14

October

125.08

102.22

92.71

November

77.80

70.26

68.59

December

67.31

65.81

63.63

Table-5.20: 10 Daily Discharge for the observed data for the year 2013

Month

Discharge (cumec)

January

61.77

58.96

58.06

February

57.68

56.42

59.05

March

69.53

69.81

72.97

April

80.55

92.72

112.94

May

137.47

305.96

604.68

June

563.58

560.78

553.46

July

772.99

684.14

WAPCOS Limited
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Table-5.21: Average annual, maximum and minimum discharge data for the
years 2011 to 2013

Month Discharge (cumec)
Maximum Minimum Average
YEAR 2011
May 568.68 467.16 504.30
June 1109.99 453.64 677.63
July 1270.92 1270.92 1270.92
August 907.25 510.23 649.7
September 585.34 237.14 429.88
October 279.69 105.09 156.16
November 102.54 85.67 93.8
December 84.01 70.21 75.57
YEAR 2012
January 73.66 64.03 68.91
February 65.19 55.96 59.58
March 76.95 60.38 69.64
April 131.88 80.65 102.01
May 417.97 111.97 209.84
June 617.07 252.49 418.19
July 943.68 607.44 782.58
August 1134.55 535.09 729.22
September 669.1 167.54 427.3
October 137.04 82.22 105.71
November 81.5 68.19 71.94
December 68.19 62.88 65.58
YEAR 2013
January 62.59 57.69 59.52
February 62.21 55.72 57.62
March 76.11 66.85 70.77
April 124.11 77.61 95.4
May 905.95 111.17 357.6
June 1050.73 269.45 559.27
July 961.53 443.14 730.9

WAPCOS Limited
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CHAPTER-6
TOPOGRAPHICAL AND GEOLOGICAL ASPECTS

6.1 INTRODUCTION

The Reoli Dugli HEP envisages construction of +79m high concrete gravity dam
(deepest foundation level) across the river Chenab (76°29°30” E, 32°44’ 20” N)
about 4.5km upstream of Tindi/ Loni village in order to create a reservoir with the
gross storage capacity of 11.4 MCM and a live storage of 5.24 MCM between FRL EL
2483.9 and MDDL EL 2472.5. The water will be conducted through the dam to the
underground power house via 11.55km long HRT.

During reconnaissance survey and investigations carried out since inception of the
project keeping the criterion of Engineering considerations, geological requirement
and Indus Water Treaty requirement, five alternate sites were identified for
location of the dam and various other components of the project. The
geotechnical mapping and sub-surface investigations were conducted to further
study related to dam axis and other components and the summary of geotechnical
mapping and sub-surface investigation are given in Table-6.1.

Table 6.1: Summary of Geotechnical Mapping and Sub Surface

Investigations
Geological mapping of dam site, head
race tunnel, surge shaft, power house 1. 6000m x 800m on 1:1000.
cavern, tail 2. 14.2km x 3km on
race tunnel etc. on 1:2000, 1:1000, 1:10000

1:10000 scale.
Drill hole logging

1. Dam complex 742.46m in 12 holes.
2. Head race tunnel 246.00m in 4 holes.
3. Power house complex 363.55m in 2 holes.
Drift logging

1. Left abutment - Dam 80m (Two Drifts)

2. Right abutment - Dam 75m (Two Drifts)

3. Power house 260.00m (in progress)

Source: DPR

6.2 PHYSIOGRAPHY AND DRAINAGE

The Lahaul and Spiti district comprises of two distinct physiographic domains,
the Lahaul and Pattan Valley, which is drained by the Chandra and Bhaga River

and the adjoining Spiti Valley drained by the Spiti River. The region comprises two
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mountain ranges, the Pir Panjal and the Great Himalayas, which trend NW-SE and
NNW-SSE respectively. The Chandra River which flows south and then turns
northwest near the Bara-Shingri Glacier, where it divides the Pir Panjal from the
Great Himalaya. There are peaks reaching heights of even 6100m on both the
ranges. The Lahaul area which lies north of the Pir Panjal Range and the valley

has altitudes varying between 2500m and 3650m above mean sea level.

The physiography set up of the Lahaul and adjoining regions are highly complex.
The terrain has an immature topography and is traversed by deep valleys and high
hill ranges. The district can be divided into two major geomorphological unit viz.,
Structural hills and valley fills. Structural hills are underlain by rocks belonging to
Pre-Cambrian and moraines. These deposits are under the influence of running
water and have been termed as glacio-fluviatile deposits. Fluviatile terrain is
demarcated in the lower reaches of both the Chenab and Spiti rivers. These are
having thick vegetation. The width of these deposits is generally less than 3 km
and is not uniformly distributed. Glacio-fluviatile deposits are confined to the
upper reaches of drainage system of the watersheds. These areas are either along
the snowline or near to it. Mostly these are demarcated along the river/ stream
courses. These valleys are broad and gently sloping, generally devoid of any
vegetation cover. The width of these deposits is more in northern parts in Lahaul
valley. The mountains are bare along the higher reaches whereas there are

forest covers along the lower slopes.

The Chenab River is a major river of the Indus Basin, originating from the Great
Himalayan and Pir Panjal ranges. The ranges have snow covered slopes from
EL. +3500m to El. 6000m. The river is formed by two major tributaries in the
upper reaches i.e. Chandra and Bhaga. The river Chandra originates from Bara-
Lachala and is further augmented by the Chandra Tal whereas the Bhaga takes off
from the Suraj Tal in the vicinity of the Baralacha and is further joined by the
Jhankar and the Millang Nala before it joins the Chandra at Tandi to form the
Chandra Bhaga. Further downstream of the confluence, it is joined by other
significant tributaries namely Shansha Nala near Rashil and Thirot Nala at Thirot,
Miyar Nala and Madgaon Nala at Udaipur, Daldal Nala in Tindi Panchayat, Saichu
Nala at Dawag, Mahal Nala at Killar, Dheda Nala and Lujai Nala downstream of

Killar town. The river in its course traverses through the Lahaul, Pattan and Pangi
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valleys of the Himachal Pradesh before entering into Jammu & Kashmir,
downstream of Biana Nallah. (Source: Pre-Feasibility Report; Kokshar & Bardang
HEP).

6.3 REGIONAL GEOLOGY OF THE AREA

The Himalayas is the product of the collisional tectonics, where the Indian plate
collided with the Eurasian plate. The timing of this event is constrained by
number of datasets, which gives an age range of ~70~38 Ma and even younger, but
most commonly quoted age of collision is 55-50 Ma. Since the work of Gansser
(1964), the most of the workers have divided the Himalayas into a series of
longitudinal litho-stratigraphic domains separated by major dislocation

zones/tectonic elements as shown in Figure 6.1.
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Figure-6.1 Location map of Himalaya region showing broad litho-tectonic units

Sub Himalayas

The sub-Himalayas is composed of Paleogene and Neogene sediments eroded
from the rising orogen and deposited in the peripheral foreland basin in front of
the mountain belt (Najman and Garzanti, 2000).The sub-Himalayas is thrust
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along the Main Frontal Thrust (MFT) over Quaternary alluviums deposited by
the Himalaya rivers. This demonstrates that the Himalayas are still a very active
orogen (Dezes, 1999).

Lesser Himalayas

The Lesser Himalayas separated from the Siwalik basin or sub Himalayas by a
major thrust plane and is composed of little modified sedimentary rocks of
Mesoproterozoic to Lower Cambrian age with several window of fossiliferous
Cretaceous and Tertiary rocks (Shankar et al., 1989). The deep erosion of the
overthrust metamorphics have bifurcated the sub-thrust sedimentary zone into
two distinct belts: the Shali Belt and the Larji-Kullu-Rampur window. This belt
also incorporates the synclinally folded Krol Belt, south of Shimla. The
allochthonous Himalayan Metamorphic Belt (HMB) of regional dimensions forms the
Jutogh Nappe in the frontal parts of Lesser Himalaya. The Nappe is thrust
southwestward along the folded Jutogh thrust.

Higher Himalayas

The Higher Himalayan domain overlies the Lesser Himalaya and is
composed of medium to high-grade crystalline rocks, commonly referred
to as the Higher Himalayan Crystalline (HHC). These are dominantly of pelitic
composition, with sporadic quartzites, calc-silicate rocks, metabasics and small
bodies of granite. The HHC is separated from the Lesser Himalayas by the Main
Central Thrust (MCT), one of the major tectonic elements of the Himalayas.

Tethys Himalayas

The Tibetan or Tethys Himalayan zone is composed of Cambrian to
Paleocene sediments (the Tibetan sedimentary series) deposited on Indian
continental terrace, unconformably overlain by the Chulung La collisional deposits
(Najman and Garzanti, 2000) The transition between the generally low-grade
sediments of the Tethys Himalayas and the underlying low to high-grade
metamorphic rocks of the Higher Himalayan crystalline sequence is usually
progressive, yet, in many places along the Himalayan belt, this transition
zone is marked by a major extensional structure, the Central Himalayan

Detachment System (Dezes, 1999).
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Indus Suture Zone

The Indus Suture Zone marks the earth segments where the Indian and Eurasian
plate is believed to have collided. Deep water continental rise sediments are
found in this zone, and the Trans-Himalayan accretionary complexes is made up
of Ophiolitic Melange, volcanic rocks of the island arc type composition (Dras
Volcanics) and sedimentary prism reflecting deposition in a fore arc setting (Searle,
1983; Garzanti and Van Haver, 1988).

Trans - Himalayan Zone

The Trans-Himalayan zone lies to the north of the Tethyan zone, locally called as
Ladakh batholiths, which correspond essentially to an active margin of the
Andean type, and is made up of Upper Cretaceous to Eocene calc-alkaline plutons
(Le-Fort, 1996)

6.4 REGIONAL TECTONICS

Starting from Indo-Gangetic and Brahmaputra basin, from south to north,
the Himalayan belt can be divided in the following major structural elements.
Main Frontal Thrust (MFT)

The active Main Frontal Thrust (MFT) lies to the south of sub-Himalaya,
separating from Indo Gangetic foreland basin in south (Powers et al., 1988) and
along this active structure sub-Himalaya is thrust towards the southwest over the
Quaternary fluvial deposits.

Main Boundary Thrust (MBT)

The Main Boundary Thrust (MBT) often parallels the Krol thrust in some part of
Himalaya and was active in the Middle to late Miocene times (Hodges et al.,1988;
Meigs et al., 1995) or possibly also in the Pliocene (De-Celles et al., 1998). These
thrust related activities apparently dislocated the Lesser Himalayan meta-
sedimentary pile and moved them over the sub-Himalayan formations. The Main
Boundary Thrust (MBT) in the north and Himalayan Frontal Thrust (HFT) in the
south bound sub-Himalayan sedimentary prism.

Main Central Thrust (MCT)

This structure is one of the most important tectonic elements associated with the
Himalayan orogen as it separates the high-grade metamorphic rocks of the High
Himalayan Crystalline Sequence from the weakly metamorphosed series of the

Lesser Himalaya (Dezes, 1999). Along the Main Central Thrust the high-grade
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crystalline rocks and granitoids of the higher Himalaya are seen overriding the
low-grade Proterozoic rocks of the Lesser Himalaya. This led to further
convergence of lndia with the Eurasia consequently the thrust belt was
propagated southward (Najman aud Garzanti, 2000).

South Tibetan Detachment System (STDS)

The South Tibetan Detachment System (STDS), also called North Himalayan Shear
Zone (NHSZ), represents a major system of north-dipping structural detachments
at the boundary between the High Himalayan Crystalline Sequence (HHCS) and the
Tethys Himalaya (Dezes, 1999).

This structure was first identified by Caby et al. (1983) and Burg
(1984).Deformation along this structure was accommodated either by dextral
strike-slip or by extensional shearing. Unlike the MCT, the STDS are not a
continuous structure along the entire Himalayan belt (Dezes, 1999)
Litho-stratigraphic Framework

The Reoli Dugli Hydro Electric Project area falls in the Tethyan having  Higher
Himalayan Crystalline Sequences as basement, which is extended from Lahaul in
the northwest to Kinnaur in the southeast. The area stratigraphically represents a
complete Phanerozoic sequence of the Lahaul-Spiti-Kinnuy basins with Proterozoic
crystalline basement with granitoids of variable age. It is bounded by the Vaikrita
Group in SW and by the Indus Suture Zone (ISZ) in the NE side.

Vaikrita Group

The term Vaikrita Group was first proposed by Griesbach (1891) for the schistose
series overlying gneisses and underlying the Haimanta in the central Himalaya. The
Vaikrata Group comprising the Giambal and Rohtang crystalline complex
constitutes a thick succession of crystalline rocks of Proterozoic age and can be
broadly divided into two units. The lower unit comprises streaky and banded
gneisses together with porphyroblastic gneisses, augen gneiss and garnetiferous
staurolite, kyanite and sillimanite gneiss with inter foliated melanocratic schist
bands within gneiss. Alternate bands of coarse biotite gneiss and the leucocratic
quartzo-feldspathic gneiss rich in muscovite and tourmaline are seen along
with several bands of amphibolite. The gneissic complex is intruded by several
phases of granitoids. The upper unit is characterized by meta-sediments,
migmatite and gneisses with melanocratic quartz biotite schist, quartz-
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schist, marble, calc phyllite, amphibolite

schist, quartzitic and quartz schist. The detailes of Lito-statigraphy of Tethyan

sucession in Lahaul, Spiti and Kinnaur is given in Table-6.2.

Table 6.2: Litho-stratigraphy of the Tethyan succession in the Lahaul, Spiti,
and Kinnaur (Adopted from Srikantia, S.V & Bhargava, O.N.,1998).

Age

Formation

Group

Lithologies

CARBONIFEROUS

Po

Lipak

KANAWAR

Shale with Sandstone bands

Limestone  (Shell, Coral, Algal),
Sandstone, Shale, Gypsum in upper
part

DEVONIAN

Muth

White Quartzite

SILURIAN

Takche

ORDOVICIAN

Thango

SANUGBA

Calcareous Sandstone, Shale,
Coral- Algal Limestone, Dolomite

Purple Quartzite, Shale, Silt

Stone, Grit, conglomerate and
Dolomite

Green to Grey Slate, Subarkose
Locally

Gritty, Pyroclastic beds at
base, Carbonate bed in upper Part

Dark Grey Phyllite, Local
Carbonaceous subarkose

Grey, Green Purple Quartzite
with Schist

Biotite-Garnet-StauroliteKyanite-
Sillimanite Schist, with Quartzite
Inter- beds

Kyanite-Sillimanite bearing
Schist, Gneiss and Migmatites

LOWER
CAMBRIAN

MIDDLE Kunzam la

HAIMANTA

TERMINAL

PROTEROZOIC Batal

SALKHALA

MESO-NEO

PROTEROZOIC
VAIKRATA

6.5 STRUCTURE, TECTONICS AND METAMORPHISM

Many authors (e.g. Prashra, K. C and Rapa, D.A., 1977; Nanda, M.M and Singh,
M.P., 1977; Srikantia, S.V. and Bhargava, O.N., 1979; Steck, A., et al., 1999;
1988; Fuchs, G., 1995; Frank W., M.,
Purtscheller, F., 1997; Robyr, M., 2002 and references therein) have already

Searle, M, et al., and Linner, M.,
worked in the upper Lahaul and Zanskar area in order to resolve the rather
complex tectonic evolution of these regions. These studies, although sometimes
contradictory have allowed laying the bases of the tectono-metamorphic evolution
of this part of the Himalayan range. It comes out from these previous works that
the Himalayan structures are dominated by SW-directed thrusting and folding.

However, in the Spiti and the Chenab Valley area, early NE-directed verging
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structures have also been described. Following these works, four major tectonic
events are considered to explain the tectonic evolution of the Zanskar and Lahaul
area.

Phase D1: The NE-Directed Shikar Beh Nappe

The early NE-directed Shikar Beh Nappe was proposed for the first time by Steck et
al. (1993). Their arguments are based on the regional distribution of the
metamorphic facies in the lower part of the Chandra Valley, near Khoksar. In this
area, the metamorphic grade reaches the amphibolites facies conditions and
decreases gradually northward, in the direction of the frontal part of the North
Himalayan nappes. This decrease in metamorphic conditions likely results from the
overthrusting of a pile of nappes from the SW towards the NE. Other arguments for
an early NE-directed nappe are based on the unusual vergence of the Tandi
Syncline. Although the enigmatic character of this syncline was already recognized
by several authors. Lyddecker (1883) recognized this structure as a syncline. A
detailed analysis (Powell and Connaghan 1973) showed the polyphase nature of this
structure and they demonstrated that the Tandi syncline is associated with a first
phase of deformation. Nevertheless, they interpreted it as an antiform closing to
the NE. Frank et al. (1973) and Srikantia and Bhargava (1976 and 1979) recognized
the NE-directed vergence of the Tandi Syncline. This unusual NE-vergence only
represents a local perturbation of the SW-directed folding associated with the- SW-
directed thrusting along the Main Central Thrust. In recent years, the detailed
structural analysis of the Tandi Syncline confirmed that this structure corresponds
to a NE verging fold (Steck et a!; 1993) and are associated this phase with an early
NE-directed nappe referred to as the Shikar Beh Nappe. However, the
existence of such nappe is still debatable among various other workers (Frank et
al., 1995).

Phase D2: The SW-Directed Nyimaling-Tsarap Nappe

In the northern part of the Indian Himalaya, in the Zanskar and Ladakh area,
the first phase of folding is associated with the SW-directed North Himalayan
nappes emplacement though, nappe tectonics in the northern part of the
Himalaya is still debated by Fuchs and Linner (1995). For these authors, the term
of nappe is not appropriate to describe the tectonics in the Zanskar region. They
consider that prevalent tectonics in Zanskar only consists of folds and imbricated
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structures. On the basis of a two-dimensional shear model, Steck et al. (1993)
calculated a total crustal shortening of about 87 Km within the Tethyan Himalaya
of Zanskar and concluded that the geometry and the kinematic of the Tethyan
Himalaya in the Zanskar is comparable with the tectonic style of Alpine nappes.
The North Himalayan nappes emplacement is responsible for the main phase of
deformation affecting the sedimentary sequences of the Tethyan Himalaya in the
northern part of the range. The name of Nyimaling-Tsarap nappe was introduced
by Steck eta! (1993) for the whole thrust pile of sedimentary rocks located
between the Indus Suture Zone to the north and the Baralacha La to the south. The
internal structure of this nappe stack is characterized by a progressive change in
style of deformation. The northern part of the range, close to the suture zone,
corresponds to the root zone of the Nyimaling-Tsarap nappe. In this region, the
deformation is primarily accommodated by ductile shearing and folding. In
contrast, in the frontal part of the nappe, the deformation becomes more and
more brittle and is characterized by the development of imbricate structures.
Phase 03: The SW-Directed High Himalayan Nappe

In the Lahaul and Sipti area, the early NE directed structures of the Shikar Bah
nappe (D I) are overprinted by SW-directed folding. These structures are observed
in the central and southern part of the upper Lahaul, and intensity of
deformation increases from NE to SW, whereas no large scale structures was
highlighted in Chenab valley area. This (03) phase is, on the other hand,
responsible for the spectacular SW-directed Kalath fold in the Kullu Valley (Thoni,
1977). On the basis of its vergence, its style and its location, this 03 phase is
interpreted as related to the SW-directed folding and thrusting of the High
Himalayan nappe along the Main Central Thrust (e.g. Crystalline nappe; Frank
et al;1977). This SW-directed nappe is generally formed of the metamorphic
core zone of the Himalayan Orogen. In numerous sections along the range, the
crystalline nappe is separated from the low-grade metamorphic sediments of the
Tethyan Himalaya by the extensional Zanskar Shear Zone (Dezes et al;
1999) considered as a local equivalent of the south Tibetan Detachment System.
Phase D4: The Doming Phase

In the central and eastern part of the Himalaya, the metamorphic core zone of the
range corresponds to a 5-40 km thick, NE-dipping monoclonal slab. In contrast, in
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the northe western part of the Himalaya of |India, the high-grade
metamorphic rocks are mainly exposed in a more internal part of the orogen.
A major characteristic of this high-grade metamorphic zone in the Zanskar
area is the presence of several large-scale dome structures, cored by Cambro-
Ordovician granitic gneisses and/or tertiary migmatites and leucogranites. This
particular setting implies that the exhumation of high-grade rocks in this part of
the range was for a large part controlled by doming. The exhumation of these
rocks back to the surface and the mechanism of dome formation are a
complicated and still debated problem.

6.6 TECTONIC SET UP OF THE PROJECT AREA

The proposed hydroelectric project is situated in between MCT and STDS in broad
tectonic framework of the Tethyan Himalayas and Central Crystalline sequences.
In NW Himalayas the Main Central Thrust is disposed as window and Klippe
structures. The Kishtwar Window is located towards NW of the project area,
while Kullu-Largi Rampur Window in SE direction. Towards south in Chamba
region, the MCT run more or less parallel to MBT in NW-SE direction. The
Shimla Klippe is significant adjunct to this thrust. Other tectonic element like
MBT and HFT lies further south of MCT while STDS and Zanskar shear zone
towards north of the project area. The some of the important local
thrust/fault are Miyar thrust also refer by some authors (e.g. Thakur, V.C,
2002) as Chenab Normal Fault, Salgaron thrust, Sarchu fault, Panjal thrust and
significant shear zone such as Killar-Miyar shear zone, Kanjhar shear zone and
Zanskar shear zone disposed in the north of the project area.

A review of published maps suggest that the nearest tectonic elements such
as Miyar thrust is located more than 20 km away and other faults such
as Sundarnagar and Kishtwar faults are located more than 50km away from
the project area and no tectonic implication have been foreseen

6.7 SEISMO-TECTONICS AND SEISMICITY

The Himalayas is the product of the collision of the Indian plate with the
Eurasian plate, where Indian plate is underthrusting beneath the Eurasian plate.
The collision tectonics resulting in progressive progradation of thrust sheets like
the Main Central Thrust (MCT), Main Boundary Thrust (MBT) and the Himalayan
Frontal Thrust (HFT). The contemporary deformation styles and the seismicity in
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the Himalaya are related to this continued collision tectonics resulting in strain
builds up along discrete tectonic surfaces and transverse features causing
segmented blocks. On the basis of well constrained focal depths of many
moderate earthquakes in the tectonic domain between the MBT and MCT, the
focal mechanism of discrete events and neotectonic adjustments, many workers
have postulated that in the Main Himalayan seismic belt, the events are related
to the thrust type of faults.

Two seismo-tectonic models, one Steady State Model proposed by Seeber and
Armbruster, (1981) and another, the Evolutionary Model proposed by Ni and
Barazangi, (1984) and minor modifications, have been in use to explain the high
seismic status of the Himalaya. Seeber and Armbruster, (1981) have identified
two separate seismogenic domains. One related to the interplate detachment
surface, dipping at low angles towards north beneath the Tethyan slab, and the
source for the Great Himalayan Earthquakes like the Kangra event of 1905. The
other domain is the thrust type of deformation style located between the MCT and
MBT, the Basement Thrust Front (BTF). It has also been postulated that the
Detachment surface and the MCT and related thrust surfaces, which are steeper
than the detachment surface merge beneath the Great Himalayan Range.

The most referred conceptual tectonic model of the Himalayan Seismic Belt
(HSB), the seismic zone within the MBT and MCT, suggests that below the Main
Central Thrust (MCT) lies the Basement Thrust Front (BTF), a ramp. The ramp is
a geometrical asperity on the plane of detachment, which accumulates the
stress due to collision tectonics in the Himalaya, and it was suggested that the
great earthquakes occurred on the plane of detachment. The plane of
detachment separates the Indian shield and the Himalayan sedimentary wedge;
some authors named it Main Himalayan Thrust (MHT).

The Himalayan Seismic Belt generated several large and great earthquakes
based on which a conceptual tectonic model was envisaged. The Himalayan
tectonic model fits fairly well with the Western Himalayan seismicity to the
north of MBT, where earthquakes occur on the MHT at shallower (<20 km)
depth. The four great earthquakes that occurred to the south of MBT, however,
do not fit into this model. It is argued that these events are not on the MHT,
each occurred at a deeper depth in different tectonic domains.
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The upper Chenab valley area encompassing the proposed Sach Khas
Hydroelectric project is located in highly seismic Central Himalayas.
Tectonically, the region is located in Main Himalayan Tectonic Belt bounded by
Indus Suture Zone (ISZ) in the north and Main Boundary Fault—(MBF-1) in south.
Most important tectonic plane within this belt is Main Central Thrust (MCT).
However, its position in the area between the rivers Beas and Chenab has not
been clearly demarcated. The other feature of tectonic importance in this belt
is the Vaikrita Thrust. The tectonic zone south of Main Himalayan Belt is Frontal
Fold Belt demarcated in north by MBF1 and in south by Foot Hill Thrust (FHT).
The important tectonic surfaces in this zone include MBF-Il, Jwalamukhi Thrust
and MBF-IIl apart from several transverse faults. From seismotectonic point of
view, the project area falls on the western margin of Kangra Seismic Block of
Narula (1991) which is demarcated by Ravi Tear in west and Sunder Nagar Fault
in east. The earthquake catalogue of IMD indicates that the concentration of
magnitude >4<5 earthquakes is maximum in ‘the area, being 71% of total
recorded events between latitude 32°-34°and longitude 75°- 78°. The
catalogue also indicates that after 1964, when worldwide seismic network was
established, a total of 83 earthquakes were recorded up to March, 1995 in the
above mentioned area. The percentage of earthquakes with magnitude >4<5
was 75, those with magnitude >5<6 were 14% and rest of the events had greater
magnitude.

Major earthquakes of the region include Kangra-1905 (M=8); Chamba-1945,
1947, 1950 (M=6.5, 6.2, & 5.5); Dharamshala 1978, 1986 (M= 5 & 5.7) and
Kathua-1980 (M=5.3). As per Zoning Map of India Showing Seismic Zones (IS:
1893-2002 (Part-1)), the project area lies in Zone-V i.e. highest seismic zone in
Western Himalayas. The seiesmotectonic domain of North-West Himalayas is
depicted in Figures-6.2 and 6.3. Therefore, it is recommended that suitable
seismic coefficient to commensurate with the seismic status of the area may be
evolved based on detailed seismo-tectonic and seismological studies and

incorporated in the design of various appurtenant structures of the scheme.
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Figure-6.2: Seismotectonic domain of NW Himalayas
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Figure 6.3: Seismotectonic domain of NW Himalayas
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