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FOREWORD

The Detailed Project Report of Kwar Hydroelectric Project has been prepared by CVPP in

five volumes as below:

VolumeI -  Engineering

Volume II - Cost Estimates & Project Planning
Volume III -  Hydrology

Volume IV - Site Investigations < Geology
Volume vV -  Construction Materials

Volume I comprises of engineering details of the project and includes chapters on project
summary, stage development of Chenab basin, salient features, hydrology,optimization
studies, power studies, site investigation clgeology, design of civil engineering &l hydro-
mechanical equipment, power plant, electrical lmechanical equipment, estimate of cost

environment and ecological aspects and economic evaluation.

Volume II comprises of construction methodology and equipment planning, construction
materials, construction programmeel project schedule, infrastructure and construction

facilities, project organization, project costs and analysis of rates and use rate of machinery.
Volume I11 comprises of hydrology analysis.

Volume IV comprises of site investigations carried out and geology of major components; and
Volume V comprises of details of construction materials.

In addition to above, an Executive Summary has also been prepared.

Field Investigations, collection of data from various agencies and subsequent preparation of
Detailed Project Report has been completed with the cooperation extended by the State &l
Central Govt. agencies/departments. Co-operation of the various departments of JeIK Govt.
necessary for carrying out field works and for preparation of DPR, proved to be of great help
for the completion of this Detailed Project Report.
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CHAPTER -1
PROJECT SUMMARY

INTRODUCTION
Kwar H.E. Project is one of the four projects on river Chenab in Distt. Kishtwar,
J&K entrusted to NHPC for detailed investigation and preparation of DPRs by
Central Electricity Authority (CEA) in August, 2004. These projects have been
included in the ranking studies done by CEA and pre-feasibility reports (PFR)
have been prepared by WAPCOS under 50,000 MW hydro initiative by the

Hon’ble Prime Minister.

After detailed discussion during various meetings under CEA and Ministry of
Power (MOP), Govt. of India it was decided that low tariff hydroelectric schemes
should be taken up for detailed investigation and preparation of DPRs. CEA had
classified the schemes into A-1, A-2 and A-3 categories. The classification of
schemes are based on decision taken during the meeting held by Secretary
(Power) on 23.03.2004 as under.

e Scheme to be directly taken up for implementation in central sector-“A-1"

Category.

e Schemes for which PFR have been prepared by those agencies which are

also involved in execution of the projects (e.g. NHPC, NEEPCO etc.). Such

agencies could be offered projects for making DPRs- “A-2" Category.

e The projects for which PFRs have been prepared by those consultants who

are not involved in implementation of the projects (e.g. WAPCOS). The
preparation of DPRs of such projects can be offered to other agencies —“ A-3”
Categories.

Kwar H. E. Project has been given to NHPC under “A-2” category.

As per pre-feasibility report prepared by WAPCOS , Kwar H.E. Project, a run-of-

river scheme located in Tehsil Kishtwar, Distt. Kishtwar (erstwhile Doda district)
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of J&K envisages construction of a concrete gravity dam 68 m high across river
Chenab at village Kandni, a 4.3 Km long HRT of 12.0 m dia., one no surge shaft
of 25 m dia, four no. pressure shafts 90 m long & 5.4 m dia, a surface
powerhouse at right bank of river Chenab near village Kwar to accommodate 4
units of 80.00MW each and a tail race channel of 75 m length of size 12.0m for

discharging the water back into the river course.

The stage-| clearance of the project was obtained from Ministry of Environment
& Forest (MOEF), Govt. of India by NHPC in the month of March, 2005 as per
layout decided by WAPCOS. However when detailed survey and investigation
works were taken up by NHPC, it was found that layout of the project needed
some modifications based on ground survey as well as feasibility of the project.
Subsequently request has been made by NHPC during December, 2005 for

stage-Il clearance from MOEF.

Features of the project have been slightly modified vis-a-vis proposal of
WAPCOS. Dam location has been shifted downstream, power house was also
brought adjacent to dam site and dam height (from deepest foundation) has
been increased from 68m to 109m, surface powerhouse has been changed to

underground powerhouse.

POWER POSITION — PRESENT AND FUTURE
Power is a critical infrastructure for economic development and improving quality
of life. Since independence power generation has taken great strides and
increased almost 200 times from a mere 1362 MW in 1947 to 2,78,733MW as on
Sep’2015. The demand for power has primarily been fuelled by the fast track
industrialization and growing commercial use of energy. But despite outstanding
achievements in terms of capacity addition, the supply has not been able to keep
pace with the demand. The major concern for Indian economy is to cope up with
the increasing power demand vis-a-vis supply. Apart from this (energy & peak
shortage), issues like adverse hydro: thermal mix, grid instability, frequency
fluctuation etc. are other major concerns affecting the power sector of the

country.
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Hydro share percentage in the total installed capacity which peaked to 50.62%
during 1963 stands only at about 15.2% presently. Considering the fact that
hydro-power is renewable, pollution free, environment friendly, has decreasing
trend in tariff and inherits several technical advantages, it becomes the most

sought after alternative form of power and energy security for the future.

As per the estimate by CEA, hydro-power-potential has been assessed during
the period 1978-87 as 84044 MW at 60% load factor corresponding to about
1,50,000 MW of installed capacity. Against this, only 41,997 MW of hydro
potential has been developed till Aug’2015. Out of the total assessed hydro-
power potential, Chenab basin contributes 5932 MW at 60% load factor.

Recognizing the importance of hydro-power, Govt. of India has taken several
initiatives over last decade or so for accelerated development of hydro-power.
These include Hydro Policy of 1998, Ranking Studies by CEA, three stage
clearances for hydro projects, 50000 MW hydro initiative, preparation of DPRs of

low tariff hydro power stations etc.

THE NEED
Over the years demand for power has outpaced its supply which has become a
major concern for the Indian economy. Energy and peak demand shortages in
the country during 2014-15 (Sep’ 2015) stand at 3.2% and 3.2% respectively.

Another important concern is the excessive dependence on conventional
resources for power generation. Out of total installed capacity of 278733 MW,
194199 MW (70%) is being contributed from thermal sources, 42283MW
(15.2%) from hydro- power, 5780MW (2.1%) from nuclear sources and 36470
MW (13%) from renewable sources. Thus there is less percentage of hydro-

power in the system than the optimal level (40%).

In view of inadequate power supply position, other technical constraints arising

out of excessive dependence on thermal power and multiple techno-economical-
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environmental superiority offered by hydro-power, it makes perfect case for

capacity addition of hydro-power through its accelerated development.

Based on the capacity addition programme, anticipated power requirement of
the region in the year 2014-15 to 2020-21 is as under:
Power Position of Regional Grid
(Without Kwar H E Project)

Northern Region 12th Plan 13th Plan

2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21
Installed Capacity MW | 71031 78426 83220 87692 92566 93587 93587
Peak availability MW | 47642 54137 55817 58817 62086 62771 62771
Peak requirement MW | 51977 54329 60934 65686 70276 75238 80620
Peak Surplus(Deficit) MW | -4335 -192 -5117 -6869 -8190 -12467 | -17849
Peak Surplus(Deficit) % -8.3% -0.4% -8.4% -10.5% -11.7% -16.6% -22.1%
Energy availability MU | 311589 | 354540 | 365058 | 384675 | 406055 | 410534 | 410534
Energy requirement MU | 332453 | 355794 | 422498 | 454897 | 485914 | 519260 | 555214
Energy Surplus(Deficit) | MU | -20864 -1254 -57440 | -70222 | -79859 | -108726 | -144680
Energy Surplus(Deficit) | % -6.3% -0.4% -13.6% | -15.4% | -16.4% | -20.9% | -26.1%

1.3

Thus from the above projected power & energy shortages for Region, the need

for 540 MW Kwar H. E. Project assumes significance.

CHENAB BASIN
Kwar H.E. Project is located on river Chenab which originates in Lahaul and Spiti
area of Himachal Pradesh. After flowing through Pangi valley in Himachal
Pradesh, the river enters into the Paddar area of Doda district of J&K. The river
flows between steep cliffs and lower hills before entering Pakistan. Important
tributaries include Marusudar, Bhut nallah, Bichlari etc. The drainage area of
Chenab basin within the Indian territory is to the tune of 22681 Km? and is
generally rocky as almost entire river flows through Himalayan ranges. The river
Chenab is perennial and has comparatively better distribution of water flows
because of substantial snowfall and rainfall during the winter months and

continuous flow of water from a number of glaciers.

Due to the above features, the river has a high hydro- potential.

1-4
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As per the studies done by CEA, the total hydro-power potential of Chenab basin
is estimated at 5932 MW at 60 % load factor (corresponding to 11318 MW of

installed capacity). Major hydroelectric projects executed /under execution/

under investigation so far in the basin are as under-

Scheme River Capacity
Salal (Stage-l & II) Chenab 690 MW
Sawalkot Chenab 1856 MW
Baglihar (Stage-l & I) Chenab 900 MW
Ratle Chenab 850 MW
Dulhasti Chenab 390 MW
Dulhasti-lI Chenab 550 MW
Kwar Chenab 540 MW
Kiru Chenab 624 MW
Kirthai -I Chenab 390 MW
Kirthai -1l Chenab 930 MW
Barinium Chenab 240 MW
Bursar Marusudar 800 MW
Pakal Dul Marusudar 1000 MW

1.4 THE PROJECT
1.4.1 Background

Kwar H.E. Project is one of the four projects on river Chenab in Distt. Kishtwar,

J&K entrusted to NHPC for detailed investigation and preparation of DPRs by

CEA in April, 2004.

The stage-l clearance from MOEF of the project was obtained by NHPC in the
month of March, 2005 as per layout decided by WAPCOS. However when

detailed survey and investigation works were taken up by NHPC it was found

that layout of the project needs some modification based on ground survey as
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well as feasibility of the project. Subsequently request has been made by NHPC
during December, 2005 for stage-Il clearance from MOEF.

Main components of the project are as under:

A 109 m high (above deepest foundation), 195 m long (at top) Concrete

gravity dam.

e U/s & D/s coffer dams (rock fill with central clay core).

e 1 no. 9.5 mdia. horse shoe shaped diversion tunnel of length of 685m.

e Reservoir with gross storage of 27.167 M.cum at FRL & 9.16 M.cum at MDDL
and having reservoir area at FRL 0.8 Km?.

e 4 nos. Power Dam Intakes with gate arrangement.

e 4 nos. 5.65 m internal dia underground circular steel lined penstocks/pressure
shafts with vertical length varying from 54 m to 93 m and total length
(excluding vertical) varying from 108 m to 182 m.

e An underground power house of cavern size 140.00 m x 23.30 m x 50.0 m to
accommodate 4 units of 135 MW each.

e 2 nos. 9.50 m dia horse shoe shaped concrete line TRT’s of lengths 2786 m

and 2963 m.

The proposed site for the construction of dam is located near village Padyarna,
in Distt. Kishtwar. The average river bed level at dam site is about EL 1290m.
Corresponding to an FRL of 1385.0 m, the gross storage of the reservoir is

27.167 Mcum and area under submergence is 0.8 Km?.

Underground powerhouse is proposed on the right bank of the river near village
Padyarna. The water from the reservoir would be taken to powerhouse through
pressure shafts/ penstocks and discharged through tail race tunnels (TRT) back

into the river course.
1.4.2 Topography & Physiography

The project area lies in the inner lesser Himalayas which encompasses steep,

rugged terrain. The prominent geomorphic features include U- and V-shaped
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valleys, interlocking spurs, ridges, saddles and river terraces. The narrow
valleys bounded by high ridges open out in their upper glacial parts. Slopes are
very steep due to which the rockfall occurs at certain points often under the
effect of gravity. The altitude of the area varies from about 1250m to very high
mountains. There are plentiful of grazing lands on the upper reaches of high
mountains. A number of meadows and pastures on the uplands are well known.
The vegetation is dominated with conifers. The local/ Gujjar population have

extended their settlements in forests at high reaches.

Rocks are strongly folded at certain places and are mainly composed of granite,
gneiss, schist, quartzite and phyllite. Some hot springs along river course have
been observed in the area from where the water is emerging from the earth in its

natural form.

1.4.3 Drainage
The river Chenab enters Kishtwar at Sansari in Paddar area of J&K from
Himachal Pradesh. It is joined by major tributary Bhut nallah at Arthal (EL 1785
m). Subsequently it is joined by the largest tributary Marusudar river at
Bhandarkot (EL 1100 m). Further down the river is joined by its tributaries
Bichlari and Ans river on its right. From its origin in Baralacha pass in Lahul Spiti
(Himachal Pradesh) to Akhnoor (Jammu), the river traverses about 585 Kms and
drops by 5340 m. The local area drained by the river up to international border

with Pakistan is 22681km? out of which 4662 Sqm are under glaciers.

1.4.4 Hydrology
The catchment area of river Chenab up to dam site of the project is estimated as
10325 km?. It lies between Latitude 32° 06'N to 33° 39’ N and Longitude 75° 55'
E to 77° 48' E. Average annual rain fall is 838 mm at Benzwar/1000 mm for the

entire basin.

1.4.5 Geology and Seismicity
Geologically the project area lies within inner lesser Himalayan belt under

Kishtwar group of rocks. All the project components viz. dam & powerhouse are
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housed in competent gneissose granite except tail race tunnel and part of

diversion tunnel, which lies in incompetent phyllite rocks.

The proposed concrete gravity dam (109 m above deepest foundation level) is
placed in the ‘U’ shaped valley where the dam foundation and abutments shall
be on strong granites. Interestingly, the bedrock is exposed along the river
channel at dam site at many places which indicate very shallow overburden

depth in the active river channel section.

Some open valley dipping joints are observed on the right bank at upper level
drifts. Based on the drift logs stripping limit varying from 3.51m to 13.25m is
proposed for right abutment to abut the dam with sound & fresh rock. Apart from
this adequate grouting shall also be required considering shearing and
fracturization of rockmass as observed in the drifts. However, shear
seams/zones would be suitably treated with dental excavation/treatment and
duly backfilled with richer grade of concrete during actual excavation of dam

foundation and abutment.

Based on the drift logs and some engineering considerations, the stripping limit
varying from 2.30m to 25.96m is proposed for left abutment to abut the dam with
sound & fresh rock. The permeability values in the bedrock vary from 4 to 26
Lugeon. This necessitates provision of adequate grouting to minimize seepage

path below dam foundation.

The water conductor system comprises 4 nos. pressure shafts/penstocks to feed
powerhouse. All the structure viz. Intake, Pressure shaft etc, shall be housed in
competent granites. However, in case of intake structure some stripping due to

open joints may be required to abut the structure in sound rock.
Considering all geotechnical characteristics of rock mass, the pressure shaft is

anticipated to negotiate through Class-I 10%, Class-lIl 50%, Class-lll 30%, &
Class-IV 10% as per RMR classification.
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The underground powerhouse complex having installed capacity of 540MW
consist 140m x 23.3m x 50m machine hall and 116m x 17m x 16m transformer
hall caverns, connecting through bus bar gallery etc. An underground power

house is proposed on right bank in a sub vertical rocky cliff.

Though, dry to moist conditions are observed in exploratory drifts on right bank,
but deeper inside possibility of seepage in powerhouse is anticipated due to well
jointed nature of rock and surface charging from nearby nalas through open
joints. Thus, provision of suitable mitigation measures are foreseen to control

seepage into the machine hall.

The powerhouse cavern, in general, shall be in good to fair class of rock with

random pockets of poor rock.

The twin tunnels are anticipated to be mainly in phyllitic rocks (around 90%)
however quartzitic bands within phyllite-quartzite sequence and intrusive granitic
rocks may appear in the initial part from PH side. An old slide scar has been
observed on right bank near the TRT outlet and slide material is lying at the river
bed following the rock profile. As such broad estimation regarding the tunneling
media has been made and the same has been classified as 50% in class Il —

Fair rock, 30% class IV — Poor rock and 20% class V — Very poor rock.

Considering the difficulties during excavation at various structures, adequate

provisions of rock supports has been kept in the cost estimate.

This dam shall create a 6.7 km long reservoir up to outlet of TRT of Kiru Project.
The full reservoir level (FRL) has been proposed at EL 1385M having 0.8 sq km
area. Right bank of the river is almost rocky (80% touching rock) whereas left
bank shall be touching partly overburden (50%) and partly rock outcrops (50%).
Major part of the reservoir rim shall be in contact with bedrock comprising of
gneissose granite and phyllite-quartzite sequence. The topography & river
course is generally found structurally controlled. Overall, the reservoir rim

appears to be safe from geo-environmental consideration (except some part of
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rim on left bank near village Galhar) with no possibility of reservoir leakage. No

economic mineral within reservoir periphery has been reported till date.

The project area falls in Zone-IV of Seismic Zoning map of India which
corresponds to high seismically active area. Site Specific Design Earthquake
Parameters study has been carried out by DEQ, IIT Roorkee, 2007. The PGA
value recommended for MCE & DBE was 0.31g and 0.16g respectively based

on above study. Further, Department has also suggested a,=0.17 and a,=0.11.

However, updated and modified report on Site Specific Design Earthquake
Parameters study has been carried out by DEQ, IIT Roorkee, 2016 and the
recommended PGA values for the MCE and DBE conditions are estimated as
0.50g and 0.28g for horizontal component and 0.33g & 0.19g for vertical
component. The recommended values for a,=0.16 and a,=0.11.

Dam height being 109m i.e. greater than 100m, MEQ studies were undertaken
within a radius of 50km of the dam site by Wadia Institute of Himalayan Geology
(WIHG) as per NCSDP guidelines.

Accordingly, Six (6) Broad band seismographs were installed for continuous

recording of six months from June 2015-Dec. 2015.

The site specific seismic design parameter study report along with the MEQ
study report was submitted to NCSDP. NCSDP in its 315" meeting held on 23™
June 2016 approved the response spectra and seismic design parameters of the

project.

1.4.6 Dam and Reservoir
Reservoir will be formed by construction of a 109 m high (from deepest

foundation level) concrete gravity dam. Broad feature of the reservoir shall be as

under-
Dam top EL 1387 M
Full reservoir level EL 1385 M
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Gross storage up to FRL 27.167 M cum.

Gross storage at MDDL 9.16 M cum.

Type of Dam Concrete gravity dam.

Deepest Foundation Level | EI 1278 M

Height of Dam 109 M from deepest foundation level
Length of Dam at top 195 M

1.4.7 River Diversion Arrangement

River diversion arrangement comprises of one number diversion tunnel horse-
shoe shaped of dia 9.5m and length 685m; and the upstream and downstream
coffer dams. The proposed diversion arrangement is designed for a flood

discharge of 1041cumec (return period of 1 in 25 years non-monsoon).

1.4.8 Water Conductor System

4 no. power dam blocks with one intake each have been provided to lead the
water through 4 no, 5.65 m dia underground circular steel lined penstocks to the
Power house and the water shall be discharged back to the river through 2 no
9.5 m dia horse shoe shaped TRTs of lengths 2786 m and 2963 m.

1.4.9 Power House Complex

15

The underground powerhouse is located on right bank of river Chenab near
village Padyarna. It will have an installed capacity of 540 MW (4 generating units
of 135 MW each). Power House cavern is 140 m x 23.30 m x 50 m and

transformer cavernis 116 mx 17 m x 16 m.

POWER GENERATION
The power generation and the optimization of Kwar H.E. Project has been made
based on long series of available hydrological data with the objective of
maximum utilization of the available inflow within economical limits. The

observed discharge data for the 90% dependable year have been used as the
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basis for carrying out the optimization studies. The project shall generate

1975.54 MU power in 90% dependable year with 95% machine availability.

COST ESTIMATE AND FINANCIAL FORECAST
The project has been estimated to cost Rs. 4949.24 crores including IDC of
Rs.532.21 crores at April 2016 price level. The unit cost of energy at Bus Bar (I
Year), considering return on equity of 16.5% based on generation in 90%

dependable year works out to Rs. 6.21 per unit at April 2016 price level.

The levelised tariff at Present Day Cost at April 2016 price level works out to be
Rs.5.77 per unit considering 12% free power to home state & 1% free power

towards Local Area Development Fund.

TIME SCHEDULE
The project is proposed to be completed in a period of 54 months after accord of
Government sanction. Infrastructural facilities shall be developed concurrently

with the process of obtaining various govt. clearances.
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SALIENT FEATURES

LOCATION

State

District

River

Latitude

Longitude

Location of Dam
Location of Power House

Nearest Rail head
Nearest Airport

HYDROLOGY
Catchment area at diversion site
Design Flood (PMF)
GLOF
Location of Catchment
Latitude
Longitude
Average annual rainfall
Average annual Yield
Maximum Temperature
Minimum Temperature

RESERVOIR

Full Reservoir Level (FRL)
Maximum Water Level (MWL)
MDDL

Gross storage at FRL

Live Storage

Reservoir area at FRL

Length of Reservoir

DIVERSION TUNNEL
No., Diameter & Shape
Length

Diversion Discharge

Invert Level at Entry

Jammu & Kashmir

Kishtwar

Chenab

33°21° 01" N

75°53" 39" E

Near village Padyarna

Right Bank Of River Chenab near
village Padyarna

Udhampur

Jammu

10325 Sq km
10534 cumec
620 cumec

32°06'Nt0 33°39'N
75°55'Eto 77°48'E
838 mm

12949 Mcum

43°C

-0.5°C

EL. 1385.0 m
EL. 1385.0 m
EL. 1372.0 m
27.167 Mcum
9.16 Mcum
0.8 Sg Km
6.7 km

1 no., 9.5 m, Horse-shoe shape
685 m

1041 cumec (1 in 25 years, non-
monsoon)

EL 1293 m
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Invert Level at Exit

Diversion Tunnel Gate

Size of Opening

Gate Operating Platform Level

COFFER DAMS

Type
Top of upstream coffer dam
Top of downstream coffer dam

DAM

Type

Dam Top

FRL

Dam height (above river bed level
/ deepest foundation level)
Length of dam at top

SPILLWAY

Type

Design Discharge

No of bays(Orifice type)
No of bays(Crest type)

Width of Orifice spillway block
Width of Crest spillway block

Detailed Project Report
Executive Summary

EL 1285 m

2 Nos. Vertical Lift gate
2No0s.3.94mx9.5m
EL. 1336 m

Rock fill with central clay core
EL 1315.00 m
EL 1292.00 m

Concrete gravity Dam
EL 1387 m

EL 1385 m

101 m /109 m

195 m

Orifice & Crest type
10534 cumec

4 Nos. of Orifice Spillway of
9.5m x 13.8m at EL. 1330.0m
1 No. of Crest Spillway of
9.5m x 17.0m at EL. 1368.0m.

64.0 m
16.0 m

ENERGY DISSIPATION ARRANGEMENT

Type

Ski-jump bucket with preformed
plunge pool

OUTLET FOR ENVIRONMENTAL RELEASE

Design Discharge

i) For lean period (Dec— mar.)
i) For Peak flow period(Jun-Sep)
iii)  Remaining four months

Size of Gate
Crest Level

16.49 cumec
74.09 cumec
16.79 cumec

2.6 m (W) x 2.0 m (H)
1369.90 m
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CONSTRUCTION SLUICE
Nos. & Size of Opening
Invert Level

Length

POWER DAM INTAKE
Number

Design Discharge (Per Intake)
Size of Opening

Invert Level

C/L of Intake

Trash Rack size

PRESSURE SHAFT / PENSTOCKS
Pressure Shaft No & Type

Dia.
Vertical Lengths

Total Length (excluding vertical)

Design Discharge (each Penstock)
Velocity (Penstock)

POWER HOUSE COMPLEX
Type

Installed capacity

Type of Turbine

Turbine Centre line

Power House Cavern

Control Room Cavern

Rated Head

Design Discharge (Per Unit)

Detailed Project Report
Executive Summary

4n0s.3.1mx50m
EL 1300 m
128 m

4 Nos.

145.07 cumec
565mx5.65m
EL. 1359.20 m
EL. 1362.025 m
15mx32.70m

4 nos. Underground circular steel
lined

5.65 m (Internal)

PS-1=54 m, PS-2=67 m,
PS-3=80 m, PS-4=93 m
PS-1=182 m, PS-2=156 m,
PS-3=131 m, PS-4=108 m
145.07 cumec

5.78 m/s

Underground

540 MW (4 x 135MW)
Francis vertical

EL 1245.55 m
140mx23.3mx50m
40mx15mx 28.8m
103.1 m

145.07 cumec

SURGE ARRANGEMENT, TRANSFORMER/ GIS CAVERNS &

DRAFT TUBE GATE HALL
Surge Arrangement

Size

Draft Tube Gate Opening Size

Combination of individual (gate)
shafts and surge galleries

4 Nos. shafts of size 54 mx7.5m
and 2 Nos. galleries 10.4 m horse-
shoe shaped and length 750 m each
7mx7m
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Transformer Cavern
Top Level
Bottom Level
Size

Size of GIS Cavern

TAILRACE TUNNEL
No. & Type
Dia. & Shape
Design discharge
Velocity
Length-

TRT-1

TRT-2

Aditto TRT

OUTLET STRUCTURE
Number

Invert Level

Weir crest level

Normal TWL(AIl units Running)

Min. TWL(One unit Running)
Max. TWL (At PMF)
Deck level of the structure

POTHEAD YARD
Type

Size

Elevation

POWER GENERATION
Installed capacity

Annual Energy Generation in
90% dependable year

COST ESTIMATE
Project cost

Cost of Generation at Bus
Bar/Unit

Detailed Project Report
Executive Summary

EL 1325.00 m

EL 1310.00 m
116.0mx 17 m x16 m
65mx15mx16m

2 nos, Concrete Lined

9.5 m, Horse —shoe shaped
580.28 cumec

3.87 m/sec

2786 m
2963 m
560 m , Portal at EL 1300.00 m

2 nos.

EL 1265.00 m
EL 1266.50 m
EL 1269.90 m
EL 1267.32 m
EL 1291.80 m
EL 1293.00 m

Outdoor
150 mx35m
EL 1315.00 m

540 MW
1975.54 MU

Rs.4949.24 Crores at April’2016PL
Rs. 5.77
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CHAPTER - 3
ESTIMATE OF COST
(Equity upfront)

INTRODUCTION
A summary of the Cost Estimate, including direct and indirect charges for
the Civil and Generation work is provided on page 5-6 under heading
‘Abstract of Cost’. The proposed cash flow for the Project is provided in this
Chapter.

BASIS FOR ESTIMATE

GENERAL

The Cost Estimate of Kwar H.E Project has been prepared broadly on the
basis of “Guidelines for Formulation of Detailed Project Reports for Hydro
Electric Schemes, their Acceptance and Examination for Concurrence”, New
Delhi, April 2012 (Revision 3.0) and “Guidelines for preparation of Project
Estimate for River Valley Projects” (Second Edition, March 1997, CWC)
Published by CWC, New Delhi. The experience gained during preparation of
Cost Estimates of other projects has also been utilized to arrive at the

realistic cost of the project.

I- WORKS
Under this heading, provision has been made for various components of the

Project as detailed hereunder.
A- PRELIMINARY

Under this heading, provision has been made for surveys and investigations

to be conducted to arrive at the optimum of the project components.
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B- LAND

This covers the provision for acquisition of land and compensation for
houses and other properties etc including expenditure incurred for the same
till date.

C- WORKS

This covers the cost of Diversion Tunnel, Coffer and Concrete Dam, Plunge

Pool for Kwar H.E. Project along with associated Hydro-mechanical Works.

J- POWER PLANT CIVIL WORKS
This covers the cost of project components viz Intake Structure, Pressure
Shaft Penstock & PS Adit, Underground Power House, Tail Race Tunnel,

Tail Race Tunnel Outlet, Pot Head Yard and other appurtenant works.

The quantities indicated in the estimates for C - Works & J-Power Plant Civil
Works are calculated from the preliminary engineering drawings and as per
experience of other on-going or commissioned projects. A provision of 5%

has been made for contingencies and the work charged establishment.

The unit rates for various items are based on Central water Commission
norms and worked out at current market rates. The details of items and the

supporting analysis are given in Chapter-6 of Volume-Il of DPR.

K- BUILDINGS

Buildings, both residential and non-residential have been provided under this
head. Included under the permanent category are all those structures which
will be subsequently utilized during the operation and maintenance of the
project utilities. The costs are worked out on plinth area basis prevalent in

the area for the type of construction involved.

O- MISCELLANEOUS
Under this head, provision has been made to cover the cost of the following

miscellaneous works.
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a) Capital cost of electrification, water supply, sewage disposal, fire fighting

equipments etc.

b) Repair and maintenance of electrification, water supply, sewage
disposal, medical assistance, recreation, post office, telephone and
telegraph office, security arrangements, fire fighting, inspection vehicles,

schools, transport of labour etc.

c) Other services such as laboratory testing, R&M of guest house and
transit camps, community center, retrenchment compensation,

photographic instruments as well as R&M charges etc.

P- MAINTENANCE DURING CONSTRUCTION AND Y-LOSSES ON
STOCK

A provision of 1% and 0.25% of C-Civil works, J-Power Plants, K-Buildings &

R-Communications has been made for maintenance of works during

construction period and losses on stock respectively.

Q-SPECIAL TOOLS AND PLANT

This provision under this head has been made to cover the residual value of
the equipment to be used for infrastructure works only i.e. capital cost of the
equipment less the credit due to resale or transfer of equipment and life of
machinery used in works. For this purpose, the provision for the machinery
likely to be used in infrastructure works (like buildings, roads etc.) excluding
inspection vehicles has been taken as 25% of their value and for inspection

vehicles, 100% of the cost has been booked under this head

R-COMMUNICATION

Provision under this head covers the cost of construction/improvement of
roads and strengthening of bridges. The road widths have been planned to
cater to the anticipated traffic including movement of heavy trailers. The
costs of roads and bridges are based on the present rate structure for the

type of construction involved.
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X-ENVIRONMENT AND ECOLOGY

Provision towards Bio-diversity Conservation, Creation of Green belt,
Restoration of Construction Area, Catchment Area Treatment,
Compensatory Afforestation etc. and Disaster Management Plan have been

made under this head as per EIA & EMP report.

ELECTRICAL WORKS AND GENERATING PLANT

The cost of generating plant and equipment is based on average of awarded
cost of last three NHPC’s Projects awarded having similar rating and
escalating the same at DPR price level. The prices of auxiliary equipment
and services are based on prevailing market prices/costs incurred at other
ongoing or commissioned projects. The switchyard equipments are based
on prevailing market costs. Taxes, duties and transport to site are based on
prevailing prices. Erection and commissioning charges have been estimated
as experienced on similar installations in the country.

A provision of 1% contingencies covering variations in the quantity of

equipment and services has also been made.

I-ESTABLISHMENT

Provision for establishment has been made as per “Guidelines for
Formulation of Detailed Project Reports for Hydro Electric Schemes, their
Acceptance and Examination for Concurrence”, New Delhi, April 2014
(Revision 3.0) for Civil works and Generation works respectively.

[II-TOOLS AND PLANTS

This provision is distinct from that under Q-Special T&P and is meant to
cover cost of survey instruments, camp equipment and other small tools and

plants. A provision of Rs. 2 crores has been provided as per new guideline.
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IV-SUSPENSE
No provision has been made under this head as all the outstanding
suspense are expected to be cleared by adjustment to appropriate heads at

completion of the Project.

V-RECEIPTS AND RECOVERIES
Under this provision, estimated recoveries by way of resale or transfer of
equipment used in infrastructure works, DG sets and transformers used for

generation of construction power and temporary buildings are provided.

SECURITY
A separate provision of Rs. 75.22 crores has been kept as per the

requirement of the project throughout the construction period.

CASH FLOW STATEMENT
The proposed cash flow at April’ 2016 Price Level excluding interest during

construction will be as follows:

Year Civil Works Flectrical Security Total
works
(Rs. in Crores)
Expenditure up
to January- 164.39 164.39
2018

1 458.74 .10 18 476.84
2 890.30 252.61 18 1160.91
3 1089.77 404.71 1569 | 1510.16
4 653.11 279.93 15.69 948.73
4.5 18.16 104.04 7.84 130.04
Total 3174.45 1104.38 75.22 4391.05
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3.3 ABSTRACT OF COST
S.No Description Amount
(Rs. In Crores)
(April'16 PL)
A |CIVIL WORKS
1 [DIRECT CHARGES
I - Works
A - Preliminary 18.91
B - Land 87.05
C - Works 1339.93
J - Power Plant Civil Works 1251.00
K - Buildings 80.09
O - Miscellaneous 33.25
P - Maintenance During Construction 27.42
Q - Special Tools and Plants 1.61
R - Communication 70.76
X - Environment and Ecology 93.86
Y - Losses on Stock 6.85
TOTAL OF | - WORKS 3010.74
Il - Establishment 206.38
Il - Tools and Plants 2.00
IV - Suspense
V- Receipt & Recoveries -4.96
TOTAL DIRECT CHARGES 3214.15
2 INDIRECT CHARGES
| - Capitalised Value of Abatement of Land Revenue 0.18
(5% of Cost of Culturable Land)
Il - Audit & Accounts Charges (0.25% of | - Works) 7.53
TOTAL INDIRECT CHARGES 7.71
TOTAL CIVIL WORKS 3221.86
B |ELECTRICAL WORKS 1041.38
TOTAL COST (CIVIL + ELECTRICAL) 4263.24
SECURITY 75.22
Expenditure incurred by NHPC Ltd 52.59
TOTAL COST (CIVIL + ELECTRICAL+SECURITY) 4391.05
INTEREST DURING CONSTRUCTION 532.21
(AT DEBT : EQUITY =70: 30)
FINANCING CHARGES 25.98
TOTAL COST INCLUDING IDC & FINANCING 4949.24
F/CEG/751/02/01
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CHAPTER 4

HYDROLOGY
4.1 GENERAL
Kwar Hydroelectric Project is a run-of-river type development scheme, planned
across Chenab river, near Padyarna village in Kishtwar district of Jammu region.
The entire project area is located in a highly mountainous and difficult terrain of
Kishtwar Tehsil. The project envisages construction of 109 m high concrete
gravity dam across Chenab River. At Full Reservoir Level (EL 1385 m) the
reservoir storage is 27.17 Mcum and reservoir surface area is 0.8 Sq.km. Length
of the reservoir at FRL is around 6.0 km. Gross storage capacity at MDDL (i.e EL

1372 m) is 18 Mcum and live storage capacity is 9.16 Mcum.

4.2 RIVER SYSTEM AND BASIN CHARACTERSTICS
The Kwar Hydro Electric Project is proposed on the river Chenab. Chenab river is
one of the three main rivers viz. the Indus, the Jhelum and the Chenab which
drains the state of Jammu and Kashmir. It is formed of two streams (namely, the
Chandra and the Bhaga) joining each other at Tandi (EL 2820 m) south of
Keylong, the district head quarter of Lahaul and Spiti in the Himachal Pradesh
State. The streams of Chandra and Bhaga originate respectively from the north
and south faces of Baralacha pass at elevation 4891 m situated in the great

Himalayas of Lahaul region of Himachal Pradesh.

The river flows in a general north-west direction before it is joined by the biggest
of all tributaries, namely the Marau or the Marusudar River at Bhandalkot. The
Marau or the Marusudar river, in turn is formed by the confluence of two major
streams namely the Warwan and the Rin-Nai, rising in the glaciers on the slopes
of Nunkun Peak of the Great Himalayas, and joins at Yurdu. The Chenab takes a
great bend at Bhandalkot changing its north westerly course to a southerly course.

Downstream of this Bhandalkot point, the river is generally known as Chenab, and
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flows almost due south upto Thatri, where it is joined by Kal Nai on the left. The
river then takes a great bend at Thatri changing its course from nearly southerly
direction to almost westerly direction. The Niru Nakla joins the Chenab from the
left bank at Doda. The Chenab continues to flow in a westerly direction till it is
joined by its tributary Bichlari river on its right at Ramban. The famous Banihal
Pass in the Pir Panjal range is located in the watershed line of this tributary. The
river then runs in a south westerly course. Before it turns south below the famous
Salal loop, the Ans River joins the Chenab river on its right below Kanthan village.
The Chenab river basin is a part of Western Himalayas. At its upper part the basin
Is narrow and elongated while it broadens down along the lower part. The upper
portion of the basin is characterised by rugged mountainous topography, whereas
lower basin consists of low hills and aggradational plain. More than 10,000 sq.km.

of the total catchment of Chenab in India remains permanently above snowline.

As about one third of catchment area of Chenab remains perpetually covered by
snow and glaciers, the comparatively high flows between March to June are largely
contributed by snow melting. High discharge in the river between July to
September is further compounded due to monsoon precipitation. The minimum

flow occurs during December, January and February.

The upper catchment is covered with glaciers. The snow line is considered at EL
4500 m. The catchment area of Chenab at Kwar is 10325 sq.km. The rainfed
catchment area is 4692 sq.km whereas snowfed catchment area is 5633 sqg.km.
The catchment area of Chenab at Kwar lies between Longitude 75°55’ E to 77°48’
E and Latitude 32°06’ N to 33°39' N. The proposed dam site lies at Longitude
75°53'39” E and Latitude 33°21°01" N.

4.3 WATER AVAILABILITY STUDY
Kwar H.E. Project is proposed at around 10 km u/s of Dul dam site of Dulhasti

Power Station. Long term average 10-daily series has been developed at Dul dam
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site for the period 1975-2012, which is based on daily discharge data at Benzwar
from 1975-2003 and daily discharge data at Dul dam from 2004-2012. Considering
uniform rainfall pattern, 10 daily average flow series has been estimated at
proposed dam site by transposing the data of Benzwar and Dul dam site in
catchment area proportion. The water availability study was submitted to CWC and
has been duly approved by them. Average annual yield of CWC approved series
(1975-2012) at Kwar dam site is 12949 Mcum.

4.4 RESERVOIR ELEVATION AREA CAPACITY CURVE
Reservoir elevation area capacity curve has been obtained on the basis of
1:10000 scale contour maps @ 10 m interval. The gross capacity of reservoir at
proposed FRL (EL 1385 m) is computed as 27.167 Mcum. The reservoir will
extend up to a distance of around 6 km upstream of the dam site and will have a
surface area of 80 Ha at FRL EL 1385 m. Gross storage capacity at MDDL (EL
1372 m) is 18 Mcum and live storage capacity is 9.16 Mcum.

4.5 RATING CURVE
On the basis of observed G&D data sites and available cross sections, rating

curves have been prepared at different locations.

4.6 DESIGN FLOOD
As suggested by CWC, the flood between Kirthai-1 and Kwar H.E.Project has been
estimated using Flood Estimation report of CWC (Subzone-7) and routed flood of
Kirthai-1 HEP has been added to this flood to estimate design flood at Kwar
H.E.Project. PMF of 10534 cumec has been recommended for design and

planning purposes by CWC.

4.7 GLACIAL LAKE OUTBURST FLOOD
It was suggested by CWC that as around 76 % area is under permanent snow,

GLOF studies may also be carried out. Accordingly a GLOF study was carried out
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and submitted to CWC in Nov 2013. In CWC clearance letter received vide
6/11/2009/FE & SA/94 dated 06.02.2014, it is stated that peak discharge of 620

cumec estimated at dam site, due to GLOF event, is in order.

DIVERSION FLOOD

The flood frequency analysis has been carried out for non-monsoon flood peaks
(data base 1975-2012) for different working season by Log Pearson type-lil
distribution based on modified discharge data after discussions with IWC. The 7.5
months working period (i.e. 1% Oct to 15™ May) has been decided for construction.
1 in 25 year non-monsoon flood at mean line is 1021 cumec for this period
whereas maximum observed flood is 1041 cumec for this period. Maximum

observed flood of 1041 cumec is recommended as Diversion flood by CWC.

RESERVOIR SEDIMENTATION

At Dulhasti Power Station, a sediment rate of 0.224 ham/sg.km/year has been
adopted based on data observed at Benzwar site. The sediment data observed at
Dul dam in later years shows comparatively lower sediment rate (0.151

ham/sq.km/year).

4.10 ANALYSIS OF TRANSIENT CONDITION FOR UPSTREAM & DOWNSTREAM

WATERWAY

The hydraulic transient study for Kwar hydroelectric project has been carried out
to ascertain the transient conditions in upstream waterway and downstream
waterway occurring during operation of the power plant and especially to satisfy

those stipulated in Indian Standards for total closing and/or opening of the turbine.

The detailed hydrological studies and hydraulic transient studies along with

annexures and figures are compiled in Hydrology volume, Volume-Iil of DPR.
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CHAPTER -5
GEOLOGY

5.0 INTRODUCTION

The 540MW Kwar HE Project is located on river Chenab near village
Padyarna. The project is 10 km upstream of Dulhasti Power Station (Under
operation by NHPC) in Kishtwar District of J&K on Kishtwar-Paddar Road.

Modifications in the layout were made by NHPC wherein dam site was shifted
from Galhar to Padyarna & powerhouse was also brought contiguous to dam
body to make the scheme more compact & viable. However, the TRT is
extended upto tail of Dulhasti reservoir to harness complete head between

Kwar and Dulhasti Projects.

Geologically the project area lies within inner lesser Himalayan belt under
Kishtwar group of rocks. All the project components viz. dam & powerhouse
are housed in competent gneissose granite except tail race tunnel and part of

diversion tunnel, which lies in incompetent phyllite rocks.

5.1 FIELD INVESTIGATION

After taking over the project for DPR preparation, detailed investigation works
have been carried out. The investigations include topographical survey,
geological mapping, exploratory drilling (21 nos. of holes cum depth
1453.72m), and exploratory drifting in dam (7nos.,cum length 417.50m) and in
Power house area (cum length 293.3m(old drift)+150.7m(new drift),
geophysical explorations, laboratory and in-situ rock mechanic tests &

construction material survey etc.

5.2 REGIONAL GEOLOGY

In the project area quartzite-phyllite sequence of Dul and Lopara Formation
and Pias Granite as an intrusive body are exposed. The granite is intruded in

the host rock of quartzite-phyllite sequence. In general, the foliation trends
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NW-SE with moderate to steep dips in NE direction with folding attitude at the

proposed dam site.

53 GEOLOGICAL EVALUATION OF MAIN CIVIL STRUCTURES
5.3.1 Dam

The proposed concrete gravity dam (101m above river bed level) is placed in
the narrow ‘U’ shaped valley where the dam foundation and abutments shall
be on strong granite. However, the phyllite-quartzite-phyllite sequence of
rocks, which are exposed in the area lie above the dam top. The bedrock is
exposed along the river channel at dam site at many places which indicate
shallow overburden depth (5m to 7m) in the active river channel section. The
bedrock profile has been considered at EL 1291m & 1280m at dam axis
towards right & left side respectively from centre of river, based on present
investigations. Overall the rock mass is dissected by 4 sets of joints along with
random joint. Foliation is faintly developed in this rock and wherever it is
observed, it shows downstream dips. Steep dips have been noticed near the

river bank which might have been developed due to folding nature of strata.
Right Abutment

Right abutment is explored by drifts at three levels. All the drifts are driven
through granite/ gneissose granite with intermittent shear seams/zones.
Shearing/ shattering generally follow S-2 & S-3 joint sets. Random thick
quartz bands are also noticed mainly in the lower drift. Irregular bands of
phyllite appeared at the upper level drift, while amphibolite at the end of u/s
cross cut of lower level drift. The rock is generally fresh, strong with

moderately to widely jointed nature.

Right abutment may require large stripping at selective locations due to open
clay filled joints to abut the dam with sound rock. Further, it may also require
adequate grouting considering shearing and fracturization of rock mass as

observed in the drifts.
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Left Abutment

Left abutment is explored by drifts at three levels. As per drift data rock mass
condition is relatively better than right bank. Normal stripping is proposed to
abut the dam with sound rock however; it may require selective large
stripping. Apart from this, adequate grouting may also be required considering
shearing and fracturization of rock mass as observed in the drifts. The left
bank slope in the downstream of dam site is of concern where a large slide
scar cum subsidence zone is observed between elevations 1450 & 1370m.
This feature has developed in scree and sheared material and have tendency
of subsidence on charging of the ground. This may affect the dam toe
location. As such, it is mandatory to provide proper protection works to
safeguard the toe of the dam. Provision for slope treatment has been kept

accordingly.

The foundation and the abutments of dam shall be placed exclusively in
granite, but it shall require selective stripping for founding the dam in fresh
and good rocks. Though the bed rock of granite is strong and competent but it
may also require curtain grouting to minimize seepage path below dam

foundation.
5.3.2 Plunge Pool Area

The plunge pool area encompasses bedrock of gneissose granite and phyllite.
Plunge pool area is explored by a drill hole towards left bank (i.e. KDH-4) out
of proposed two drill holes. The drill hole has gone entrely in
granite/gneissose granite. Gneissose granite is competent, strong and widely
jointed whereas phyllite is incompetent and thinly foliated in nature. Riverbed
is occupied by riverine material (10m to 12m) as such; excavation of riverbed

material and bedrock is required to attain the required level for plunge pool.
5.3.3 Diversion Tunnel

A 685m long 10m dia horse shoe shaped diversion tunnel has been
envisaged on the left bank to divert the river water to facilitate construction of
dam and its appurtenant structures. Diversion Tunnel will be housed partly in

granite (from u/s side) and partly in Phyllite-quartzite sequence. Gneissose
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granite rock is well exposed at inlet location however at outlet location phyllite-
quartzite sequence is exposed at river level but overlooking slope is under
overburden cover. Due to thick overburden in the outlet area a drill hole (KDH-
5) is made to estimate thickness of overburden. The bedrock is encountered
at 16.6m depth (El. 1312.14M). The overburden is constituted of slope wash
material of phyllites and silty soil. The bed rock is light grey coloured, weak to
medium strong phyllite/quartzitic phyllite. Part of tunnel is likely to be within
granite/gneissose granite upto Ch. 270m (z) from inlet side and rest in phyllitic
rocks. Foliation is feeble in granite but developed at places and have
moderate to steep dips. Consequently, the phyllite-quartzite rocks, which are
expected in a length of approx. 415m are relatively well foliated and weak in

nature.

Apart from this, a shear zone has also been inferred within quartzite-phyllite
sequence. A drill hole was made on DT alignment (KDH-6) to confirm the
existence of shear zone. The hole was drilled on hill slope and the shear zone
is encountered between 29m to 35m depth which confirms the apprehension.
This shear zone is likely to encounter between Ch. 550m (z) to Ch. 570m (%)
from inlet side. In view of weak nature of strata, it may pose difficult tunneling
condition if the medium is charged. As such, such poor zones will require

advance probing and concurrent rock support measures during excavation.

The diversion tunnel is anticipated to negotiate about 20% class Il, 30% class

1, 25% class IV and 25% class V rocks based on RMR classification.

5.3.4 Water Conductor System

The water conductor system comprises intake structure, 4 nos. pressure

shafts, directly from intake to join the Power House.

All the structure viz Intake, Pressure shaft etc, shall be housed in competent
granites. The intake structure is located on right bank very close to dam body.
The area around proposed structure exhibits outcrops of granite however,
some scanty talus material (slope wash) is also observed on the slope below

El. 1350M (z). The overburden is insignificant however need to be removed to
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expose the rock. Granite is hard, moderately jointed, slightly weathered with

some open joints (filled with soil/clay) in the area.

To explore the subsurface geological conditions a drift with cumulative length
of 50m (including X-cuts) is made in the proposed intake area. The drift has
driven through granite/gneissose granite, which is strong & moderately to
widely joint in nature. Shear seams/zones (few cms. to <560cm) are observed
at places. Open joints with soil filling are also observed in the initial reach i.e.,
from portal to Ch. 4m in the main drift. The pressure shafts are expected to be
in competent granitic rocks but wedge failures aided by sheared joints is
foreseen due to shattered nature of rock and open joints filled with clay at the
surface. Considering all geotechnical characteristics of rock mass, the
pressure shaft is anticipated to negotiate through fair to good rock condition

except random stretch of poor rock condition.
5.3.5 Power House Complex

The powerhouse complex is adjoining to dam body on right bank and shall be
located under a cover of around 200m mainly in granites. Irregular bands of
phyllite are seen in P/H drift & drill hole KDH-12, while amphibolite is seen
within granite in the old and new power house drift as well as in drill hole
KDH-15 &17, which indicates that these two units have intertounging
relationship with granite and may occur randomly within granite. A new drift
of 150.7m length has been made from £ RD 50m of old P/H drift to explore
the subsurface geological conditions around new alignment of P/H cavern.
The rock mass (granite) encountered in the drift are hard and competent to
accommodate the large caverns. In all 4 sets of joints dissect the rock mass.
Out of these, foliation (S-1), across foliation (S-2) & valley dipping (S-3) joints
are more prominent. Foliation joint cut obliquely to the longer axis of the
cavern. In order to minimize the adverse effect of orientation of joints, the
longer axis of the cavern is realigned in N 090° Nevertheless intersection of
some of the joint sets can lead to wedge formation and few of them may result
in gravity fall or sliding failures from crown and side walls which need to be

taken care. Suitable provisions have been kept accordingly.
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Though, dry conditions are observed in new exploratory drift, but deeper
inside possibility of seepage cannot be ruled out due to well jointed nature of
rock and surface charging from nearby nallas through open joints. Further, the
powerhouse cavern is placed adjoining to dam body, seepage from reservoir
through well jointed granite rock is also apprehended. Thus, provisions of
suitable mitigative measures are foreseen to control seepage into the
machine hall. The powerhouse cavern, in general, shall be in good to fair

class of rock with random pockets of poor rock.
5.3.6 Tail Race Tunnel

The water from the power house shall be discharged back into the river
through 2 nos. horse shoe tunnels on right bank of 2.786 & 2.963km long,
having 9.5m dia at normal TWL 1270M to harness the maximum head. Both
the tunnels are 78m apart from centre to centre and aligned almost

subparallel to river course with a kink near Phullar nalla.

Both the tunnels are anticipated to be mainly in phyllitic rocks (around 90%)
however quartzitic bands within phyllite-quartzite sequence and intrusive
granitic rocks may appear in the initial part from PH side (around 10%). To
know the rock cover and subsurface geological conditions two drill holes i.e.
KDH-11 & KDH-14 were drilled in Phullar nala and on TRT-2 alignment
respectively. A thick shear/fracture zone (>20m) was encountered in drill hole
KDH-11 beyond 41.35m depth (El. 1383.6M) and continued down to the end
of the hole , while in drill hole KDH-14 also ,a shear/fracture zone of nearly
21m thickness was encountered between 52.5 (EL. 1301.3M) and 73.5m
depth (EL.1280.3M). The shear zone intercepted in this drill hole may
encounter in TRT nearly at Ch. 1.2km (approximate 30m zone) from upstream
side if shear zone follows the bedding attitude. An old slide scar has been
observed on R/B near the TRT outlet and the slide material is lying at the river
bed following the rock profile. As the valley slide TRT is under the slide
material, a drill hole was proposed to assess the rock cover above the
alignment. The drill hole (KDH-16) drilled in slide debris on TRT-1 alignment
has intercepted the bedrock at 42m depth (El. 1342.96M). The bedrock is light

green to grey colored and weak phyllite. A thick sheared/crushed zone is
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encountered between 51 and 55.5m depth. The cover over the tunnel varies
from 72m to 398m over TRT-1 and 92m to 468m over TRT-2 respectively.

The minimum cover of 72m (TRT-1) comes below Phullar nalla.

Owing to weak and laminated nature of rock (phyllite) and at places tunnel
having aligned sub-parallel to the strike of rock formation coupled with
superincumbent cover, the tunnel may experience squeezing condition at
places. There are number of surface manifestations of shear zones,
lineaments & master joints etc. within phyllite which can be considered as
zone of weaknesses for tunneling. Further, there are apprehensions of
encountering number of weak zones (around 40% of total tunnel length)
intermittently along the tunnel route. As such, 50% tunneling may be

considered in class-lll (fair rock) and 30% in class IV & 20% in class V rocks
54 RESERVOIR

This dam shall create a 6.7km long reservoir upto outlet of TRT of Kiru
Project. The full reservoir level (FRL) has been proposed at EL 1385M having
0.8sq km area. Right bank of the river is almost rocky (80 % touching rock)
whereas left bank shall be touching partly overburden (50%) and partly rock
outcrops (50%). Major part of the reservoir rim shall be in contact with
bedrock comprising of gneissose granite and phyllite-quartzite sequence. A
thermal spring has been observed within reservoir which indicates presence
of some structural control along the river course. A landslide is observed on
R/B near tail of reservoir. However, some stretches under slope wash material
near Galhar village may result in sloughing after filling up of the reservoir.
These issues will be addressed during EMP studies. Overall, the reservoir rim
appears to be safe from geo-environmental consideration (except some part
of rim on left bank near village Galhar) with no possibility of reservoir leakage.

No economic mineral within reservoir periphery has been reported.
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5.5 SEISMICITY

The project area falls in Zone-IV of Seismic Zoning map of India which
corresponds to high seismically active area. Site Specific Design Earthquake

Parameters study has been carried out by DEQ, IIT Roorkee.

As per updated report, the PGA value recommended for MCE & DBE
conditions are 0.50g and 0.28g for horizontal and 0.33g MCE and 0.19g DBE
for the vertical ground motion respectively. Further, Department has also
suggested the design seismic coefficient for preliminary design of Dam as
ah=0.17 and av=0.12, which was approved by NCSDP in its 31st meeting
held on 23rd June 2016. (Letter dated 07.10.2016 is appended as Annexure-
XIl).

Further, as suggested by GSI during the evaluation of DPR, MEQ studies by
Wadia Institute of Himalayan Geology, Dehradun have been carried out to
know the local seismicity of the area as well as to establish the presence of
neo-tectonic activity. The study is now completed and the report was
discussed with NCSDP. Further, NCSDP has suggested some modifications
in the MEQ report, however, these suggestions will not have any impact on
the approved seismic design parameters. The final updated report shall be

submitted after getting approved by NCSDP.

5.6 CONSTRUCTION MATERIAL

For the construction of concrete dam, coffer dams, diversion tunnel,
powerhouse and other allied civil structures of the project, 4 rock quarries and
one impervious soil deposit have been selected for meeting the requirements.
The requirement of coarse and fine aggregate has been estimated to be 21.9
lac.cum, whereas 0.69 lac.cum. of impervious soil, 3.0 lac.cum. of rockfill
material, 0.13 lac.cum. of filter material and 0.19 lac.cum. of Riprap material

shall be required for construction of coffer dams.

Based on the test results and keeping in view the available quantity, it is
concluded that sufficient suitable construction material is available to meet the

requirement of the project.
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CHAPTER -6
POWER STUDIES

POWER SUPPLY-DEMAND

ON ALL INDIA BASIS

The Power System in India has grown from small, isolated stations, serving
limited consumers in and around large cities, into large regional Power
Grids. The generating capacity installed in the country has already grown
to 306358.25 MW by September 2016.

For the purpose of system planning and operation the country has been
divided into the following five geopolitical regions: Northern, Western,
Southern, Eastern and North-Eastern regional power grids and the
transmission system are being progressively inter-connected for efficient
operation of these five regional grids.

The objective of the system development is to evolve self-sufficient regional
grid catering to the individual regional power demands. It is also aimed at
achieving the maximum benefits from integrated operation, through a
proper mix of thermal and hydro generation. The present power position in
the five regional Grids as per “Load Generation Balance Report (LGBR)
2016-17" published by CEA is shown in Table 6.1a and 6.1b.

ON REGIONAL BASIS

The Northern Region comprises the states of Punjab, Haryana, Himachal
Pradesh, Delhi, UP, Uttarakhand, Rajasthan, Chandigarh and J&K. The
Northern grid comprises the power system controlled by Electricity Boards/
Corporations of the above states.

The Northern Region has been experiencing acute power shortage during
the last decade due to rapid industrialization, developing irrigation network
& urbanization. It is obviously not possible to meet rapidly growing power
demands of industry and agriculture from the existing power stations.
Electrical energy being the basic ingredient for economic upliftment through
industrial and agricultural development, power shortage has slowed down
the wheels of progress and put a curb on all development activities in the
region. Thermal and nuclear generation of power is not the right solution for

meeting peaking power deficit in this region because of limitations imposed
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by inadequate availability of coal and nuclear fuel, long distances over
which fuel has to be transported through an overloaded railway system and
higher cost of power generation from thermal and nuclear power plants.
Even considering the coordinated operation of existing hydro, nuclear and
thermal stations, as well as benefits from on-going projects and also from
the schemes cleared by CEA, the Northern region shall face power deficits
by the end of 12" five Year Plan and is also expected to face further
power deficits in the upcoming years.

The Power position in Northern region for 12" 13" and 14™ five Year
Plans has been summarized in Table 6.2. In the table, the peaking and
energy capabilities are taken for optimum condition. The benefits from all
schemes that have been cleared by CEA have been included.
JUSTIFICATION FOR THE PROJECT

From the Table 6.1a for the year 2015-16, it is observed that the North
Region had deficit in capacity of (-)7.1 % and energy peak deficit of (-)
4.8%.

Northern region has Hydro thermal mix ratio of 23:64 at present in
comparison to overall scenario in the country vis-a-vis Hydro Thermal ratio
stands at 14:70. The proposed Kwar Project would form an integral part of
the Northern Grid to contribute in projected energy requirement. Besides, it
will also provide peak capacity to the grid and helps in optimizing the
generation from thermal stations which are forced to operate at poor load
factor in absence of matching hydropower contribution.

SCHEME FOR WHEELING EVACUATING POWER

The responsibility of power evacuation system from Kwar Power Project as
per present scenario remains with PGCIL to be connected to grid at 400 kV
level.

AVAILABLE GENERATING CAPACITY IN REGION

The Total Installed Capacity in Northern Region as on Sep 2016 is
80862.58 MW. Out of this, 18376.78 MW is Hydel and the rest are thermal
and nuclear and thus the Hydro Thermal mix is 23:64 which is better than

the national average of 14:70.
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FUTURE ENERGY REQUIREMENTS IN REGION

The CEA has forecasted the future load demand in their publication
“18th Electric Power Survey (EPS) of India” The future load demand for the
year 2022-23 has been projected on the basis of a scaling factor of 1.0243
for Northern Region.

From Table 6.2, in Northern region there will be peaking deficit of 1.6% and
Energy deficit of 1.8% by the end of 2016-17. However, by the end of 2022-
23, there will be peaking deficit of 30.1% and energy deficit of 36.5%.

POWER SUPPLY POSITION WITH & WITHOUT PROJECT
The Power supply position without Kwar hydro electric project is shown in
Table 6.2. From the perusal of table 6.2, the power scenario in the northern

regions without Kwar HE Project by the end of 2022-23 is summarized as

below:
) Peaking Peaking
Region Energy(MU) | Energy (%)
Power(MW) | Power (%)
Northern Region -26667 -30.1% -227443 -36.5%

Note: Surplus denoted by (+)
Deficit denoted by (-)

Kwar HE Project with an installed capacity of 540 MW, is one of the
potential schemes in J&K and, as such, merits clearance at an early date
SO as to be taken up for execution immediately to obtain benefits by 2022-
23. The need for Kwar Project has therefore been considered in the context
of power storage particularly peaking capacity in Northern region and
energy requirements of Northern region apart from other considerations.
Kwar Project is planned as run of river scheme with live storage capacity of
9.16MCM. It is planned to generate 1975.54 MU in 90% dependable year
i.e. 1996-1997.

Power supply position with Kwar HE Project in Northern region is as given
in Table 6.3. In the study, forecasted Hydro and Thermal (Including Nuclear

& renewables) power plants proposed to be added to the system are also
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shown. Factors like slippage in commissioning of the units, unforeseen
outages have not been taken into account. It is also assumed that all the
TEC cleared projects would be available by the end of 13th plan.

From the perusal of tables 6.3, the power scenario in the region with Kwar

Project by the end of 2022-23 is summarized as follows:

Peaking Peaking

Region Energy (MU) Energy (%)

Power (MW) | Power (%)

Northern Region -26324 -29.7% -225248 -36.1%

Note: Surplus denoted by (+)
Deficit denoted by (-)

It is observed that in Northern region, by the end of 2022-23, there is a
peaking deficit of (-) 29.7% and Energy deficit of (-)36.1%. From the growth
of demand and anticipated installed generating capacity on the basis of
schemes proposed for benefits under construction/consideration during 13™
Five Year Plan period, It is observed that power supply position in the
Northern Region would become all the more acute from the start of 13"
Five Year Plan and serious power shortage will have to be faced unless
additional schemes are taken up immediately and implemented to derive
timely benefits. The most important sources of power development in the
Northern Region are its abundant hydro resources located in Himachal
Pradesh, Uttarakhand and Jammu & Kashmir.

The power from this project would be fully absorbed in the Northern grid. It
is in this context that Kwar H.E. Project is being proposed for immediate

implementation.
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Table: 6.1a
Actual Power Position for Year 2015-2016

Energy Peak
Region | Require | Availablity [ Surplus/ Deficit (-) [ Demand| Met Surplus/ Deficit (-)
ment
(MU) (MU) (M) (%) (Mw) | (MW) [ (MW) (%)

Northern | 340475 | 324009 | -16,466 | -4.8% 54474 | 50622 -3852 -71%

Western | 346767 345967 -800 -0.2% 48640 48199 -441 -0.9%
Southern | 288025 283494 -4531 -1.6% 40030 39875 -155 -0.4%
Eastern 124653 123646 -1007 -0.8% 18169 18056 -113 -0.6%
North-

14488 13735 -753 -5.2% 2573 2367 -206 -8.0%
Eastern

All India [ 1114408 | 1090851 | -23557 -2.1% 163886 | 159119 | -4767 -2.9%

Table: 2.1b
Anticipated Power Position for Year 2016-2017

Energy Peak
Region | Require | Availablity [ Surplus/ Deficit (-) [ Demand| Met Surplus/ Deficit (-)
ment
(MU) (MU) (M) (%) (Mw) | (MW) [ (MW) (%)
Northern | 357459 | 351009 -6450 -1.8% 55800 | 54900 -900 -1.6%

Western | 379087 | 405370 26283 6.9% 51436 | 56715 5279 10.3%

Southern | 310564 | 320944 10380 3.3% 44604 | 40145 -4459 -10.0%

Eastern | 151336 135713 -15623 | -10.3% | 21387 | 22440 1053 4.9%

North- 16197 14858 -1339 -8.3% 2801 2695 -106 -3.8%
Eastern
All-India | 1214643 | 1227894 13251 1.1% 176028 | 176895 867 0.5%

The data for the year 2015-2016 & 2016-2017 tabulated above is as per 'Load generation balance
report and ' Published by CEA June 2016 on the website www.cea.nic.in
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Table-6.2

POWER SUPPLY POSITION NORTHERN REGION

WITHOUT KWAR PROJECT
. . 12th Pl 13th PI
Northern Region Unit th Plan 3th Plan 14th Plan
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 2022-23
Installed Capacity MW 79693 83353 87565 89820 93550 94309 95822 97446
Peak availability Mw 50622 54900 55622 57055 59424 59906 60867 61899
Peak requirement MW 54474 55800 65686 70276 75238 80620 86461 88566
Peak Surplus(Deficit)
MW -3852 -900 -10064 -13221 -15814 -20714 -25594 -26667
Peak Surplus(Deficit
urplus(Deficit) % 71% 1.6% -15.3% -18.8% -21.0% -25.7% -29.6% -30.1%
Energy availability MU | 324009 351009 356014 365182 380347 383433 389585 396188
Energy requirement MU 340475 357459 454897 485914 519260 555214 594000 623631
Energy Surplus(Deficit) | yy, | 15466 -6450 -98883 120732 138913 171781 -204415 207443
Energy Surplus(Deficit)
% -4.8% -1.8% -21.7% -24.8% -26.8% -30.9% -34.4% -36.5%
Power plant considered to 1400 MW 500 MW 520 MW 444 MW 660 MW 850 MW 1000 MW
be added in respective year Rai :
j(U-7&8) [Unchahar St-| Tapovan Vishnugad | Harduagang
of 12th, 13th, 14th and 15th NPCIL IV(U-6) | vishnugad | Pipalkoti Exp-ll Ratle HEP | - Pakal Dul
plan. T00MW | 1320 MW | 660 MW 180 MW 99 MW 1T71MW | 624 MW
Sainj Meja STPP | chabra GT | Bajoli Holi Bﬁ'“go"  |Lata Tapovan|  Kiru
atwari
Source: 330 MW 100 MW 800 MW 1320 MW 240 MW
A. www.cea.nic.in( CEA reports) Kishanganga ) Parbati-1I .
HEP Uhl-1ll HEP Tanda-llI Kutehr
1. list of power projects for likely
benefit during 12 th plan 660 MW 36 MW 44 MW 1000 MW 252 MW
2.Thermal units programmed for i Tangnu X i
commissioning during 2015-16 Prayagraj Chanju-l | o i lHEP| TehriPSS Devsari
3. Thermal and hydro projects
monitoring report. 76 MW 111 MW 206 MW
4.Status of hydro electric projects
under execution for 12th plan and Phata Byung | Swara Kuddu|  Shahpur
beyond HEP HEP kandi
1320 MW 120 130 MW
Status of projects under
construction: other websites Suratgarh | yyasiygynL | Kashang-
TPS(U-788) H&dil
660 MW 450 MW
Chhabra TPP Shongtong
Extn.(U-5) Karcham
100 MW
Tidong-I
HEP
100 MW
Sorang HSPL
Total Mw 2490.0 MW | 4212.0 MW | 2255.0 MW | 3730.0 MW | 759.0 MW | 1513.0 MW | 1624.0 MW

1.The data for the year 2015-16 and 2016-17 has been taken from 'Load generation balance report 2016-17' Published by CEA on the

2. Peak availability for the year 2017-18 onwards have been estimated on the basis of ratio of Peak availability to Installed capacity for the
year 2015-16.

3. Energy availability for the year 2017-2018 onwards have been estimated on the basis of ratio of Energy availability to Installed capacity
for the year 2015-16.
4. Energy requirement and peak requirement for the year 2016-17 onwards upto 2021-22 is based on 18th EPS of India.

5. Energy requirement and peak requirement for the year 2022-23 onwards is based on scaling factor of increase in Energy and Peak
requirement for the years 2015-16 to
2016-17 from the precedina vear.

6. Micro/mini hydel projects under construction have not been considered in this study.

This is a statistical analysis based on various publications mentioned above and meant for study and planning purposes only.
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Table-6.3

POWER SUPPLY POSITION NORTHERN REGION

WITH KWAR PROJECT

. . 12th Pl 13th PI
Northern Region | Unit th Plan 3th Plan 14th Plan
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 2022-23
Installed Capacity Mw 79693 83353 87565 89820 93550 94309 95822 97986
Peak availability Mw 50622 54900 55622 57055 59424 59906 60867 62242
Peak requirement MW 54474 55800 65686 70276 75238 80620 86461 88566
Peak Surplus(Deficit)
MW -3852 -900 -10064 -13221 -15814 -20714 -25594 -26324
Peak Surplus(Deficit
urplus(Deficit) % 71% 1.6% -15.3% -18.8% -21.0% -25.7% -29.6% -29.7%
Energy availability MU | 324009 351009 356014 365182 380347 383433 389585 398383
Energy requirement MU 340475 357459 454897 485914 519260 555214 594000 623631
Energy Surplus(Deficit) | yy, | 15466 -6450 -98883 120732 138913 171781 -204415 225248
Energy Surplus(Deficit)
% -4.8% -1.8% -21.7% -24.8% -26.8% -30.9% -34.4% -36.1%
Power plant considered to 1400 MW 500 MW 520 MW 444 MW 660 MW 850 MW 1000 MW
be added in respective year Rai :
j(U-7&8) [Unchahar St-| Tapovan Vishnugad | Harduagang
of 12th, 13th and 14th plan. NPCIL IV(U-6) | vishnugad | Pipalkoti Exp-ll Ratle HEP | - Pakal Dul
100 MW 1320 MW 660 MW 180 MW 99 MW 171 MW 624 MW
sainj | MeiaSTPP | cpobraGT | BajoliHoli | S"9°0 || ata Tapovan|  Kiru
Bhatwari
Source: 330 MW 100 MW 800 MW 1320 MW 240 MW 540 MW
A. . .Nic.i EA rep ) i i-
wuww.cea.nie.In( CEA reports Kishanganga| Paroali-l | randa-i Kutehr | Kwar HEP
HEP HEP
1. list of power projects for likely
benefit during 12 th plan 660 MW 36 MW 44 MW 1000 MW 252 MW
2.Thermal units programmed for Tangnu
commissioning during 2015-16 Prayagraj Chanju-l 9 Tehri PSS Devsari
TPP Romai-I HEP
3. Thermal and hydro projects
monitoring report. 76 MW 111 MW 206 MW
4.Status of hydro electric projects
under execution for 12th plan and Phata Byung | Swara Kuddu|  Shahpur
beyond HEP HEP kandi
1320 MW 120 130 MW
Status of projects under Suratgarh Kashang-
construction: Other web sites TPS(U-788) Vyasi UJVNL n&l
660 MW 450 MW
Chhabra TPP Shongtong
Extn.(U-5) Karcham
100 MW
Tidong-I
HEP
100 MW
Sorang HSPL
Total Mw 2490.0 MW | 4212.0 MW | 2255.0 MW | 3730.0 MW | 759.0 MW | 1513.0 MW | 2164.0 MW

1.The data for the year 2015-16 and 2016-17 has been taken from 'Load generation balance report 2016-17' Published by CEA on the
website www.cea.nic.in

2. Peak availability for the year 2017-18 onwards have been estimated on the basis of ratio of Peak availability to Installed capacity for the
year 2015-16.

3. Energy availability for the year 2017-2018 onwards have been estimated on the basis of ratio of Energy availability to Installed capacity
for the year 2015-16.

4. Energy requirement and peak requirement for the year 2016-17 onwards upto 2021-22 is based on 18th EPS of India.

5. Energy requirement and peak requirement for the year 2022-23 onwards is based on scaling factor of increase in Energy and Peak
requirement for the years 2015-16 to 2016-17 from the preceding year.

6. Micro/mini hydel projects under construction have not been considered in this study.
This is a statistical analysis based on various publications mentioned above and meant for study and planning purposes only.
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CHAPTER -7

OPTIMISATION STUDIES
7.0 INTRODUCTION

Kwar H.E. Project is located on the right bank of the river Chenab in district Kishtwar of
Jammu & Kashmir (J&K) state near Padyarna village utilizing inflow of the river Chenab
for power generation. It is essentially a run off river scheme having small pondage with
live storage of 9.16 Mcum between FRL 1385m and MDDL 1372m. The installed
capacity of the project has been proposed as 540 MW comprising 4 generating units of
135 MW each driven by vertical axis Francis turbines with overall efficiency of
generation as 92%. Project is a step towards the exploitation of available hydro

potential in the Jammu & Kashmir (J&K) state.

7.1 AVAILABLE INFLOW

Inflow series of 37 years i.e. 1975-76 to 2011-12 has been considered for power
potential studies The criteria of the 90% dependable inflow is applied for conducting
power potential studies. The available inflow after releasing a mandatory outflow of
16.49 cumecs during lean flow period (Dec to March), 74.09 cumecs during peak flow
period (June to September) and 16.79 cumecs for remaining four months (October,

November, April and May) for environmental requirements has been considered.

7.2 90% DEPENDABLE YEAR

The year 1996-1997 works out as 90% dependable year. The full reservoir level has
been fixed at EL.1385.0 m and and MDDL level has been fixed at EL. 1372.0m. Max.
Tail water level (all units running) is El. 1269.90 m and Min. Tail water level (one unit
running) is EL.1267.32 m . Rated net head is 103.1m.

7.3. INSTALLED CAPACITY
The power potential study has been carried out for different installed capacities from
400 MW to 800 MW with an increment of 20 MW, for a 90% dependable year, as
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shown in Table 7.1. The studies indicate selection of 540MW as optimum installed
capacity at a load factor of 43.02% and incremental load factor of 25.21%. Four no.
generating units, each of 135MW has been proposed for the power house of this

project.

7.4. ANNUAL ENERGY GENERATION IN 90% DEPENDABLE YEAR

The annual energy generation with 95% machine availability after considering the
environmental releases of 16.49 cumecs during lean flow period (Dec to March), 74.09
cumecs during peak flow period (June to September) and 16.79 cumecs for remaining
four months (October, November, April and May) in 90% dependable year 1996-1997
works out to be 1975.54 MU with an annual load factor of 41.76%. Power potential
study in 90% dependable year with 95% machine availability is Table 7.2.
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Availability of Units in KWH / KW for Incremental Installation
Based on Enerav of 90% Denendable Year

Table 7.1

Average Net Head 103.1 Overall 92%

(in m) Efficiency

S. INSTALLED |No. of 10-D ANNUAL [LOAD INCREMENTAL |INCREMENTAL LOAD FACTOR

NO. CAPACITY |AVALABILITY | ENERGY |FACTOR % |ENERGY MU ENERGY FOR ADDITIONAL

MW MU KWH/KW CAPACITY %

1 400 10 1717.66 49.02%
2 420 10 1766.62 48.02% 48.96 2448.00 27.95%
3 440 9 1814.36 47.07% 47.74 2387.00 27.25%
4 460 9 1858.52 46.12% 44.16 2208.00 25.21%
5 480 9 1902.68 45.25% 44.16 2208.00 25.21%
6 500 9 1946.84 44.45% 44.16 2208.00 25.21%
7 520 9 1991.00 43.71% 44.16 2208.00 25.21%
8 540 9 2035.16 43.02% 44.16 2208.00 25.21%
9 560 9 2079.32 42.39% 44.16 2208.00 25.21%
10 580 7 2119.79 41.72% 40.47 2023.58 23.10%
11 600 5 2147.15 40.85% 27.36 1368.14 15.62%
12 620 5 2171.63 39.98% 24.48 1224.00 13.97%
13 640 4 2190.96 39.08% 19.33 966.40 11.03%
14 660 3 2208.05 38.19% 17.09 854.74 9.76%
15 680 2 2219.53 37.26% 11.47 573.63 6.55%
16 700 2 2229.13 36.35% 9.60 480.00 5.48%
17 720 2 2238.73 35.49% 9.60 480.00 5.48%
18 740 2 2248.33 34.68% 9.60 480.00 5.48%
19 760 2 2257.93 33.92% 9.60 480.00 5.48%
20 780 0 2265.35 33.15% 7.42 370.99 4.24%
21 800 0 2265.35 32.33%
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Table 7.2
POWER POTENTIAL STUDY IN 90% DEPENDABLE YEAR WITH 95% MACHINE AVAILABLITY
YEAR 1996-1997
FRL (m) 1385 MDDL(m) 1372 Rated Head (m) 103.10 Design Discharge (Cumec) 580.30 Overall 92%
Efficiency
INSTALLED CAPACITY (MW) 540 Type of Turbine Francis No. of Unit 4 Average Peaking Hr. (Lean 27 Firm Power 51.80
Period) (MW)
Annual Load Factor 41.76% |Load Factor of Monsoon Period 87.53% Load Factor of Non-Monsoon Period 18.79% Design Energy 1975.54
Total Inflow Total D/Ss Available Unrestricted Unrestricted | Unrestricted Unrestricted Restricted Energy with L Spill in
(Cumec) Inflow Release Inflow for Power with Energy with Power with Energy with Energy with 95% M/c addition to
PERIOD (MCuM) | for Env. Power Total inflow Total inflow Available Available available inflow | Availability |Peaking Hours |D/S Release
Concern | Generation (MW) (MU) inflow (MW) inflow (MU) (MU) (MU) (cumec)
(cumec) (Cumec)
1-10 739.42 638.86 74.09 665.33 633.30 151.99 569.85 136.76 129.60 123.12 24.00 85.03
11-20 981.95 848.41 74.09 907.86 841.03 201.85 777.58 186.62 129.60 123.12 24.00 327.56
Jun-96 21-30 977.01 844.13 74.09 902.92 836.80 200.83 773.34 185.60 129.60 123.12 24.00 322.62
1-10 755.22 652.51 74.09 681.13 646.84 155.24 583.38 140.01 129.60 123.12 24.00 100.83
11-20 745.18 643.84 74.09 671.09 638.24 153.18 574.79 137.95 129.60 123.12 24.00 90.79
Jul-96 21-31 760.43 722.71 74.09 686.34 651.30 171.94 587.84 155.19 142.56 135.43 24.00 106.04
1-10 853.79 737.67 74.09 779.70 731.26 175.50 667.80 160.27 129.60 123.12 24.00 199.40
11-20 834.43 720.95 74.09 760.34 714.69 171.52 651.23 156.29 129.60 123.12 24.00 180.04
Aug-96 21-31 798.54 758.93 74.09 724.45 683.94 180.56 620.48 163.81 142.56 135.43 24.00 144.15
1-10 581.88 502.74 74.09 507.79 498.37 119.61 434.92 104.38 104.38 104.38 19.33
11-20 463.10 400.12 74.09 389.01 396.64 95.19 333.19 79.96 79.96 79.96 14.81
Sep-96 21-30 399.34 345.03 74.09 325.25 342.03 82.09 278.58 66.86 66.86 66.86 12.38
1-10 345.35 298.38 16.79 328.56 321.35 77.12 305.73 73.37 73.37 73.37 13.59
11-20 208.95 180.54 16.79 192.16 194.43 46.66 178.81 42.91 42.91 42.91 7.95
Oct-96 21-31 134.00 127.36 16.79 117.21 124.69 32.92 109.07 28.79 28.79 28.79 4.85
1-10 126.59 109.38 16.79 109.80 117.79 28.27 102.17 24.52 24.52 24.52 4.54
11-20 119.60 103.33 16.79 102.81 111.28 26.71 95.66 22.96 22.96 22.96 4.25
Nov-96 21-30 105.14 90.84 16.79 88.35 97.84 23.48 82.21 19.73 19.73 19.73 3.65
1-10 96.72 83.57 16.49 80.23 90.00 21.60 74.66 17.92 17.92 17.92 3.32
11-20 92.01 79.50 16.49 75.52 85.62 20.55 70.27 16.87 16.87 16.87 3.12
Dec-96 21-31 88.48 84.09 16.49 71.99 82.33 21.73 66.98 17.68 17.68 17.68 2.98
1-10 85.75 74.09 16.49 69.26 79.79 19.15 64.44 15.47 15.47 15.47 2.86
11-20 83.53 7217 16.49 67.04 77.73 18.65 62.38 14.97 14.97 14.97 277
Jan-97 21-31 82.09 78.02 16.49 65.60 76.39 20.17 61.04 16.11 16.11 16.11 271
1-10 80.61 69.65 16.49 64.12 75.01 18.00 59.67 14.32 14.32 14.32 2.65
11-20 75.67 65.38 16.49 59.18 70.41 16.90 55.07 13.22 13.22 13.22 2.45
Feb-97 21-28 72.16 49.88 16.49 55.67 67.14 12.89 51.80 9.95 9.95 9.95 2.30
1-10 73.79 63.76 16.49 57.30 68.66 16.48 53.32 12.80 12.80 12.80 2.37
11-20 77.87 67.28 16.49 61.38 72.46 17.39 57.12 13.71 13.71 13.71 2.54
Mar-97 21-31 80.45 76.46 16.49 63.96 74.86 19.76 59.51 15.71 15.71 15.71 2.65
1-10 84.56 73.06 16.79 67.77 78.68 18.88 63.06 15.13 15.13 15.13 2.80
11-20 98.38 85.00 16.79 81.59 91.54 21.97 75.92 18.22 18.22 18.22 3.37
Apr-97 21-30 145.93 126.09 16.79 129.14 135.79 32.59 120.17 28.84 28.84 28.84 5.34
1-10 180.97 156.35 16.79 164.18 168.39 40.41 152.76 36.66 36.66 36.66 6.79
11-20 204.23 176.45 16.79 187.44 190.04 45.61 174.41 41.86 41.86 41.86 7.75
May-97 21-31 260.65 247.72 16.79 243.86 242.54 64.03 226.91 59.91 59.91 59.91 10.09
Total 2541.45 2265.35 | 2035.16 | 1975.54
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CHAPTER -8
DESIGN OF CIVIL ENGINEERING STRUCTURES AND HYDRO-
MECHANICAL EQUIPMENTS

INTRODUCTION

Kwar H.E. Project envisages utilization of 115 m head of Chenab river by
construction of a concrete gravity dam near Padyarna village, an underground
power station of 540 MW (4 units of 135MW each) on the right abutment of the
dam adjacent to dam axis and 2 nos. tail race tunnels of lengths 2786 m and
2963 m.

Certain changes in structures sizes & layout has been made in the DPR (July
2012) as per various meetings / discussions held with CWC, GSI, CEA etc.
during detailed scrutiny and examination. The following changes with respect to
DPR (July 2012) have been incorporated:-

e Design flood value of 7600 cumec reviewed & revised to 10534 cumec.

e Change in diversion discharge from 1020 cumec to 1041 cumec as
proposed by CWC.

e In order to avoid sediment deposition near intake and for effective and
efficient sediment management, the following Spillway configuration, on
the basis of Mathematical / Numerical Model Studies, has been adopted
in consultation with CWC against that provided in the DPR submitted for
appraisal during 2012:

Spillway Lower Spillway Upper Spillway

Type Orifice Surface

Width of spillway 64 16

Crest Level of Spillway | EL 1330.0 m EL 1368.0 m

No. & Size of Openings | 4 no., 1 no.,
9.5m(W)x13.8m(H) | 9.5m(W)x17m(H)

Discharge Capacity at | 10534 cumec

FRL

e The Design discharge of 145.07 cumec has been considered as against
151.3 cumec for carrying out Power Potential Studies as suggested by
CEA.
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Silt excluder arrangement below intake has been deleted as per

discussion with CWC, considering the low level spillway.

As per Technical clearance received from CWC, the principal components of the

project are:

A

B.

G.

H.

A concrete gravity dam 101 m high above river bed level.
River diversion works comprising of 1 no, 9.5 m diameter horseshoe

shape diversion tunnel with upstream and downstream cofferdams.

. 4 nos. orifice type spillways with discharging capacity of 3221 cumec

each and 1 no. crest spillway with discharging capacity of 884 cumec and

corresponding gate control structures to serve for flood release.

. One outlet for environmental releases, having discharging capacity of

16.49 cumec to 74.09 cumec and gate opening size of 2.6m(W) X
2.0m(H)..

4 nos. Construction sluices, each 3.1 m wide and 5.0 m high with crest at
EL.1300.0 m to serve for diversion flood during construction stage.

Water conductor system consisting of:

i. 4 nos. Power Dam Intakes with gate arrangement.

ii. 4 nos.5.65m dia. circular penstocks / pressure shafts, with vertical
lengths varying from 54.0 m to 93.0 m, and total lengths (excluding
vertical) varying from 108.0 m to 182.0 m.

lii. 2 nos. 9.5 m dia. horseshoe shaped tailrace tunnels of lengths
2786 m and 2963 m, respectively.

iv. 2 nos. downstream surge galleries of dia. 10.4 m and length 750
m.

An underground power house complex consisting of:

i. A machine hall cavern with MIV of size 140 m x 23.3 m x 50 m.

ii. A control room cavern of size 40 m x 15 m x 28.8 m.

iii. A transformer cavern of size 116.0 m x 17 m x 16 m.

iv. A GIS cavern of size 65 m x 15 m x 16 m.

An outdoor Pothead Yard of size 150 m x 35 m at EL.1315.0 m.
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All these components are marked on the project layout plan (drawing no. NHKR-
D-41-GA-002).

These are based on the data available from various field investigations carried

out as detailed in Volume-IV.

LAYOUT OPTIMIZATION

Introduction

The pre-feasibility report of Kwar H.E. Project was prepared by WAPCOS as a
part of 50,000 MW hydro initiatives by Hon’ble PM. The project is located
upstream of Dulhasti project. The proposed FRL and Tail Water level of the
project as conceived in PFR were EL 1362.0 m and EL 1275.0m respectively. In
the PFR, the project was envisaged with a rated head of 74.0m and an installed
capacity of 320 MW with annual energy generation of 1426.56 MU in a 90%

dependable year.

Review of the Project

Kwar project is one of the four projects handed over by CEA to NHPC for
detailed investigation and preparation of Detailed Project Report in August 2004.
The Kwar Project as planned in the PFR envisaged construction of 68 m high
concrete Dam above deepest foundation level across the river Chenab and the
4.3 Km long head race tunnel of 12.0m dia with surface power house on the

right bank of Chenab river near Kwar village.

After handing over of the project to NHPC for preparation of DPR, the study of
PFR revealed that many components such as desilting basin are missing and
diameter of surge shaft provided was on lower side. Preliminary calculations
indicated that project would require large size desilting basins and very large
diameter surge shafts in geologically unstable terrain. Considering above, it was
felt necessary to workout alternative layout to optimize and simplify the project
components especially with respect to spillway, desilting requirement, surge

shaft and head race tunnel.
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The topography of the area was further studied to locate alternative dam site.
After collecting preliminary site data and reconnaissance survey of the site, an
alternative-Il were studied.

Alternative | — As proposed in PFR; Alternative-Il - Dam at Padyarna village and
Power House on the right bank near Dam and TRT out fall near Kwar village as

proposed in the PFR.

Desk studies of all the alternative proposal were carried out and comparison
made in respect of installed capacity and merit of the various alternative vis a vis
utilization of available head and it revealed that the layout envisaged in
Alternative Il seems attractive with respect to layout optimization, sizes of the
project components and overall benefit. Thus, the layout as above i.e.

Alternative Il was been taken up for detailed investigation.

The results of further geological investigations carried out has revealed
availability of limited zone of competent rock mass for housing underground
power house and associated structures. This constraint necessitated some
changes in the initial layout of the project, notable among them being
replacement of power intakes with power dam blocks, layout and sizes of
caverns of power house complex, and optimization in size and alignment of
water conductor system and installed capacity. It is this revised layout that is

presented in this report.

Conclusion

Desk studies of all the alternative proposals were carried out and comparison
made in respect of installed capacity and merit of the various alternative vis-a-vis
utilization of available head and it revealed that the modified layout envisaged in
alternative Il seems attractive with respect to geological setup, layout

optimization, sizes of the project components and overall benefit.

The layout as above i.e. Alternative Il, was taken up for detailed investigation in

2007. Since then, results of additional investigations have necessitated further
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optimization of layout and sizing of the project components, which are presented
and discussed in this DPR.

INDUS WATER TREATY ASPECT

The Kwar project is proposed on the Chenab river which is one of the western
rivers covered in the Indus Water Treaty, 1960. The parameters of the project
have been planned in accordance with the provision of the treaty. Following

aspects of the treaty has been considered while fixing the project parameters.

Pondage

The Kwar project is situated downstream of the Naunut (Latitude 33°21°01” North
and Longitude 75'53'39” East) and as such no storage could be provided as per
the treaty. However, the pondage as mentioned in the run of the river plant in
para 8 of Annexure D of the treaty has been proposed considering the following
operation of the plant:

a) The volume of water received in the river upstream of the plant, during
any period of seven consecutive days shall be delivered into the river
below the plant during the same seven day period. and

b) Volume of the water delivered in the river below the plant in any one
period of 24 hrs shall not be less than 50% and not more than 130% of

the volume received above the plant during the same 24 hrs period.

Minimum Drawdown Level

The FRL of the project has been decided on the basis of tailrace level of
upstream project (i.e Kiru Project). The MDDL has been fixed at EL 1372.0 m
on the basis of reservoir area capacity curve thus providing pondage of 9.16
Mcum between FRL and MDDL.

Power Intake Level

The power plant is proposed to operate between head water level of EL
1385.0m and EL 1372.0 m. In order to keep the flow condition in the intake
smooth and to avoid the vortex formation, water seal above the intake centerline

has been provided as per IS guidelines. On the basis of this the centre-line level
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of intake has been fixed at EL 1362.025 m, the size of opening being 5.65 m x
5.65 m.

Spillway Crest Level

In order to ensure passage of design flood discharge of 10534 cumec, the crest
level of four nos. of orifice spillways have been kept at EL. 1330.0 m. In
combination with 1 no. crest spillway with crest level at 1368.0m, the level of
spillway crest would facilitate entry of silt-free water inside the water conductor
system. The above parameters shall be optimized on the basis of model study.
The proposed orifice spillway shall be used for dual purpose of sediment

management and passing of design flood.

Free Board

The free board for the concrete gravity dam has been calculated as per the
guidelines of IS 6512 and IS 10084. A free board of 2.0 m has been provided
which is reasonable considering the height of the dam, reservoir length, wind

velocity etc.

RIVER DIVERSION WORKS

Diversion Tunnel

For the construction of concrete gravity dam and appurtenant works, the river
diversion is proposed to be carried out through 1 no.9.5 m diameter concrete
lined, horse shoe shaped diversion tunnel located on the left bank of the river.
The diversion tunnel has been designed for passing 1 in 25 years non-monsoon
(1% October to 15™ May) flood of 1041 cumec.

Coffer Dams

Rock-fill cofferdams with a central impervious core shall be provided. Axes of
these coffer dams shall be located about 115.0 m upstream and 350.0 m
downstream of the proposed dam axis. The top level of 23m high upstream and
14m high downstream cofferdams has been provided at EL 1315.0 m and EL
1292.0 m respectively.
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THE DAM

General
The proposed concrete gravity dam with its top at EL 1387.0 m has a length of
195 m. The top width of the dam varies from 12.5 m to 14.6 m.

Dam Height

The full reservoir level of the project has been finalized based upon the tail water
level of upstream project (i.e. Kiru Project). The dam site, at Padyarna village
has exposed rock on both the abutments and the valley is relatively narrow.
Considering the above, dam location has been kept at this site. Dam height of
101 m high above river bed level has been proposed. The height of dam above

deepest foundation level is expected to be of the order of 109 m.

Type of Dam

Considering the shape of the valley, rock exposure on the abutments and
relatively low depth of overburden in the river (7 to 10m), a conventional
concrete gravity dam has been proposed. The spillway has been
accommodated in the central portion of the concrete dam. The power intakes
have been provided in separate power dam blocks in the right portion of the

concrete dam.

Dam Arrangement

The proposed dam is concrete gravity dam across the river with dam top at EL
1387.0m. The bedrock level at dam axis is at EL + 1283.0m. Initial 4-5m depth
of rock is expected to be weathered and as such after accounting for removal of
this portion of rock, the deepest foundation level has been proposed as EL.
+1278.0 m. Thus the height of dam above deepest foundation level is expected
to be of the order of 109 m. Min. top width of dam is proposed to be kept as
12.5 m, which shall provide for carriageway of the road.

Reservoir
The full reservoir level has been kept as EL 1385.0 m. This level has been fixed

keeping in view the TWL at the outlet of Kiru Project. The project is run of the
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river scheme with pondage as per provision of Indus Water Treaty 1960. The
gross storage capacity of the reservoir shall be 27.167 Mcum and the live

storage at pre-sedimentation stage is 9.16 Mcum respectively.

Spillway

To pass the excess water from dam, spillway section has been provided. The
overflow section of 64 m width comprises of four low level spillway blocks, with
crest level at EL 1330.0 m, each of 16.0m width with 9.5 m clear waterway and
discharging capacity of 3221 cumec each. The thickness of the piers shall be
designed by FEM analysis & may be increased during detailed design stage.
One no. crest spillway with crest level of 1368.0m is also proposed with opening
size of 9.5m x 17m and discharging capacity of 884 cumec. With one gate
inoperative, the remaining three bays with one no. crest spillway are capable of
discharging the design flood of 10534 cumec. The height of each orifice spillway
opening has been kept as 13.8 m. Each spillway has been provided with a
hydraulically operated radial gate. Upstream of radial gate, stop-log gate has

also been proposed in order to facilitate maintenance of radial gates.

Outlet for Environmental Releases
In addition to the spillways, an outlet for (mandatory) environmental releases has
also been provided, with a discharging capacity of 16.49 to 74.09 cumec and

size of gate opening as 2.6 m x 2.0 m.

Construction sluices

To facilitate construction of dam, 4 numbers construction sluices have been
proposed with crest at EL. 1300.0 m. The size of each construction sluice is 3.1
m x 5.0 m. These construction sluices will cater for passing monsoon flood
during construction. Each construction sluice has discharge capacity of 289
cumec at EL 1336.60 m.

Non Overflow Section
Out of total dam length of 195 m, five bays of spillway shall cover 80 m length.
Remaining length of dam has been provided as non-overflow sections. On the

left bank two number non-overflow blocks of 16.0 m width and 16.725 m width
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have been provided. On the right bank, four power dam blocks of 15.0 m width

each and one non-overflow block of 22.08 m width have been provided.

Stability Analysis

The preliminary stability analysis for over flow and non-overflow sections has
been carried out in accordance with IS: 6512 for various load combinations and
found within the permissible limits as per code. In-situ rock mechanics tests
have also been conducted in the dam drifts for confirmation of parameters, and
have been adopted in the design. Study for site specific Earthquake parameters
has been completed by Department of Earthquake Engineering, IIT Roorkee
which has been subsequently approved by National Committee on Seismic
Design Parameters (NCSDP).

Energy Dissipation Arrangement

A ski jump type energy dissipation arrangement has been provided at
downstream of spillway. Flip bucket of radius 44.0 m with invert level at EL.
1311.478 m and lip angle of 34° has been adopted. The lip has been provided
at EL 1319 m. A preformed plunge pool with lowest bed level at EL. +1262.0 m
and of size 60.0 m x 60.0 m has been proposed. The energy dissipation
arrangement will, however be optimized on the basis of hydraulic model studies

before finalization of engineering designs.

Dam Instrumentation

As the project envisages a high concrete gravity dam, instrumentation shall be
provided to monitor behavior of the dam during construction as well as operation
stage. At this stage percentage provision has been made in the cost estimate for
instrumentation. 7 numbers of drawings for instrumentation have been prepared
and submitted with this updated DPR. Further detailing shall be carried out

during detailed design.

POWER DAM AND INTAKE
4 nos. power dam blocks with one intake each have been provided to lead the

water to the powerhouse. The invert of intake structure has been kept at EL.
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1359.20 m, to keep the intake relatively silt free. Each intake structure has been
provided with trash rack structure at its entry. The maximum permissible velocity
through trash rack has been kept as 1.5 m/s. The top of power dam is at EL
1387.0 m.

PRESSURE SHAFTS AND PENSTOCKS

The water from each intake is carried by 5.65 m finished diameter penstocks
and pressure shafts. Full length of penstocks / pressure shafts is proposed to
be steel lined to take care of pressure rise in case of load rejection. After the
lower vertical bend at bottom, each penstock / pressure shaft leads to a unit of
135 MW each. The space around steel liner shall be back-filled with concrete.
To facilitate excavation and erection of steel liner, independent erection
platforms have been proposed at the top of each pressure shaft, in addition to

an adit and erection gallery at the bottom of the shafts.

POWER HOUSE
General
The underground powerhouse is located on the right bank of River Chenab near
dam axis. The powerhouse complex comprises the following main feature:
o Power house cavern with four generating units & MIV.
o Control Room Cavern.
e  Transformer cavern.
o GIS Cavern.
e  Access Tunnel to PH and TC.
e  Adit cum Cable Tunnel.
e  Downstream surge arrangement.

o Outdoor Pothead yard.

The proposed powerhouse will have an installed capacity of 540 MW (4
generating units of 135 MW each). The units are spaced at a distance of 27.0 m
centers. The turbine centerline is placed at EL 1245.55 m. The excavation level
of the draft tube pit is at EL 1230.75 m. TRT outlet is proposed at EL 1266.50 m.
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Layout of Power House Complex

Powerhouse cavern and other associated caverns/galleries have been provided
inside the ridge at the right bank of Chenab River. The layout of the
powerhouse complex is shown in Drawing No. NHKR-D-41-GA-005. The layout

of individual caverns / galléries is discussed below:

Power House Cavern

Powerhouse cavern having width of 23.30 m consists of 112 m long machine
hall housing 4 units placed at 27 m c/c. Service bay of length 28 m has been
located at EL. 1258.65 m at one end of cavern, and an equipment gallery of
length 30 m and size 10 m D-shaped has been provided at the other end (Unit-
4), also at EL. 1258.65 m. The overall size of power house cavern is 140 m X
23.3 m x50 m.

Control Room Cavern

Due to geological and topographical constraints, the Control Room has been
located in a separate cavern aligned perpendicular to the main power house
cavity. The size of cavern is 40 m x 15 m x 28.8 m, and the building itself has 5
levels (excluding roof). It is connected to the service bay of power house by

means of an adit cum cable gallery of size 30 m x 6 m x 15.3 m.

Transformer cum Draft Tube Gate Cavern

Transformer cavern of size 116 m x 17 m x 16 m, has been proposed 54.45 m
downstream of powerhouse cavern at EL. 1310.0 m. It is aligned parallel to the
main power house cavern and is connected to it by means of an inclined cable
cum escape gallery and 4 nos. inclined bus ducts. The draft tube gates shall be
operated from the transformer cavern and hence, independent gate hoists are
located towards the downstream wall of the cavern. An unloading bay has been
provided at one end of the cavern and therefore, in this portion, the height of the
cavern is raised accordingly. At the other end of the cavern, a gallery of size 26
m x 11.5 m x 10 m has been provided for housing equipment and providing

connectivity to power house through escape cum cable gallery.
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GIS Cavern

As in the case of control room cavern, the GIS cavern has been located
separate from the transformer cavern, due to geological and topographical
constraints. Aligned parallel to the transformer cavern, it is offset from it by 15 m.
The overall size of GIS cavern is 65 m x 15 m x 16 m. At one end of the GIS
cavern, the access to transformer cavern passes through it. At the other end, an

adit cum cable tunnel provides connectivity to the pothead yard.

Access Tunnel to Power House and Transformer Cavern

A main access tunnel (MAT) of length +610 m and size 8.0 m D-shaped with
portal invert at EL 1310.0 m has been provided for permanent access to power
house and control room caverns. Access to transformer cavern is by means of a
branch tunnel of length £310 m, which is connected to MAT at EL. 1292.726 m.
The downstream surge gallery for TRT-2 is connected to access tunnel to TC at
EL. 1310.0 m. Access to lower erection gallery for pressure shafts is provided
through a tunnel of size 8.0 m, D-shaped, which branches out from surge gallery
for TRT-2. Length of this tunnel is £305 m. For excavating crown portion of
power house, a construction adit of size 6.0 m x 6.5 m has been provided
between the control room cavern and service bay end of power house cavern.
For excavating crown portion of GIS and transformer caverns, an adit cum cable

tunnel has been provided, as discussed below in 8.7.8.

Adit cum Cable Tunnel

An adit cum cable tunnel of size 6.0 m x 6.5 m and length £275 m has been
provided with portal invert at EL. 1305.0 m, near pothead yard. This tunnel
meets the GIS cavern at EL. 1318.5 m, for facilitating excavation of crown
portions of GIS and transformer caverns. After excavation, the same adit will

serve as cable tunnel between GIS and pothead yard.

Downstream Surge Arrangement
Considering the length of the downstream waterway, provision of surge
arrangement is required as per transient study. Tail race system comprises of 4

nos. draft tubes merging into 2 nos. tail race tunnels. The surge arrangement
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consists of a combination of individual draft tube gate shafts, draft tubes and
manifold and surge galleries, one for each TRT. The gate shafts are of size 5.4
m x 7.5 m, with bottom at EL. 1235.65 m and top at EL. 1310.0 m, opening into
transformer cavern. The size of draft tube gate opening is 7.0 m x7.0 m. The
surge galleries of length 750 m each are 10.4 m in diameter and Horse Shoe-
shaped. Invert levels of the surge galleries are EL. £1234.5 m at the bottom and
EL. 1310.0 m at the top. The downstream surge gallery for TRT-2 is connected
to access tunnel to TC and downstream surge gallery for TRT-1 open out with a
separate portal at EL. 1310.0m. The maximum up-surge and minimum down-

surge levels are EL. 1303.0 m and EL. 1246.40 m, respectively.

Outdoor Pothead Yard

An outdoor Pothead Yard is proposed to be accommodated on the right bank, in
a bench of size 150 m x 35 m, at EL. 1315.0 m. An adit cum cable tunnel of size
6.0 m x 6.5 m and length £275 m is proposed to connect the GIS cavern to
pothead yard, with invert level at portal being EL. 1305.0 m. From the portal to

pothead yard, a cable trench is proposed to be provided for a length of £90 m.

TAIL RACE TUNNEL SYSTEM

The Tail Race system comprises of 4 nos. draft tubes merging into 2 nos. tail
race tunnels. Shortly downstream of the merging points, the downstream surge
galleries branch out from each TRT, as discussed above. The diameter of
tailrace tunnel has been proposed as 9.5 m, to optimize tunnel hydraulics
including downstream surge arrangement, and also to ensure stability of
excavation of TRT. The lengths of the tunnels are 2786 m and 2963 m. To
facilitate the construction of TRT, an intermediate construction adit of size 6.0 m
X 6.5 m and length 560 m has been provided with portal invert at EL. 1300.0 m.
The adit is proposed to be concrete lined in invert and shall be plugged later

after completion of the project work.

TAILRACE OUTLET WORKS
Each tailrace tunnel opens into a tailrace outlet structure, with a common talil

pool of varying length and an outlet weir. The outlet structure has been provided
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with gate arrangement to isolate the unit from downstream side. The maximum
tail water level is calculated to be 1291.8 m corresponding to PMF. The gate
operation platform is proposed at EL. 1293.0m. The crest level of gate is at EL
1265.0 m and crest level of outlet weir is at EL. 1266.50 m.

HYDRO-MECHANICAL EQUIPMENTS
GENERAL
As per planning & layout of civil structures, following hydro-mechanical

equipments are proposed for Kwar Hydroelectric Project: -

DIVERSION TUNNEL GATES AND HOISTS

For the purpose of closing diversion tunnels, two numbers fixed wheel type
gates for opening size of 3.94 m wide x 9.50 m height have been envisaged at
the inlet of tunnel. The gates shall have an upstream skin plate & upstream
sealing. The sill of gate is located at EL 1293.00M. The gates are to be designed
for water head corresponding to water level EL 1336.70M which is
corresponding to mean annual flood. The deck level of the diversion tunnels has
been fixed at EL 1338.00M.

The gates shall be operated by means of dedicated electrically operated rope
drum hoists of capacity not less than 120T located on the hoist platform installed
over trestles above the deck level. These gates are not envisaged to be kept in
partial open condition and are meant for one time closure during lean season.
During closure of DT gates water shall be passed through construction sluices
and spillways. The diversion tunnel shall be plugged before the start of reservoir

filling.

CONSTRUCTION SLUICE GATES AND HYDRAULIC HOISTS

In addition to the Diversion Tunnel, four numbers construction sluices are
provided in the body of Dam. One number fixed wheel type gate for opening size
of 3.1m x 5.0m has been provided in each sluice. The gates shall have an
upstream skin plate & upstream sealing. The sill of the gate is located at EL
1300.00M. Sluice gates are capable of sustaining water loads up to FRL i.e.

1385.00M and designed to be lowered under unbalanced water head up to
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1336.70M which is corresponding to mean annual flood. Each gate shall be
operated by means of an independent double acting hydraulic cylinder of
capacity not less than 125T Pull and 70T Push & a power pack located in the
operation gallery. A watertight bonnet and bonnet cover is also provided at the
top of groove in the gate operation chamber to avoid any ingress of water into

the gallery.

Construction sluice shall be closed by lowering the gates in each groove for
construction of concrete plug. Suitable sized air vent pipe shall be embedded in
the downstream of gate of all four construction sluices for aeration purpose and
to reduce hydrodynamic forces on the gate during operation. A monorail hoist of
capacity not less than 15T shall be provided to facilitate erection of gates and

hydraulic hoist system.

ORIFICE TYPE SPILLWAY RADIAL GATES & HYDRAULIC HOISTS
Spillways consist of four nos. orifice type bays of opening size 9.50 m x 13.80 m
with crest at EL 1330.00M. Four submerged type radial gates for opening size of
9.50 m x 13.80 m shall be provided to control the discharge through the
spillways. The radial gates shall be designed to sustain and operate against a
head corresponding to FRL i.e. EL 1385.00M. Each gate shall be operated by
means of two hydraulic cylinders, each of capacity not less than 330T, and a
power pack. The gate operation shall be done from individual local control
panels as well as from remote control system located at the dam control room
(DCR), with provision of gate position indication in powerhouse control room.
Steel liner has been proposed to be provided underside of breast wall, in the
piers and spillway glacis along the flow path from upstream of Stoplog to
downstream of spillway radial gates to prevent erosion of piers and spillway
glacis concrete resulting in damage of sill beams of spillway Stoplog and radial

gates.

Two numbers trolley mounted mobile gasoline engine operated power pack
capable of operating one gate at 1/4th of the normal rated speed is also

envisaged.
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One no. oll filter unit to purify the hydraulic oil, one unit contamination checking
kit for checking of contamination level of the hydraulic oil & one no. low vacuum
dehydration and degasification unit to remove water and gases from the
hydraulic oil shall be provided to cater for hydraulic hoists envisaged in the HM

equipment.

CREST TYPE SPILLWAY RADIAL GATES & HYDRAULIC HOISTS

Spillways consist of one number crest type bay of opening size 9.50 m x 17.00
m with crest at EL 1368.00M. One number crest type radial gate for opening size
of 9.50m x 17.00m shall be provided to control the discharge through the
spillway. The radial gates shall be designed to sustain and operate against a
head corresponding to FRL i.e. EL 1385.00M. Each gate shall be operated by
means of two hydraulic cylinders of 150T capacities each, and a power pack.
The gate operation shall be done from individual local control panels as well as
from remote control system located at the dam control room (DCR), with

provision of gate position indication in powerhouse control room.

SPILLWAY STOPLOG & GANTRY CRANE

The inspection and maintenance of the Spillway Radial Gates (Orifice type as
well as Crest type) shall be carried out by using one set of wheel type stoplog on
the upstream side of these gates. The stoplog shall be fabricated in four units for
opening size 9.50 m wide x 17.00 m high for Crest type Spillway Radial Gate.
Except top unit, all three units shall be interchangeable. The same stoplog shall
be used for inspection and maintenance of Orifice type Spillway Radial Gates

also.

The stoplog shall have upstream skin plate and downstream sealing. The
stoplog shall be designed for a head corresponding to FRL i.e. EL 1385.00M
and shall be operated under balanced head condition. The top unit shall be
provided with a filling—in-valve to create balance head condition. The stoplog
units shall be kept over latches in the stoplog grooves. The stoplog units shall be
operated by means of a gantry crane of 130T capacity and a lifting beam. Gantry

rails (upstream rails on concrete girder and downstream rails on breast wall)
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shall be provided at the deck level for movement of the gantry crane across
spillway bays. Suitable cross travel shall also be provided in gantry crane to

handle Stoplog units in bays/storage groove.

ENVIRONMENT RELEASE GATE AND HOIST

For environmental release of water, one number slide type regulating gate and
one number slide type emergency gate for opening size of 2.60 m wide x 2.00 m
height have been envisaged at the inlet. The gates shall have an upstream skin
plate & upstream sealing. The sill of the gates is located at EL 1369.90M. The
gates are to be designed for water head corresponding to water level EL
1385.00M. The deck level of the gate has been fixed at EL 1387.00M. A
watertight bonnet cover is provided at the top of groove to avoid any ingress of

water into the gate operation niche/chamber.

The gate shall be operational under any water head between elevations EL
1369.90M to EL 1385.00M. The gates shall be operated by means of double
acting hydraulic hoists of 90T capacity and a common power pack located on
the deck level. Suitable steel cover shall be provided at Deck Level EL

1387.00M to cover the gate operation niche/chamber

POWER INTAKE GATES, HOISTS, INTAKE BULKHEAD AND GANTRY
CRANE, TRASH RACK & TRASH RACK CLEANING MACHINE

Four nos. power tunnel intakes are located on right bank to feed water to
Pressure shaft/turbine units. Dedicated fixed wheel type gate for opening size
5.65 m wide x 5.65 m height shall be provided for each intake. The sill of the
gates is located at EL 1359.20M. The gates are to be designed for a head
corresponding to FRL i.e. EL 1385.00M. The gates shall have an upstream skin
plate & upstream sealing. The gates shall be capable of lowering against
unbalanced head corresponding to FRL i.e. EL 1385.00M. The gate shall be
lifted under balanced head conditions created by crack opening of gate against
U/S water level up to FRL i.e. EL 1385.00M. The gates shall be operated by
means of dedicated rope drum hoists with lifting capacity not less than 90T

installed on hoist supporting structure at Intake deck level at EL 1387.0 m.
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For maintenance and inspection of intake gate, one set of slide type bulkhead
made of 3 units for opening size 8.5m wide X 8.9m height has been proposed on
the upstream side. The sill of the bulkhead is located at EL 1357.59 m and
bulkhead shall be designed for corresponding to FRL i.e. EL 1385.0 m. The gate
shall have upstream skin plate & downstream sealing. The top unit of stoplog
shall be provided with filling in valve to create balanced head condition before

lifting of the units.

The bulkhead shall be operated under balanced head condition by means of a
gantry crane of 130 T capacity located on the intake deck and shall be lowered
only for inspection and maintenance of the Intake gate embedded parts. The
balance head shall be achieved by using filling-in-valve provided in the
bulkhead.

It is proposed to provide steel liners in the lower bell mouth area of intake along
the flow path from downstream of Intake bulkhead up to transition of pressure

shaft to prevent erosion of concrete resulting in dislodging of sill beams.

On upstream face of the intakes, trash rack Inclined at 10 degree with vertical
shall be provided. Each of four trash rack shall be for opening of size
approximately 15.0m wide x 32.20 m vertical height and shall be fabricated in
panels of suitable sizes. A total of four such screens are provided in the intake

structure for complete covering of intakes.

The cleaning of the trash rack shall be done by means of trash rack-cleaning
machine installed on the intake deck. The machine will be mounted on rail tracks
running across the intakes. Suitable grapple arrangement shall also be provided
with  TRCM. Provision shall be made for suitable capacity trash removal

trolley/vehicle.

PENSTOCK STEEL LINER
Four number pressure shaft of size 5.65 m fully steel lined take off from the d/s

of Dam intake gate. Steel liner of diameter 5.65 m consist of transition, straight,
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vertical and inclined ferrules, three inclined bends, one compound bends, thrust

collar etc. for each lane, to feed four nos. turbines placed in the power house.

Steel liner shall be designed for internal pressure equal to static head plus the
induced water hammer due to normal Wicket gate operation as well as for the
external pressure as per IS: 11639 (Part 2). Accordingly the thickness of liner

shall be adopted and provision of stiffeners shall be made.

DRAFT TUBE GATES AND HOISTS

To isolate turbines from the tailrace tunnels to cater to the inspection /
maintenance requirements of turbines, one number fixed wheel type gate having
skin plate on tail race side & sealing on turbine side has been provided in each
of the four draft tubes. The clear opening of the gate is 7.0 m wide x 7.0 m
height. The sill of the gate shall be located at EL 1235.65M. The gate shall be
designed for water levels corresponding to TWL EL 1270.00M corresponding to
all four units are running, and checked for TWL EL 1291.80M corresponds to
PMF. The gates shall be capable to be lowered under unbalanced condition.
The raising of gates shall be under balanced head created by operation of filling

in valves provided in the gates.

Each gate shall be operated by means of dedicated rope drum hoists with lifting
capacity not less than 125T installed on hoist supporting structure at deck level
1310.00M.

TRT OUTLET GATES AND ROPE DRUM HOISTS.

Each tailrace tunnel is provided with a gate of opening size 9.5 m wide x 9.5 m
height at the outlet. Wheel type gate suitable for the above opening is provided
to isolate the tunnel/generating unit from tail water. The sill of the gate is located
at EL. 1265.00M. The gate shall have skin plate and sealing on the riverside.
The TRT gates shall be capable of lowering against unbalanced head
corresponding to EL 1291.80M which is corresponding to PMF with turbine units
closed. The opening of the gates shall be under balanced head creating by
crack opening of the gate. These gates shall be suitably designed to sustain a
water head in the river at EL 1291.80M.
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Each gate shall be operated by means of a dedicated rope drum hoist with lifting
capacity not less than 125T installed on hoist supporting structure at Deck EL
1293.00M.

INSTRUMENTATION AND AUTOMATIC RESERVOIR MONITORING AND
CONTROL SYSTEM

One complete set of microprocessor based remote control system shall be
provided in dam control room for the operation of spillway radial gates and
Environmental release gates. The programmable reservoir monitoring and
control system shall include all necessary instrumentation like water level
measuring instruments, gate position indicators, transducers, terminals,
contacts, cabling etc. The status indications shall also be made available in the
powerhouse control room. The communication system shall be bridged through

fiber optic cable.

One uninterruptible power supply to provide back up (minimum 30 minutes) to
the system in case of failure of main power supply to equipments shall also be

provided.

DIESEL GENERATOR SET

One number 500 KVA, three phase synchronous type 415 volts, 50 Hz diesel
generator sets with acoustic enclosures has been envisaged for the emergency
operations of the HM equipments at the dam site. The diesel generating sets
shall be suitably located to provide back-up supply to gate operating equipments

and to computerized control system in case of power failure.
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CHAPTER -9

POWER PLANT, ELECTRICAL AND MECHANICAL EQUIPMENT

INTRODUCTION
Kwar H.E. Project envisages installation of four generating units of 135 MW
each, operating under a rated design head of 103.1m placed in an underground
power house located on river Chenab in Kishtwar district of Jammu & Kashmir
state. The generation voltage is proposed to be 13.8 KV. This voltage will be

stepped up to 400 KV voltage level by single-phase step up transformers.

The generator transformers are placed in a separate cavern downstream of
power house cavern which shall be connected to its respective generators by
isolated phase bus ducts. The transformers & bus reactors will be further
connected to the Gas Insulated Switchgear placed in another separate
underground cavern through 400 KV XLPE cables. Provision of 2 No. 400 KV
outgoing line bays have been kept for evacuation of power from this project
along with the provision of 3 No. single phase 41.67 MVAR, 400 KV bus
reactors. 2 No. Outgoing 400 KV feeders from GIS shall be connected to
pothead yard, located outside the power house through 400 KV XLPE cables.
The 540 MW Power from Kwar H.E. Project would be fed to the Northern grid.

The Salient features of the Project are mentioned as per below:

Installed capacity 540 MW

No. & size of units 4 units of 135 MW

Type of Power house Underground

Rated Design head 103.1m

Maximum net head 110.0 m

Minimum net head 94.4 m

Type of Switchgear 400 KV Gas Insulated Switchgear
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Turbine type Francis

Speed of turbine 166.67 RPM

Generation voltage 13.8 KV

Transmission voltage 400 KV

GSU Transformer 55 MVA, 1 phase, 13.8/400/<3 KV
Overall efficiency of Unit 92%

MECHANICAL EQUIPMENTS
Turbines

The turbine would be of vertical shaft, Francis type, directly coupled to the
generator. Each turbine would be designed for its rated output of 137.76 MW at
rated net head of 103.1m in order to deliver rated generator output of 135 MW.
The provision would also be made for 10% continuous overloading. The rated
speed of turbine would be 166.67 rpm & the efficiency of turbine has been taken
as 94.0%. The turbine characteristics would be selected such that the optimum
efficiency falls close to the rated output of the unit.

The spiral casing would be of suitable cross-section fabricated from carbon steel
plates. The stay rings would be of cast steel/fabricated welded to the spiral
casing and would guide the water to the runner. The draft tube would be of
fabricated structural steel, with adequate stiffening ribs. The runner would be
integrally casted, made of stainless steel G-X5 Cr-Ni 13-4 material. The main
turbine parts in the path of water i.e. the runner, top cover liners, bottom ring
liners and wicket gates would be of stainless steel for improved resistance to
wear. To counter the silt erosion effect, these items would have HVOF coating
and in addition, provision of one set of spare runner, guide vanes, check plates
and labyrinth would also be made. Bottom runner removal arrangement would

be provided for repair and easy maintenance of runner.
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Main Inlet Valves

Main inlet valve of butterfly type with a diameter of 4.6 m would be provided at
the inlet of spiral casing of each turbine & connected to penstock on upstream
side through matching piece for maintenance of turbines and for emergency
isolation of the turbine in the event of governor failure. MIV would be housed in
the Power house cavern with a 20 degree entry of penstock in Power house

cavern.

Governor

The governor of each unit would be of the digital-hydraulic type with electronic
speed sensing, electronic hydraulic transducer, oil-pressure actuator and an air-
oil pressure (OPU) system. Speed, gate opening, gate limiter positioning etc will
be indicated both on the governor cubicle and on the unit control board, to
facilitate supervision of operation of the unit. The controls would include
provision for emergency shutdown of unit in case of:

- Loss of pressure in the oil pressure vessel of the governor oil system.

- Excessive temperature rise in bearings.

- Excessive speed rise in the unit.

- Emergency closing of the MIV in case of excessive speed rise.

- Electrical faults.

Power House EOT Cranes

It is proposed to install two numbers EOT cranes with 220 ton main hook
capacity each, auxiliary hooks of 45 ton & monorail of 10 ton capacity designed
to travel the full length of the power house. Both the EOT cranes shall be used in
tandem to handle the rotor. The capacity of EOT crane has been selected on the
basis of preliminary assessment of rotor weight including weight of lifting

arrangement & design margin. For handling the rotor, both of the powerhouse
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EOT cranes would operate in tandem & shall be controlled by one cabin. Two

monorail cranes shall be installed, one on each of the EOT cranes.

GIS Crane

One No. Electric overhead traveling crane of 10 Ton capacity would be installed

in the GIS cavern for the erection & maintenance purposes.

Transformer unloading crane

Since the Transformer cavern is at higher elevation than Power house service
bay level, one no. Electric overhead crane of 90/30T capacity would be installed
in the draft tube gate cum transformer cavern. The crane would be used for
loading, unloading & movement of transformers within the underground

transformer cavern.

Auxiliary Systems of the Power Station

(&) Cooling Water System

Water for the closed loop cooling water system will be taken from the draft tube.
This system would provide for the cooling of turbine and generator bearings,
turbine shaft seal, generator transformer and other selected services. Necessary
equipment/system will be included to provide silt free water for cooling
requirements to minimize the damages due to silt.

(b) Fire Protection system
A complete fire protection system shall be provided for the powerhouse,
Transformer cavern, GIS cavern, Pothead yard, Control block and other areas.
Water for the fire protection system would be drawn from the tail race and stored
in an elevated tank through pumps.

High velocity type mulsifier fire protection system along with nitrogen fire
injection system shall be provided for GSU Transformers. MVWS spray shall be

provided for cable galleries/tunnels and control room. Portable fire extinguishers
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of different types shall also be provided at strategic points at all the floors of
powerhouse, transformer cavern, GIS cavern and Pothead yard area for the
protection in case of fire emergencies. Fire hydrants shall also be located at
strategic points in Power House as well as other areas.

(c) Drainage and Dewatering System

A dewatering system would be provided in Power house with suitable number of
pump motor sets arranged to dewater passages of the turbine and draft tube for
each unit. A separate station drainage system, with suitable number of pump
sets, would also be provided to drain and pump off miscellaneous inflows, and
ground water seepage in the power house. Starting and stopping of the pumps
would be automatic, controlled by level switches in the dewatering/drainage
sumps.

Drainage system shall also be provided in pressure shaft bottom Adit, Main
access tunnel, Transformer & GIS caverns. Provision of pumps for emergency
drainage shall also be kept.

(d) Heating, Ventilating and Air conditioning System

Each powerhouse shall be provided with adequate ventilating and air
conditioning system as required to maintain the control room, work areas, Power
house cavern, Transformer cavern & GIS cavern at the selected temperature &
humidity levels. The temperature and humidity levels would be selected to suit
the requirement of equipment and plant staff.

(e) Oil Handling System

Oil handling system for transformer oil and lubricating oil will be provided with
suitable piping, valves, tanks, purifiers etc. In addition, portable type oil purifiers
will also be provided.

(f) Station Compressed Air System

Two Sets of high pressure (HP) compressed air system with operating pressure
of 60 bars would be installed to meet the requirements of the governor oil system

& operation of Main Inlet Valve (MIV).
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Four sets of compressed air system with an operating pressure of 15 bars would
also be installed for compressed air requirements for synchronous condenser
operation mode of generating units.

Two Sets of low pressure (LP) compressed air system with operating pressure of
7 bars would be installed to meet the requirements of generator brakes, fire
fighting system and station service air.

(g) Portable Water & Sanitary Service

Water from the cooling water system would be used to supply the plant’s
portable and sanitary water needs. The potable water would be filtered and
chemically treated as required.

(h) Public Address and Surveillance System

A suitable public address and surveillance system like CCTV camera, personal
identification system etc. will be installed in the Power house complex area to
facilitate the communication and desired security in the power house area.

(i) Elevator

One no. Electric elevator will be provided in the Control block cavern. It will be
designed for 16 persons and approximately load of 2000 Kg and have landings
at all floors of the Control block cavern. One additional inclined type industrial
escalator would also be provided between the passage/escape gallery from
transformer cavern to the PH building and would be designed for 16 persons and
approximately load of 2000 Kg.

() Workshop

A Mechanical workshop with machine tools as i.e. lathe, drills, grinder, welding
machine, milling machine and general tools and work benches, etc. would be
provided to carry out normal repairs of the equipment in each powerhouse.

(k) Testing Equipment

A test laboratory will be provided to carry out normal testing of the power house
equipment. The laboratory will be equipped with custom made CTs, KW meters,

HV test set, Oil testing set, Meggars, Relay testing set, rectiformers etc.
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ELECTRICAL EQUIPMENTS
Generators

Each synchronous generator would be of direct driven, vertical shaft, salient pole
type complete with air cooled stator, rotor, shaft, thrust and guide bearings,
upper bracket, lower bracket and other components
directly coupled to the turbine. It would be rated for a continuous output of 165
MVA (includes 10% continuous overloading), 50Hz at a power factor of 0.9 and
rated voltage of 13.8 KV capacity. The provision of synchronous condenser
mode of operation of generator would also be made along with the necessary
associated equipments. The efficiency of the generator has been taken as
98.0%.

The stator and rotor would be transported in sections, so that the weight and size
of the heaviest package is kept within transport limitations.

The generator would be semi-umbrella type in construction with thrust bearing
cum lower guide bearing at the bottom & upper guide bearing at the top portion.
Generator bearing arrangements would include an automatic high-pressure oil
injection system, which would provide an oil film at the thrust bearings surface, to
prevent damage during starting and stopping of the unit. A high-pressure oil
system would also be provided for jacking up the generator rotor for
maintenance purposes.

The windings of stator/rotor would be provided with class ‘F’ type insulation. The
line terminals of the generator would be suitable for connection to the isolated
phase bus conductors. The neutral side of the generator would be grounded
through a resistor loaded distribution transformer in order to ground the star
point.

The generators would be air cooled in a closed system designed to meet class
‘B’ insulation temperature limits with air-water heat exchangers mounted on the

stator frame. Water based fire protection system shall be provided. Generator
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protection shall be provided through latest technology numerical relays having

necessary protections.

Static Excitation System

The Excitation system of the generator would be of the static type and shall
include digital type voltage regulator, field suppression equipment and the
associated accessories. The voltage regulation system would continuously and
instantly respond to correct any change in the generator voltage and maintain it
within its prescribed limits over the entire operating range of the generator. The
excitation system shall be equipped with all type of limiters & protection system.
The power for the excitation system would be obtained from a dry type excitation
transformer, through tapoff bus duct connected directly to the generator voltage
bus.

Bus Duct

Each generator would be connected to its step-up transformer by means of air
insulated isolated phase bus ducts. The tentative current rating of the Bus duct is
chosen in accordance with 1S/International standards as 8000A . The isolated
phase bus duct system would incorporate the required number of current and
voltage transformers for protection and metering on line and neutral side of the
generator. The bus would be provided with suitable lightening arrestors and
surge protections. Required number of tap off duct shall be provided from 13.8
KV main isolated bus duct for connection to UATSs, Excitation transformer’s and
LAVT/SAVT cubicles placed in the horizontal portion of the respective bus duct
gallery.

Generator Step—Up Transformers

The step up transformers proposed would be single—phase units necessary to
meet the transportation limitations to the project site. The transformers would be
rated, 13.8/400/N3 KV, 55 MVA, 1¢, 50 Hz. The transformers shall be oil-
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immersed with OFWF cooling & would be placed in separate transformer cavern.
In order to meet contingencies due to failure of any of the transformers, one no.
spare transformer would be provided. The transformers shall also be equipped

with necessary protection equipment & relays.

Control, Monitoring and Protection System

Control, Monitoring and Protection system will be of fully automated type. It will
be of the latest state of art available in the world market at the time of
procurement. The power generating station would be centrally controlled from
the central Control room/station which will be PC based computerized work
stations.

Metering will include measurement of all standard quantities and recorders for
constant monitoring of power generated and transmitted. Control would include
all the necessary devices and schemes required to efficiently control the various
systems of the plant, monitor the systems, their operation and identify points of
trouble. The automatic control would include unit start/stop, synchronizing,
emergency shut down etc. and joint control of the units. All protection, metering,
control and plant supervisory systems will be seamlessly integrated.

Additionally, Unit controllers will be provided locally near each unit with provision
for human machine interface, for the local control of units and its associated
auxiliaries. On-line monitoring, plant supervisory and data acquisition system will
be provided for monitoring and diagnostics need of plant for optimum and

smooth operation.

Auxiliary Power Requirements

Power requirements of the Unit & Station auxiliaries would be provided through 2
No. 11 KV Switchgear boards, one placed inside power house cavern & other in

the pothead yard. These 11 KV switchgears would be fed through 4 No. Station
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auxiliary transformers, 2 Nos. 11 KV regional supply feeders & 2 Nos. Diesel
generating Sets of 1000 KVA, 11KV rating.

The respective Station auxiliary transformers (SAT), each of 4000 KVA, 13.8/11
KV rating would be fed directly through tap-off bus duct connected to its
respective 13.8 KV generator voltage bus.

Power requirements of the Station auxiliaries would be provided through Two (2)
no. Station service boards (SSB’s) which would be fed from 2 No. Station
Service Transformer (SST) of rating 2500KVA, 11/0.415 KV. These SST’s would
be provided power from 11KV Switchgear placed inside power house cavern.
Power requirements of the Unit auxiliaries would be provided through their Unit
Auxiliary boards (UAB) which would be fed from their respective dry type unit
auxiliary transformer (UAT) rated 800 KVA, 11/0.415 KV. These UAT'’s would be
provided power from the 11KV Switchgear placed inside power house cavern.
Two nos. Diesel generating Sets of rating 1000 KVA, 11KV to meet the start up
power, emergency station supply and contingencies are proposed & would be
connected directly to 11 KV Switchgear placed in the outdoor pothead yard area.
Similarly, 2 nos. 500 KVA, 11 KV/415 V transformers for Dam area, 1 no. 400
KVA, 11 KV/415 V transformer for the pothead yard area & 1 no. 250 KVA, 11
KV/415 V transformer for TRT area shall also be provided. All these transformers

would be fed from the 11 KV Switchgear placed in outdoor pothead yard area.

11 KV Switchgear

The 11 KV Switchgear system would comprise of two 11 KV switchgear boards,
one placed inside the power house cavern & other in the outdoor pothead yard.
These two boards would be inter-connected through 2 No. 11 KV XLPE cables.
The 11 KV Switchgears would include all necessary protection equipment and
relays.

11 KV Switchgear at power house would comprise of total 13 bays including 4

incoming feeders from SATSs, 6 No. outgoing feeders for UATs & SSTs, one bus
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coupler bay & 2 No. interconnection bays for its connection to 11 KV switchgear
of pothead yard.

11 KV Switchgear at pothead yard would comprise of total 12 bays including two
no. 11 KV regional supplies incoming feeders, two no. D.G. set supply incoming
feeders. The 4 No. outgoing feeders would include 2 No. feeders for Dam area,
1 No. feeder for TRT area & 1 No. feeder for Pothead yard area. 1 No. bus
coupler bay, 2 No. interconnection bays for its connection to the 11 KV
switchgear of power house with 1 No. outgoing spare feeder would also be

provided.

D.C. Supply System

A 220 volt DC System with two sets of 2000AH capacity battery bank would
provide power for the control of switchgear, for the protection and control
equipment, and for emergency lighting of the power house. The batteries would
be provided with two battery chargers, each equipped with float and boost
charging facility with all protective devices necessary to protect the system from
damage. 220 V DC Distribution boards would be provided for feeding various
types of 220 V DC loads.

A 48 V DC system with two sets of battery chargers & two sets of 500 AH
capacity battery bank will be installed for the station communication and the
PLCC system. 48V DC Distribution boards would be provided for feeding various
48V DC loads.

[llumination System

The Power plant lightning would comprise interior and exterior lights as
appropriate for the entire power house area, transformer cavern & GIS building
and pothead yard area. A separate emergency lightning system fed from the 220
V DC station battery system would be provided for essential locations e.g.

control room, machine hall, GIS cavern, exits etc.
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9.2.10 Equipment Grounding

The Power house, Transformer & GIS cavern and Pothead yard area would be
provided with separate main grounding grids and the two grids will be
interconnected. All non-current carrying equipment in the power house,
transformer & GIS cavern and pothead yard would be grounded separately and
connected to the main grounding grid. The grounding system would be designed

to minimize the touch & step potential within acceptable safe limits.

9.2.11 Gas Insulated Switchgear (GIS)

In view of shortage of space at the power house site, it is proposed to install 400
KV Gas Insulated Switchgear (GIS). The 400 KV GIS shall be placed in an
underground GIS cavern. The switching scheme proposed would incorporate
400 KV double bus arrangements to ensure reliability and flexibility in switching
without interruption. The 400 KV GIS would be connected to the generator step
up transformers through 400 KV XLPE cables. There would be total 8 nos. of
GIS bays with four bays for generator transformers, one bay for bus coupler,
provision of two bays for outgoing feeders & one bay for bus reactor. The GIS
bays would have circuit breakers, isolators, C.T, P.T, Earthing switches, surge
arrestors etc. The detailed characteristics and rating of the equipment would be

established during the detailed design stage.

9.2.12 Bus Reactors

Provision of 3 No. single phase bus reactors, each of rating 41.67 MVAR, 400
KV, 50Hz has been kept & being placed in the underground transformer cavern.
The reactors shall also be equipped with necessary protection equipment &

relays.
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9.2.13 400 KV XLPE Cable

400 KV GIS would be connected to single phase generator step up transformers
placed in underground transformer cavern single-phase 400 KV XLPE cables.
One No. spare cable for the above would also be provided. One No. reactor bay
of 400 KV GIS would be connected to the single phase bus reactors placed in
underground transformer cavern by single-phase 400 KV XLPE cables. Also
feeder bays of 400 KV GIS would also be connected to the outdoor pothead yard
through single-phase 400 KV XLPE cables. The spare cables would be provided,
with sufficient slack at both ends for connection to any of the unit bays in GIS to
any of the unit step up transformers/bus reactors & pothead yard feeder bay
respectively. Therefore, total 23 No. single phase 400 KV XLPE cables

(including two spare cables) with terminal kits would be provided.

9.2.14 400 KV Outdoor Pothead Yard

Two No. outgoing feeders would be provided in the outdoor potyard area. The
outgoing feeders in pothead yard would have CVT, lightning arrestors, wave

trap, gantry structures etc.

9.2.15 Power Line Carrier Communication Equipment (PLCC)

For purposes of transmission line protection, remote control, data and voice
communication, transmission systems would have provision for installation of
PLCC equipments. The PLCC equipment (panels) would be provided for each

line for both sending & receiving ends by transmission line utility (i.e. PGCIL).

9.2.16 Power Evacuation System

The provision of total 2 nos. of 400 KV feeder bays have been kept. Space
provision for one no. additional bay in Potyhead yard area and GIS cavern has

also been kept.
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CHAPTER -10
ECONOMIC EVALUATION
(Equity upfront)

10.0 GENERAL

Kwar Hydro-Electric Project (540 MW) has been contemplated as a run off the
river Scheme on the river Chenab in Distt. Kishtwar ,J&K, This project, has
been estimated to cost Rs. 4949.24 Crores at April 2016 Price Level including
Rs. 3221.86 Crores on Civil Works, Rs. 1041.38 Crores on Electrical Works,
Rs. 75.22 Crores on Security and Rs. 532.21 Crores on IDC & Rs. 25.98
Crores on Financing Charges. Sale Rate of Energy generated at Powerhouse
Bus Bars has been worked out as Rs. 6.21 / unit in 90% dependable year at
April 2016 P.L.

10.1 ENERGY CONTRIBUTION FROM THE PROJECT

The energy generation of the project with an installed capacity of (4 X 135 MW)
has been estimated at 1975.54 MU in a 90% dependable year.

10.2 PROJECT COST

The project has been estimated to cost Rs. 4949.24 Crores including IDC of
Rs. 532.21 Crores and Financing Charges of Rs. 25.98 Crores at April 2016
Price Level.

10.3 FIXED AND RUNNING CHARGES

i) Interest rate
The interest rate of 10.55% has been considered for working out the financial
return. The interest during construction has also been capitalized as 70% loan

and 30% equity.
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i) Return on Equity
For working out the unit cost of energy, the return on equity has been taken at
16.50% as per CERC guidelines.

iii) Depreciation

In accordance with the current practice Depreciation has been charged as
4.90% of total cost excluding cost of land for initial 12 years and then the rest of
the amount (90% of Total cost excluding cost of land — that booked during initial

12 years) has been booked uniformly for the balance life of the Project.

iv) Operation and Maintenance charges
According to CERC Guidelines, 2.0% of capital cost excluding cost of R & R has

been considered for operation and maintenance charges during generation period.

10.4 UNIT COST OF ENERGY
The unit cost of energy generated at bus bar, considering 16.5% return on
equity based on generation in 90% dependable year has been worked out as
Rs. 6.21 per unit at April 2016 P.L.

The Levellised Tariff at Present Day Cost at April 2016 price level works out to

Rs 5.77 per unit considering 12% free power to home state.
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STATEMENT SHOWING IDC CALCULATION AT PRESENT DAY COST (APRIL 2016 PRICE LEVEL) (Equity upfront)

Rs in Crores
PRESENT DAY COST 4391.05
EQUITY 30% HALF YEARLY INTEREST RATE 5.28%
LOAN 70% FINANCING CHARGES 0.75%
Years Hard Cost Total Financing Amount Receivable I.D.C |Loan Outstandingl Amount Receivable
Civil Electrical | Security [ Hard Cost| Charges Equity Loan at the end of Equity Loan
year (for the year)
Expenditure up 164.39 164.39
to Zero date 164.39 164.39
6 172.27 9.00 181.27 181.27 181.27
12 286.47 0.10 9.00 295.57 295.57 295.57
18 361.62 104.94 9.00 475.56 475.56 475.56
24 528.68 147.67 9.00 685.35 25.98 368.00 343.34 9.06 352.40 368.00 352.40
30 555.61 202.80 7.84 766.26 766.26 38.80 1157.45 805.05
36 534.15 201.91 7.84 743.90 743.90 80.68 1982.03 824.58
42 462.24 170.22 7.84 640.30 640.30 121.44 2743.77 761.74
48 190.87 109.71 7.84 308.42 308.42 152.87 3205.06 461.29
54 18.16 104.04 7.84 130.04 130.04 129.37 3464.47 259.41
Total 3274.45 1041.38 75.22  4391.0500 25.9800 1484.7735 2932.2623 532.21 12905.1837 1484.77 3464.47
FC 25.98 Crores Equity 1484.77
IDC 532.21
Net cost of the project 4949.24 Crores Loan 3464.47
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KWAR H.E. PROJECT (540 MW)
Calculation of Energy Rate with Present Day Cost (April 2016 P. L. ) (Equity upfront)
Annual Generation in a 1975.54 Total cost including IDC Rs.  4949.24 Crores O&M Charges 2.50% Interest rate on Loan  10.55%
90% dependable year 7 |Equity Rs.  1484.77 Crores Rate of increase of O&M Charges 6.64% nterest rate on Working Capital  12.80%
Auxiliary Consumption  1.20%(Loan Rs.  3464.47 Crores (compounded) ' Return on Equity  16.50%
Costof R&R Rs. 36.08 Crores Depreciation 4.90% Discounting rate for LT-1  10.69%
Free power to home sta 13% Maintenance Spares of O & M charges 15.00% Minimum alternate tax 21.34%
Net saleable energy in ' 1698.10{Cost of Land except Reservoir Lanc Rs. 26.33 Crores Corporate Tax  34.61%
YEAR ANNUAL FIXED CHARGES (Rs, in Crores) Charges/Unit Discounting Discountec
Outstanding | Interest Depre- Return O&M Interest on Working Capital Total |(Rs. per Unit) Factor @ Tariff
Loan on loan ciation onequity  Tax Charges O&M for Maintenance2 months Averag Interest Total 10.69% (Rs. per
1 month Spares Billing Unit)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 3464.47 352.77 241.39 24499  66.46 122.83 10.24 18.42 175.77 26.17 1054.60 6.21 1.0000 6.21
2 3223.08 327.30 241.39 24499  66.46 130.98 10.92 19.65 172.86 26.04 1037.16 6.11 0.9034 5.52
3 2981.70 301.84 241.39 24499  66.46 139.68 11.64 20.95 170.05 25.94 1020.29 6.01 0.8162 4.90
4 2740.31 276.37 241.39 24499  66.46 148.96 12.41 22.34 167.34 25.87 1004.03 5.91 0.7374 4.36
5 2498.92 250.90 241.39 24499  66.46 158.85 13.24 23.83 164.74 25.83  988.42 5.82 0.6661 3.88
6 2257.53 225.44 241.39 24499  66.46 169.40 14.12 2541 162.25 25.83  973.50 5.73 0.6018 3.45
7 2016.15 199.97 241.39 24499  66.46 180.64 15.05 27.10 159.89 25.86  959.31 5.65 0.5437 3.07
8 1774.76 174.50 241.39 24499  66.46 192.64 16.05 28.90 157.65 25.93 94591 5.57 0.4912 2.74
9 1533.37 149.04 241.39 24499  66.46 205.43 17.12 30.81 155.56 26.05 933.35 5.50 0.4437 2.44
10 1291.99 123.57 241.39 24499  66.46 219.07 18.26 32.86 153.61 26.21  921.68 5.43 0.4009 2.18
11 1050.60 98.11 241.39 24499  129.67 233.62 19.47 35.04 162.59 27.79  975.55 5.74 0.3622 2.08
12 809.21 72.64 241.39 24499  129.67 249.13 20.76 37.37 160.98 28.05 965.86 5.69 0.3272 1.86
13 567.82 56.39 66.69 24499  129.67 265.67 22.14 39.85 131.36 2475 788.16 4.64 0.2956 1.37
14 501.13 49.35 66.69 24499  129.67 283.31 23.61 42.50 133.26 25,52 799.53 4.71 0.2670 1.26
15 434.44 42.31 66.69 24499  129.67 302.12 25.18 45.32 135.36 26.35 812.14 4.78 0.2413 1.15
16 367.74 35.28 66.69 24499  129.67 322.18 26.85 48.33 137.68 27.25  826.06 4.86 0.2180 1.06
17 301.05 28.24 66.69 24499  129.67 343.58 28.63 51.54 140.23 2821 841.38 4.95 0.1969 0.98
18 234.35 2121 66.69 24499  129.67 366.39 30.53 54.96 143.03 29.25 858.20 5.05 0.1779 0.90
19 167.66 1417 66.69 24499  129.67 390.72 32.56 58.61 146.10 30.37 876.61 5.16 0.1607 0.83
20 100.96 7.13 66.69 24499  129.67 416.66 34.72 62.50 149.45 3157 896.72 5.28 0.1452 0.77
21 34.27 1.81 66.69 24499  129.67 444.33 37.03 66.65 153.40 3291  920.39 5.42 0.1312 0.71
22 66.69 24499  129.67 473.83 39.49 71.07 158.27 3441  949.59 5.59 0.1185 0.66
23 66.69 24499  129.67 505.29 42.11 75.79 163.78 36.06 982.70 5.79 0.1071 0.62
24 66.69 24499  129.67 538.85 44.90 80.83 169.67 37.81 1018.01 5.99 0.0967 0.58
25 66.69 24499  129.67 574.62 47.89 86.19 175.94 39.68 1055.66 6.22 0.0874 0.54
26 66.69 24499  129.67 612.78 51.07 91.92 182.63 4168 1095.81 6.45 0.0789 0.51
27 66.69 24499  129.67 653.47 54.46 98.02 189.77 4381 1138.63 6.71 0.0713 0.48
28 66.69 24499  129.67 696.86 58.07 104.53 197.38 46.08 1184.29 6.97 0.0644 0.45
29 66.69 24499  129.67 743.13 61.93 111.47 205.50 4850 1232.98 7.26 0.0582 0.42
30 66.69 24499  129.67 792.47 66.04 118.87 214.15 51.08 1284.90 7.57 0.0526 0.40
31 66.69 24499  129.67 845.09 70.42 126.76 223.38 53.83 1340.28 7.89 0.0475 0.37
32 66.69 24499  129.67 901.21 75.10 135.18 233.22 56.77 1399.33 8.24 0.0429 0.35
33 66.69 24499  129.67 961.05 80.09 144.16 243.72 59.90 1462.30 8.61 0.0388 0.33
34 66.69 24499  129.67 1024.86 85.41 153.73 254.91 63.24 1529.45 9.01 0.0350 0.32
35 66.69 24499  129.67  1092.91 91.08 163.94 266.84 66.80 1601.06 9.43 0.0316 0.30
(A) (B)
Note: 1. The charges per unit is exclusive of water cess, spares, incentive & Income Tax etc 215.9705 10.06 58.05
2. MAT @ 20.01% has been applied for Ist 10 years during tax holiday after that corporate tax @ 30% on which
7.50% surcharge and 3% cess has been considered. wellised Tariff (LT) in Rs.=(B)/(A) LT-1 5.77
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KWAR H.E. PROJECT, (April 2016 PRICE LEVEL)
UNIT COST OF ENERGY AT BUS BAR AT CURRENT PRICE LEVEL

(Based on 16.5% return on equity, 10.55% Interest on Term Loan, 0.75% Financing Charges
and 12.80% interest on working capital)

10
11

12
a)
b)
c)
d)
| ¢

f)
)
1)

Installed capacity

Cost of the Project (Net)

(Including Financing Charges @ 0.75% of Loan Amount)

Interest During Construction

Total Cost of Project
(Including IDC)

a) Equity

b) Loan

Annual Energy Generation

1.2% As Auxiliary Consumption of No. 5
Energy Available After Auxiliary Consumption
Free Power to Home State

Energy Available After Allowing Free Power

Annual Fixed Charges
Interest on Loan
Depreciation Charges
O&M Charges

Return on Equity
Minimum alternate Tax @

SUB-TOTAL
Interest on Working Capital
O&M Charges for 1 month
Maintenance Spares

I11) 2 Months Average Billing

13

14

TOTAL

Sale Price at Bus Bar/Unit

Levellaized Tariff

10-5

30%
70%

15.00%

Rs.

Rs.

Rs.

Rs.
Rs.

1.20%

13%

10.55%
4.90%
2.50%

16.50%

21.34%

12.80%
10.24
18.42

175.77

Rs.

540

4417.03

532.21

4949.24

1484.77
3464.47

1975.54
23.71
1951.83
253.74
1698.10
352.77
241.39
122.83
244.99
66.46

1028.44
26.17

1054.60

6.21

5.77

MW

Crores

Crores

Crores

Crores
Crores

MU
MU
MU
MU
MU
Crores
Crores
Crores
Crores

Crores

Crores
Crores

Crores

Rs.

Rs.
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CHAPTER - 11
CONSTRUCTION METHODOLOGY & EQUIPMENT PLANNING

11.0 GENERAL:

Kwar Hydroelectric Project is a run of the river scheme proposed to harness
the hydel potential of Chenab River. The project is located in Kishtwar
district of Jammu & Kashmir, envisaging utilisation of 102.5 m of rated head
available between proposed Concrete Gravity Dam and the Powerhouse.

Construction methodology and selection of equipment has been planned
with the aim to commission the project in a total period of four and half years
(excluding infrastructural works). Major construction works shall start from
2nd month after necessary initial mobilization and the project shall be
commissioned in 54th month. Available working season in a year in the
project area shall be 12 months for all underground works and 9 months for

surface works.

The project headquarter is located at Kishtwar which is about 240 kms from
Jammu, the winter capital town of J&K. The dam site is about 40 kms from
Kishtwar. The nearest rail head is Udhampur. The nearest domestic airport

is at Jammu and the international airport is at New Delhi.

Since major works of the project are proposed to be executed through
contract, some provisions of machinery like material trucks, tippers, trailers,
motor grader, dozers, road rollers and other Q special T&P required for
carrying out the infrastructural works have been made in the project
estimate. Provisions for inspection vehicles, personnel carriers, ambulances
and field workshop equipment have also been made in the estimate for

infrastructural facilities.

Equipment planning for all the project components has been carried out in
the upcoming pages and optimization studies have been conducted as if the

works are to be executed under single package of Contract.
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The construction methodologies for different components of the project are
as under:
11.1 DIVERSION TUNNEL.:

1 No., 685 m long, 9.5 m finished diameter, Horse-shoe shaped diversion
tunnel on the left bank of river Chenab shall be excavated through drilling &
blasting by heading & benching method. Excavated diameter of diversion
tunnel shall be 10.3 m. The total time for excavation and concreting of
Diversion tunnel shall be 13 months commencing from 2" month including
excavation and establishment of portals. Heading and Benching of D/T will
be done from both the faces of the tunnel simultaneously. For the excavation
of Diversion tunnel, equipment like 2-boom drill jumbo, 2.5 cum side dump
loader & 20/25 t Multi-axle Rear dumpers have been proposed for
deployment. Concreting shall be taken up in two parts i.e. Overt and Invert.
The concreting and grouting shall be completed in 5.5 months. 2 nos. of
10m tunnel gantry have been proposed for concreting so that concrete in
one gantry can be poured everyday in tunnel. 6 cum transit mixers and 60
cum/hr concrete pumps etc. have also been proposed to facilitate the
concreting. As such total diversion tunnel would be completed in 13 months

time.

11.2 COFFER DAM:

It has been envisaged that the coffer dams shall be constructed / repaired
three times during entire construction period of the project. Construction of
coffer dam with the placement quantity of rock fill materials shall be carried
out in a period of 3.5 months including excavation & grouting etc. It is
proposed to use the useful excavated muck from the Diversion Tunnel as
well as abutment excavation in the construction of coffer dams. The
equipment required for the construction of the Coffer Dams would be 20/25t

rear dumpers, 2 cum Hyd. excavators, Dozers, Vibratory compactors etc.

11.3 CONCRETE GRAVITY DAM:

Abutment stripping of 101 m high & 195 m long dam will commence from 4™

month and will be completed in 16™ month. River bed excavation will be
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completed in 2 months i.e. from 16™ month to 17" month. 1.0/2.0 cum
Hydraulic Excavator, 20/25t Rear Dumper, Air Tracks, Diamond Core Dirills,

Rock Breaker etc. will be used for dam excavation.

The concreting of 101 m high & 195 m long Concrete Dam will be started
from 18" month. The concreting quantity below RBL shall be placed in 3
months commencing from 18" months with the help of tower crane of the
capacity 10T@30 m radius. The remaining concreting quantity shall be
placed in 25 months commencing from 20™ month with the help of same
tower crane used for concreting below RBL. One no. 38 cum/hr concrete
pump shall also be deployed to supplement the concreting requirement.
Batching & Mixing plants, Aggregate Processing Plants, Chilling plant, Ice
plant etc (of suitable capacities) shall be used for production of aggregates
and concrete placement. The U/s & D/s coffer dams will be constructed in

the successive seasons till dam level reaches up to EL 1370m.

11.4 INTAKE STRUCTURE:

Four numbers of intakes have been proposed to convey the water from dam
to powerhouse through 4 nos. pressure shafts/penstocks. Excavation of
intake structures would be carried out in 2 months commencing from 6"
month and completing in the 7" month. Excavation of intake portal would be
carried out with 1.0 cum hydraulic excavators, 20/25t multi axle rear
dumpers, wagon drills/crawler rigs etc.

Concreting of intake structure would be taken up from 43" month and would
be completed in 6 months (effective) by 49™ month. Other equipment
required for concreting purpose would be concrete pump, vibrators, 6 cum

transit mixers etc.

11.5 PRESSURE SHAFT:

4 nos. steel lined pressure shafts, 5.65 m circular finished diameter, having
max vertical length of 93 m max. And max. Total length (excluding vertical)
182.0m have been proposed for the four units to be installed at powerhouse.
Since adits at bottom of the pressure shafts have been provided, the

excavation of the vertical pressure shafts shall not depend on the
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excavation/ concreting of intake structure and therefore it will be an
independent activity. The excavation of vertical pressure shafts would be
carried out manually through full sinking method taking both shafts at a time.
The excavation of lower horizontal pressure shafts would be carried out from
intake side by normal drilling and blasting method taking two shafts at a time
with one set of equipment. The total period for excavation of pressure shafts
(vertical & bottom) would be 8 months starting from 31 month, 9 months
starting from 30th month, 11 months starting from 18th month & 13 months
starting from 16th month for PS 1, PS-2, PS-3 & PS4 respectively. Steel
liner erection and concrete back filling shall start from 30th month and end in

47" month in a period of 13 months.

11.6 POWER HOUSE:

4 X 135 MW (540 MW) underground power house located on the right bank

of the river Chenab shall be fed by four penstocks.

The excavation of Powerhouse (140m X 23.3m X 50m) would be taken up
after the excavation of construction adit to the powerhouse crown. This adit
would further be extended throughout the length of the powerhouse. This
excavation would take around 2 months. Further, this pilot tunnel would be

widened upto 25.62 m width in two stages in 4 months.

Power house excavation would be carried out initially by benching of 3 meter
from EL 1276 to EL 1273 in one month. Mucking would be carried out

through adits to crown of power house.

Power house excavation would be subsequently carried out by constructing
suitable ramps for benching down. Movement of equipment would be carried
out through ramps. For excavation from El 1273 to El 1258.65, mucking
would be carried out through adits to crown of power house in 6 months
including removal of the ramps.

Suitable ramps would be prepared to come down below El 1246 and
benching of the power house upto El 1237.3 would be carried out in 2

months. Mucking would be carried out through MAT.
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After reaching the EL 1237.3, pit excavation would be carried out in 2
months. After the excavation of draft tube pit, MAT ramp would be removed

in 1 month.

The excavation of power house cavern would require 13 months

commencing from 12" month and completing in 24™ month.

The equipment required for this purpose are 2 boom drill jumbo, 1.0/2.0 cum
hydraulic excavator, 2.5 cum side dump loader, 20/25t multi axle rear
dumpers, wagon drills/ crawler rigs, jack hammers, shotcrete machine, grout
pump, concrete pump (38/60 cum/hr), vibrator, transit mixers etc. Batching &
mixing plant, aggregate processing plant would meet the concreting

requirement of power house.
11.7 TRANSFORMER CAVERN, GIS CAVERN & DT GATE HALL

The excavation of Transformer Cavern (116m X 17m X 16m) would be taken
up after the excavation of construction adit to the Transformer Cavern
crown. Construction adit to Transformer Cavern crown would be further
extended to full length of the Transformer Cavern. Thereafter, it would be

enlarged sideways to the full width of the Transformer Cavern.

The excavation of GIS cavern & DT gate hall (65m X 17m X 16m) would be
taken up after the excavation of Transformer Cavern. Through this cavern
pilot shafts of 3.0 m diameter would be excavated manually upto bottom.
The pilot shafts would be excavated with Jack hammers & EOT/Gantry
crane installed at the top of GIS cavern & DT gate cavern. The excavation of
these four shafts would be taken up simultaneously. Time required for the

excavation of Pilot shafts upto EL1242.30 would be around 3.0 months.

GIS & DT gate cavern would be benched down through these pilot shafts.
Muck would be dozed through these pilot shafts & would be hauled through
the TRT. The equipment required for this purpose are 2 boom drill jumbo,
1.0/2.0 cum hydraulic excavator, 2.5 cum side dump loader, 20/25t multi

axle rear dumpers, tippers, wagon drills/ crawler rigs, jack hammers,
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shotcrete machine, grout pump, concrete pump (38 cum/hr), vibrator, transit

mixers etc.

The total time required for the excavation of Transformer cavern, GIS & DT

gate cavern would be around 9 months.

11.8 TAIL RACE TUNNEL

2 nos. Horse shoe shaped 9.5 m finished diameter Tail Race Tunnels having
maximum length of 2883 m shall convey 302.6 cumecs of design discharge.
Excavation of the TRT would be carried out by heading & benching method.
Excavated diameter of Tail race tunnel shall be 9.8 m. The total time for
excavation of 732m for U/s of Tail Race tunnel - 1 shall be 12.5 months
commencing from 14" month and 1212 m for D/s of Tail Race tunnel - 1
shall be 20 months commencing from 14™ month. Similarly total time for
excavation of 823m for U/s of Tail Race tunnel - 2 shall be 13.5 months and
1237 m for D/s of Tail Race tunnel - 2 shall be 20 months commencing from
13" month. Heading and Benching of Tail Race Tunnel will be done from
three faces in both the tunnels. For the excavation of Tail Race tunnel,
equipment like 2-boom drill jumbo, 2.5 cum side dump loader & 20/25 t
Multi-axle Rear dumpers have been proposed for deployment. Concreting
shall be taken up in two parts i.e. Overt and Invert. Concreting of TRT outlet
portal. 2 nos. of 10m tunnel gantry in each TRT have been proposed for
concreting so that concrete in one gantry can be poured everyday in each
tunnel. 6 cum transit mixers and 60 cum/hr concrete pumps etc. have also

been proposed to facilitate the concreting.

11.9 GIS & POT HEAD YARD

Excavation of GIS & Pot Head Yard would be carried out in a period of 6
months commencing from 27" month and completing in 32" month.
Concreting of the GIS & Pot Head Yard would be carried out in 10 months
starting from 33" month. The excavation & concreting of GIS & Pot Head
Yard would be carried out with the help of 2 cum. hyd. excavator, wagon
drills/ crawler rigs, 20/25 T multi-axle rear dumpers, 6 cum transit mixers, 38

cum concrete pump & B&M plant, aggregate processing plant etc.
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Annexure -|

List of Equipment for Infrastructural Development of Kwar HE Project (540 MW)

Sl.No. |Description of equipment No. of Cost (Rs in |Total Cost
Equipment [Lacs) (Rs in Lacs)
1 Hydraulic Excavator, 1.0 cum. 1 50.00 50.00
2 Loader cum Excavator, 1.0/0.25 cum. 1 22.00 22.00
3 Front end loader 1.5 -2.0 cum 0 36.00 0.00
4 Crawler Dozer, 100 FHP 2 42.00 84.00
5 Wheel Dozer 200 FHP 0 80.00 0.00
6 Air Track/Wagon Dirill 1 15.00 15.00
7 Jack Hammer/Pavement Breaker 6 0.35 2.10
8 Diamond Core Drill (Mechanical) 1 15.00 15.00
9 Diamond Core Drill (Hyd) 1 60.00 60.00
10 |Compressed Air(cfm) 1200 0.0200 24.00
11 |Rock splitter 0 10.00 0.00
12 |Hyd. Rock breaker 0 18.00 0.00
13 |Mobile Crane, 10t Pick & Carry 1 10.00 10.00
14  |Mobile Crane, 20t (Rough terrain) 1 53.00 53.00
15 |Fork Lift,8/10 t 1 12.00 12.00
16 |Road Roller, 8/10t 1 12.00 12.00
17 |Concrete Mixer, 14/10 cft 3 1.50 4.50
18 |Concrete Mixer, 28 NT 0 4.00 0.00
19 |Dewatering Pump LS 20.00 20.00
20 |Tipper 4.5/6.0 cum. 4 10.00 40.00
21 |Truck, 10t 4 8.00 32.00
22 |Low Bed Tractor Trailor, 30 t 1 40.00 40.00
23 |Explosive Van, 10 t 1 10.00 10.00
24 |Water Tanker/Sprinkler, 10 KL 2 10.00 20.00
25 |Petrol/Diesel Tanker, 10 KL 1 10.00 10.00
26  |Bus/Mini Bus 5 10.00 50.00
27 |Car/MUV 2 6.50 13.00
28 |Jeep (Petrol/Diesel) 13 4.50 58.50
29 |Ambulance 2 9.00 18.00
30 |Workshop Equipment LS 20.00 20.00
31 |Mobile work shop 1 15.00 15.00
32 |Mobile Service Van 1 20.00 20.00
33 |Fire Tender 2 22.00 44.00
34 |Recovery Van 1 10.00 10.00
35 |Pickup Van/L.C.V 3 7.00 21.00
36 |Snow cutter Blower 0 50.00 0.00
37 |Motorised winch 50hp 0 10.00 0.00
Total 805.10
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Annexure-ll
EQUIPMENT LIST OF KWAR HE PROJECT, CONSTRUCTION STAGE
SI. No. |Description of Equipment Diversion |Coffer |Conc. [Plunge |Intake  [Pressure [Power |D/S Tail Race [Misc. Total no. |Rate Total Cost
Tunnel Dam |Gravity |pool [structure [Shafts |House, |Surge Tunnels |Works |of (Rs in Lakhs) [(Rs in Lakhs)
Dam adit & |[Chamber & Pot Equipment
Quarry access |and head
& APP tunnels |Transfor |Yard
1 Hyd. Excavator 1.0 cum. 2% - 2 2 2% 2% - 4 2 - 10 50.00 500.00
2 Hyd. Excavator 2.0 cum. - 2 3 1 - - 2 - - - 8 82.00 656.00
3 Laoder-cum Excavator 1.0/0.25 cum - - 1 - - - 1 - - - 2 22.00 44.00
4 Side Dump Loader 2.5 cum. 2% - - - - 2* 1 1* 4 - 5 75.00 375.00
5 Front end loader 1.5 cum - - 1 - - - - - - - 1 36.00 36.00
6 20/25 MT Multi axle rear dumper 6* 4 16 6 5* 6* 6 12 12 - 56 55.00 3080.00
7 Tipper 10 MT - - 4 - - 2 2 - - - 8 10.00 80.00
8 Two Boom Drill Jumbo 2% - - - - 2% 1 1* 4 - 5 360.00 1800.00
9 Air Track / W. Drill / Crawler Drill - - 1 1 - - 3 2 2 - 9 15.00 135.00
10 Jack Hammer / Pavement Breaker 2* - 4 4 6 8* 2 2 4 - 22 0.50 11.00
11 |Compressed Air (cfm) 250* - 1000 | 1000 800 1000* | 1800 800 1500 - 6900 0.0175 120.75
12 Tower crane 10T at 30 m radius - - 4 - - - - - - - 4 640.00 2560.00
13 Concrete buckets, 1/2cum - - 32 - - - - - - - 32 2.00 64.00
14 |Flat Bed Truck - - 28 - - - - - - - 28 10.00 280.00
15 Concrete Pump 38 cum./hr. - - 1 1 - 2* 1 1 1 - 5 35.00 175.00
16 Concrete Pump 60 cum./hr. 1* - - - 1 - - - 2 - 3 55.00 165.00
17 Transit Mixer 6 cum. 4* - 3 2 4 4* 3 3 12 - 27 35.00 945.00
18 Crawler Dozer 300 F.H.P. - 2 - - - - - - - - 2 120.00 240.00
19 Crawler Dozer 200 F.H.P. - 2 - - - - - - - 2 80.00 160.00
20 Crawler Dozer 100 F.H.P. - - 1 1* - - 2 - 1* - 3 42.00 126.00
21 Crawler Dozer 70 F.H.P. - - - - - - 2 - 2 40.00 80.00
22 EOT/Gantry crane,20 T - - - - - - - 1 - - 1 20.00 20.00
23 Electric Winch, 10t - - - - - 2 - - - - 2 10.00 20.00
24 |Rock Splitter 1* - 1 - - - 1* 1 - - 2 10.00 20.00
25 Hyd.Impact Breaker,Excavator mtd, 20 t 1* - 1 - - - 1* 1 1* - 2 60.00 120.00
26 Diamond Core Drill (Mechanical) - - 2 - - - - - - - 2 15.00 30.00
27 Diamond Core Drill (Hyd.) 300 M - - 1 - - - - 1 60.00 60.00
28  |Shotcrete Machine 6.0-12.0 cum./hr. 1* - 2 - - 2 2 2 1 - 9 25.00 225.00
29 Spraying Arms - - - - - 1 1 1 - 3 40.00 120.00
30 Batching & Mixing Plant, 200 cum./hr. 1* - 1 - - 1* 1* 1* 1* - 1 300.00 300.00
Batching & Mixing Plant, 90 cum./hr. 1* - 1 - - 1* 1* 1* 1* - 1 180.00 180.00
31  |Aggregate Processing Plant 600 TPH 1* - 1 - - 1* 1* 1* 1* - 1 900.00 900.00
32 Ice plant, 100TPD - - 1 1* 1* - - - - - 1 100.00 100.00
33 Chilling plant, 425TR - - 1 1* 1* - - - - - 1 425.00 425.00
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EQUIPMENT LIST OF KWAR HE PROJECT, CONSTRUCTION STAGE
SI. No. |Description of Equipment Diversion |Coffer |Conc. [Plunge |Intake  [Pressure [Power |D/S Tail Race [Misc. Total no. |Rate Total Cost
Tunnel Dam |Gravity |pool [structure [Shafts |House, |Surge Tunnels [Works |of (Rsin Lakhs) [(Rs in Lakhs)

Dam adit & |[Chamber & Pot Equipment

Quarry access |and head

& APP tunnels | Transfor |Yard
34 Hydraulic Vibrator alongwith excavator - - 1 - - - - - 1 60.00 60.00
35 Concrete Vibrator Electric / Pneumatic L.S - L.S - L.S L.S L.S LS L.S L.S L.S 10.00 10.00
36 Grout Pump 20 kg/sq.cm 1* - 2 - - 2 1 1 1 - 7 12.00 84.00
37 Grout Pump 100 kg/sg.cm. - - 1 - - - 1 1 - - 3 16.00 48.00
38 Mobile Crane 10 MT Pick & Carry - - - - - - - - - 2 2 10.00 20.00
39 Mobile Crane 20 MT - - - - - - - - - 2 2 70.00 140.00
40 Crawler crane 75MT - - - - - - - - - 1 1 150.00 150.00
41 |Vibratory Compactor 10 t - 2 2% - - - - - - - 2 30.00 60.00
42 Tunnel Gantry 10m dia. 2 - - - - - - - - - 2 75.00 150.00
43 |Tunnel Gantry 9m dia. - - - - - - - - 4 - 4 60.00 240.00
44 Scoop tram, 1 cum - - - - - - 1 1 - - 2 45.00 90.00
45 Dewatering Pump L.S L.S L.S - L.S L.S L.S LS L.S L.S L.S 100.00 100.00
46 High Pressure water blaster - - 1 - - - - - - - 1 25.00 25.00
47 Ventilation System L.S L.S - - L.S L.S L.S LS L.S - L.S. 200.00 200.00
48 Submersible Cutter Pump - - - - - - - - - 1 1 150.00 150.00
49  |Truck10T - - - - - - - - - 10 10 10.00 100.00
50 Low Bed Tractor Trailor 30 T - - - - - - - - - 1 1 40.00 40.00
51 Concrete Mixer 10/7 cft. - - - - - - - - - 4 4 2.00 8.00
52 Concrete Mixer 28 NT - - - - - - - - - 2 2 4.00 8.00
53 Hydra Lift - - - - - - - - - 1 1 15.00 15.00
54 Explosive Van 10 T - - - - - - - - - 2 2 10.00 20.00
55 Mobile Service Van - - - - - - - - - 1 2 20.00 40.00
56  |Water Tanker / Sprinkler 10 KL - - - - - - - - - 3 3 10.00 30.00
57 Petrol/Diesel Tanker 10 KL - - - - - - - - - 3 3 10.00 30.00
58 Bus/Mini Bus - - - - - - - - - 6 6 10.00 60.00
59  |Ambulance - - - - - - - - - 3 3 9.00 27.00
60  |Workshop Equipment - - - - - - - - - L.S L.S. 150.00 150.00
61 Fire Tender - - - - - - - - - 2 2 30.00 60.00
62 Recovery Van - - - - - - - - - 1 1 10.00 10.00
63 Steel Rib Bending M/c 2% - - - - - - - 2 - 2 5.00 10.00
64 Pick up Van/L.C.V - - - - - - - - - 4 4 7.00 28.00

Total 16315.75




KWAR HE PROJECT (4 x 135 MW)

JAMMU AND KASHMIR

tart Date 1st Sept18

Sr. 1 2 3 5 6 7 8 9 |10 11|12 | 13 (14| 15|16 |17 |18 (19|20 (21|22 23| 24 (25| 26 | 27 28 2930|3132 |33|34| 35/36|37|38|39|40|41 |42 |43 | 44 |45 | 46 47| 48 | 49 [ 50 | 51| 52 53 |54
No PARTICULARS UNIT QTY. MONTHS
A[MOBILIZATION 3 [
B|DIVERSION TUNNEL
1|Open excavation cum | 48000 2 _
2|Excavation of DT
Heading m | 8 —
Benching m 685 2 h
3|Concrete Lining
Overt m |68 —
Invert m 685 _
4|Concreting of DT gate Structure cum 7600 3 _
5|Hydro-Mechanical Works
i|Design & Engineering Job % 4 q
iifManufacturing, Testing and Supply Job % 8 _
iErection 4 e —
6|Diversion Tunnel Plugging Job % 1 mE
C|COFFER DAM (U/S AND D/S) River Diversion
1|Rock fill/Impervious fill/Filler material cum | 350931 7 ﬂ [——— [r——
2|Reservoir filling Job % 1 -
D|CONCRETE DAM
1|{Common excavation/ Rock excavation 12
. . cum | 498153
2|Riverbed excavation 2 _
3|Concreting upto River bed level EL 1286 2
4|Concreting above RBL EL 1286 upto crest 3
level of under sluice gates
5|/Concreting above EL 1305 upto crest level| CUm | 817500 12
of spillway Radial gates Orifice
Type
6|Conereting up to Dam Top 13 S ———————————
7|Common excavation/Rock excavation for 2
Intake Structure cum | 79640 e
8|Concreting for intake structure cum | 78700 6 I ——
9|Hydro-Mechanical Works
i|Design & Engineering Job o % 15 S ————————"— —————
H|Manufacturing, Testing and Supply e 24 B B B
iii|Erection of under Sluice Gates Job % 7 H
Iv|Erection of Spillway Radial Gates Job | % 12 B B B E———
v|rection of intake gates b % 10 e —
E[PLUNGE POOL
1|Excavation oum | 69298 | 17 S — S —
2|Concreting of Plunge Pool cum 51600 8 _
F|PRESSURE SHAFT
1|Platform and arrangement of vertical shafts| Job % 4
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Sr. 10| 11| 12| 13 |14 | 15|16 | 17|18 | 19| 20| 21| 22| 23| 24 |25]| 26 | 27 28 29|30|31|32|33|34| 35/36|37(38(39(40 |41 |42 |43 | 44 |45]| 46 47| 48 | 49 [50 (51| 52 | 53 |54
No PARTICULARS UNIT QY. MONTHS
2|Excavation of Adit to Lower Penstock,| m 220 3.5
Erection Gallery through Adit cum Surge
Gallery of TRT-2
3|Excavation of Lower Penstock Erection| m 90 2
Gallery, Dewatering Shaft and Pump House
4|Excavation of Vertical and Bottom
Pressure Shaft
i|PS-1 m 141 8
ii|PS-2 m 165 9
iii|PS-3 m 187 11
iv|PS-4 m 205 13
5|Hydro-Mechanical Works
i|Design & Engineering Job % 12
iifManufacturing, Testing and Supply Job % 20
iii|[Erection of Steel Liner PS-1 m 236 8
iv|Erection of Steel Liner PS-2 m 223 8
v|Erection of Steel Liner PS-3 m 211 8
vi|Erection of Steel Liner PS-4 m 201 8
6(Back fill Concrete
i|PS-1 m 117 8
ii|PS-2 m 133 8
iii|PS-3 m 146 10
iv|PS-4 m 165 11
G|POWER HOUSE
1|Open Excavation and Establishment of| Job % 2
Portal of MAT
2|Excavation of MAT to P/H m 645 8
3|Excavation of Access Tunnel to| m 265 2
Transformer Cavern through MAT
4|Excavation of Adit to P/H crown m 100 2
5|Excavation of Adit to Control Block Crown| m 70+45 1
through MAT
6|Excavation of P/H Cavern cum | 142043 13
7|Excavation of Control Room Cavern cum 18051 4
8|Excavation of Transformer , GIS and Draft| cum | 55037 9
Tube Gate Cavern
9|Excavation of Draft Tube Gate Shaft Job % 6
10|Concreting of Draft Tube Gate Shaft Job % 6
11|Hydro-Mechanical Works
i|Design & Engineering Job % 12
iifManufacturing, Testing and Supply Job % 15
iii|Erection Job %
12|Concreting in service bay upto EOT level Job % 3
13|Concreting of Columns and Beams in| Job % 7
Power House upto EOT level.
14|Concreting of P/H Job % 18
15|Concreting of T/F Cavern Job % 10
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Sr. 9 |10 11|12 | 13 |14 | 15(16| 17|18 | 19|20 |21 | 22| 23| 24 |25]| 26 | 27 28 29130313233 |34 35/36|37(38(39]|40|41|42|43| 44 | 45| 46 47( 48 | 49 [ 50 | 51| 52 53 (54
No PARTICULARS UNIT QTY. MONTHS
H|TAIL RACE TUNNEL 1
1|Underground Excavation (Rock Class Il to| cum | 607200 21 i
%) .............................................................ﬂ !
2|Cement Concrete lining - M25/A40 cum | 126600 14+3
3|Reinforced Cement Concrete - M25/A40 cum 10600 5 : H
4|Hydro-Mechanical Works of TRT Outlet i
Gates 4
|| Pesign & Engineering Job | % 8 S i
iiManufacturing, Testing & Supply Job ) % 10 M
i Erection Job [ % 8 D S S S S
1{GIS BUILDING AND POTHEAD YARD I
1|Surface Excavation cum | 210075 6 — I
2|Concreting cum| 21715 8 I 1
3|Erection of Pothead yard Equipments Job % 10 L
I
4|Cable Tunnel 1
i|Surface Excavation and Portal Job % 2 I
Preparation i
li[Excavation of Cable Tunnel m | 3820 10 I ——————————— i
J|E&M works of Power House I
I
i|Design & Engineering and Supply Job % 39 |
iilfErection of EOT Crane in service bay Job % 1 |
1
I
iii|[Extension of EOT Crane in Units Job % 3 :
| ;
iv|Unit-1 - Erection, Testing and| Job % 18 | I
commissioning I I I |: I [ I I I i
v|Unit-11 -Erection, Testing and| Job % 18 | L L |: L L L L L L L
commissioning | | : | | | | | | | |
vi|Unit-lll -Erection, Testing and| Job % 18 I I |E I I I I I I I I
commissioning | | i | | | | | |
vii|Unit-1IV -Erection, Testing and| Job % 18 [ [ Y ] = B s EEE R ] =k el
commissioning I I I I I I :
viii|Erection of Transformers Job % 12 L L L L L I =
1
ix|Unit-1 - Erection, Testing and| Job % 2 | |
commissioning T !
X|Unit-1 - Erection, Testing and| Job % 2 1
commissioning L
Xi|Unit-1 - Erection, Testing and| Job % 2
commissioning
Xii|Unit-1 - Erection, Testing and| Job % 2 =
commissioning
LEGEND:
| Civil Works
] HM Works
/7 E&M Works
—— Monsoon
—————————— Critical Activity
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Executive Summary

CHAPTER - 12
ENVIRONMENT AND ECOLOGICAL ASPECTS

Kwar (540MW) H.E. Project, a run-of-river scheme is located on river Chenab
in district Kishtwar of Jammu and Kashmir State. Kishtwar is the major
township situated near the project site on a central plateau which is linked with
other parts of the state by NH1B. The catchment area of the proposed project
at the dam site is 10325 sq km. The terrain of the catchment is generally
rugged and steep, with narrow valleys bounded by high ridges opening out in
their upper glacial parts. The area observes sub-temperate climate. The
influence of the monsoon is weak in the region. The basin receives
precipitation round the year. Cold season precipitation from December to
March occurs due to western disturbances leading to heavy snowfall during
the winter season in the upstream portions. The catchment area is by and
large snow bound for about two months during winter. For the remaining
months, the lower reaches of the drainage area are free from the snow cover.
The maximum and minimum temperature observed at Dul dam site is 43°C

and -1°C, respectively.

The soils of Kishtwar region have been classified as Sandy skeletal, Loamy
skeletal, Fine loamy, Course loamy and Loamy. Soil depth in general is
moderately deep to deep varying up to 30 cm depth. However, at some places
particularly in agricultural fields the depth is more. By and large, soils are
immature containing large proportion of un-decomposed organic materials.
Physico-chemical analysis of the soils reveals that the soils of the Chenab
catchment at this particular area are not very fertile because it is deficient in
most of the essential elements though the moisture and water contents are
available in appreciable quantity. Generally, soils of this area are alkaline in
nature. The microelements like zinc, iron, copper and manganese are also
present in a quantity that can be considered as moderately sufficient in a
mountainous soil. Overall the soils in the area are deficient in fertility level and

categorize under medium range of fertility.
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The various land use / land cover categories of the project area comprise of
agriculture, forest, water bodies and other government land. Overall land
requirement of the project is 136.35 ha for different components of project. Out
of this 29.75 ha is forest land, 89.57 ha revenue (Govt.) land and 17.03 ha
private land. Submergence at FRL (EL 1385m) is 55.25 ha, comprising of
state land (river bed land). Execution of Kwar HE Project is likely to affect 5
villages viz. Bhagna, Semna Bhata, Ajna, Dichla and Galhar Bhata. Out of
these, Galhar Bhata village shall be losing only the river bed land and any
private land or property from this village shall not be affected. Therefore, it is
not considered in the main affected villages. As per Census 2011, the total
population in the four main project affected villages is 5705 spread over 1013

households with average household size of 5.6 and average sex ratio of 944.

During surveys, 63 PAFs with a total population of 350 from these 4 villages
have been identified as affected families. Out of 63 PAFs, 19 belong to ST
category and 44 belong to General category. The project affected population

would be properly rehabilitated as per the R&R plan.

The major forest types and subtypes in the area, based on Champion and
Seth (1968) classification, include Himalayan Moist Temperate forest (with two
subtypes viz. Ban Oak forest and Moist Temperate Deodar forest), Western
Himalayan Upper Oak-Fir forest, Western Himalayan Subalpine Fir forest and
Dwarf Rhododendron scrub. The vegetation in these forest types is
represented by species like Quercus baloot, Quercus semecarpifolia, Salix
alba and Aesculus indica in Ban-Oak forests; Cedrus deodara, Pinus
wallichiana, Quercus semecarpifolia and Pinus gerardiana in Moist Temperate
Deodar forests; Quercus floribunda, Quercus semecarpifolia, Abies pindrow
and Picea smithiana in Western Himalayan Upper Oak-Fir forests; Abies
pindrow, Picea smithiana and Pinus gerardiana in Western Himalayan
Subalpine Fir forest and Rhododendron arboreum and Betula utilis in Dwarf
Rhododendron Scrub.

The floristic composition of the Kwar catchment/study area as per the EIA

study comprises of 382 species distributed over 89 families with predominance
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of Asteraceae followed by Lamiaceae and Fabaceae. During floral
investigations, the presence of few rare, endangered and threatened species
was also confirmed and presented in the EIA report. Most of these species
were observed to inhabit higher altitudinal belts in the catchment area of the
project. The RET species reported from the area include Juglans regia, Ulmus
wallichiana, Sassurea costus, Gentiana kurroo, Pinus gerardiana and Texus

baccatta.

Survey in the study area was undertaken to look for distribution pattern of
wildlife. Some of the faunal species reported in area are yellow throated
marten, rhesus macaque, jackal, porcupine, wild boar, fox, jungle cat, leopard,
black bear, grass snake, garden lizard, house gecko, jungle crow, common

myna, blue rock pigeon, red jungle fowl, black drongo, dove, bulbul, etc.

Project as well as study area does not fall within any National Park, Sanctuary,
or Biosphere Reserve. The nearest protected area from the project is Kishtwar
High Altitude National Park (KHANP). The southern boundary of KHANP is
located at an aerial distance of about 10.50 km from project components and

shall not be affected by project execution.

Based on the findings of Environmental Impact Assessment study, various
Environment Management Plans have been prepared to mitigate the adverse
impacts and to maximize the positive impact of the project construction on the
environment. These management plans include: Biodiversity Conservation
and Management Plan, Catchment Area Treatment Plan, Fisheries
Management Plan, Solid Waste Management Plan, Public Health Delivery
System, Energy Conservation Measures, Muck Disposal Plan, Landscaping
and Restoration Plan, Air and Water Management Plan, Reservoir Rim
Treatment Plan, Compensatory Afforestation Plan, Rehabilitation and
Resettlement Plan, Environmental Monitoring Plan and Disaster Management

Plan.

12-3



Kwar Hydroelectric Project (540 MW)
Detailed Project Report
Executive Summary

APPENDIX - A

Letters of clearances of DPR aspects by
various Divisions / Directorates of
CEA/CWC, GSlI, etc.



Government of india
Central Water Commission
- lrrigation Planning (North) Die.

204 (3) Sewa Bhavan
R.K. Puram, New Delhi-856
Dated: Oct, 2012

_.-;-'"Sub: Detailed Project Report (DPR) of Kwar Hydro Electric Project (4 x 140 MW =

560 MW} in Jammu & Kashmir,

Please refer CWC U0 No. 3/1 54/2012-PA(N)/1250-60, dated 21.08.12 on the -
subject, vide which a Detailed Project Report (DPR) of Kwar Hydrs Electric Project (4 x~
140 MW = 560 MW) in Jammu & Kashmir has been forwarded to this office for

xamination. '

Proiect Proposal-

;" The Kwar Hydro Electric Project is a run ~of —river scheme located on river
Chenab at village Kandni of the Kishtwar district of Jammu & Kashmir state. The project
envisages construction of 109 m high, 195 m long concrete gravity dam and the water
from the dam would be diverted to underground powsr house near vilage Padyarma
downstream of the dam on rnight bank of Chenab River by means of 0685 m lorg
diversion tunnel for power generation, The underground Power House with an installation
of 4 units of 140 MW each would operate under a rated head of 102.50 m for generating
560 MW of power. The Live storage of reservoir is 9.16 MCM and total estimated cost of

the project is Rs. 4375.50 Crores at Jan 2012 price level.

The proposal has been examined from inter state angle and comments are as
here under. '

Comments —

1. The project is proposed on tributary of Chenab River, which is an international
river betwesn India and Pakistan.- Therefore conclirrence of MOWR (Indus Wing)
from Indus Water Treaty considerations is required, ) oa

2. Inter-State aspect has not been discussed In project report. However,&seen from
the index map available at the end of chapter of Executive Summary, Indian
portion of sub-basin appears to be located entirely in J&K. Hence no inter-state
aspect appears o be involved. '

The Volume number i to V of DPR are retumed herewith

This issue with the approval of CE (IMO), o, P

Encl.- As above (?ﬁ fﬁ;l b \T

( B.P.Pandey )
Director,
IP(N)Dte.
Director PA (N) Dte, CWC, Sewa Bhawan, R.K.Puram
CWC No. 772/7(J&K)5/2004NP(NY 7.2 Z D 2 s Ty 1)
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June, 2012
NO.’HJ&KIQSQUOG!Hyd(N}f

Central Water Commisslion
Hydrology (North) Directorate

Subject:- Water availability studies of Kwar HEP (660MWY) J&K.

f

FR s & Hydrology Report of Kwar HE Project (580 MW in JRI raceived through Cirector,
Frolect Ancraisal Nortn), CWC vide CWC UGS, No. 3M54/2012-PA (N)/I1250-80 dated
-
=

2110872012 Tre studies are examinad and fellowing observations are made:
FProject Proposal;

Kwar H.E. Projsctis proposed as a run of the fiver tvpe development across river Chenab in
Doda district of JEK. Dam zhall be located dfs to proposed Kiru HEP and uis of Duthasti
HEP which is operational for iag? 10 years. The scheme envisages construction of 2 97 m
righ concrete dam. with a aross storage capacity of 27,167 MCM. The permanent snow fine
s estimated at EL 4000m by the project authority. The total caichment area up to Kiru dam
sitz is 10325 sgkm. out of which 7850 sqkm (78%; Is snowied area and remaining 2445
s0km iz rainfed. :

Water Availability Studies:

Site specific data is not available. Gauge and Discharge site at Benzwar with
catchment area of 10687 sqm (earlier mainiained by CWCH is nearest to the 2ropesad
dam site and iis data from 1975 to 2003 has been used in ihe studies. After year 2003
ihis siie was closed.

Duthasti H.E. Project is operational from last 10 vear and discharge data at dam site
Dul {catchment area=10500 sakmy is also avaflable from year 2003 onwards. To have
a long term series at Kwar HEP the discharge data at Dul dam site has been 2lubbad
with Benzwar data.

Considering uniform rainfail patiern, 10-daily average flow series has been estimated
at proposed Kwar dam site by transposing the data of Benzwar and Dul sites in
catchment area proportion. Data gaps in 10-daily data are filled up by average values.
The generated series has been subjected to internal and exiernal consistency check.
The seriss has also passed the ttest applied to check the homogeneity of the two
data sets. Single mass curve of the sstimated series depicts abmost a straight fine
with a R~ vaiue as 0.99,

The 10-daily average flow series for the pariod from June, 1975 to May, 2012 is
enclosed as Annexure-! and is recommended for planning snd design purposes.

rowever Project authorities are suggeste? to siarnt collecting rainfall and discharge
data at site which shall be useful tc firm up the studies at later stage.

Design Flood Studies:

4

Design 2nd diversion flood studies are undar examination.

7]
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ANNEXURE-I

Estimated 10-daily average flow series at KwarHEP Dam site CA= 10325 sgkm
Unit : cumee
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ANNEXURE-|

CA= 10325 sqkm
Unit: cumec
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A A, 711 (1), a1 HaT,
ARD, Q¥ g faeedl

fawg:- war (Kwar) Sl fagd uRAIoHT (560 MW), J&K @& 3rqura« RUlE @ Sifg

(Examination of compliance report)

A : 1. DOISMIYMNH 3/154/2012-PA(N)/1906 {316 10.09.2013.
2. BLALYIAH Inst/1-151/2009/110 f&HIe 07.05.13

Reference is invited to the letter cited above vide which project authorities have submitted
the compliance on the observations issued vide letter under reference (2) with regard to
instrumentation aspects. The same has been examined and following suggestions are made:

—

1. Out of the three Strong Motion Accelerograph (SMA) provided in dam complex, one SMA
may be deployed at suitable location for field monitoring of seismicity. It is suggested that
facility for displaying gar’[hquake intensity directly in Richter scale is made available with

SMA.

2. Stress/strain meter may be provided at u/s face of dam to monitor silt load effect.

3. An array of Tilt meters at suitable spacing may also be provided along the height of dam at
least in those blocks, where direct plumb lines have been provided.

4. It may be ensured that provision of instruments for mbnitnring’ deformation, stress etc.
around underground rock excavation (tunnels/underground caverns) may be made typically
at locations where geologic features such as a fault, shear zone, a highly jointed weathered
rock zone or where higher stresses/deformation are likely to be encountered during

excavation.
5. Provision for monitoring the observations, data analysis and its availability should be kept.

Keeping in view the above, DPR of Kwar HE Project (560 MW), J&K is cleared with respect to
instrumentation aspects, subject to inclusion of compliance of above suggestion in the DPR.

This issues with the approval of Chief Engineer (DSO), CWC. /4\’/

e, IR TTHT (So) Bald Il AN A3 faeedl
3 =T FH1-151/2009/ 34¢  FeTH2M /10 /2013
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BET Design Flood studizs of KWAR HEP (560 MW} J&K.

waE CWC UG, No. 3/154/12012-PA (N}2018 datad 19/08/2013.
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No A J&KIB34/2012/1HvdiNY
Centrzl Water Commission
Hydrology (North) Directorate

{.‘}

ubigct:- Design Flood Studies of Kwar HEP (560MW) J&K,

!

Waisr avalabiliy senes of this _:uroje-r::t nad bzenh cleared during Augusi 2213, The

compliance io the obsarveliors on design tood studies of Kwar BE Proiect {560
WY in J&K raseived through D < C

irector, Project Appraisal (North), SWC vide CWC
U0 No, 3M542012-PA (NYW2018 deted 15/09/2013 The studies are sxamined and

foliowing ohservaiions ars mads:

Proiect Proposal:

The Rwsl HE. Project s proposad as 2 win of the tver tvpe developmant across
river Chanalb in Kishiwar district of J&K. Dam shail be locaied dis 10 proposed Kiru
HE® znd we of Dufhast HEF which s oparst for last 10 vears. The schems

envisages consiruciion of a 7 m high zonorete dam, with 2

r 035 sicrage capaciy
of 27187 MChM. the perman=m snow fing is taken as EL é5:}3r1 by the project
zuthority. The total catchiment arsa up to Kwar dam site is 10325 sckm, out of which
5833 agkm is snowiad zrea and remaining 4582 sokm i2 rainfed,

n 30m. the desiy

5
.1 design Tiood studisg for this roject has haen carviad o as r‘o!iov—*ed:

2. Flood hydrograph of the intermediate caichment has bean addad
3. Resuitant flood hydrograph after adding the abova two

<hannet routing of Kirthai- flecd hydrograph

Thmm Flmeme e tpe
H TG :l\ul' g

ENEL
.,.x_,“\,'




Tiood hvdrograph for intermediate catchment

Sy“.—ihetic Unit Hydrograph for this inigrvening raived catchment arsa of 770 =gkm
f - given in CWC FER, Zone-7. Since the bas:

'J‘J

aEriod of UM s f2ss than
Bagithar HE FProject) is apph
besn sdopiad as per Baglihar
(A0.05 cumec per sgkm)

ay PMP valug of 181 mim (a8 =zdoptad in
hour correction and emporal distribuiion has
1. Snowmelt tempsarature 25 2°C and hase flow
spes

r WO formuta and FER respectivaly.

)

-
=
=1}
P

Final resuttant flood hydrograph a2t Kwar HEP:
Tha routsd Flood hvdrographs o Kirhzi- H2P and that of infermediate caichmsn
zrs addad o gst the resultant PME hydrograph at Kwar dam site, The paak of the
mydrograpin works oub as 12534 cumec. Thus, PMF of 10534 cumac is
racommendsd for design and planning purposss. PME hydrograph is snciesad as
Annaxure-i

-

Diversion Flood Studies:

=) 3 3 CERS a3
T0271 cumec by Log Pearson Tyos-1H Distribution. 3incs, the highest obssrved non
monsoen dischargs dor this pericd at Benzwar site is 1063 cumac which whan
fransposed 1o Kwar dam site works out a5 1041 cumec. Therafore, 2 diversion flood
af 1041 cumes 3 recommeandad for the design and planning pursosas,
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S ek

Sub: Giacial Lake Outhurst Flood (GLOF)} studies of Kwar KE Preject,
J&K -reg. )

rRef: Chenab Valley Power Projects Pvt. Ltd. Letter no. CVPP/GM(KK)/Kwar/

Camp-Fbd/456 dated 25.11.2013

This is-with reference to the report on GLOF study, in respect of Kwar HE
Project, J&K, submitted to CWC for examination. :

The report has been examined with respect to methodology, criticality analysis,
breach simulation and attenuztion pattern of GLOF Hydrograph. The tentztive
peak discharge estimated at dam site, due to GLOF event, is reported as 620
cumec for an assumed condition that thelake burst and 100 vr floed
(5200 cumec) occur simultaneously at the dam site. The report is generally in
order within the conditions/criterion, assumptions and limitations of the model
parameters adopted in the study.

TN
o P i
< o AT
This issues with the approval of Chief Engineer (DS0), CWC. Lo g o
£ ) oA

Lo e ; / I
7 : _ o
A\ (Dr. B.R.&g_ Piliai) 3’;,/@5;{
irector / //_. s E\}.
=4 ,‘I-"'"/"
'\\f‘*"”gf;\i?’
/s
~ | \~Director Hvdrology (N). CWC. 507(S). Sewa Bhawan, R.K. Puram, New Delhi
i » No.8/11/2009/FE & SA/ erv dated: & -2-28'M
B
vl

Copy Tor kind information to:

Director, PA (N), CWC, 407(S), Sewa Bhawan R.K. Puram¢ New Delhi-66

Sl
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TAET s Bwar HE Project 1 Jammu and Kashmi by M Chenab Valley Power Proiecis
|
[

. Al T
i e -
s EE RS B EA T

(Private}

id CVP — Examination of DPR/ Power Potential Studies

Reference may piease bs made © your lettar Na. 2INHPC!ST!CEMD?-PACM&@—%
dated 27072072 forwarding therswiih Detailed Project Raport of the above prolect The
revised power potential siudiss received. vide CVPP letter Mo, CVPPIGMIDesign)/201/577
dated 1 09,2014 after approval of waisr flow series by CWC and subsequerd compiiancas and
discussion with M/s CVYPP. Based on discussions /s CVPE submitied Modified Sower
Potential studies vide istier dated £.12.2074 proposing an installed capacly of 247 MW which
has baen examinad in this Division.

As par DPR/ PP3 Chaoter/ Modified Power Polential Studies, Fwar HE. Project tas
been proposed as a rup-ofriver development with an instailed capacity cf 540 MW 1o be
focated on right bank of river Chenab near Padyarna villags in Kishiwar district of sammu &
Kashmir State. It has been proposed o construct a 109 m high (above deepest fourdation’,
195 m long (at fop) Concrete gravity dam to create & raservair with five storage of 916 MCM
between FRL (1385 m) & MDDL (1272 m) and having submergence area of 0 8 km®; ufe & dis
cofier dams {rock fill with zeniral clay corel 1 no 9.5 m dia. and 885 m long horse shee
shaped diversion tunnel, 4 nos. infakes with gated structure: 4 nos. 565 m dia endarground
circular stesl lined prassure shafis/ penstocks with length varying from 108 m t¢ 182 m! an
undzarground power houss to accommodaie £ units of 135 MW each aac 2 nos. 9.50 m dia
fiorse shoe shaped concrete line TRTs of Icngtm 2678 m and 2883 . I is envisaged that the
projact shail generate 2075.37 MU power in 90% dependable year with 95% machine
avaiiabilizy.

The 10-daily water fiow series for 37 years (1975-76 to 2C11-127 has been approved by
CWC vide their letter dated 5.07.2013.

Following parameters/ criteria has been considerec for carryving out power ookeniiz
studies of Kwar HE Projact :

10-daily water flow seriss : 1975-78 to 201112
Hydrelogical vaar : Juns o May
g0% Dependabie year : 1993-97
Enviranmental Releasss through out year: 8.5 Cumees
FRL : 1385 m

MODL X 1372 m

Live Storage ; S 16 MCK
WL (Normal : 1262.90m
TWL {Min.} r 126732 m

Head ioss : T m

Net Fead (Durng Monsoom : 84.am

Net Head (Durning Mon-Monsoan® : 103407 m
Design D::crarce {Monsoan) : 82965 Cumec
Design Discharce (Non-Mansoon? : 57877 Cumac
Tvpe of Turking : Francis
Turbing &fficiency : 3449%

Gererator Eificiency : 48%




TG Efficency : 92.12%
i

Mensoon Period . Juns o Seotamber
Lean Season : Decamber to Mareh
Flant operaficn - MONSCOnR S&2800 A3 base inad statien
- Lean S2aso! Az peak ioad station for average
2.07 hours daily
- Non-Mensoonflean . As base! peak load ststion on Uil

pariial load for varying pericd

After examination of above PPS/ inputs, an installad capacity of 340 MW as pronosed
by M/s CVPF Ig found to be generally in order considering plant lcad factor of 45.24% and
average peaking duration of 3.02 hours diurna’ Tull foad generaiion during lean season (Dsc. o
karch:.

Howevar, the instailed capacity and energy benefits wolld need fo be reviewsd on
account of following

& Anychange in cpersting tevels (FRL, MDD, TWL} eta.

1) Any change in resarvoir aperational pattern.

di).  Any change in water conductor system iosses,

). Consequential changs in design head.

v). Any change in environmenta! releasss,

vil. Any change in pondage provisions,

vil). Any other aspect which gets derived during the detafled appraisal of DPR.

This igsligs with the approval of Member (Hydra), CEA,

PR = ATETE t.I-"CJ- q;p]

Bt Lok N ;— _ e .
W0 20325 TET L, g & e /& Teew opid
L

Director, Design (N&W, CWC (Room Mo, 423 (S}, Sewa Bhawan, R.K.
Puram, New delhi — 110018,

-

2 General Manager & Nodal Officer, Chenab Vallay Pawer Projects (P) Ltd.,
F')I—lﬂ —

rogr, JKPCC Building, Rail Head Complax, Panama Chowk, Jammiu -
130008 (J&K) (Fax No. 24773924 2477835)

Copy tor information (¢ . Chief Enginser (FPAD) CWC (Room No. 510 (8), Sewz Bnawan)



Government of india
Ministry of Power
Ceniral Electricity Authority
System Planning & Project Appraisal Division
=ewa Bhawan, R, K. Param, New Peihi-116066 (IS 0012008
Webgite: www.cenatioin
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v /¢ Sh Raeav Sachoeva
G\;{a\‘ /’\ 7 enerai Manager & Nodal Officer
T AN Chenab Veliey Power Projects Pvt. Lid.
FACAY 2" Floor JKPCC Building
A Rzl Mead Complex. Panama Chowk
Jammu-180612{J& K}

Subject: Subrnission of Updated Power Potential Studiss for 540 MW Installes
capacity-aporoval thereof

Please refer to vyour leffer nc. CVPPI/GM  (HQY Kwar/Camp-
FBL/2014/650 cated 8 December, 2014 addressad o0 Chief Enginear ( f’[m‘:‘“
CEA on the sbove mentioned subject. You hzve submitted the T‘e&':s::v
napier-§ ‘Power Plant, Flectrical and mechanical equipment” aiong wiih th

ingle Line Diagrams. The same has baen examined fom powar uvecuaa!on
i T

e
ik :i—IT 93 ]f:“-"v Eg:"‘xc o u;.) oyt N

Do tiong / comments on the same are given below. -

'L")

&

i

1. The above DPR envisages construction of 540 MW power plant in Doda
District of Jammu & Kashmir on Chenab River. The Power noUse,
qoused in an underground cavern, comprises of folr unifs of 1535 RV

0% overloading each.

<. The power s proposed ‘© be generated &t 13.8 kv and sie Enoed U o
400 kY ahrcugh 13 nos. (one spare) 55 MVA singie phase genaraior
ranstormers. Power is 10 be fransmitied fiom these fransformer through
:=olated phase bus ducts 0 Gas !nsulaied Swiichgsar via 400 kv X_PE
cables. O TQCiﬂ5 400 kV feeders from OIS shall be connecied to
pothesd yard loceted outside the power house : rough 400 k J XLPE
cables for further transfer of power to the grid. The 540 MW Power from
Kwar MEP would be fad to the Northern grid.

3. Douniz Bus swihiching schame nas been nropozad at the 400 KV G
switchiverd. Provision of 4 nas. Generator Transformer 09\3 *ono. of
Reactor bgy, 1 no. Bus Coupler bay and 2 20, 400 & '
Sesn mads i e generation swichvard, Spacs prov
zectiional bay in "OLhtﬁ?ld yarg ares and GiS cavern has siso bes

4 Frovision of 3 nos, singie phase bus reacicrs. sach
WMAWARD 400 /Y, 50 Kz has besn made at the 400 kv
swilchvard s is oo connacted o GIS through XLFE o



4

(i3]

|

o

T may be noted that a composits fransmission systam with 4
.cnoucpr hes beaen slanned for evacuaiion of nowsr §
w KW‘"" ‘:P (540 MWY) and Pakal Dul =ER ::'_*-Cruu AV
4 and agrsed by 31% Standing Commitise for
i Northern Region. For evacustion
a —[CP follows 2 evacugtion system from Kwar HEP has bean

-
o power

LILO of one circuit of Kiru HEP ~ 785/400 kV Kishtwar Poaling
Station 400 kY Dfc triple HTLS line (high capacity common corridor-
i1y from where the power will be further evacuated through
Kishbtwar-Gurdaspur 768 kV Dfe frarismission line.

|

£ g e
P

fe above staled cvw'ic’r:;ar«:ﬁ-’ provisions as mantioned in the DPY
to be generally in order.

Yy
fh

Rowever, the project developer must ensure that the G
switchyard and XLPE cable provided must be designed o handie
4000 Amps current

it

M

ﬂ1

“he above fransmission plan is & conceptual plan and its u:pdamn
revision would be required based on the network iopoiogy and firm time
schedule of the generation projecis of Chenab basin.

Sincg thess generating unils rating is more than 50 MW, the developer
must ensure  that
SYNChEDONoUs condenser mods,

Provision of mandatory ervirenmental releass ss well as the details of
the cost astimates for the 400 KV GIiS switchyard and XLPE cabie havs
not heen furnished by ths devsloper. The deveioper s recussied o
furnish the details for the same,

As per GERC Reguia'&on. ihe oroiect developer has o appmau: CTU for
(3rid Corﬂr Chiv tv ang :ew .c:*u\_j farm cpcg. acCess \LTt"‘Al r:i-:’w:"v

bcu .oary e Po neau Yard s‘ul he taken up m; CTU/CJ_A. &S
ocedurs gDp Dved by CERC.

these machines are capable of operation in

Kindhy note that this letter is in super succession o our eariier
iotier no. 9/18/2014-SP&PA/Z440-42 dated 17T Decembe 201& of the
sihieat .

/"
__..-ﬂ""'"’f"}
gt i ‘]‘:’ﬁ:{

qe (G

o q nnﬁ o7

catam Roy;
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Government of India
Central Electricity Authority
SP&PA Division
R.K. Puram, Mew Dejhi -110066

HSO: 0601:2008;

NO. 9/18/2015-SP&PAS 92 - 47 ¥ Date: 16.03.2015

Sh Rajeev Sachdeva

{3eneral Manager & Nodal Officer
Cherab Valley Power Projects Pyt Lig.
2™ Floor JKPCG Building

Rait Head Complex, Panama Chowk
Jamnm-180012(J&K)

Subject: Kwar H.E. Project (J&K) - Examination of Detailed Project Report

feg.- Updated F&M Cost Estimate at December 2014 price level for
540 MW IC

Ref:  (i}. Chenab Vailey Power Projects Pyt. Lid. Letter no. CVPP/IGM
(HQ)/Kwar/Camp-FBD/24 dated 17 January 2015

{i}. CEA letter no. o/1 6/2014-SP&PAM7-18 dated 5 January 15

FPlease refer to your above mentioned lefter addressed to Chief
Engineer (HPA), CEA on the subject vide which you have submitted the
tpdated cost estimates for Substation Equipment and Auxiliary Equipmeant
and services for 400 kv GIS switchyard " i e. Annexure-S (B} for examination.

'n this regard, it is stated that the same has been examined and fourd
0 be generally in order, : oy

3
3
e,

(Goutarm Roy;)
Director

“opy o Chigf Enginser {(HMPA), CEA
vEﬁr/chtor (PACGY CEA

W
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Annexure S(5)

KWAR HE Project (4 X 135 MW)
Cost estimates of Electro Mechanical Works
(Substation Equipment and Auxiliary Equipment and Service for Switchyard)

DEC - 2014 Price Level

Foreign equipment

Amount (Lakhs

S.No. iftem Particulars Qty Rate (Lakhs USD) usD)
1 |GIS
(8) [400KV GIS 8 Bays 16.50 132.00
by |Spares @ 3% 3.96

2 {XLPE CABLE

400 kv XLPE Cable (400 sq mm
(a) |Cu conductor) - From Transformery 3200 m 200 USDim 8.40
& Bus reacior to 5iS .

400 kV XLPE Cable (1600 sq mm
{b} Cu conductor} - From GIS to 4500 m 430 USD/m 19.35
Pothead Yard

(c) ITransformer end Terminations 16 Nos. 0.30 4,80
() |GIS end Terminations | 23 Nos. 0.30 8.90
(e) [Qutdoor Type Terminations 7 Nos. 0.4C 2.80
(f} {Spares @ 3% 1.21

TOTAL ;; 177.42
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"%ﬁgﬁ Government of India

/ g Geological Survey of India

S 7° P

No. ... / 6C/EPE/GSTND/2011 Date: 15-06-2015

From ’ To

The Dirscior ' The Director (PAC)

LHIM & EPE Division, DGCO Central Electricity Authority
Geological Survey of India Sewa Bhawan, R K Puram

A -Hl, Pushpa Bhawan, New Delhi-110062 New Delhi -110066,FAX: 26752395

Sub: DPR of Kwar HEP (560 MW), Jammu & Kashmir
Ref: Letter no..CVPP/GM (HQYKwar/Camp-Fbd/282 dated 18.04. 2015

Sit.
With reference to above letter this is to state that the DPR of 560 MW Kwar Hydroelectric Project, J&K

by M/s Chenzb Valley Power Projects Pvt. Ltd may be considered cleared subject 1o the following
conditions: :

1.

2.

As and when completed, the results of the groutability test should be communicated to GSI for appraisal
and incorporated in the final DPR.

the results of the MEQ studies, etc should be communicated to GST for appraisal and incorporated in the
final DPR.

The findings from the exploration/ investigations carried out after submission of DPR should be
incorporated in the design with a copy to GS|, ,

As agreed upon, suitable treatment / protective measures may be made in the design for the steeply
dipping (80"} open joints (2-5¢m) present beyond the stripping limit i.e. 12.85m on the left abutment and
13.85m on the right abutment.

At the present location of underground power house in granite, several intersecting shear zones are
present at the crown level of cavern which will create instability leading to loose fall, over breaks, cavity
formation, etc. The situation may further aggravate under wet condition. Therefore, as agreed upon,
adequate support system / remedial measures like steel rib/ lattice girder beside rock bolts, shotcrete,
grouting, may be kept in the design and incorporated in the DPR.

As agreed upon, suitable treatment / protective measures may be kept in the design to address lkely
seepage into underground Powerhouse cavern. ,
The status of monthly progress on balance explorations/investigations should be communicated.

All the suggestions of GSI (furnished as comments) and accepted/agreed upon by M/s Chenab Valley Power
Projects Pvt. should be followed and incorporated in the revised/ final DPR.

The clearance may be considered withdrawn if the above conditions are not fulfilled and/or there is

any change in any or all compenents of the proposed project.

Yours faithfully,

e Y

Y

{Dr. J S Mehia)
Director

No....o { 6C/EPE/GSI/ND/2011 Date: 15-06-2015

Copy for kind information to:

(1} The Dy.D.G and Head Mission -IV.GSI CHQ, 27 JLN Road, Kolkata-700016

(23 The Dy.D.G. DGCO, GSL A-I1, Pushpa Bhawan, New Delhi- 110062 . .
(3} The General Manager, Chenab Valley Power Projects Pvt. Lid, 2™ floor, IKPCC

Building, Rail Head Complex, Panama Chowk, Jammu-180012 e—;\{#
It N O e

. . Ta
(Dr. IS Mehla]f -
Dirscior

[EE S S ——
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Central Electricity Authority
Hydro Engg. & Technology Development Division
7% Floor, Sewa Bhawan,
R.K. Puram, New Delhi ~ 116066

I1S0:9001-2008

Subject: DPR of Kwar Hydroelectric Project (4X135 MW), J&K- Examination of
clarifications and revised E&M Chapter with drawings - reg

Please refer to M/s Chensb Valley Power Projects Pvi. Lid. letter no.
CVPPICE  (HQWKwarfIEA/2015/1258  dated  18.01.2016  enclosing  therewith
clarifications o our commenis sent vide letter No. 10/t09/HE&TD/2015/1401-1402
dated 27.11.2015 on the above mentioned subject.

We have examined the clarifications furnished by developer and it is observed that
there are no further comments subject to compliance of all our commentsfobservationzand
submission of the revised E&M Chapter and drawings incorporating our
comments/observations. The developer may be further asked to submit updated BOQ also

"’MT-_T"-.W‘-—”D

(m@-—cm
[Jo) /
Fire AL m“zr éz@/ K\ /i/ o\
A
Chief Engineer (HPA-[), CEA L
File No. 10/109/HTE&TD2014-16/ 132 - F LY Dated: 7.01.16

Copy t0: L. Director (PAC), CEA
2. General Manager & Nodal officer, 2™ Floor, JKPCC Building, Rail Head
Complex, Panama Chowk, Jammu-180012(J&K)



Central Electricity Authority l
Hydro Engg. & Technology Develepment Division —7
7™ Floor, Sewa Bhawan,
R.K. Puram, New Delhi — 110066

1S0:9001-2008

Subject: DPR of Kwar Hydroelectric Project (4X135 MW), J&K-
Submission of updated BOQ - reg

Please refer M/s Chenab Valley Power Projects Pvi. Ltd. letter
no. CVPP/CE (HQ)/Kwar/2016/1385 dated 10.05.2016 enclosing
therewith an updated copy of BOQ for our examination. The same has
been exsmined and we have no further comments to offer.
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et gftriar (. £, 808\ o
S
Chief Engineer (HPA-I), CEA
File No. 10/109/HE&TD/2014-16/"F 11~ t b Dated: 25.05.16

Copy to: 1. Director (PAC), CEA
2. General Manager & Nodal officer, 2™ Floor, JKPCC Building, Rail Head
Complex, Panama Chowk, Jammu-1 80012(J&K)
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Hydro Project Appraisal =i Division
TIA dd, VT W9, FRAGIH, a5 el -110066
7 i Floor, Sewa Bhawan(N), RK Puram, New Delhi-110066

fauar : Par (Kwar) ol YA TRAISET (4x135=540 AINaTE), STFH IR FWER

Reference is made to M/s CVPPL letter no. CVPP/GM(HQ)/Kwar/850 dated 26.10.15
forwarding therewith revised cost estimate of construction power arrangement after updating at
August. 2015 PL amounting to Rs. 22.97 Crores. The requirement of construction power is
estimated as 6.6 MW and it will be arranged from Dulhasti HEP by extending to project site through
33 KV transmission line till the sub-station at Padyarna. The backup power will be arranged through
5 nos. DG sets of 1250 KVA each and 5 nos. DG sets on 100 KVA each.

Discussions were held in CEA and M/s CVPPL on 25.01.2016 submitted the revised
cost of construction power arrangement amounting to Rs. 7.14 Crores at August, 2015 PL. The
same has been examined and found to be in order. Cost of non works energy during construction
period has also been estimated by this division amounting to Rs. 5.11 Crore at August, 2015 PL. The
details of cost of construction power works and Non works energy are as under:

e Considering the magnitude of works. peak construction power requirement of 6.6 MW is found to
be in order.

e Cost of construction power arrangement may be considered as Rs. 7.14 Crores at August, 2015
PL.

o Cost of non works energy during construction period may be considered as Rs. 5.11 Crores at
August, 2015 PL.

e Generation tariff from DG sets comes to Rs. 14.76 / KWh and from Grid comes to Rs. 4.61 /
KWh. Considering 80% supply from grid and 20% from DG sets, combined tariff of construction
power (weighted average of tariff from DG sets and 33 KV Grid) comes out to Rs. 6.64 / KWh,

g,

(STTOT AT
s (wadie-)
fages (dr. w. )
- Riep:203/25 20 15/ AT/ B Y Rei: 9 0216
Copy to :

1. Director Cost Appraisal (HWF), CWC New Delhi

v2. Shri Sandeep Batra, Chief Engineer & Nodal Officer, Chenab Valley Power Projects Pvt. Ltd..
2nd floor, JKPCC building. Rail Head complex, Panama Chowk, Jammu -180012 (J&K). E-mail-:
cvpppl@gmail.com



Ivwar HE Project (546 MW) - Cost of Constructinn Power works

Anneswre - 4
Angnst 2413 PL

I Laldis |

S, Ng, Description Unit Oty Rate {in Rs | Amount (in Rs
Lakhs} Lalkhs)
B Canital Cost
Ad Electrification and Construction Power
]) Substations
I 133/11 £V receiving stadion at kwar (236.3 MVA) [ I 23591 RERIY
2 133 K BLO, Boy (Bus BExtension ) Mo, k3 [,22 HG
3 IIKRYALS Y stations at difierent Jocations Nos 20 631 F o)
) Distvibution systems
- [P O O - T
I {33 KV distribution systems lern 1g | Alead um‘gffd"“'d\"' e costal
. Kiru 1P
2 LKV distribution sysiems ksm 10 3.30 35.01
3 SV disteibution systems lim K 4.7 F4E.IH)
B) R/M of Electrification [ JERRE))
Total 713.97
Cost of Encrgy during ¢onstructionperied
8§, No, Description ]
A} Tofal Encrgy vequired ifuring constructin time tinit Details
[ Peak requirernet al constructin power MW f.0l
2 comstruction period Years o t3
3 Working days ina year Days 100,014
4 Load factor %% RAR]
3 Diversity Factor Yo 040
[ Totel Estimated Fnergy consumed doring construetion MU 5.1
period ( works + non works) ] T
B) Encrgy eost
TagllT o DG set R 1170
tart 11 1rom Grid Rs. 4.0t
Total Energy cost from Grid (80% of (otal Energy)} Lakhs L§92 74
Toall Energy cost from DG sets {20% of Tota! Encrgy) Lakhs 13§50
Total Energy charpes Lakhs {77
C 15% of total cnergy charges { Estimated cost of Non Lakhs S1Li6
works Energy) _ _
Cost of construction Power (Works+ Epergy)
13} ‘Fotal cost of Construetion Power (A+() 122513
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Kwar HEP

Dapreciation :

DG Set Capacity (kVA)

Rate of DG (per kVA) including Frieght Erection & Comm
Cost of Equipment {Rs.}

Life in Hours

Life in Years

No. of Working Shifts

Annual Schedule Production Hours

Owinership Cost :
{a) Yearly Depreciation with refernece to life in years [0.€
{b) Yearty Depreciation with refernece to fife in hours {0.!
Average Yearly Deprectation

Hourly Depreciation of Equipment [{viii)/(v)]

Repair and Maintenance :
RE&M Charges @120% of cost of Equipment 120

POLS Energy Charges :

BHF rating of Equipment

C1

cz2

Diaseal Consumption in litre per hour

Cost of One Litre of Dieset

Cost of hourly fuel consumtion by Eguipment [{(xivi*(xv)]
Cost of 0.3liter/ hour fuel 265
Sundry & Miscellaneous @10% of R&M Che 10
POL Charges

Labour Charges :
No. Aonthly Rat

Foremant [No.* Monthly Rate*12/{ 0.13 19500
Operator [No.*Monthly Rate*12/4 1 35600
Mechanic [No.* Manthly Rata*12/ 0.17 15800
Electrician [No *Monthly Rate™12/{\ 0.5 15800
Holper Mo Monthiy Rata® 121iy)] 1 7300
Watchman [Mo. Monthly Rale 124 .17 7800

Supervisor iMoo Monthly Rate” 124v))

Driver (Mo Monthly Rate” 1249}

Seldas [No "Mouthly Raie” i 2iv)j

Direct Charge for Labouy [{x1x)}+{x)+ (i) Uoddi i+ xe
[ndirect Charges @55% for semi skilled/ unsk 55
tndirect Charges @80% for skilled workers [Q. 30
Tota! Labour Charges

Miscellaneous Supplies :
Hourly Use Rate of Equipment

Hourly unit generation{kWh} cosidering P.F as 0.8
tinit Electricty rate per kWh

&0

000 06
11250000
30000

15

3

3000

G75000.00
1012500.00
843750.00

MA

NA

NA
242.55
50.68
12202.43
7950
45.00
12416.93

Hourly Rate
3042
187.20
31.20
8380

93.60
15 60
0.00
000
0.05
45162
50.06
273.64
785.62

13933 80
1000
13.53
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Kwar HEP

Depreciation ;

DG Set Capacity (kKVA) 106
Rate of DG (per KVA) including Frieght Erection & Commi 7500.00
Cost of Equipment (Rs.) 750000
tifein Hours 30000
Life in Years 15
No. of Working Shifts 3
Annual Schedule Production Hours 3000

Cwnership Cost :
(&) Yearly Depreciation with refernece to life in years [0.9 45000.00
{t} Yearly Depreciation with refernece to life in hours [(.8 3750000

Average Yearly Depreciation 56250.00
Hourly Deprociation of Equipment [(vifi)i{v)] :_ 18.75

Repair and Maintenance :
R&M Charges @120% of cost of Equipment 120

POL! Energy Charges .
BHP rating of Equiptment NA
C1 NA
2 NA
Eiesel Consumption in litre per hour 26,24
Cost of One Litre of Diesel 50.68
Cast of hourly fuel consumtion by Equipmant [{xiv)*{xw)] 132984
Cost of 0.3liter/ hour fuel 265 79.50
Sundry & Migcellaneous @10% of R&M Ch: 10 3,00
POL Charges 1412.34
Labour Charges :

No. onthly Rat  Hourly Rate
Foreman [No. *Manthly Rate®124 0,13 18500 30.42
Operator [No. *Monthly Rate®12/ 1 15600 187.20
techanic [No. *Monthly Rate*12/ 0.25 15600 46,80
Electrician [No,*Monthly Rate*12/{ 0.25 0 0.00
Helpers |No Monihly Rato 12+ 0.25 7800 23.40
waithran [No “Monihdy Rate 124 0.25 7800 23.40
Lupenisor [No “Monibily Fate’ 2] 0
Urrer [No. *Morstily Rate' 12/} 800
Hetedar o *Manthily Raw’ 12/(v)] Q.04
Direct Charge for Labour [{xix)+{xx)+{xsi e{xuii}+{ sxiiir{xx 311.22
indirect Charges @55% for semi skilled/ unsk 55 25.74
indirect Charges @80% for skitled workers [0. 80 , 211,54
Total Labour Charges 548.50

Miscellanzous Supplies :

Hourly Use Rate of Equiprnent 2009.5¢
Hourly unit generation{kWh) cosidering P.F as 0.8 30
Uinit Electricty rate per kWh 2512
L
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Weightage average tariff calculation

Tari{l of 1250 KVA DG Set in Rs. =
Tariff of 100 KVA DG Setin Rs. =
Weightage average tariff of DG sets in Rs. =

Tariff from Grid supplyin Rs. =
Weightage average lari{t (with 80% grid power) in Rs.

Iz

£3.93
25.12

14.76

4.61

6.604

£ED



Government of India ¢ i
Central Electricity Authority P,
Hydro Project Planning & Investigation Division

(IS/1S0 : 9001-2008)

710 (N), Sewa Bhawan,

R.E. Puram, New Delhi - 110066.
Telefax : 011-26195022

E-Mail: sharadaprasadl960@yahoo.com

Sub: Kwar HEP (540 MW) in J&K by M/s. Chenab Valley Power
Projects (P) Ltd.

Reference is invited to HPP&I letter No. 7/16/HPP&I (I)/45-46
dated 04.02.2016 on the above mentioned subject, wherein it is
mentioned that the pondage of 9.46 MCM has been proposed by the
M/s CVPPPL between FRL 1385 m and MDDL 1372 m.

It is requested that, pondage of 9.46 MCM may please be
corrected and read as 9.16 MCM.

Yours sincerely,

5
vol 31 1k

(Sharada Prasad)
Director (HPP&I)

Director, PAC (CEA). :
No.: 7/16 /HPP&I (I)/ &2+ = £3 Dated: Jo Feb., 2016.

Copy to:

1. Chief Engineer (C), 274 floor, JKPCC building, Rail Head Complex,
Panama Chowk, Jammu-180012 Fax- 0191-2479835.
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wre e Government of India
8 oW s Central Water Commission
i st ud R Fsagor g F.E. & S. A, Directorate
AT H (3),, Hen wad 7 % g A% Rl 110066
8th Floor (N), Sewa Bhawan, R.K. Puram, New Delhi-110066

oo /e Tel/Faxé 26101017 § 7w /e-mail: fesadte-cwe@nic.in
o o o ke ok

No. 2/2/2015 (Vol-I)/FE&sA/ 4 G4 Dated: 0. (0. 29(6

To,

Sh. Sandeep Batra,

Chief Engineer (HQ) & Nodal officer,

Chenab Valley Power Projects Pvt. Ltd,

2" Floor, JKPCC Building, Rail Head Complex,
Panama Chowk, Jammu-180012 (J&K),

Email: sandeepbatra1967@gmail.com

Sub: Site Specific Design Earthquake Parameters for Kwar Hydro Electric Project,
Jammu & Kashmir- reg.

Ref:  Your office letter no. CVPP/CE (HQ)/Kwar/2016/53 dated 28.01.2016.
Sir,

This is with reference to your aforesaid letter vide which the site specific seismic study report
of the Kwar Hydro Electric Project, Jammu & Kashmir was submitted to the National

Committee on Seismic Design Parameters (NCSDP).

The NCSDP has approved the aforesaid study report in its 31* meeting held on 23" June,
2016, incorporating the revised seismic design parameters as submitted by IIT Roorkee

(consultant).



The seismic design parameters of Kwar Hydro Electric Project, Jammu & Kashmir summarized

in the Minutes of the NCSDP meeting are reproduced below:

(a) Response Spectra

Design Spectra (DBE-H): Kwar —‘
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Vertical sel 0,11
s co-efficient (o) A =
n duration (second) | 8 | Total duration (second) | 42 Le
'_ B e IIT Roorkee Report (EQ: 2015-12 (M); Project No. 6027/2014-15
| (August-2015)]

It is requested to do the needful for the safe design of Kwar HE Project components as per

NCSDP's approval.

The above said approval of NCSDP is subject to submission of revised/updated MEQ studies
report incorporating the compliance to the observations of the Committee by the project
authorities by June, 2017, failing which the approval may be withdrawn. The observations

made by the Committee on submitted MEQ, study report is given as Annexure-1 for needful

compliance.
Yours faithfully,

Encl: Asabove \N;(\\w%

(O P Gupta)
Director (FE&SA)&
Member-Secy (NCSDP)



Annexure-

The observations made by the Committee in respect of submitted MEQ studies:

10

11

The array used for acquiring the MEQ data from the three projects is not well
designad. All the stations are on southern side of Pakal Dul with only one station on
the dam site itself. Similarly, the stations are falling on the SW of the projects Kiru and
Kwar. The array may not cover spatially the MEQs occurring in the vicinity of these
dam sites from the point of view of estimating the depths.

The objective of the study as given in the report are not falling in line with the
objectives with which these studies are supposed to be carried out.

The seismicity as reported by IMD is shown to have magnitude ranges 1-2, 2-3, 3-4, 4~
5 and 5-6, however, the Tabie is not representing the statement made in the text.
There are no earthquakes less than 3 {(which are called as microearthgquakes) reported
in the table 2 of the report which also is not required in such reports.

Please attach the Sushil, (2016} unpublished report as annexure to this report,

No justification has been given as to why only 13 garthquakes are located as given in
Table 6, 14 are located as given in Table 7 while 178 events are reported to be
recorded by the array.

No micro-earthquakes have been reported in this report in such a seismically active
region

The report is badly written without understanding of objectives with which these
micro-earthguake networks are to be deployed around HE projects for six months.

Fig 31, 32 and 33 are not relevant and serves no purpose.

The discussion and conclusions section says that total 13 earthquakes have been
recorded during the six months period in the 50 km radius from the centre of Kiry,
Kwar and Pakal dul project sites. These are not micro-earthquakes.

It is not given in the report that the computation of the magnitude and location of the
events have been done using the software SEISAN, it could be elaborated a little more
by giving the formulae used.

Since the study Is on micro-earthquakes the events with magnitude greater than or
equal to 1.0 need to be mentioned in Table 9.



Gemral Pornt f"”
AN~ A,&M\;? Annexure-l 53

Ny

e

The Common observations made by the Committee in respect of MEQ studies:

e Proper references shall be made for historical earthquake data corresponds to the
period before introduction of seismological instrumentation in the country (if
indicated).

e Information on error bars in respect of epicentral parameters and focal depth;
and distance between the earthquake epicenter and proposed dam site should
also be indicated in the report.

e Al the Phase data including the regional observatories considered for determining
the hypocentral parameters of the micro earthquakes within a radius of 50km
from the proposed dam site should be included in the Report.

¢ The data should be collected with objective to locate the events with good
accuracy so that it may helpful in estimating the geometry of the seismogenic
feature and the topography.

e Rock type of MEQ stations should be given in the report.

e Error in time and location considered in the study along with event locations
should be listed.

e The seismic stations distribution should support the precise locations of local
earthquake occurring nearby dam site.

* Peterson’s curve showing the noise ievel of all seismic stations should also be
included in the report.
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Central Electricity Authority
(Legal Division)

fedkkdki

Subject : {v_x_«_a_l_r Hydro-Electric Project (4x140=5650 MW) in J&K by M/s.
Chenab Valley Power Projects (Pvt.) Limited.— Regarding.

Reference is invited to CVPPL/s letter no. CVPP/ CE (HQ)/ Kwar/ 2016/ 1283
date4d 15.02.2016 regarding review of Kirthai Hydro-Electric Project Stage-1l (990 MW)
in J&K by M/s. J&K State Power Development Corp. Ltd. The developer is requested to
submit clearance from Ministry of Social Justice and Ministry of Home Affairs.

These may be considered as a condition for the accord of apraisal.

(Sandesh Kr. Sharmayj
Chief Engineer (Legal)

/Director (PAC), CEA
F.No. CEA/ 12/ 106/ 2012-Legal/ 1252 Dated the 10% October, 2016
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Government of India
Ministry of Water Resources, River Development and Ganga Rejuvenation
Central Soil & Materials Research Station

Olof Palme Marg, HauzKhas
New Delhi 110016

Fax No. 011-26853108

Phone: 011-26967985. 26961894

Subject: Appraisal status of DPR of Kwar Hydro Electric Project (360 MW), J&K

Reference: CEA letter No 203/1/200/HPA-I/457 dated 06.10.2016.

The Kwar Hydroelectric Project (560 MW) is proposed on River Chenab in Doda District of
Jammu & Kashmir. The project envisages construction of concrete gravity dam, orifice type
spillway and other appurtenant structures. M/s Chenab Valley Power Projects Pvt. Ltd. has
prepared Detailed Project Report (DPR) for the proposed project.

CSMRS has already advised on concrete making materials, rock, soil and rock fill materials
to project authorities through the following letters:

1. U.O.No.: 29/36/ Kwar /RM-I/ CSMRS/2013/67, Dated: 18/01 /2013 (Annexure-I)
2. U.O.No.: 29/36/ Kwar /RM-I/ CSMRS/2013/110, Dated: 06 /02/201 Annexure-II)

In view of the urgency. the DPR is cleared with condition that all the pending investigation
shall be carried out not later than design/ pre-construction stage and the same should be
submitted for review. The progress of all the pending investigation must be reported
periodically.

Encl: As above

e

(Hasan Abdullah)
05? L Director

Director (HPA-I), CEA, Sewa Bhawan. R.K. Puram. New Delhi-66 %ﬁ

11.O.No.: 29/36/ Kwar /RM-I/ CSMRS/2013/ Dated: 10 2016



Government of India
Ministry of Water Resources
Central Soil & Materials Research Station

Olof Palme Marg, HauzKhas
New Delhi 110016

Fax No. 011-26853108
Phone011-26967985, 26961894

Subject: Observations on DPR Kwar Hydro Electric Project (560 MW),J&K
Reference: CWC U.O letter No 3/1 54/2012/PA(N)/1250-60 dated 21.08.2012.

The Kwar Hydroelectric Project (560 MW) is proposed on River Chenab in Doda District of
Jammu & Kashmir. The project envisages construction of concrete gravity dam, orifice type
spillway and other appurtenant structures.M/s Chenab Valley Power Projects Pvt Ltd has
prepared Detailed Project Report (DPR) for the proposed project.

Rock :

1. GEOLOGICAL IDENTIFICATIONS OF ROCK TYPE ENCOUNTERED
Dam Area as per drill hole log of right bank: Granite/Gneissose Granite/Granite Gneiss, Fine
grained light gray colored weak to moderately strong phyllite, medium strong to strong
quartzite phyllite %
Power House Area: White colored fine to medium grained, moderately strong & fresh
quartzite, Granite/Gneissose Granite/Granite Gneiss, medium strong to strong quartzite
phyllite bands

2. INVESTIGATIONS CARRIED OUT

Following rock mechanics laboratory tests has been carried out on representative samples of
drill holes of Dam Area and Power House Area of Granite and phyllite rock, by ATES Delhi
and CIMFR Dhanbad.

o Uniaxial Compressive strength (crushing strength)

o Determination of Grain density, water absorption and Bulk density

o Elastic parameters modulus of elasticity and Poisson’s ratio

o Slake Durability Index

o Triaxial Strength Test
Detail reports of this are placed in annexure IV &V of volume IV (A) of DPR.

e In-situ shear tests Concrete over Rock and rock over rock have been carried out by
M/S ATES, Delhi in left (DL-1) and right Bank (DR-2) dam Site drift for
determination of ¢ and ¢ parameters of concrete to rock and rock over rock interface
and detailed report are appended in annexure — VI of volume [V (A) of DPR

* In-situ test for modulus of deformation (Dilatometer Test 80 bar) have been carried
out in the NX size drill hole at six suitable depths of right bank (DR-2) and left bank
(DL=1) site drifts along dam axis to determine the design parameters like modulus of
deformation, by M/S ATES, Delhi and detailed report are appended in annexure —
VI of volume IV (A) of DPR

* Insitu stress measurement by hydraulic fracturing have been carried out inside three
different orthogonal EX size drill hole at three different depths of old and new power
house site drifts to determine the design parameters like insitu stress magnitude &



O

directions, by M/S ATES, Delhi and detailed report are appended in annexure — VI
of volume IV (A) of DPR.
However, 13 nos. drill holes were probed at the locations of dam and power house area, for
delineating the bed rock configurations and its quality. The brief summary of drill holes is
given in Table 4.1.1.3 and 4.3.1.3 of DPR in volume-IV. The details of geological logs are
appended in volume-IV of DPR. Above sub surface geological investigations indicated that
the thickness of overburden materials, comprising sand, pebbles, cobbles and large boulders,
overlying the bed rock may be of the order of 0.0 m — 26.0 m.. However, Geophysical
investigations involving seismic refraction profiling was conducted for delineating the bed
rock configurations and its quality in the proposed diversion tunnel outlet area in the left bank
and at the right bank hill slope hosting the proposed' powerhouse, besides, electrical
resistivity sounding was also carried out in-the proposed diversion tunnel area to determine
the subsurface status regarding the groundwater condition, by NHPC and detailed report are
appended in annexure — III of volume IV (A) of DPR. Further, MASW carried out at dam
area for evaluating site specific earthquake design parameters for the project by NHPC and
detailed report are appended in annexure — I11 of volume IV (A) of DPR.
3. ADDITIONAL SUGGESTIONS/INVESTIGATIONS SUGGESTED:
A. Laboratory investigations
Following rock mechanics laboratory tests on representative samples of drill holes of Dam
Area and Power House Area of Granite and phyllite rock should be done before detail
engineering design/construction stage
I. Tensile Strength test
2. P & S Wave Velocity, dynamic modulus etc.
Following rock mechanics laboratory tests on representative samples of drill holes of Dam
Area and Power House Area of quartzite rock should be done before detail engineering
design/construction stage.
1. Uniaxial Compressive strength (crushing strength)
2. Triaxial Strength Test
Determination of Porosity, Grain density, water absorption and Bulk density
Dynamic modulus
Deformation modulus and Poisson’s ratio
Slake Durability Index
Indirect Tensile Strength (Brazilian)
8. P & S Wave Velocity etc.
B. Field investigations
Following insitu Tests should be done before detail engineering design/construction
stage.
* Deformability of rock mass using plate load test/ Goodman jack in NX size drill holes
should be carried out in powerhouse area.
* In-situ plate load tests for deformability of rock mass, .should be carried out nearest to
foundation of dam site.
* Instrumentation programme should also be planned/made for monitoring of surface
and underground structures.
Actual number, type, and location of tests should be decided in consultation with the
designers, geologist and rock mechanics expert.

o Sl Lo

Soil
e It is proposed to have coffer dams during construction stage at upstream and
downstream side of the main dam. The coffer dam consists of rockfill with central
clay core. Top of the upstream coffer dam/ downstream coffer dam is at EL. of 1315




m and 1292 m and respective length is 115 m and 350m respectively. Two drill holes
one in upstream coffer dam one in d/s coffer have been drilled and overburden of
10.95 m and 13.5 has been found. The permeabili‘? values of overburden of upstream
coffer dam vary from 3.2X10” em/sec to 3.7X10™ em/sec indicating that overburden
is pervious. ,

No investigation has been carried out for availability and suitability of material
required for construction of coffer dams.

Permeabilitg values of overburden of upstream coffer dam vary from 3.2X10” cm/sec
to 3.7X10” cm/sec indicating that overburden is pervious, therefore necessary
precaution regarding seepage control may be taken up during construction.

Rockfill

From the DPR, it is observed that the required quantity of rockfill material (4.64 lakh
cum) for the construction of U/s and D/s coffer dams of Kwar H.E.Project can be
extracted from the quarries of KWR-1, KWR-2, KWR-3 and KWR-4.
It is mentioned in the DPR that the index properties viz. specific gravity, water
absorption, impact value, crushing value, los-angeles abrasion value, soundness loss,
flakiness index, elongation index and alkali aggregate reactivity potential of the fresh
rock aggregates collected from the different drifts were got evaluated from the
laboratories of DulHasti HE Project and NCCBM. Aggregate collected for evaluating
above index properties is of mostly uniform size which is useful for concrete.
However, the gradation of rockfill material varies from 0.475 mm to 1000 mm
approximately. Therefore, both concrete (formed using aggregate) and rockfill
material behaves differently under different loading conditions. No tests have been
carried out on rockfill material for studying its behaviour under different field
conditions.
Therefore, it is suggested to carry out the detail field and laboratory investigations of
rockfill material to study and understand the stress-strain-volume change behaviour,
evaluation of shear strength parameters and deformability & permeability
characteristics of rockfill materials which are very important for the safe and
economical design of rockfill structures.
For carrying out the above studies following field and laboratory tests have to be
conducted on rockfill material. '
¢ Field grain size distribution test to evaluate an average prototype grain size
distribution curve
¢ Relative density test for determining the minimum and maximum densities
e« Large size triaxial shear test to study the stress-strain-volume change
behaviour and evaluate the shear strength parameters i.e. angle of internal
friction, @ and cohesion, ¢
e One dimensional compression test to determine deformability and
permeability characteristics

Concrete

The requirement of coarse aggregate was estimated around 15.40 Lakh cum and fine
aggregate around 7.7 Lakh cum. The total requirement after considering losses as per CWC
guidelines works out to be 31.87 Lakh cum (i.e 1.38*%23.1). To meet the requirement the
project authorities have identified three Rock quarry (KWR-1, KWR-2& KWR-3) and

excavated material from dam and power house (KWR-4). Project authorities have reported



total available quantity from all the quarries including excavated materials around 37.0 Lakh
cum.

Coarse Aggregate:

Three samples each from all the three rock quarries and excavated materials were tested for
its suitability and test results of all the representative samples are found to be suitable for
wearing and non-wearing surfaces as per IS 383 -1970 (Reaffirmed,2002). The pertrography
analysis results of all the samples indicating higher percentage of strain quartz and higher
undulatory extinction angle. The mortar bar expansion as per ASTM C1260 test results of
these samiples also confirmed the presence of reactive minerals and all the samples showing
potentially deleterious expansion. The project authorities have also reported the mortar bar
expansion test results of 30 days for all the samples and are awaiting for the detailed test
results. Hence, the project authorities are advised to send the detailed results of mortar bar
expansion test for review at this stage. (

Fine Aggregate:

The project authorities have proposed to use crushed sand from the- rock -quarries and
excavated material identified for coarse aggregate for this project. Comment will be offered
after receiving the detailed test results of alkali silica reaction

Cement

Cement to be used shall be tested from time to time as per the relevant standards and test
results should be checked for its conformity with relevant standards and manufacturers test
report. ;

Supplementary cementitious material

In view of durability considerations of concrete, possibilities of using cement blended with
supplementary cementitious materials such as fly ash, blast furnace slag etc, must be
explored. These materials should also be tested before using in the project as per the relevant
standards.

Water
Project authorities have tested one water sample from Chenab River and reported few

parameters only. Hence the project authorities are advised to test the water sample seasonally
and check for its conformity with the specification requirements given in IS: 456 before its
use in the project.

Reinforcement;
The structural steel, reinforcing steel and high tensile steel which are to be used for different

components of the proposed structure should be tested as per the relevant standards and
checked for its conformity with relevant standards and manufacturer test certificate before

11S¢E.
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Tel: 011-26104203
CENTRAL WATER COMMISSION
Hydel Civil Designs (N&W) Directorate

e e e e sl oy

8th Floor, Sewa Bhawan
R.K. Puram, New Delhi.

Sub: Kwar HE Project (4x135=540MW), J&K - Technical Examination of DPR —-reg.

Ref: i) CEA letter No. 2/NHPC/57/07-PAC/105-17 dated 29/05/2014
ii) CWC U.O No. 8/19/ 2012/HCD-N&W/1234-36 dated 10/10/2014.
iii) CVPP/GM(HQ)/Kwar/Camp-Fbd/594 dated 15/11/2014.
iv) CEA Lr. No.203/25/2014/HPA/426 dated 16/12/2014.
v) CVPP/CE(HQ)/Kwar/Camp-Fbd/432 dated 16/06/2015.
vi) CVPP/CE(HQ)/Kwar/1483 dated 30/08/2016.
vii) CWC U.O No. 8/19/ 2012/HCD-N&W/1297-1300 dated 09/09/2016.
viii) CVPP/CE(HQ)/Kwar/Camp-Fbd/401 dated 13/10/2016.

The DPR of Kwar HE Project (4x135=540MW - revised), J&K, was accepted by CEA for
detailed examination in its review meeting held on 13.05.2014 based on the updated layout
submitted by the Project Authorities vide their letter dated 01/01/2013 and the communication in
this regard was received vide letter under reference (i). The DPR was examined and the comments
pertaining to HCD components issued vide letter under reference (ii). The compliance in this
regard was submitted by the Project Authority vide their letter under reference (iii). As per this
letter, it was indicated that the mathematical model studies for sediment management / spillway
configuration would be carried out by the Project Authority based on the spillway arrangement
approved by CMDD (N&W),CWC. Accordingly, the numerical model studies have been carried out
in CWPRS and the Report on 2D Numerical Model Studies Jor Reservoir Sedimentation of Kwar
HEP (J&K) was submitted vide letter under reference (vi). The report was examined and the
observations communicated vide letter under reference (vii). The compliance in this regard along
with the revised numerical model studies have been submitted by the Project authority vide their
letter under reference (viii).

The Power Potential Studies have been revised by CEA vide letter under reference (iv) and the
installed capacity reduced from 560MW to 540MW.

The GSI clearance for the project has been issued vide letter under reference (v).

The DPR along with subsequent replies and submissions have been examined in detail and found
to be generally in order subject to the following:

1) The design calculations shown in DPR and compliance submitted vide letter under reference
(iii) are based on the earlier installed capacity of 560MW and corresponding rated head and
discharge. This needs to be modified considering the revised Power Potential Studies and
installed capacity of 540 MW approved by CEA, vide letter under reference (iv). The revised
calculations & drawings shall be incorporated in the DPR prior to TEC.

2) The balance geological investigations as suggested by GSI (reference (v)) shall be completed.
If some changes are found on the basis of the investigations, the same may be reported to
this office and if need be the relevant design and drawings shall be modified on the basis of
geological investigations.
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3) As indicated by GSI (reference- v), due to the presence of several intersecting shear zones in
the underground power house location, provision for additional support system like steel
ribs, lattice girder etc. shall be made during detailed design stage.

4) The protective / preventive measures provided in the DPR for likely seepage in to the
underground power house due to its close proximity to the dam, shall be reviewed based on
the actual parameters, during detailed design stage.

5) Hydraulic model studies (physical) for the power intake shall be carried out for firming up
intake profile and sediment deposition pattern in front of Power intake and reservoir as a
whole, during detailed design stage.

6) There is no desilting basin in the water conductor system and the sediment management is
proposed to be achieved by reservoir operation keeping in view the restriction on drawdown
flushing as per IWT. Hence, various measures indicated for mitigation of erosion of
underwater turbine parts as per reference (viii) needs to be adopted during the operation of
the project. (

7) Hydraulic transient analysis for the complete water conductor system shall be carried out
during detailed design stage by adopting the actual machine parameters and load rejection
/ load acceptance criteria as specified by CEA. Design modifications, if any, shall be done
accordingly. '

8) Two/ three dimensional numerical model studies may be carried out for the underground
Power House complex incorporating all the major interconnecting tunnels/adits during
detailed design stage to study the stress and deformation pattern around the caverns,
interaction between the caverns ete. so as to optimize the rock pillar width/depth proposed
between various openings, cavern alignment and the rock support system provided in the
DPR.

9) The Project Authority shall include all the comments and modifications suggested by this
directorate in the concerned chapters/ drawings and accordingly it may be reflected in the

BoQ and Cost estimate in the updated DPR. (
This issues with the approval of Chief Engineer- Designs (N&W), CWC. :
N 5 i i lé I[ﬁf(
K SLV. A?ﬂ )
DIRECTOR

/Director PA CWC, Sewa Bhawan, R K Pur New Delhi
CWCTU. 0. No.8/19 / 2012/ HCD-N&W/ 1350 dated: 19 /10/2016

Copy for kind information to:

i)  Director (PAC) CEA, New Delhi,

ii) Director (HP&I) CEA 7t: floor, Sewa Bhawan, New Delhi

iii) Director CMDD (N&W), CWC, New Delhi

iv) General Manager & Nodal Officer, CVPPL, 2% Floor, JKPCC Building Rail Head
Complex, Panama Chowk, Jammu-180012 (J&K) E mail: sachdevarajeev@gmail.com
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Central Water Commission

Fare UF fewrg FilwErn ey BrmTey

C.1.0.D (North & West) Diroctorate, 8" Flcor (8] W ORET . anen

ol AeE.) ¥T HER, TR T TR, w8 R -110066

Sub: Tachnical Examination of DPR of Kwar Hydro Electric Project Jammu & Kashmir) - Reg.

CWC LD No. 3/185/20:2-CMI
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Government of India
Central Water Commission
Gates Design (N&W) Directorate

ko .
3" Floor (S), Sewa Bhawan
R K. Puram, New Delht—&'ﬂ 10066,
Phone No. 91-11-261 00522 ""f_"g,
Fax No.91- 11-26100806 i

Date: 24" Oet. 2016

Subject: Technical examination of Detailed Project Report (DPR) of KWAR H.E. Project (4 x 13 BMW)‘
Jammu & Kashmir.

Ref: 1. 3!154!2012!PA(N}!1250-60 dated 21.08.2012 -
2. CMDD, letter no.3/185/2016/CMDD(N&W)/476 dated 16.08.2016
3. CVPP/CE (HQ)Kwar/camp-fbd/410 dated 20.10.2016

Apropos the subject cited above, the DPR of Kwar HEP was received from PA(N) Dte, CWC for
examination of aspects related to gates and operating equipments vide letter under reference (i) above.
Further as per telephonic discussion, the following updated documents were submitted by CVPP Ltd.
vide letter under reference (3)-

1. Updated HM chapter (DPR).

2. Updated Quantity Estimate of HM Components (DPR Stage).

3. Copy of relevant civil drawings (3 nos.).

4. Copy of drawings of crest Spillway at 1368 level.

5. Copy of drawings of GA of spillway orifice Radial gate, Crest Radial Gate, stoplog, construction
sluice gate and hoists.

6. Copy of drawings of GA of service & emergency gates for environment release.

Further observations/comments of this office are as under:;

1. Spillway stoplog gate:
i.The no. of units of stoplogs may be increased (preferably 6 to 7) and their height may reduced
accordingly. Also arrangement may be provided for dogging of stoplog in false bays/ bridge deck
ete.

ii. Downstream skin plate may be provided,

2. Crest type Spillway Radial Gates & Hydraulic Hoists:

i. Material for skin plate may be adopted as structural steel.

ii. Vide clause no 6.4.3. of IS 4623, “the distance between ¢/l of crest and ¢/l of sill shall as small as
possible in order to economize the height of gate and pier size”. The sill elevation may
accordingly be changed (preferably 0.3 m to 0.5m below crest) and subsequent design may be
modified during detailed design stage. Also location of trunnion may be modified to optimize
hoist capacity and pier size.

3. Diversion Tunnel Gate:
Vide para 8.11.1.1 (Vol.1). it is mentioned that the diversion tunnel gate is meant for closure during

lean season, and that it shal] be operational under any water head between EL 1293.0 to 1337.5 m.
The operating requirements shall be clearly indicated. During operation if the gate is to be kept in
partial open position, features of regulating gate and embedded parts (top seal seat) may be
incorporated. Vide para 8.11.1.1, it is stipulated that during closure of diversion tunnel, water level
shall be controlled through construction sluice gates.

4. Power tunne] Intake gates:
i. In the arrangement of intake gate, upstream skin plate & sealing is provided. This will reduce
down pull but at the time of filing of penstock, there is a possibility of gate catapulting.
Sealing arrangement and siot may be designed carefully at detailing stage.



ii. Instead of providing slide type bulkhead gate fixed wheel type bulkhead gate with individual
rope drum hoist of suitablg capacity (instead of ganiry crane) shall be provided.

iii. The size of air vent pipe (300mm) may be increased suitably to match the actual air flow
requirements. '

5. Environment release gate:
Details of gate, intermediate supports for hoist stem etc. shall be reviewed and shown in the
relevant drawing.

General Comments:

1. Deicing System: As the project is located at high altitude it may be confirmed any subzero
conditions are considered in the design. For subzero condition, deicing arrangement for gates and
hoisting arrangement may also be necessary. All these arrangements along with cost may be
included in DPR.

2. The weight of various gates and their hoist capacities in Quantity Estimate of HM Components
appears to be on higher side. The quantity estimate may be revised as per actual calculations during
the detailed design stage.

3. Cost aspects are not examined in this directorate. These shall be examined by the Cost Appraisal Dte.

4. The details of structural components of gates, sealing arrangement, hoisting arrangement & capacity
may be reviewed during the detail design stage.

Except for the above observations, the DPR from hydromechanical equipment point of view is found to
be generally in order and there are no further comments to offer. A copy of the updated DPR chapter on
hydromechanical components including the preliminary design calculation and the revised drawings may

be submitied to this office for record.
-\

(Vaseem Ashraf)
Director

This issues with the approval of Chief Engineer, Designs (N&W).

0} 2.
Director, PA CWC, Sewa Bhawan uram. New Delhi
CWC U.0.No 11/2/2010 GD (N&W)J’fg'gq,i gcldated '2'-‘{\19 l-;__o ]6

Conpy for kind information to:

Chief Engineer (HPA), CEA, Sewa Bhawan, New Delhi.

Director, CMDD (N&W) Dte., CWC, New Delhi

Director, HCD (N&W) Dte., CWC, New Delhi

Director, PAC, CEA, Sewa Bhawan, New Delhi. .

Chief Engineer (Designs ) & Nodal Officer, 2™ floor, JKPCC Building, Rail Head
Complex, Panama Chowk, Jammu-180012 (J&K).
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= Central Water Commission

& : Construction Machinery Consultancy Directorate U
209 (S), Sewa Bhawan, R K. Puram, New Delhi-86, Tel: 011-26100731, email: cmedte@._nic.in

Government of India

Sub: DPR of Kwar Hydro- Electric Project (560 MW), J&K- Reg.

This has a reference to the CA (HWF), CWC's letter no.10/13/91/CA(HWF)/447:57 dated
17/10/2016 inter-alia decision was taken on expeditious examination of the pending projects of
J&K & H.P. In view of ttie high level decision taken on pending projects of J&K & H.P, the project
has been examined broadly from plant planning angle and found to be considered condifional
acceptance with subject to the satisfactory compliance of the following comments/suggestions at
pre-construction/TEC stage. '

) Conventionally, CMC Directorate, CWC examine the project proposal from plant planning
aspects, once the civil work quantities (BOQ) as submitted by the project authorities is approved
by the TCD, CEA. As the project is under DPR/appraisal stage and civil work quantities are yet not
approved by 'the TCD, CEA, hence, the project has been examined from plant planning angle
based on the civil work quantities provided in the DPR and some discrepancies are observed as
follows. : e :

a) In coffer dam, earth filling has been proposed 10 be carried out by 1 no. of hydraulic

excavator (2 bum) supported by 8 nos. of rear dumpers (25T). But, on-analysing the calculated

cycle time and loading time, 1 no. of hydraulic excavator can load only 4 nos. of dumpers sc as to
«havegptimal utilization. :

b) Total 4| nos. of tower crane of 6T and 60 m for the concreting of Dam of 195m length and X
108m high dahﬂ radius in 29 month including 2 montH for concreting upto River bed level has been
proposed, which seems to be difficult to operate. Instead of 6T and 60 m tower crane, 4 nos. of

- tower crane of 10t and 30 m radius may be deployed. Further, Hourly concreting capacity of tower
crane 10t and 30m radius is about 36 cum/hr, which will result in decrease in overall concreting
time as compared fo proposed concreting time. '

c) Time taken for excavation and concreting of pressure shafts are found to be on higher side,
which can be effectively optimize. Progress rate for excavation of horizontal pressure shaft of
5.65m dia is generally taken aroungi 100m/month and conereting around 40m/month. Further,
there are anomalies between lengths of pressure shafts provided in construction schedule and
salient features, ' '

d) Batching and mixing plant of capacity, 300 cum/hr has been proposed at Dam Site. Instead
of this, 1 no. of 200 cum/hr B&M Plant » 1 no. of-890 cum/hr Batching & Mixing Plant may be
considered that will decrease redundancy and also concrete requirement of Diversion Tunne! ¢an
be catered easily. .

(=]

- e) Completion time of T—IM works and EM works may be reviewed, if they can be completed
before proposed time period 7 : <t

f) 90% Horizontal pull effect may not be taken in,case of excavation by Wagon Drill. Jn case -
of open excavation, 80% excavation by Wagon Drill & & 20% excavation by Jack Hamrmer may he
considered and one dozer with two- excavators/loaders as supporting equipment may he
“considered in the analysis of the iter rate.

i
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Project authorities, if incorporate the above observations, it will result in reduction in
duration of the activities by few ths. Thus, overall project duration may be revised.

- e
In case, if there is any significant variation observed in civil quantities by the TCD, CEA,
then the project may require to be re-examined afresh from plant planning aspects.

) As far as provision kept under subhead 'Q-Special T&P' is concemed, it is observed that.a
total provision of equipments worth Rs.1258.00 Lakh has been made in the sub head. In this
regard, equipments worth Rs 805:10 Lakh have been found to be acceptable under “Q- Special
T&P" on examining the list of equipments and accounting correct price, wherever required. The list
of equipments is enclosed herewith for reference.

Encl: As atrqve

{ | , ‘D/C/ "__'___,:" l
| ] : : ! x of 20/
] (Sureshwar SinJﬁqdons(I)
Director

Director, PA (N) Directorate, CWC, Sewa Bhawan, R.K Puram, New Delhi
CWC U.O. No. 21/JK/11/2016-CMC /299 -30| “dated: 27/0/15] ¢
Copy to:- »
1. Director, CA (HWF) Directorate, CWC. Sewa Bhawan, R. K. Puram, New Delhi for
information & needful action. ; -
2. . General Manager (Civil), Corporate Office, JKSPDC, Exhibition Ground, Opposite J8K High
Court, Srinagar, J&K-190009 ;

s
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Sriculars ﬁs proposed by Pi’DjECt Authority | As accepted by CMC Dte. from
Proposed ;
cost charged

Unit rate Unit rate |to Q- special
sr. (Rs. in JAmount (Rs. in T&P*

' No. |Name of Euipments Quantity  |lacs) (Rs.in lacs) |Nos. lacs) (Rs. in Lacs)
1 |Hydraulic Excavator, 1.0 cum. 1 50.00 50.00{ 1 50.00 50.00
2 |Loader cum Excavator, 1 0/0.25 2 22.00 44.00 s & 22.00 22.00

cum. i :
3 |Front end loader/1.5 -2.0 cum 1 36.00/. 36.000 0 36.00 0.00
4 |Crawler Dozer, 100 FHP 2 4200 84.000 2 42.00 84.00
= |Wheel Dozer 200 FHP with ripper 1 80.00 80.00f O 80.00 0.00
6 |Air Track/\WWagen Drill 2 15.00 30.00f - 15.00 15.00
2- |Jack Hammer/Pavement Breaker 15 0.50| a0 8 0.35 2.10
8 |Diamend Core Drill (Mechanical) 1 15.00 E0EE T 15.00 15.00
g |Diamond Core Drill (Hyd) 1 75.00 75.00{ 1 - 60.00 60.00
10 |Compressed-Air(efm) 2000 0.0200 35 00| 1200 | 0.0200f 2400
7 _|Rock splitter oA 10.00 10.00f O 10.00 0.00
12 [Hyd. Rock breaker 1 18.00 18.00] - 0 18.00 0.00
(Mounted on 20,t excavator) el
13 Mobitg_(gig’ne, 10 t Pick & Carry 1 10.00 10.00] 1 10,00 ° 10.00
14 |Mobiletane, 20 t (Rough terrain) 1 70,00 70.00] 1 53.00 53.00
15 |Fork Lift,8/10 t | 1 12.00 12.00] 1 12.00]  12.00
16 |Road Roller, 8/10 1 12.00 1200 -1 12.00} 12.00]
17 |Concrete Mixer, 14/10 cft 3 1.50 4.50 3 1.50 4.501.
18 |Concrete Mixer, 28 NT 1 4.00 400 O 4.00 0.00
19 |Dewatering Pump LS 20.00] - 20.00{ LS 20.00 20.00
20 |Tipper 4.9/6.0 cum. 8 10.00 80.00 4 10.00 40.00

121 Truck, 1Gt . g 10.00] 50.00] 4 8.00 32.00
22 |Low Bed Tractor Trailor, 30 t 1 40.00 40.00 1 40.00 40.00
23 |Explosive Van, 10t 1 10.00 10.00f " 1 10.00 10.00
24 |Water Tanker/Sprinkler, 10 KL 3 10.00 30.00 2 10.00 20.00

U Petrol/Diesel Tanker, 10 KL 1 10.00 10.00{ 1 10.00 10.00)
26 |Bus/Mini Bus 8 10.00 80.00f 5 10.00{ , 50.00
27 |Car/MUV 2 5.00 10.00] 2 6.50 13.00
28 [Jeep (Petrol/Diesel) 20 4.50 90.00) 13 4.50 58.50
29 |Ambulance 2 9.00 18.00f 2 9.00 18.00
30 |Workshop Equipment LS 20.00 20.00] LS 20.00 20.00
31 |Mobile work shop 1. 15.00 15.00] 1 ~ 15.00 15.00
372 |Mobile Service Van 1 20.00 20.00 4.2 20.00 20.00
33 |Fire Tender 2 30.00 60.00f 2 22.00 A4.00
34 |Recovery Van 1 10.00 {0010} e 10.00 10.00
35 |Pick up Van/L.C.V 4 7.00 28.00{ 3 7.00 21.00
36 |Snow cutter Blower 1 50.00 50.00 -0 50.00 0.00
37 |Motorised winch 50hp 2 10.001" 20.00] O 10.00 “0.00]

TOTAL _ |1258.00 TOTAL 805.10
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Central Water Commission
Cost Appraisal (HWF) Directorate
Room No. 522 (South),
Sewa Bhawan, R K Puram,
New Delhi-110066

Subject: DPR of Kwar (4x135= 540MW) Hydro-Electric Project, J&K — Regarding

PA(N), CWC had forwarded the above mentioned scheme vide their letter no.
3/154/2C12/PA(N)/1250-60 dated 21.08.2012 for appraisal. The updated Civil & H-M works
cost estimate amounting to Rs. 3284.29 Crores at April, 2018 Price fevel was submitted by
Project authority on 27.10.2016 vide their letter dated 25.10.2016. In this regard, acceptability
have been issued by the appraisal Directorates of CWC i.e. HCD (N&W), CMDD(N&W), Gates
Design (N&W) and CMC Directorate subjected to incorporated / satisfactory compliance of the
comments / suggestions /observations issued by them at pre construction /TEC stage by the
project authority. CEA has also been reviewing the status of pending H.E.project on
18.10.2016 and minutes of meeting communicated to this directorate vide letter no. 18/1/2015-
HPA-I/601 dated 21.10.2016.The correctness of quantities certificate have not been forwarded
by the TCD. CEA. Therefore, DPR Cost Estimate of Civil works and HM works of the Project
has been provisionally finatized of Rs. 3221.86 Crores at April, 2016 Price Level subjected to
review at the pre construction /TEC stage. The cost has been finalized after considered the
Works Tax @ 12.6% and BOCW cess @1%. Copy of EIA report and clearance certificate of
MoEF has not been provided by the project authority.

The Cost Estimate of Civil works and HM works of the Project has been examined and
provisionally finalized of Rs. 3221.86 Crores at April, 2016 Price Level subjected to review at
the pre construction /TEC stage.

The provisions under B-Land and X-Environment and Ecology are provisional as they are
subject to change based on final awards and acceptance of EMP report by MoEF,

The abstract of the cost is enclosed as Annexure.
This issues with approval of Chief Engineer, PACQ, CWC.

ncl.: Annexure %’Q\Q&‘\ (&
\

{)
Arjun Smgh)
Director

/ﬂ ' Mobile: 9711641227
Uirector, PA (N) Dte, CWC,

CWE, U O No 10/12/2012-CA (HWF)Y /1) 777 Dated 7, _sq_ /4

Copy to
1. Director (PAC), CEA, Sewa Bhawan, R K Puram, New Dethi
2. Director, Thermal Civil Design Division, Sewa Bhawan, R.K FPuram, New Delhi



KWAR H.E. PROJECT, J & K (4 x 135)MW

ABSTRACT OF COST

S.Ne Desceription Amount
(Rs. In Crores)
(April'l6 PL)
A CIVIL WORKS
1 DIRECT CHARGES
1 - Works
A - Preliminary 18.91
B - Land 87.05
C - Works 1339.93
J - Power Plant Civil Works 1251.00
K. - Buildings 80.09
() - Miscellaneous 3325
P - Maintenance During Construction 27.42
() - Special Tools and Plants 1.61
R - Communication 70,76
X - Environment and Ecology 93.86
Y - Losses on Stock 6.85
TOTAL OF 1- WORKS 3010.74
11 - Establishment 2006.38
il - Tools and Plants 2.00
IV - Suspense
V- Receipt & Recoveries -4.96
TOTAL DIRECT CHARGES 3214.15
2 [INDIRECT CHARGES
I - Capitalised Value of Abatement of Land Revenue 0.18
(5% of Cost of Culturable Land)

1 - Audit & Accounts Charges (0.25% of 1 - Works) 7.53
TOTAL INDIRECT CHARGES 771

TOTAL CiVIL WORKS

3221.86
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! Government of India

Central Electricity Authority
STYSHTT THIT
Thermal Civil Design Division

_ f4wg: submission of KWAR H.E. Project (J&K): Submission of updated

Civil BOQ- Reg.

May please refer to Chenab Valley Power Projects Pvt. Ltd.’s letter No.
CVPP/CE(HQ)/Kwar/Camp-Fbd/419 dated 24.10.2016 vide which the updated Civil
BOQ has been submitted to this division.

The quantities of civil works for projects being developed by Public Sector
Undertakings or Central/State Government Organizations are not appraised in this
Division as per present policy of CEA and the cost of Civil and HM works of the project
is finalized by CWC based on quantities of civil works revised and submitted by Project
Authorities after incorporating the observations of CEA/CWC/GSI on planning &
design aspects in DPR drawings and revised certificate of correctness of quantities
furnished by them.

However, for having uniformity in both Public and Private Sector Projects, the
following issues may be taken care of while finalization of civil cost:

1. The over break in underground rock excavation has to be considered as 5% in
class- II & class III types of rock and 10% in class IV & V types of rock.

2. Backfilling in over-breaks in ribbed portion of tunnels should be carried out
with M-15 grade concrete.

- 3. In case of floor raft of power house, the estimated quantity of back-up concrete
~ has been kept as 50% of the floor raft concrete which seems to be on higher
side and may be taken into reconsideration for the BOQ.

4. The estimated extra quantity of concrete due to fractured hump b/w units has
been kept as 2961 cubic meter (which is about 50% of estimated quantity)
which may be reconsidered.

5. The wall thickness taken for the estimation of quéntity of RCC at runner
removal floor is 0.85 m which is almost double the actual wall thickness. So,
the actual wall thickness may be considered in estimating the quantity of RCC.

6. The quantity of sand to be used in the grouting has been kept as 3.5% of the
cement which doesn’t seems to be correct. This may be reviewed and quantity
of the cement and sand may accordingly be taken for the estimation.

7. Provision of cement bags for consolidation/ curtain grouting per meter length
in dam has been considered as @4.0 bags/m. Whereas, generally 2 bags/m is
considered in dam and 1.5 bags in Adit, Adit Portal, TRT and other tunnels in
Class-IV and Class-V types of rock. The quantities of cement bags may
accordingly be reviewed & corrected.
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Provision of contact grouting should be as per IS: 5878 (Part-VII).
Fore poling and pipe roofing may be considered only for Class-V types of rock
and not for Class-IV types of rock. The quantities of these items may
accordingly be reviewed & corrected. Further, provision of fore poling and pipe
—__rtoofing has to be considered in not more than 50% reach of tunnel in Class-V
types of rock.
10.TRT lining thickness has been considered as 400 mm which is generally kept
as 300mm maximum.
11. Concrete lining in Adit is generally be carried out only in invert portion of the
Adit. However, it has been considered in crown and wall portion also. The same
may be reviewed and corrected.
12. In Class-V types of rock, no rock bolting is generally being carried out. The
same may be reviewed and corrected. (‘{
13. In Power House Cavern, thickness of shotcrete proposed for crown is 200 mm N
which seems to be on higher side. The same may be reviewed and corrected.
14.The dia of rock anchor proposed in power house cavern is 36 mm which also
seems to be on higher side. The same may be reviewed and corrected.

©

The Copy of Certificate submitted by CVPP has been enclosed with this letter.

This for information and further necessary action please.

Encl: As above.

ZA 15714
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H0.: 4/21/TCD-2007/Kwar/ F91-%32_ fgi®:31/10/2016
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Copy to:
Director, Cost Appraisal (HWF) Dte, CWC.
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S fagya witewm
Central Electricity Authority
g f¥fae sifieey gy

Thermal Civil Design Division

Sub: Kwar H.E. Project (4 x 140 MW) in J & K: Construction Schedule
and Phasing of Cost of Civil & HM Works ~Reg.

The Project Authorities vide their letter no. CVPP/CE(HQ)/Kwar/Camp-Fbd/424
dated 26.10.2016 submitted updated Construction Schedule without revised
construction methodology. Subsequently, revised Construction Scheduie and phasing
of cost of civll & HM works were submitted along with” Zero Date” i.e.01.01.2018 as
mentioned in their letter of even no.455 dated 02.11.2016. However, “Zero Date”
has been changed to 1%t September, 2018 vide their letter of even no.466 dated
07.11.2016,

The cost of Civil & HM works is stated to be Rs.3221.86 Crores at April 2016
Price Level as cleared by CWC. The said cost and the construction schedule as
finalized in TCD Division, CEA in consultation with the Project Authorities have been
used for finalization of phasing of cost of civil & HM works of the Project. The said
project being developed by a Public Sector Undertaking i.e. M/s CVPP Private Limited,
a Joint Venture of M/s NHPC Limited & JKSPDC & PTC India Limited, only the basic
hard cost of civil & HM works has been phased on half yearly basis over a construction
period of 54 months with effect from the “Zero Date” i.e. 01.09.2018 as intimated by
the Project Authority vide their letter no. dated 07.11.2016 as cited above.

The construction schedule has been finalized based on following considerations:

+ A pre-construction period of 18 months before “Zero Date” has been proposed for
infra-structure works such as land acquisition, building, roads, bridges etc.
Mobilization period of 3 months from the start of Zero Date j.e. 01.09.2018 has
been considered.

+ A construction period of 54 months with effect from the “zero date” ie. 1%
September, 2018 has been proposed.

+ Power House is the Critical Activities of the project as shown in the Construction
Schedule as welil as the monsoon period of 3 months (July to September) is also
highlighted in it.

Censidering the construction schedule as finalized in TCD Division, the phasing of
the cost of Civil & HM works submitted by the Project Authorities was examined
and finafized based on following considerations:



« The Cost of Civil & HM works amounting to Rs.3221.86 crores at April, 2016 Price
Level as finalized by CWC has been considered. Out of this, Rs. 111.80 crores is
proposed to be spent till zero date i.e. 01.09.2018 and the balance amount of Rs.
3110.06 crores has been phased over a period of 54 months on half yearly basis
which comprises of 9 blocks of 6 months each.

A copy each of construction schedule and phasing of basic cost of Civil & HM works
the of the project as finalized in this Division are enclosed at Annex-I and Annex-I11I
respectively for favour of information and further necessary action in the matter.

\
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T3 Sifrg, (Ta9hE-1), Hofdowmo
0. 4/21/ $AR/2007/™08l 820-A 2 fai®: 10.11.2016
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1. fewe (diuah),Hofaomo |

¢ 2. Chief Engineer(HQ), 2" Floor, JKPCC Building Rail Head Complex, Panama
Chowk, Jammu-180012 (J&K).



KWAR HE PROJECT (4 x 140 MW) Annexure-1
JAMMU AND KASHMIR

':‘r: PARTICULARS Qry. MONTHS ] 3 ! 2 8 ) L 11] 121 13 411 16 {1 18] 19 20| 21| 22 23| 24 | 25| 26 | 27 | 28] 29| 30| 3] 21 33| 34| 35| 36 38| 39| 40 1] 42} 43| 44 | 45| 46 4
A|MOBILIZATION 3
B|DIVERSION TUNNEL
1|Open excavation 48000 2
2|Excavation of DT
Heading m 685 4
Benching m 685 2 h
3|Concrete Lining Z
Overt m 685 3
Invert m 485 2 _
4|Concreting of DT gate Structure cum| 7600 3
5|Hydro-Mechanical Works
i|Design & Engineering Job % 4 q
iifManufacturing, Tesfing and Supply Job | % 8 m
iii| Erection 4
é|Diversion Tunnel Plugging Job %o 1 =
COFFER DAM (U/S AND D/S) River Diversion
1| Rock fill/Impervious fill/Filler material cum| 350931 7 = |
Reservoir filling Job %o 1
D|CONCRETE DAM
1| Common excavation/ Rock 12
excavation cum | 498153
Riverbed excavation 2 *
Concreting upto River bed level EL 2
1286
Concreting above RBL EL 1286 upfo 3 h
crest level of under sluice gates
5/Concreting above EL 1305 upto crest| Svm| 817500 5
level of spillway Radial gates Orifice
Type
Concreting up to Dam Top 13
Common excavation/Rock excavation 5 ]
b cum| 79640 e =)
Concreting for intake structure cum| 78700 b e e
Hydro-Mechanical Works
i|Design & Engineering Jlob % 15
Hianuiaceing. Teming and supply [ Job 1 % |k e T T e e e U Tt T T T
ii|Erection of under Sluice Gates Job % T “

<

Erection of intake gates Job % 10 ﬂ“

PLUNGE POOL

Tk

SRS i B H R | S B ey e et |

2|Concreting of Plunge Pool cum| 51600 8
PRESSURE SHAFT

1|Platform and arrangement of vertical| Job % 4
shafts

3;
&

Erection of Spillway Radial Gates Job % 12 | W




. 1 2 3| 4 5 4 7 : 2110112 I 1415 16] 17 191201 21| 22| 23| 24| 25| 26| 27 |28| 29| 30| 31| 32| 33| 34| 35| 36| 37| 38| 39| 40| 41
:L PARTICULARS UNIT| QTY. |MONTHS ' ; : s R R B -l e : X
2|Excavation of Adit fo Lower Penstock,| m 220 3.5
Erection Gallery through Adit cum
Surge Gallery of TRT-2
3|Excavation of Lower Penstock Erection| m 90 2
“ |Galiery, Dewatering Shaft and Pump ==
House
4|Excavation of Vertical and Bottom
Pressure Shaft
IfPs-1 m | 141 8 R rm—————
i[Ps-2 m| 16 9 T
iii|Ps-3 " 187 1
iv|Ps-4 m 205 13
5|Hydro-Mechanical Works
i|Design & Engineering Job To 12
S A i | W [ e T I T e S e
iii[Erection of Steel Liner PS-1 m | 236 8 m
iv|Erection of Steel Liner Ps-2 m 223 8 { w
v|Erection of Steel Liner PS-3 m 2n 8
vi[Erection of Steel Liner PS-4 m | 201 8 w
6|Back fill Concrete
i|PS-1 m 117 8
ii|P§-2 m 133 8
iii[Ps-3 m | 146 10 |
iv|Ps-a m | 165 n w
G|POWER HOUSE
1|Open Excavation and Establishment of| Job o 2 e
Portal of MAT
2|Excavation of MAT to P/H m 645 8 T
3|Excavation of Access Tunnel to|l m 265 2
Transformer Cavern through MAT
4|Excavation of Adit to P/H crown m 100 a *
5|Excavation of Adit to Control Block| m 70+45 1
Crown through MAT
6|Excavation of P/H Cavern cum| 142043 | 13 ST T T
7|Excavation of Control Room Cavern cum/| 18051 a4 %
B8|Excavation of Transformer , GIS and| cum | 55037 9
Draft Tube Gate Cavern
?|Excavation of Draft Tube Gate Shaft Job % b
10|{Concretling of Draft Tube Gate Shaft Job % b —
11|Hydro-Mechanical Works
i|Design & Engineering Job % 12
ii|Manufacturing, Testing and Supply Job o 15 1
iii|Erection lob| % 9 ' :
12|Concreling in service bay upto EOT| Job P 3
level _
13|Concreting of Columns and Beams in| Job % 7
Power House upto EOT level.
14| Concreting of P/H lob o 18 T T T T T T T T T o T oL o ot e o e
15|Concreting of T/F Cavern Job P 10 W




Sr.

No PARTICULARS UNIT| QIY. | MONTHS

=

TAIL RACE TUNNEL

—

Underground Excavation (Rock Class Il| cum | 407200 21
to V)

“2|Cement Concrete lining - M25/A40 cum| 126600 | 14+3

3|Reinforced Cement Concrete -|cum| 10600 5
M25/A40
4|Hydro-Mechanical Works of TRT Outlet
Gates
i|Design & Engineering Job o 8
iifManufacturing, Testing & Supply Job o 10
jiii | Erection Job T 8

1| GIS BUILDING AND POTHEAD YARD

1|Surface Excavation cum| 210075 b | IS |
2|Concreting cum| 21715 8
3|Erection of Pothead yard Equipments Job Yo 10
4|Cable Tunnel
i|Surface Excavation and Portal Job o 2
Preparation
ii|Excavation of Cable Tunnel m 320 10

J|E&M works of Power House

i|Design & Engineering and Supply Job % 39
ii| Erection of EOT Crane in service bay Job % 1
iii| Extension of EOT Crane in Units Job % 3
|
iviUnit-l -  Erection, Testing and| Job % 18 |
commissioning [ [ eIE E ! ! | ! ! ; ! !
v| Unit-11 -Erection, Testing and| Job % 18 |' e T :
commissioning R ! [E] !
vilunit-l_ -Erection,  Testing _and| Job | % 18 e e =
commissioning L
vii| Unit-IV -Erection, Testing and| Job % 18
commissioning | |
viii| Erection of Transformers Job | % 12 i :
ix{Unit-l - Erection, Testing and| Job % 2
commissioning
x/Unit-l - Erection, Testing and| Job % 2
commissioning
xifUnit-l - Erection, Testing and| Job o 2
commissioning
xii|Unit-l -  Erection, Testing and| Job T 2
commissioning
LEGEND:

EEEEEme—e) Civil Works

Eerra e | HM Works

e E&M Works

E=———— i Monsoon

----------- g Critical Activity

L]
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Fira fagga it
Central Electricity Authority
ardy fafae siftywed gur

Thermal Civil Design Division

Sub: Kwar H.E. Project (4 x 140 MW) in J & K: Construction Schedule
and Phasing of Cost of Civil & HM Works -Reg.

In continuation of this office’s letter no. 4/21/Kwar/2007/TCD/820-22 dated
10.11.2016, it is to inform that as per summary of expenditure incurred by NHPC
vide their letter no. NH/C&JV/JV 01/890 date 07/10/2014, the capital expenditure
incurred (taken from audited account as on 31.03.2014) on Kwar and Kiru project is
Rs. 104.92 crore. Further, as per CVPP’s letter no. CVPP/CE (HQ)/camp- FBD/445
dated 31-10-2016, the amount of Rs. 52.33 Crore has been considered in Kiru HE
project and the balance amount of Rs 52.59 crore shall be booked in the cost of Kwar
H E Project. As this expenditure has already been incurred, so no phasing is required
for this amount.

This is for information & necessary action, please .

S

|

5
T n )b
(ﬁwqm]m
[BEEED
T i, (TE.UT-1), dofdomo
do. 4/21/ HAR/2007/ER8Y/ 524 -24 fe7i®: 11.11.2016

uﬁﬁﬁwﬁ@aﬂiﬁé%ﬁ.

1. ez (drush), sofdommo |
\_-27 Chief Engineer(HQ), 2" Floor, JKPCC Building Rail Head Complex, Panama
Chowk, Jammu-180012 (J&K).




Hid HshiY
Govt. of India
SeE e witeo wan
Central Electricity Authority HsO: 9001-2008]
St faegd ARSI Fodhat-1 JoIT
Hydro Project Appraisal-l Division
HEEH T, Tl A, HHRA, A5 Redl 110066
7™ Floor, Sewa Bhawan{N), RK Puram, New Delhi-110066

NN

Subjeci: Kwar HEP (4x140=560MW) H.P.-Half yearly phasing of expenditure regarding.

This has reference tc CVPP of lettar n0.-CVPP!CE(HQ)!KwaﬂCamp—deQO’I6/45? dated
04.11.2016, please find enclosad herawith the phasing of estimated hard cost (at present day
level) of Kwar HE Project as finalized in TCD Division (Givii works) and HPA-l Division (E&M
Works). '

. Gross installed capacity -560 (4x140MW)

- Phasing of hard cost (at present day level) of the project is given at Annex-1.

. Design energy of the project is 1975.54 MU.

. Zero Date for main construction works- 1st Sept, 2018

. Pre-Construction period of the project before ‘Zero Date’ has been considered as 18 months
and the main construction period after ‘Zero Date’ has been considered as 54 months.

. Project is proposed ag underground power house with static excitation system.

O BN

M

9. Unit wise commissioning schedule of the project is given below:
Main PH
1t Unit - £1th month
2nd Unit : - 52nd month
3rd Unit - 33rd month

4t Unit - B4th month

e

It is requested that iDC & FC and ‘ariff of the project may be calculatad for inclusion in the

Authority note for the concurrence of the project likely fo be discuszed on G Canecurrence
meeting.
Enci: as above —
dearehlin
2004
(AT FAR )
[EiEg (i)

$AE- dirpad@gmail.com

\/ﬂﬂef Engineer (F&CA), CEA
No: 203/25/2016-HPA/ 721 Date: //.11.2016

Copy for infarmation o Director {(FAC) CEA




ANNEX-+ |
KWAR HEP{4X135=540 MW)- J&K
Phasing of Expendifure
{ Rs.in Crores )

Year ' Half Present Day Cost (At April, 2016 PL)
Yearly Security
- CIVIL E&M Expenses TOTAL
Expenditure incurred by NHPC 52.58 0.00 0.00 62.59
Expenditure made by CVPP upto
April, 20186 : 21.54 0.00 0.00 21.54
Expenditure to be 90.26 0.00 0.00 20.26
made till Zero date
{1.9.2018) from Apr 2016
Sub-Total : 164.29 0.00 0.00| 164,39
1 [ 172.27 0.00 9.00 181.27
i 286.47 0.10 .00 205.57
Sub-Total : ' 458.74 0,16 18.00 476.84
2 | 361.52]  104.94 9.00 47556
' ] 528.58|  147.67 9.00 685.35
Sub-Total: 890.30] 252.61 18.00  1160.91
3 | §55.61]  202.80 7.84 766.26
I 534.15|  201.91 7.54 743.90
Sub-Totat : V71 1ossvs] a0a7r1| 4589 151015
4 | 40224 iTo.zz 7.5 Gebu. 5
fl 190.87]  109.71 7.84] 308.43
Suh-Total : 653.14 27993 15.569 948.73
5 - i 18.16]  104.04 7.844 130.04]
- Sup-Total : 18.18]  104.04 784 130,04
Grand Total 3110.06] 1041.38 75.22. 433105
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CENTRAL ELECTRICITY AUTHORITY
F & C A Division, E & C Wing
R0 Td @0 Hedidd YA, 30 g a0 whY

SEWA BHAWAN, R. K. PURAM, NEW DELHI - 110 066

Far wa=, WO F0 G, & feoell — 110066

(19

v/

1S5S0 op01 - 2008
e 9001 - 2008

fwa: Appraisal Note for CEA Appraisal of Kwar HEP (540 MW) in Jammu &

Kashmir.

giasf: PAG letter No 2/NHPC/57/CEA/0T-PACIS36-75 dated 7.11.2016

This is reference to PAC letter dated 7.11.2016 for Appraisal of Kwar HEP
(540 MW) in Jammu & Kashmir by M/s Chenab Valley Power Projects Pvt. Ltd. to

be hold 15.11.2016 at4:30 PM

The hard cost and other parameters
their letter dated 11.11.2016
tariff. The Appraisal
of CEA , is enclosed herewith.

This issue with the approval of Member (E&C), CEA.

W:mfmﬁ

\/%‘c‘:am (PAC Directorate). &. fa. .
q0: 120475 B Wy 3 wd ai/fa A A/ 128

Copy to: HTA AT (HPA-I), &.fa.um.

forwarded by HPA
have been considered for computation of 1DC and
Note of F&CA Division, in respect of Kwar HEP for Appraisal

Division-| vide

ol

(Pankaj Batra )
qET HHT!

e :11.11.2016
15



Appraisal Note on F&CA aspects
Appraisat Meeting to be hold on 15.1 1,2016

1_jName of Project: KwarHEP o

3 |CapacityMW):_____——— 1] g .

_&Name of promoter: . " Mis Ghenab —alley Power Projects Pvt. Ltd: R T '
Tocation: . ——— T J_Kis@npi N

5 !State: Jammu & Kashmit

A. | Present Day Cost (at April, 2016 Price Leve 1)
]{Informatlon nased on HPA-L Division letter No. 203!25!201BIHPN?24 dated 11.11.20186)

Foreign Currency Com Component Indian '\Total Cost ] 4 of

LCurrency l Amount Exchange \ Equwalent Camponent | Total
_in miflion 4 Rate { @) | indian & RsCr. __RsCrores Rs Crores | Gost_

—— — 4391, 05 4391.05 88.72
T USS T — 0.00] - Sk

; ! I 0.00 53221 __ 10.75

25.98 0.52

3 [Financing Charges | - ‘ —@3
 _ TOTAL{InclIDC &FC) A 00~ & ot

" [Completion Tost Rs.crs/MW | 347
e. |F1NANGIAL PACKAGE SUMIMARY

Pl T
4949.24| 4949.24\ 100.60

Al

e ——

B DEBT FiNANG‘NG )
8i. Sourcei urrency Amount Exchange\ Equwalent | interest 'I
No, Name of Agency Rate ( @ }. indian Rate %

] i cr {Fixedl

Rs

- _ l o Floating) o

(a} Forgign Debt _ : _ \ o l _

I——) Domestic Debt \
Rs :

{’_—I 10.55%
% of Total Gost_

.. 1
Rupee Jerm Loan (b g.tb-_Totai = o

ToTAL DERT () * (b)-

B2 EQUITY FINANCING . _
si. [Sourcef Currency l Amour Exchan Equivalent
No.|Name of Equity | lRate i@ tndian \
_ |Partnets . e o RsGr | e .
(a) |Foreign Equity ] i
o L1 R e
{by [Domestic Equity 5 Rs | | "‘_ 1484.77
1 \ {b) sSub-Total = - | 1484.77 % of Total Cost =

TOTAL EQUITY (&) * () [ 148477 ‘ %, of Total Cost

TOEBT+EQUITY (B1+B2)= | 4949.24 DEBT - EQUITY RATIO
53 [FINANGING CHARGES ____ -

51,1-,_ ‘ Upfront [_.ommltt Guarantee Others Total I REMARKS - }
No. iTEM | Charges ment Charg|Fees (if any} Financing |
i | _RsCr cr_| Re Gr Rs Cr Rs. Cr i Gharggsi_l‘«‘_sjr ]__[ I ]



C. OBSERVATIONS :

i The hard cost and phasing of expenditwe has Teen takan as per HFA Division letter dated 11.11.2016

iy, The hard cost is based on present day cost at PL April, 2016]

(iin The projectis proposed Lo be firanced with a debt -aguity ratio of 7T0:30

fiv) (Geslation Period of the praject is 54 months fram zero date .e. 1.9.2018 as per HPA | Division letier dated 14.11.2016
{(vi Tne rate of interast as proposed by developer is @10.55% per anmuim for loan.

i) G &FGS based on deploying 30% of mquity up-irant.

i) Financing Gharges adopted 25 proposed by developer 0.75% for loan.

" TARIFE AGSUMPTIONS-As per CERC Tanff Regulations, 2014

Tlinstated Gapaclty (4x156 MWV 540__L_,_,2}_‘1UM”/_01_____~_,,__L_30-_09°/G L
SDesignenergy MY 97654 | . g N 70.00% g .
~ 5lAuxilia %@@@M’-‘— 1.20% g . i —'—l—'—
_.?ﬂﬂ,@fip_._‘w.—._._.__ﬁ__._l._ﬁ' . =l . .
_ 9 DM@_.__.______%EEC norms
o —
i1 lRetum onequly . .
1.3~Life of plant o 35 years __14|Corporate tax 34 61% )
}_15|Minimum Alternate Tax (MATY) ] 20.96% _ A8 Discountng factor 10.89% | i
r | . o . 17 |Mainienace Spares( % of D&k costh 16.00% R
| - | |
. |
—
E. ’ Taritf (Rs./Kwh)

L_ _ Ist Year | Leveliged
] With 13% free power as per CERC Norms) 621 i 577 o

e a - .
Note: This is only Indicative Lariff.

iL Levelised tariff of other Hydro Power Projecis rocently nlaafed by GEA is enclosed as ANNEXURE




Levelised Tariff of 4

ANNEXURE

£ Fpjacts recently cleared by CEA

S.N

Project Name

Cost/ MW

Promoter

Re8.Crs

Levelised Tariff (Rs/kwh)

Date of issue of TEC

Capacity | Energy Tetal

Charge | Charge

Athirappailly
KSEB - Kerala
31.3.2005

237

1.35

.83 2.18

Rampur HEFR
SJIVNL in HP
9.12.20056

569

0.87

0.9 1.7%7

Lata Tapovan HEP
NTRPC Hydro Ltd.
8.2.2006

483

.58

0.7 1.28

Teesta HEP St -l
Tista Urja LE
12.5.2006

475

.96

0.86 1.61

Pakal Dut HEP
Mis NHPC Lid
03.10.2008

NTPC
12.9.2008

Rammam HEP St- il ¢ 1

B9

13

1.24 2 54

-0.92

107 199

Vishnugad Pipaikoti
Mis THDC Lic.
21.09.2008

1.02

0.84 1.95

Kotlibhei 1A
/s NHPC Lid
03.10.2006

0.91

0.66 1.77

Kotlichel 1B
Mis NHPC Lid
31.10.2008

585

1.2

1.14 z.24

10

Kotlibhel St — i
M/s NHPC
30.11.2006

TES

478

1.06

1.01 =07

"

Loktak Down stream -
NHFC
15.11.06

73

8.64

0.71

1.22 L G2

t2

Teesta St VI HEP
Lanco Energy Pyt Lid
27.12.2008

6.57

1.1 23

13

Pala Maneri HEP
Mfs HIVN Lig
23.02.2007

14

Rangit St vV
Jal Fowsr Com. Lid.
(6.07.2007

Lower Jurala
APGENCCO
24.07.2G607

16

Pare HEP
NEEFCO

24-08-2007

7 |Dibang HE®

NHPC
23-01-2008

4.01

0.8 G446

8.05

1.04 243

1.47

503

548

15

Guincia HEP
KPCL
25-04-2008

ne

287




ANNEXUIFE

-t ects resently cleared by CEA

5.N|Project Name . city | Cost/ MW Levelised Tariff {Re.1<wh)
1 o |Promoter LW Rs.Crs
Date of issue of TEC - Capacity | Energy S tal
d Charge | Charge
19 {Singoli Bhatwari HEP |75 6.73 2.33
L&T Uttaranchal
11.07.2008 —l
20 JAlaknanda AEP T1ED 472 T4
GMR Energy Lid.
08.08.08 o
21 [Rupsiabagar IR ITTTTEE 265
Khasiabara — NTPO Iﬁ'
18.10.2008 —
22 {Demwe Lower - S 7.5 357
Athena Demvie PP,
20.11.2009 o
23 |Lower Siang —. - 872 253
M/s Jaypee Aranachal
Power Limited —
18.02.2010 ol 7.4, 297
24 |Teesta IV HEP R 6.91 Hd
Mfs NHPC Lid,
15.04.2010 b _
25 [Kuther HEP R 744 377
M/s JSW Enargy Lid
10.08.2010 S :
26 [Baglihar HEP Stage-l. | |4 470 2.3
M/s JRK SPDC it t (Wi out WMega)
20.12.2010 | 4.48 2.7
. “With Mega)y -
27 |Sainj HEP S 6.76 300
HPPC itd :
29.12.2010 R .
28 IPanan HEP Y 6.10 3565
Himagiri M E.P ttd
07032011 e B
29 |Nafra HEP Y 7.07 JEL
M/s SEW Nafra Eowor
Corpn. Bt Lid.
£1.02.2011 o -
30 {Nayamjang Chilwu - 301 3.9z
Mis NJC Hydro Power {Miibout Mega)
Ltd.
25.01.2011 782 387
om0 Mega) "
21 IKolodyre Hop Uy 1.26 5.3
Mfs NTEC :
14.09 2011 R .
32 |Tawang-! HEE B ¥ 88 320
Mis NHPG
10.10.2011 N R
33 |Tawang-Il HEP L BT 3.54
Mis NHPC
22.09..2011 _




LTt R

S.N
o {Promoisr

Date of 53 e 015_'f’!.§f_f

49 (Kalai-li HEP
MIS walai Perwar oy
Lid,

8.1.2014

M/s Malan Power 20
Lid
31.03.201%4

Diku HER

Mis Naga Mara Pove -
pvt R

31.03.2C14

51

52
JE&K BRDC tid.
10.06.2014

53|Chhatryu HEP
Mie DM Srirarm
Infrastructure Lid
15.01. 2075

s54lKynshi » ] HEL
Mis Athana #Kynst
Power Pyl i i,

28.01.2015

s5iHen HEP
Mis Velean Sngrgy

16 (14,2013

Tato-| HE?

Kwar HER

Chinati vaiies Pow: -
Projects 2vt L

New Ganderal oi=f +

Mfs Sivats Hyro Pass :

Project Nsarga_em____‘__ _ L

Changn Yengtrang 1 7

e b L,

e LT T

 rom e e A.f._.= wan

N

ANNEXURE

b Hvects r2cently cleared by CEA

s s =

CosuMW

Levelised Tariff (IR <wh}

Capacity
Charge

Energy
Charge

Toital

6.56 (SERG)

“RoE 116.5%
“C)

8.53(CH

*Ro= 116 .5%

ST BT

7 37(CENT)

*Rof: 116 5%

i3 BTN

4.74 (CEXC)
4.34 JKERC)
withaut froe power

T3 1120

7.05(CE 1T

*RoE @15 5%

11.88

17.07(CERT

*RoE @16.5%

257 BT

3.85(C=rly

RoE @17.6%

2.03

4 40(CES

Ltd

04.06.20158 RokE @1&.a%

(Letter to e esuecy | . .
57|Lower Kopil Sz ' - 9.30 3.87(AERD)

APGCL

e ROE @13.3%

58{Seli HEP T T %030 5.85 (CEAZ)

Seii Hydro Eizatric

Power Cap. L. s "Rok @ i3 5%
59|Kiru HEP I T -

Chinab Valley Pov-sey

Projects Fra, Lig, e , . !

L SQlSach Khay — T T g 8.36 (03 |
L&T Mydre Fower Lid i ‘ROE @15 5%
(meetingto ke 1ol ~ 1" ¢ e

1 Loktak Dis Hi 205 8.20 (Raz 155%)
Mis Loktak Dowrsmer 606 (Ro i'.'}f:%)

- —.

877 (CRERT) _
“eoe s

?




Leveiisad Tarifl of

=
=8

uiects recently cleared by CEA

S.N|Project Name ¢ ‘v.acity |  Cost/ MW Levelised Tariff (Rz/Kwh)
o |Promoter LI Rs.Crs
Date of issue of Tl Capacity | Energy ¥ ytal
R Charge | Charge
34 [TATO-H HiP A TR T TE0
Mis NHPC
22.05.2012 o
35 |Vyasi HEP 20 7.30 455 1 CERC)
Mfs UJVN Ltd ' 270
25.10.20%1 _____ . { JERCY
36 |Bajoli Holi HIEP ! 20 G.43 470 (CERC)
s GMRHF [Ltg ' 4.79
30.12.2011 e {riFERC)
37 [Indira sagar CED 314 317:GERG)
{Poiavaram)
Mis APGERNC! 2 7R
21.02.2012 o (£FERC)
Shongtong warchar 3.67 CERQ)
38{HEFR =50 624
Mis HPPCI.
16.08.2012 _ 3.95 {PERC)
30|Devsari H=P [ .48 6.19 3.57 CERC)
ftis SVNL
07.08.2012 - _
40|Ratte HEF | 250 6.49 3.83(CERC)
Mis GVK Ratle |
19.12.12 )
41| Miyar HEP 0 9.38 5.53(CERC)
tfs Miyar Fryparn Rine
Power co
7.2.2013 .
42{Hirong-il HE? 00 10.33 5 43(CERC)
Mfs Javoee Arunachz|
Power Limiled
10.04.2013 e wiih Mega _
43| Gongri HEF &4 8,97 4 821 Z2ERC)
W/s Dirang knieray = |
4.02 2012 o
44]Etalin-li HEP B Y X 407 2ERCY
M/s Etaiin Hydro Zasg ric
Powear Co *ROEAG 8%
12072013 I
Dagmara HEP- '
45{17X7.6oNW .08 22.51 13,012 F30)
M/fs BHiPC - withour 7 s powear
Dias of maeting
203,201 (lettar s 12
issUed) -
4g] FBloNg ~enda BEF 25 ¢ 66 5 54{CERD;
Mis GMR Landa -+, ds
Power Py L. *ROF- 3 5%
1682012 e
47 |Naying HEF 00 ¢ 30
Mis Naying 38C Poav s 4.7 (CERC)
Lid.
11.9.2015 R @18.5%
48 [Siyom HEE 0@ 12.10
Bfs Siyam oo BT (CERD)
Power Pyt L1,
17425043 "R @15 5%




Chenab Valley
Power Projects (P) Ltd

Save Energy for Benefit of Self and Nation
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