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(i)

Techno-Economic summary of Kundah Pumped Storage Hydro-electric

a)

Projectin Nilgiris District

Name of Project

b) Type

C)

d)
e)

f)

9)

h)

Installed Capacity

State
Location

Existing Reservoirs

Executing Agency

Permission from

State government

Project features

Kundah Pumped Storage Hydro Electric Project

Pumped Storage

500 MW( Phase | — 1X125MW + Phase Il —
2x125MW + Phase IIl - 1x125MW) )

Tamil Nadu

Nilgiris district

Upper Resrervoir: Porthimund Reservoir
(Capacity: 49.03 Mm?)

Lower Reservoir: Avalanche-Emerald
(Capacity: 149.57 Mm3)

Tamil Nadu Generation and Distribution

Corporation Limited (TANGEDCO)

TamilNadu Govt's“In-Principle”approval obtained

vide G.0.Ms.No0.62, dt.28.6.2007

Head Race Tunnel (HRT)

1246.76 m long, 8.5m dia Circular with
peak discharge of 240 cumecs.

Head Race Surge Shaft

(Restricted Orifice)-65.41 m high, 17m
dia (lower), 24m dia (upper)

Adit to HRT & PS Top

439.15 m long, 6.5 m x 7.5 m, D-shape.

Pressure Shaft

2 Nos. each 474.34 m long, 5.5 m dia
with peak discharge of 120 cumecs;
steel lined

Penstocks

4 Nos. each 50 m long, 3.9 m dia with
peak discharge of 60 cumecs; steel
lined

0-11
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(i1)

Adit to PH Bottom

435.34m long, 6.5 m (W) x 6.5 m (H)
D-Shape

Power House

An underground power house of size
156m (H) x22m (W) x48m (H) including
service bay to accommodate 4 nos.
Francis  reversible  turbine  type
generating units of 125 MW each
operating under rated generating net
head of 236 m and a generating design
discharge of 240 cumecs and rated
pumping head of 248 m & a pumping
design discharge of 186 cumecs

Transformer cavern

Size 144.20m (L) x 18 m (W) x 18.5m
(H)

Construction adit to PH top

Size 274.039m,6.5mx6.5m
D-Shape

Tail Race Tunnel (TRT)

912.77 m long; 8.5 m dia Circular with
peak discharge of 240 cumecs.

Adit to Tail Race Tunnel

168.79 m long; 6.5 m x 6.5 m D-Shape

Tail Race Surge Shaft

78.37m high, with 13 m x 52 m
Collection Chamber

Adit to Tail Race Surge Shaft

485.25 m long, 6.5 m x 6.5 m D-Shape

Main Access Tunnel

1355 m long, 8 m x 8 m D-Shape

Cable cum Ventilation Tunnel

861.53 m long, 6.5 m x6.5 m D-Shape

Benefits:

The project would provide peaking benefits of 500 MW (daily peaking energy

would be 3 MU with all 4 units of 125 MW each operating for 6 hours daily for

the whole year except during the month of January). Annual average energy
benefits (for 11 months) would be 1005 MU.

0-12
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(iii)

Cost Estimate:

( In Crore rupees)

(iv)
(v)

(vi)

At March, 2014 Price level Cost
Phases of Civil + HM + E& M works IDC Total Project
Cost of Civil | Cost of | Total Cost Cost (including
and HM works| E & M IDC)
works
Phase | 568.21 311.64 879.85 [109.95 989.80
Phase Il 109.10 443.96 553.06 |46.26 599.32
Phase Il 28.29 195.93 22422 |17.95 24217
Total Cost 705.60 951.53 1657.13 |174.16 1831.29
Cost/MW (Hard Cost) : Rs. 3.66 Crores

Levellised Tariff

Phase | : Rs. 9.41 per Kwh
Phase Il : Rs. 4.51 per Kwh
Phase Il ' Rs. 4.13 per Kwh

Combined for 500 MW : Rs. 5.64 per Kwh.

Commissioning schedule of the generating units:

coDof 1St unit - 48" month
copof2"@unit - 50" month
coDof3@ Unit - 52™ month
copof4Nunit - 54" month
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1.1.

3.1.

Detailed Note on

Kundah Pumped Storage Hydro-electric Project (4x125 =500 MW)

Introduction:

Kundah Pumped Storage Hydro-electric Project 500 MW (4x125MW) is a
Pumped Storage Scheme in Nilgiris hills of Tamil Nadu for providing
peaking benefits utilizing the existing reservoir at Porthimund (live storage
20.10 Mm?® between FRL 2220.46m and MDDL of 2207.55 m) as the
upper reservoir and Avalanche-Emerald reservoir (live capacity
130.84 Mm?® between FRL 1985.80m and MDDL 1957.98m) as lower
reservoir. In this project proposal, no new reservoir is proposed. Both the
reservoirs will be connected with tunnels which will serve as Head race &
Tail race water conducting system. An underground power house will be

constructed between the two reservoirs and connected with the tunnels.

The projectis to be executed by TANGEDCO in the State Sector.
Salient Features:

The project would provide peaking benefits of 500 MW (daily peaking
energy would be 3 MU with all 4 units of 125 MW each operating for
6 hours daily for the whole year except during the month of January).

Annual average energy benefits for (11 months) would be1005 MU.
Hydrology:
Water Availability:

Combined inflows of Porthimund and Parsons Valley reservoirs for
37 years from 1976-77 to 2012-13 have been used for carrying out
integrated reservoir operation studies.
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41.

Integrated Reservoir Operation Studies:

For arriving at 90% dependable year, the annual inflows for all the years
from 1976-77 to 2012-13 have been arranged in descending order and
thus the year 1976-77 has been arrived as 90% dependable year.

In the DPR, installation of 500 MW units (4 Nos.125 MW capacity) with
Francis Reversible Turbine have been proposed. Integrated reservoir
operation studies have been carried out for the 90% dependable year. i.e.
1976-77 (June to May) on daily basis. In power potential studies, the
overall efficiency of Turbo-Generator (TG set) has been considered as
92% in generation mode and the overall efficiency of Pump-Motor has
been considered as 85.5 in pumping mode. The project would provide

peaking benefits of 500 MW for 6 hours on daily basis.

The existing reservoirs, Porthimund Reservoir with live capacity of
29.10 Mm?* and Avalanche-Emerald Reservoir with live capacity of
130.84 Mm?® would be utilized as upper and lower reservoirs respectively
for this Project. Storage required for 6 hours operation of this project is
5.184 Mm?3. Considering the one time locked quantum into consideration,
the balance water available in Avalanche-Emerald reservoir is sufficient

for operation of cascading Kundah power houses for 6 hours daily.

In case the inflows at Power house 6 are not adequate then additional
water could also be drawn from Avalanche-Emerald reservoir by pumping
water into the Porthimund reservoir so as to operate the Kundah power

house 6 as a peaking station.
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5.2.

5.3

Design Aspects:

Civil Design Aspects:

Based on the bore holes drilled at various locations of the water conductor
system route and the access tunnel route to ascertain the rock mass

quality, the design of the components have been made.

Hydraulic model studies to study the water and sediment flow in both
upstream and downstream intakes and approach channels under
generation and pumping mode and numerical model studies for the
underground power house cavern to study the stress and deformation
pattern are to be carried out.

E & M Design Aspects:

The project envisages installation of 4 Nos. Francis Reversible turbine
type generating units each of 125 MW capacity operating under a net
head of 236 m in generation mode and 248 m in pumping mode with a
rated speed of 375 rpm. The generation voltage will be 11 KV. This
voltage would be stepped up to 230 KV voltage level by 3 phase
transformers of capacity 162 MVA each placed in Transformer Cavern.
The connection between generator and step-up transformer would be
achieved by means of 11 KV air insulated isolated phase bus ducts. The
switchyard will be located in the open TANGEDCO land near the Cable
— Cum Ventilation Tunnel portal.

Power evacuation:

The proposed project will be in Kaducupa Reserve Forest and forming a
separate corridor for transmission lines will require acquisition of forest
land and felling of trees. To keep the acquisition of forest land to minimum
level and minimum felling of trees, it is proposed to use the existing

0-16
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8.0

8.1.

corridors and form 230 KV multi circuit towers to accommodate the
existing transmission lines and the new lines from this project. Since the
project is a pumped storage scheme, the transmission system has been
evolved to meet both power evacuation of 500MW in generation mode
and power drawal of 525 MW in pumping mode. Adequate reserve has
been provided in the transmission system and the system can handle the

entire power evacuation/drawal even with 3 feeders.
Geological Aspects:

Geological Survey of India (GSI) has furnished geological reports based
on the geological explorations carried out. The recommendations
suggested by GSI are to be adopted during execution. .

Inter State/International Aspects:

As there is no new reservoir proposed, it does not involve any additional
evaporation losses. About 3.5% of water with respect to Lower Reservoir
(Avalanche Emerald) will be circulated without consumptive use under
circulation in generation and pumping mode. Hence, there is no interstate
issue involved as there is no water diversion/water consumption/damming

up of water in this project.
Statutory approval/clearances obtained
Government of Tamil Nadu’s Approval

Tamil Nadu Govt’'s “In-Principle” approval obtained vide G.0.Ms.No.62,
dt. 28.06.2007 (Copy available in Chapter 20 of Vol Il).

Tamil Nadu Gowvt’s approval for execution of Phase-l (1x125 MW)
obtained vide GO.Ms. No.133. Dt. 03.12.2008 (Copy available in Chapter
20 of Vol II).




Kundah Pumped Storage Hydro Electric Project S ——

(1x125 MW + 2x125 MW + 1x125 MW) F . R
Detailed Project Report E—0
Volume I — Technical Aspects WAPCOS

8.2.

8.3.

8.4.

Tamil Nadu Govt's approval for execution of Phase-ll (2x125 MW)
obtained vide GO.Ms.No.50 dt.29.04.2013 (Copy available in Chapter -20
of Vol II).

Tamil Nadu Govt's approval for execution of Phase-lll (1x125 MW)
obtained vide GO. Ms..No. 44 dt. 20.06.2014 (Copy available in
Chapter 20 of Vol II).

Environmental Clearance from MoE&F/Govt. of India

Ministry of Environment & Forest (MoEF) accorded environmental
clearance to the project with installed capacity of 500 MW vide their letter
No.J-12011/62/2006-IA-1,dated 08.05.2007(Copy available in Chapter- 20
of Vol Il) and its validity was got extended subsequently (vide Lr.
dt. 09.09.2013 (Copy available in Chapter 20 of Vol Il) with a condition
that the project works are to be commenced on ground during the
financial year 2013-14 i.e. before March 2014.

Tamil Nadu Pollution Control Board (TNPCB)

Tamil Nadu Pollution Control Board accorded Environmental Consent to
establish the project under Air and Water Acts vide their letter
No.TB/TNPCB/F.19/NLG/A/ 2007dt.16.10.2007 (Copy available in
Chapter 20 of Vol Il) and TB/TNPCB/F-19/NLG/W/2007 dt.16.10.2007
(Copy available in Chapter 20 of Vol Il). These consents have been
renewed up to 26.08.2016 (Copy available in Chapter 20 of Vol Il).

Forest Clearance from MoE&F/Govt. of India

Ministry of Environment & Forest (MoEF) has accorded Stage - | Forest
clearance for the diversion of 18 ha. of forest lands in Kaducuppa R.F and

Hiriyashighe R.F for the establishment of this project vide Ir.
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8.5.

10.
10.1.

dt.27.11.2008 (Copy available in Chapter 20 of Vol Il). Ministry of
Environment & Forest (MoEF) has accorded Stage-Il Forest Clearance
vide letter dt. 21.08.2013 (Copy available in Chapter 20 of Vol II).

Based on this, GOTN has accorded approval for diversion of 30ha of
forest land vide G.O.(Ms) No.149, Environment and Forest (FR.10)
Department dt. 28.09.2013 (Copy available in Chapter 20 of Vol Il).

Clearance from R&R Angle:
There is no displacement of population involved due to this project.
Land availability

TANGEDCO purchased 47.89 Ha. (118.3 acres) of private land from M/s.
ALAN FIRM, Emerald Valley Estate, Emerald vide (Per) B.P. (FB) No. 83
(Technical Branch) dated 20.06.2008 (Copy available in Chapter 20 of Vol
Il) for compensatory afforestation and for locating over ground
components of the project. TANGEDCO handed over 36 Ha.
(88.92 acres), out of the above 47.89 Ha, to Forest Department for
compensatory afforestation and the balance land will be utilised for
locating over ground components of the project.

Estimated Cost:

Cost Estimate of Civil Works:

The cost estimate of the project has been prepared broadly on the basis of
“Guidelines for preparation of Project Estimate for River Valley Projects”
(Second edition, March 1998 of Central Water Commission) published by
CWC, New Delhi.

> PWD Schedule of rates for the current year 2014 - 2015 has been

adopted for working out the rates of materials and labour. For the

0-19



Kundah Pumped Storage Hydro Electric Project S ——

(1x125 MW + 2x125 MW + 1x125 MW) F . R
Detailed Project Report E—0
Volume I — Technical Aspects WAPCOS

10.2.

1.

11.1.

12.

item which do not find a place in the Schedule of Rates, local

market rates have been adopted.
Estimated Cost of E & M Works:

The cost of E&M works has been finalised on the following basis:

i) Cost of vertical Francis Reversible Pump turbine generating units
operating at a net rated head of 236 m and at 375 rpm has been
adopted @ Rs.8,550/- per KW including unit control boards, SCADA,
bus duct, surge protection & neutral earthling system, Governors, AVR
and static excitation system.

i) Costof generatortransformers has been considered as Rs.495.5/KVA.
Commissioning Schedule:

The project is scheduled to be commissioned in 54 months from the date of
letter of indent (LOI).

Unit-wise commissioning schedule is given below:

coDof1Stunit - 48" month
coDof2" unit - 50" month
coDof3™@ Unit - 52" month
coDof4M Unit - 54" month.

Residual Studies and further explorations:

During the execution of Kundah Pumped Storage Hydro-electric
Project 500 MW (4x125 MW) the following aspects have to be considered:

(i) Hydraulic model studies and numerical model studies are to be

carried out.

(i) Laboratory tests and insitu tests for density, shear, bearing

capacity etc., for different components are to be carried out.

0-20
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(iii)

(iv)

The slope stability of the two reservoirs is to be evaluated using
strength and other parameters like Proctor density (obtained from the
bore hole data).

The following investigations are to be carried out to
ascertain the properties/parameters of the rock:

Laboratory investigations:

e Uniaxial compressive strength
e Physical properties

e P&S wave velocity

e Slake durability index test

o Triaxial sheartest

e Modulus of elasticity

e Poisson'sratio

e Otherindextests.

Field Investigations:

e Deformability characteristics of rock mass

¢ In-situ stress measurements in power house area.

Instrumentation during excavation of underground structures to
monitor the behaviour of rock mass.

Fly ash and water proposed to be utilised are to be tested.

Site specific seismic study is to be carried out.

In case any geological surprises in underground works are
encountered, the same has to be systematically maintained as
record. The treatment provided for the geological surprises are also

be recorded for future use.

0-21
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CHAPTER 1 INTRODUCTION
1.1 Type of the Project

The project proposed is a Pumped Storage Hydro-electric Project and it
is the second energy storage system in Tamil Nadu. The first one being
Kadamparai Pumped Storage Hydro-electric station (4x100 MW) in
Coimbatore District. The Pumped Storage Projects are considered as

massive & effective energy storage system.

Tamil Nadu has harnessed its hydro-potential to the hilt and the
remaining projects which could not be implemented are due to the Forest
Department's objections and Interstate aspects. The present installed
capacity of hydro-electric projects in Tamil Nadu is 2184 MW. At present
Barrage type projects and small hydro-electric Projects upto 25 MW

capacity are being implemented.

As far as hydro-electric project is concerned, it is a cheap, renewable,
sustaining, and environmentally benign source of energy. On top of all, it
is an ideal source for peaking energy. But in Tamil Nadu, as all the hydro
potential has been tapped and due to the addition of Thermal/Nuclear
Power load, it has become imperative to go in for pumped storage
projects so as to convert the surplus off-peak energy of low commercial
value to high end peak power by recycling a small quantum of water
between the TNEB's power reservoirs.

The proposed Kundah pumped storage Hydro-electric project is an

underground project as all the components are located underground.

1-1
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1.2 Strength, Weakness, Opportunities and Threat Analysis of Pumped

storage project:

Strength:

e Second Energy storage system in Tamil Nadu

e Meetthe Peak Hour Energy demand

e Appreciable Revenue to the Power utility due to Availability Based
Tariff Concept.

e Requirement of limited quantum of water under circulation mode.

e Ensure good quality power by meeting the fluctuations in
consumption at consumer end —Major infrastructure requirement for
the development of Tamil Nadu

e Conservation of fossil fuel.

e Reliable system to cover the forced outages of the Thermal Power

Plants.
Opportunities

e Flexible Operation of grid
e To avail the benefit of Availability Based Tariff.

¢ Rapid changes in the cost ratio of slack period
Threat

e Nil — Distinct advantage over other possible sources of energy like oil

fired/Gas based Stations from engineering economics point of view.

1-2
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1.3 Location of the Project.

This project is located between latitude 11° 20" & 11° 22' N and
Longitude 76° 33' & 76° 37' E This underground project location falls in
Kaducuppa Reserved Forest and Hiriyashigee Reserved forest of Nilgiris
District, between TNEB's Porthimund Reservoir (formed during 1966)
and Avalanche Emerald reservoir (formed during 1961). The Project
office and the residential Quarters will be at Nanjanad Village,

Uthagamandalam Taluk, Nilgiris District.

The portal of Access tunnel of the proposed Power House will be at
45 km from Uthagamandalam (Ooty), the famous Hill station of Tamil
Nadu.

1.4 Accessibility to the site and the communication facilities available

The proposed Power House can be accessed from Uthagamandalam

(Ooty) on the Uthagamandalam-Porthimund road.

Uthagamandalam (Ooty) being the district capital of Nilgiris, good
communication facilities by way of frequent Bus services from

Coimbatore city are available.

Coimbatore city is the second biggest city in Tamil Nadu (i.e) next to
Chennai city and it is having domestic Airport along with limited

international Air services.

Coimbatore Rail station is well connected to all parts of the country. The
route to the proposed power station from Coimbatore will be as

follows:-

1-3
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e Coimbatore - Mettupalayam Plains Section 42 km

e Mettupalayam-Uthagamandalam (Ooty) Ghat Section 60 km
e Uthagamandalam - Proposed Power House Ghat Section 45 km

The distance from Coimbatore city is 147 Km. 147 km

1.5 General Climatic Condition

The Nilgiris District, wherein the project is located, lies between 11° and
11°55’ (North Latitude) and 76°13"'and 77°2' (East longitude).

The Nilgiri plateau in the Western Ghats is about 56 km long and 32 km
wide. The western edge of the plateau is bounded by a range of high

hills called the Kundah range.

Although placed in a tropical mountain range, the Nilgiri plateau enjoys a
subtropical to temperate climate by virtue of its altitude. Humidity of the
area reaches as high as 80 to 90% during the southwest monsoon (June to
September). The mean temperature of the coldest month is 15° C. Mean
maximum is 20.7°C and minimum is 9.6° C. Night frost may occur from the
third week of October to second week of April. On the whole, the Upper
Nilgiri plateau has a mild day-temperature conducive for the works.

The area receives rain from both southwest and northeast monsoons.
Average annual rainfall of the area during 1998-2001 was 2778 mm
while the rainfall ranged between 2160 and 3132 mm. There are 16
rainfall recording stations in the district. During the month of July, rainfall
iIs maximum. Winter and early summer (November-April) are
comparatively dry without notable rainfall. The monthly average rainfall in
the district has been about 94.2mm. The months of June, July, September
& October receive a rainfall that is more than the monthly average rainfall.

The district has an average 7.3 rainy days per month.

1-4
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1.6 General description of Topography, Physiography and geology.

Nilgiris district lies between 11° and 11° 55' (North latitude) and 76° 13'
and 77° 2’ (East longitude), with Kerala on the west, the Karnataka State
on the north and Coimbatore District on the east and south. The district
derives its charm from its natural setting, high above the sea level,
situated at the junction of the Western and Eastern Ghats. With its
several hillocks, undulating terrain and deep valleys the Nilgiris district
offers a fascinating view. The steep hills and awfully narrow valleys with
numerous rivers and rivulets meandering through in several directions
with many fine waterfalls provide striking scenery. The temperate climate
further heightens the attractiveness of the place. Total area of the district
is 2366.89 km”.

The forests of this district exhibit considerable variation in composition,
quality, and micro environmental conditions due to altitude,
physiographic and biotic features. The main types of forest occurring in
this tract are Shola Mountains forests, grasslands and Medium elevation
evergreen forests. An unigue important vegetation type in the Nilgiris,the

evergreen Shola forests and grasslands are considered climatic climax

types.

1.6.1 Plantation and Industries

The Nilgiris is mainly a Plantation District. The soil and climatic conditions

are highly favorable for Tea cultivation.
16.2 Tea

Tea industry here is over 100 years old and is the backbone of the

economy of this District. It is an agro based export oriented industry. Of the
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total cultivated area, tea is grown in nearly 70% of the area. As per the
recent data available Tea is grown in over 45,974 hectares and the
production is around 60,000 tons.

Tea manufacturing in the Nilgiris are mainly marketed in the auction centre
at Coonoor. Apart from this, Nilgiris Teas are also exported through
Cochin Port. The Tea offering consists of Cut-Twist-Curl leaf, Cut-Twist-
Curl dust, Orthodox leaf and Orthodox dust.

1.6.3 Eucalyptus

Eucalyptus Oil extraction is yet another important old time industry here.
One can smell the fragrance of the Oil wafting through the air during the
course of extraction. Apart from leaves the pulp wood is used as a major
raw material for the manufacture of viscose for a factory situated at the
foot hills of the Nilgiris District. Also the bark and the twigs are collected
and distributed as a fuel supply (fire wood) under public distribution
system.

1.6.4 Existing TANGEDCO's Hydro-electric Projects

There are 12 Hydel Power Houses in Nilgiris District and their details are

furnished in the following table:

Pykara Power House (59 MW)
Pykara Micro Power House (2 MW)
Moyar Power House (36 MW)
Kundah Power House - | (60 MW)
Kundah Power House-II (175 MW)
Kundah Power House - Il (180 MW)
Kundah Power House - IV (100 MW)
Kundah Power House - V (40 MW)
Kundah Power House - VI (30 MW)

olo[~N|lo|o|s|lw|N|~
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10 Mukruti Mini Power House (0.7 MW)
11 Maravakandy Dam Power House (0.75 MW)
12 Pykara Ulimate Stage Power House(150 MW)

1.7 Background of the present project

Earlier an installed capacity of 1000 MW was proposed during the year
1995. But considering the projects components size, operational/
Technical/ Commercial aspects, this proposal was not pursued.

But on the advent of Availability Based Tariff from 1.1.2003, when the
Kadamparai pumped Storage hydro-electric station (400 MW) became an
effective tool in the hands of Main Load Despatch Centre to ensure
quality & uninterrupted power supply due to the flexible operation of grid,
the original Kundah pumped storage project was revived but with a

reduced capacity of 500 MW, on study of alternative installed capacities.

1.8 Need for the project, possible options and Justifications for

selected option:

Hydro Power is considered as an ideal peaking power when compared
with other energy sources. But in the context of Tamil Nadu, as the entire
hydro potential has been harnessed and as there will be capacity
additions from Nuclear/Thermal base load stations in future, it is
considered appropriate to go in for Pumped Storage hydro-electric

projects.

The Hydro-electric system well developed in the Western Ghats during

1960 come in handy to meet out the project proposals.

The surplus energy in the grid available during night times and holidays

will be utilised for pumping and the same water will be utilised to generate
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power during the morning and evening peak hours, particularly for lighting

loads.

1.9 Alternative study carried out for various major components of the

project and final choice of the project parameters.

Three alternative Installed capacities are discussed in the Chapter 8 on
power potential and 500 MW capacity was selected on the basis of
certain parameters, discussed therein. Various alternative routes for the
water conductor system studied are discussed in Chapter - 9 (Design of

Civiland Hydro Mechanical Structures).
1.10 Natural resources of the Nilgiris District.

The area receives rain from both Southwest and northeast monsoons.
Average rain fall of the area during 1998 — 2001 was 2778mm, while the
rainfall ranged between 2160 and 3132mm. There are 16 rainfall
recording stations in the district. During the month of July, rainfall is
maximum. Winter and early summer (November - April) are
comparatively dry without notably average rainfall in the district has
been about 94.2mm. The months of June, July, September, October and
November receive a rainfall that is more than the monthly average

rainfall. The district has an average 7.3 rainy days per month.

The forests of this district exhibit considerable variation in composition,
quality and micro environmental conditions due to altitude, physiographic
and biotic features. The main types of forest occurring in this tract are
Shola Mountain forests, Grasslands and medium elevation evergreen
forests. An unique important vegetation type in the Nilgiris, the

evergreen shola forests and grasslands are considered climatic climax

types.
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1.11 Socio-economic aspects of the Nilgiris District:
1.11.1 Land use
Parameters As per 1991 As per 2001
Census Census
Total Population 7,10,214 7,64,826
Male Population 3,58,129 3,79,610
Female Population 3,52,088 3,85,216
Rural Population 3,56,784 3,09,652
Urban Population 3,53,430 455,174
CROPPED AREA
2%%
FALLOW LANDS
8%
FOREST
60%
OTHER UNCULTIVATED LANDS
4%
NON- AVAILABLE FOR
CULTIVATION
%
Fig.5. Land Use Pattemn
1.11.2 People of Nilgiris

According to 1991 census, the total population of the Nilgiris District is
7,10,214. Out of this, the tribal population accounts for 25,048. The main
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1.11.3

1.114

1.12

1.12.1

1.13

tribal communities found in the District are Todas, Kothas, Kurumbas,
lrulas, Paniyas, Mullukurumbas and Kattunaikkans. The tribal
communities are not evenly distributed in the six taluks of this district.

Transport

The Nagapattinam - Gudalur state Highway passes through this district.
All the taluks are connected with major district roads. Panchayat Union
maintains the village roads.

Health infrastructure

Following health centres are available in the District:

District Head Quarters Government Hospital - 1
Taluk Hospitals - 5
Primary Health Center - 28
Health Sub-Center - 194
Plague circles - 5

Land required for the project

Total requirement of forest land for the Project:

For Overground Components : 6.6 ha

For Underground Components : 11.40 ha

For Transmission System X 12.0ha

Total : 29.648 ha
or say 30 Ha

Population affected by the project

As this underground project falls within the Kaducuppa Reserved Forests
and Hiriyashighe Reserved Forests boundaries, there is no Resettlement

and Rehabilitation issue involved.
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1.14

1.15

1.16

1.16.1

1.17

The local people of Nanjanad village will be given priority in the project
works, and suitable compensation will be given if the houses are
affected for road widening. Petty civil contracts will be entrusted to local

agencies on tender basis.
Environmental aspects

The proposed underground project falls within the Kaducuppa Reserve
Forest and Hiriyashighe Reserve Forest boundaries and within the
Nilgiris Biosphere — Manipulation Zone. Itis at 5 km from the periphery of
Mukurthi National Park. Detailed Environmental aspects have been

discussed in Chapter 15.
Interstate aspects

There is no interstate aspect involved in Kundah pumped storage hydro

electric project, as discussed in Chapter 4.
Defence angle
Nil as far as this project is concerned

Benefits of the Scheme

To meet the peak hour demand of Tamil Nadu grid

To ensure quality and uninterrupted power supply in Tamil Nadu.
To avail the Availability Based Tariff benefits.

For the flexible operation of Grid.

Plan of developments
This project is proposed to be executed in 3 phases:-

Phase | includes all the common civil and hydro-mechanical works for all

the units, exclusive civil works for unit 1, facilitating civil works for the

1-11

INTRODUCTION



Kundah Pumped Storage Hydro Electric Project S N—

(1x125 MW + 2x125. MW + 1x125 MW) m

Detailed Project Report = NT:

Volume I — Technical Aspects %
WAPCOS

CHAPTER 1

INTRODUCTION

1.18

remaining 3 units and

supply and erection of one unit of 125 MW turbo-

generator and connected accessories alongwith EOT Crane.

Phase Il includes exclusive civil works for unit 2 & 3 and supply, erection,

testing and commissioning of 2™ and 3" units along with all the project

enabling works.

Phase Il includes civil works such as penstock lining & machine

foundation pertaining

to the 4™ unit and supply, erection, testing and

commissioning of 4™ unit along with all the project enabling works.

Cost of the scheme

Phase | (1x125 MW)

Cost of Civil and HM works : Rs. 568.21crores

Cost of E & M works
IDC
Total Project Cost

Phase Il (2x125 MW)

Cost of Civil works
Cost of E & M works
IDC

Total Project Cost
Phase Il (3x125 MW)

Cost of Civil works
Cost of E & M works
IDC

Total Project Cost

:Rs. 311.64 crores
: Rs. 109.95 crores
: Rs. 989.80 crores

: Rs. 109.10 crores
. Rs. 443.96 crores
: Rs. 46.26 crores

: Rs. 599.32 crores

. Rs. 28.29 crores
' Rs. 195.93 crores
: Rs. 17.95 crores

: Rs. 242.17 crores
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2.2

PREAMBLE

The Tamil Nadu Electricity Board (TNEB) is a statutory body formed
under the Electricity Supply Act as a successor to the erstwhile Electricity
Department of the Government of Madras. The Tamil Nadu Generation
and Distribution Corporation Limited (TANGEDCO) is a Corporation
registered under the Companies Act 1956, one of the successor entities
to the erstwhile TNEB wholly owned by the Government of Tamil Nadu
and a Subsidiary of TNEB Ltd.

As on 31.03.2014 there are 1,392 substations, 1.89 lakh circuit km of
Extra High Tension /High Tension (EHT/HT) lines, 5.88 lakh km of Low
Tension (LT) lines, 2.31 lakh distribution transformers and 252.32 lakh

service connections in the state.

The role of TANGEDCO in improving the economy of the state by
extensive electrification of the villages, large scale utilization of
agricultural electrical pump sets and extension of electricity services to
poor/ backward and down trodden sections of the society, in addition to
extension of supply to large number of industries has been well

recognised.

POWER DEVELOPMENT SCENARIO IN INDIA

As per CEA report, the total installed generation capacity in our country
was only 1,358 MW at the time of Independence and is 2,74,817.94 MW
as on 30.06.2015.

Most of the regions of the country are suffering from power shortages
leading to irregular and unreliable supply. The problem becomes acute
during peak hours. Based on the projections made in the 17" Electric
Power Survey (2007), the All India peak demand will reach to
2,98,253 MW by the year 2021-22, which means an additional generating
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capacity of about 64,323 MW needs to be added to ensure “Power on

Demand” during the next 10 years.

Energy Requirement (Gwh) Peak load (MW)

Region 2011-12 2016-17 2021-22 | 2011-12 2016-17 2021-22

NR 294841 411513 556768 48137 66583 89913
WR 294860 409805 550022 47108 64349 84778

SR 253443 380068 511659 40367 60433 80485

ER 111802 168942 258216 19088 28401 42712

NER 13329 21143 36997 2537 3760 6180
Total

968659 1392066 1914508 | 152746 218209 298253

(All India)

Long term region wise forecast (source 17" EPS report)
Table 2.1

The Indian Power System requirement had been assessed to need a
hydro power and thermal/nuclear power mix in the ratio of 40:60 for
flexibility in system operation depending on typical load pattern. The
motion to achieve this mix and to accelerate the hydro electric power
generation of 50,000 MW has already been initiated by Government of
India (GOI). CEA has identified new hydro schemes aggregating to a
capacity of 30,000 MW for yielding benefits during the 12™ and 13" Plan
period (2012-2022). These schemes have been identified based on their
present status as available with the CEA. Nuclear Power Corporation has
planned to add nuclear power projects aggregating to 20,800 MW to be
commissioned during the period 2012-2022. The optimal plan of the study
has indicated a capacity addition requirement of about 1,58,890 MW
during the 12™ and 13" Plan periods comprising of 21,204 MW of Hydro,
14,800MW of Nuclear and 1,16,886 MW of Thermal. Coal based capacity
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required will be about1,15,800 MW during the period 2012-2022 and gas
based station to a capacity of 1086 MW.

SECTOR WISE INSTALLED CAPACITY (IN MW) OF INDIA AS ON
30.06.2015

The total Installed Capacity of India as on 30.06.2015 is 2,74,817.94 MW
and the sector wise Installed Capacity is furnished in Table 2.2:-

S.No| Sector Hydro Thermal Nuclear| RES Total
1. |STATE 27482.0 66613.49 0 1919.31] 96014.80
2. |PRIVATE 3024.0 68750.34 0 33857.6] 105631.99
3. [CENTRAL | 11491.42 | 55899.73 5780.0 0 73171.15
4 |TOTAL 41997.42 | 191263.56] 5780.0 274817.94
Data from CEA Monthly Report
Table 2.2

All the three sectors namely, State, Private and Central contribute to the

availability of power in the country. State owns a share of about 34.95%,

Private sector is responsible for 38.44% and GOI has a share of 26.61.%

of total installed capacity. The sector wise installed capacity of India as on
30.06.2015 are shown in Sketch No. 2.1.
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Sketch 2.1
2.4 PEAK POWER AND ENERGY REQUIREMENT

Ministry of Power/GOI has estimated that by the year 2017 India's peak
demand would be 2,18,209 MW and the details are furnished in Table 2.3.

SI. No| Description/year | 2011-12 2012-13 | 2013-14 | 2014-15 | 2015-16 | 2016-17

1 Peak demand 152746 164040 | 176170 189196 | 203185 218209
In MW

2 Availability 1119674 | 131634 | 147858 162231 | 181546 195715
In MW

3 Shortfall -33072 -32406 | -28312 -26965 | -21639 -22494
In MW

4 Percentage -22 -20 -16 -14 -11 -10

Table. 2.3
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2.5 POWER DEVELOPMENT SCENARIO UP TO END OF THE 12" PLAN

AND 13" PLAN

As per the 12" National Power Plan (2012-2017) prepared by CEA, a
need based Installed Capacity of the order of 2,22,216 MW is projected,
based on demand projections of 18" Electric Power Survey. System
reliability level of Loss of Load Probability (LOLP) shall be less than1% for
the country.” It is proposed by CEA that an LOLP of 0.2% and the Energy Not
Served (ENS) of 0.05% to be adopted for Planning purposes from 12 Plan

onwards”.

The primary resources for electric power generation are water, fossil fuel
(coal, lignite, oil and natural gas) and nuclear energy. These would
continue to serve as major sources of power generation in the long run,
though various forms of renewable sources via Wind, bio-mass, tides,
solar etc, will also contribute in meeting the demand. The two tables (i.e.,
table 2.3 and table 2.4) exhibit capacity addition anticipated at the end of
12" Plan period & 13" Plan period.

2.5.1. 12" Plan period capacity addition projection

Based on the report of the Working Group on Power constituted by

Planning Commission, a capacity addition of 79,690 MW is targeted in

th
12 Plan comprising of 9,204 MW of Hydro, 67,686 MW of Thermal and
2,800 MW of Nuclear as per Table 2.4.

Out of total Thermal capacity of 67,686 MW, coal/lignite based capacity
shall be 66,600 MW and gas based stations shall be of 1,086 MW. Total
RES is estimated for 18,500 MW.
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Scenario — 1— 18" EPS Demand - Low Renewable(18,500 MW, Low gas{1086 MW)

TYPE 12thPlan Capacity

(MW)
Hydro g,204
Thermal 67,686
Coal 66,600
Lignite o
Gas 1,086
Muclear 2,800
TOTAL 79,690
Wind 11,000
Solar 4,000
Other RES 3,500
TOTAL (RES) 18,500
Retirement During 4,000
12" Plan

Data from CEA Reports
Table 2.4

2.5.2. 13" Plan period capacity addition projection

As per Central Electricity Authority's (CEA) projection for the13"™ Plan
(2017-2022), the capacity addition target is 79,200 MW comprising of
12,000 MW of Hydro, 49,200 MW of Thermal and 18,000 MW of Nuclear
as per Table 2.5.

- Scenario-1 — Low Renewables - No Gas
TYPE 13" Plan Capacity (MW)
Hydro 12,000
Thermal 49,200
Coal 49,200
Gas 0
MNuclear 18,000
TOTAL 79,200
Wind 11,000
Solar 16,000
Other RES 3,500
Total (RES) 30,500
Retirement During 13" Plan 4,000

Data from CEA Reports
Table 2.5
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2.6

2.6.1.

Out of the total Thermal capacity of 49,200 MW, the coal/lignite based
capacity shall be 49,200 MW and no gas based station is planned. Total
RES is estimated for 30,500 MW.

SOUTHERN REGIONAL GRID

For the purpose of power planning and operation of the Southern
Regional grid, which consists of Andhra Pradesh, Telungana, Tamil Nadu,
Karnataka & Kerala states, Puduchery & Laksha-deep union territories,

have got their own target and the peak demand growth.

During 12" plan period Peak demand availability in respect of the
Southern Region was from 31,586 MW (2012-13), 36,048 MW (2013-14)
and 37,047 MW (2014-15). The peak demand shall reach above
40751 MW by 2016-17.

The installed capacity of Tamil Nadu is 35.17% of the total installed
capacity of the Southern Region and is having a demand growth of 10%
every year. All the three sectors namely Central, State and Private
contribute to the availability of power in the Southern Region. The
Southern Region has the mix ratio of 24:76 Hydro and Thermal
generation capacity against the norms of 40:60 adopted by CEA as on
30" June 2015.

Overview of Southern Region

The total Installed Capacity of power stations in the Southern Region is
65057.99 MW as on 30.06.2015 as furnished in Table 2.6 below:-.

SI. | Sector Hydro Thermal Nuclear RES Total
No.
1 STATE 11398.03| 15100.72 0 473.45 26972.20
2 PRIVATE 0 9372.46 0 14643.75 24106.21
3 CENTRAL 0 11749.58 2320.0 0 14069.58
4 TOTAL 11398.03| 36222.76 2320.0 15117.20] 65057.99

Data from CEA Monthly Report
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Table 2.6
2.6.2. Actual Power Supply Position of Southern Region

The Peak demand Requirement, Peak Generation met and Deficit in the

Southern Region are furnished in Table 2.7.

) Peak Peak . .
SI.No. | Period Demand Demand Deficit (MW)| Deficit
requirement Availability
(MW) (MW)
1 2010-11 33256 31121 -2135 -6.4%
2 2011-12 37599 32188 -5411 -14.4%
3 2012-13 38767 31586 -7181 -18.5%
4 2013-14 39015 36048 -2967 -7.6%
5 2014-15 39094 37047 -2047 -5.2%
6 2015-16* 43630* 40751 -2879 -6.6%

* Data from CEA LGBR Report 2015-16

Table 2.7

2.7 INSTALLED CAPACITY OF TAMIL NADU AS ON 30.06.2015
The total Installed Capacity of Tamil Nadu as on 30.06.2015 is
22,884 MW which includes RES 8,395.74 MW and furnished in Table 2.8.
However for grid operation, hydro, thermal and nuclear power are
accounted as base load requirement and the base load installed capacity
of the State is 14,488.26 MW.

S.No. Sector Hydro Thermal Nuclear RES Total
1. STATE 2182.20 | 5293.20 0 122.70 7598.10
2. PRIVATE 0 2064.76 0 8273.04 10337.80
3. CENTRAL 0 3961.60 986.50 0 4948.10
4 TOTAL 2182.20| 11319.56 986.50 8395.74 22884.0
Data from CEA Monthly Report
Table 2.8
2.7.1. Power peak demand, Peak Generation met and Deficit in Tamil Nadu
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The Peak demand requirement, Peak demand availability and Deficit are
furnished in Table 2.9.

Peak Peak N
SI.No | Period Demand Demand DI\(/eI(I/\C/It Deficit
requirement | Availability (MW)
(MW) (MW)
1 2010-11 11728 10436 -1292 -11.0
2 2011-12 12813 10566 -2247 -17.5
3 2012-13 12736 11053 -1683 -13.2
4, 2013-14 13522 12492 -1030 -7.6
5 2014-15 13707 13498 -209 -1.5
6 2015-16* 14489* 13710* -779* -5.4*
*Data from CEA LGBR Report 2015-16
Table 2.9

Peak demand requirement, availability and deficit in Tamil Nadu

In 2011-12, peak electricity demand deficit was 17.5% and in 2014-15 it
was 1.5%. The rapid pace of all round developments of the state in the
Southern Region due to globalisation of economy has seen in Tamil Nadu
also and to be a few of the highest power consuming states in the region.
The power demand and availability figures of the state exhibit a wide
uncovered margin calling attentions of the SEB to accelerate the pace of
growth in this core sector. With the present trend of growth rate ranging
around 7 to 9% for the past two decades, the concern of State
Government in the region can be gauged from the urgency with which
they are exploring all possible means of augmenting the generating
capacity which is about 5% at present. On the consumption side,
industrial sector is the principal consumer of electricity followed by
agricultural and domestic sector. The domestic sector shows the highest

growth rate in electricity consumption in the recent past and electricity
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consumption in the agricultural sector has been rising at the rate of

7 to 8% due to Government's policy of supplying heavily subsidized power

to the farmers and massive rural electrification.

2.8 GROWTH OF GENERATION CAPACITY IN TAMIL NADU

The generation capacity addition in Tamil Nadu from 1976 to 2016 is

furnished in Table 2.10.

S.No Year Installed capacity in MW

1 1976-77 2364

2 1986-87 3987

3 1996-97 6908

4 2006-07 10098

5 2015-16* 15000*[without RES.]
Data from Statistics of TNEB

Table 2.10
29 RESOURCES FOR POWER DEVELOPMENT IN TAMIL NADU
— Hydropower Almost entire potential has been harnessed.

Thermal Power

Nuclear Power

RES

The Installed capacity as on 30.06.2015 is
2182.20 MW. Only small hydro-electric projects
are being executed at present.

The present Installed Capacity is
11319.56 MW (as on 30.06.2015)

Nuclear Power Corporation of India is installing
2 Nuclear reactors of 1,000 MW capacity each
at Kudankulam, Tirunelveli District,
Tamil Nadu. Tamil Nadu will get its due share
from Kudankulam.

Tamil Nadu stands first in the country, and
fourth in the world, in wind power development.
The present installed capacity RES in
Tamil Nadu is 8395.74 MW.
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210 ENERGY REQUIREMENT AND PEAK DEMAND PROJECTION FOR

TAMIL NADU DURING 12" AND 13" PLANS
2.10.1. Growth rate

The requirement of energy in Tamil Nadu has been growing in the range
of 6.75 to 9.75% except during the year 2006-07 when it grew at 13%.
The compounded growth rate for the last 6 years is around 7.86%. The
compounded growth rate of average demand during the 5 years is 7.51%.
Hence, it is proposed to make the load forecast with 10% growth rate for

the next 5 to 10 years (i.e. 12" and 13" Plan periods).
2.10.2. Peak demand projection and deficit
A) 12" plan period

The projected demand varies between 11,283 MW to 16,989 MW during
the period from 2012-13 to 2016-17. In the same period, the total base
load generation availability would also anticipate to increase from
11263 MW to 20152 MW. The net deficit in generation availability after
including the spinning reserve varies between 1,907 MW and 4,670 MW
during the 12" plan period.

B) 13" plan period

The projected demand would increase from 18,688 MW to 27,360 MW
during 13™ Plan period. In the corresponding period, the base load
generation availability would also increase from 20,860 MW to
25,900 MW. Even though the capacity addition is proposed and
executed, till there may be a deficit of 1,688 MW to 3,360 MW and the
variation may be due to the fact in anticipating the delay in commissioning

of projects proposed.
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Actual peak load demand met during the period from 2012.-13 to 2014-15
are furnished in Table 2.11.

Year Peak Demand as per 18"EPS
Report
12" Plan
2012 - 13 11,283 MW
2013 - 14 12,764 (actual)
2014 - 15 13,498 MW (actual)
Table 2.11

The projected Peak demand till 2022 (i.e. the year of Completion 13" Plan
period) is detailed in Table 2.12.

Year Peak Demand as per 18"EPS
Report

12" Plan

2015-16 14,489 MW
2016-17 16,989 MW
13" Plan

2017-18 18,688 MW
2018-19 20,557 MW
2019-20 22,612 MW
2020-21 24,873 MW
2021-22 27,360 MW

Table 2.12

2.10.3. Generation capacity addition

To meet the ever increasing growth in demand for electricity, the state has
proposed to add around 9,772 MW from State sector, 3,028 MW as share
from Joint Venture projects, 6,080 MW as share from Central sector

Projects/Ultra mega power projects and 4,075 MW from IPP during 12"
and 13" Plan periods.
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2.10.4. Hydro generation and existing pumped storage

Hydro generation of the state is around 6.8% of the total energy
generated and is used to meet peak requirement in which the Kadamparai
Pumped Storage Hydro-electric system of capacity 4x100 MW is used in
pumping mode during off peak hours and operated as generator during
peak hours to meet the demand. An average energy of 500 MU is
consumed for pumping and an output of 400 MU is delivered to the grid

every yeatr.
2.10.5. Wind and flexible storage resource

The installed capacity of Wind generation & other RES in the State as on
30.06.2015 is 8,395.74 MW. It is estimated that an additional 5,000 MW of
wind generation capacity and other RES would be added in the State
during the 12" Plan period. However, the capacity from Wind energy &
other RES has not been included in the available capacity, since wind and
solar power is always varying. Further, to utilize the variability of wind and
solar power beneficially, and to increase the hydro capacity of the state,
TANGEDCO is contemplating to establish another flexible resource of
4 x 125 MW (500 MW) Kundah Pumped Storage Hydro-electric Project in
the Nilgiris District of Tamil Nadu, based on the experience gained from
Kadamparai Pumped Storage Hydro-electric Project and wind installations
established in Tamil Nadu. Capacity addition will be made in three phases
during the period from 2020 to 2022 from the proposed Kundah Pumped
Storage hydro-electric station. Anticipated installed capacity of hydro
shall be 2,325, 2,575 & 2,700 MW during (2020 to 2022) in the 13" Plan

period.
2.10.6. Peak demand management

— As this project is meant to meet the peak hour demand, the
Projected Peak demand as per thel8" Electric Power Survey
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Report for Tamil Nadu is projected from 18,688 MW to 27,360 MW
in 13" Plan period.

— Total base load installed capacity anticipated by the end of 13th Plan
period is between 17,000 MW and 24,000 MW.

— Hence, the gap between the Peak demand and the installed base load
capacity is 1,688 MW (18,688 MW - 17,000 MW) in 2017-18 and
3,360 MW (27,360 - 24,000) in 2021-22 respectively.

This gap of 1,688 MW to 3,360 MW in the Peak hour demand till the
end of 13" Plan period will be met from the existing hydro generation,

gas based stations and through power purchase.

2.1 CONCLUSION - JUSTIFICATION OF THE PROJECT

The power scenario in the state during 12" and 13" Five Year Plans is
discussed in detail and the need for the proposed project is studied in this
section in the back drop of past and future power demands. In order to
narrow down the bridging gap between supply and peak power demand,
installation of 4 units of 125 MW at Kundah Pumped Storage HEP is
necessitated in the water starving state of the Southern Region. Kundah
Pumped Storage HEP is planned to be operated by the end of 13" Five
Year plan by utilizing the existing upper and lower reservoirs. By
commissioning of high capacity pumped storage station, of 500 MW, the
installed capacity will reduce the spill in the reservoirs and water will be
beneficially used by pumping and thereby increasing the generation of

power.

The flexibility of Southern Regional grid would also be enhanced by the
addition of 500 MW Kundah Pumped Storage HEP and the power system
efficiency of the state as well as Southern Region would increase. Surplus
wind/solar power will be used for pumping of water. The water thus stored
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in the upper reservoir during power surplus periods will be used for

meeting peak demand.

Hence, Kundah Pumped Storage HEP of 500 MW capacity in three

phases in Nilgiris District of Tamil Nadu is justified.
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3.0.

3.1.

3.2.

Basin Development:

The courseoftheriver:

The Kundah River is a tributary of the river Bhavani. It drains the southern
slopes of Nilgiris and has its origin in the high peaks at El. 2629m
(8624 feet) along the dividing ridge between Tamil Nadu and Kerala of the
Western Ghats in the Nilgiris District. In the upper reaches of the river, its
major tributaries are Avalanche and Emerald and these two run down
independently upto EI1.1920m and at their confluence form the Kundah
river. A high ridge of over 2438.40m (8000 feet) divides the Avalanche
basin from the Upper Bhavani basin. The river takes a south easterly
course and is joined by the Sillahalla tributary on the left side at about
EL.1828.8 m (6000 feet). Thereafter, the Kundah runs in falls and
cascades till it reaches the Kanarahalla stream with its tributary of
Kourimullai halla joins the Kundah River. Below Kundahpalam, the river
runs entirely in cascades with the Pegumbahalla draining a catchment of
about 44.2 sq km joining in at EL. 640m (2100 feet) on the right. Further
down, the tributaries Sillahalla, Kanarahala, Kowarimullihalla join the main
river Kundah at about 1625m and further down river Pegumbabhalla,
another tributary of Kundah originating at El. 2299m joins at EI.640m.
Then finally the Kundah River joins river Bhavani at E.408m (1340 feet)
near Pillur in Coimbatore District. The total catchment area of the Kundah

basin upto its confluence with Bhavani River is about 285 sq km.

Power potential of the river basin and stages of development:

The hydro-electric projects in the Kundah basin were developed in IV

phases.
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3.2.1.

3.2.2.

First phase (Kundah Power Houses 1 & 2 - from 1951 - 1960):

The initial phase of the scheme comprising of first and second stages of

development as originally envisaged and provides for the following:

Avalanche Dam and Emerald Dam and an interconnecting tunnel
Upper Bhavani Dam with a tunnel connecting Avalanche reservoir
Pressure tunnel from Avalanche reservoir to surge tank with 1
penstock leading to power house 1.

Kundah Power house 1 (2x20MW)

Kundah palam forebay dam for Canada power house 2 across Kundah
river to collect the tail waters of power house 1 and the runoff from its
catchments.

Pressure tunnel from Kundahpalam forebay dam to surge tank 2 and
penstocks to Kundah power house 2.

Kundah power house 2 (4x35MW).

Second Phase (Kundah Power Houses 3, 4 & 5 - from 1960-66):

Pegumbabhalla Forebay dam

Tunnel from Pegumbabhalla forebay dam to surge tank 3.

Kundah power house 3 (2x60 MW) and penstocks

Kundah power house 4 (1xX50MW)

Kundah Power house 5 (1x20MW)

Addition of 3" 20MW unit at Kundah Power house 1 and 5" 35MW
unit at Kundah Power house 2.

Diversion works and interconnecting tunnels

Diversion weir and a pump house at the downstream side of the Upper

Bhavani dam.
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3.2.2.1.

3.2.3.

3.2.4.

3.2.5.

Augmentation:

Porthimund Dam and Parsons Valley Dam were constructed during
1961-66 across the two tributaries of Pykara River in the northern slopes of
Nilgiris District (viz) Porthimund and Parsons Valley streams. The water
from these two reservoirs are diverted through tunnels to the Avalanche-
Emerald reservoir for augmenting power generation in Kundah power
houses 1 to 4. The surplus water from these two reservoirs are drained

into Pykara river itself.

Third Phase (Kundah Power House 3, 4 & 5 - Additional capacities —
from 1978-88):

In the 3" phase addition of one 60MW unit at Kundah Power house 3 and
one 50MW unit at Kundah Power house 4 and 20MW unit at Kundah Power

House 5 were done.
Fourth Phase (Kundah Power House 6 - from 1995 - 2000):

The water potential available at Porthimund, Parsons Valley reservoirs,
Western Catchments 2 & 3 were utilised to generate 30 MW of power at the
Kundah Power House - 6 (Parsons Valley Power House). In this proposal
only water conductor system, power house and tail race tunnel were
constructed. With the completion of this scheme, the installed capacity in

the Kundah complex increased to 585 MW.

Present Proposed development - Kundah Power House 7
(4x125MW):

This pumped storage hydro-electric project (viz) the Kundah Pumped
storage Hydro-electric Project utilising the existing hydro-electric

reservoirs at Porthimund, Avalanche-Emerald as Upper and Lower
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3.3.

3.4.

reservoirs has been proposed to be developed in the present proposed

development.

Whether trans-basin diversion of waters involved:

There will be no trans-basin diversion of waters involved in this proposal.

Effect of future upstream/downstream developments on the potential

of proposed scheme:

As the proposal is a pumped storage project, only limited quantum of water
is proposed to be recycled between the two reservoirs. Hence, there will
not be any impact due to the future upstream/downstream developments

on the potential of the proposed scheme.
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4.1. INTERSTATE ASPECTS

The Kundabh river, a tributary of Bhavani river (which in turn is the tributary of
Cauvery river) traverses about 130km in Tamil Nadu plains below the
Bhavanisagar prior to joining the Cauvery river. The catchment areas of the

Kundah sub-basin lies entirely in Tamil Nadu.

The Kundah hydro-electric scheme on the whole commands
1248.23 Sg.km (487.59 Sqg. miles) of high vyielding catchment area of
the Nilgiris District of Tamil Nadu and the average annual inflow tapped
thereof at the lowest power house for power generation works to
1792.44 Mm® (63300 Mcft).

The Scheme being a pumped storage HEP, there is no consumption or
Diversion of water. = This Scheme envisages recycling of 5.184 Mm®
(0.18 TMC) of water between TANGEDCO’s hydro-electric reservoirs
(viz) Porthimund & Avalanche-Emerald reservoirs constructed four

decades ago after obtaining the clearance of the Government of India.

This Project is considered as State project due to the following reasons:

(@) The Kundah pumped storage hydro-electric project is neither an
irrigation project nor a conventional hydro-electric project. It is
purely a pumped storage hydro-electric project wherein there is no
consumption or diversion of water and so it does not have bearing on

the interstate allocation of water.
(b) No Newreservoiris envisaged in the project proposal.

(c) The wupper and Ilower reservoirs (viz) Porthimund reservoir

(capacity 49.01 Mcum) and Avalanche-Emerald reservoir
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(capacity 149.57 Mcum) of TANGEDCO were established four
decades ago (i.e.) during 1960-65.

(d) It is proposed to recycle only 5.184 Mcum of water between
these two TANGEDCO’s reservoirs.

(e) The Kundah basin depends entirely on the catchments in Tamil Nadu.
As there is no water diversion/water consumption/damming up of water

under this project, this project will have no impact on the interstate

allocation of water.

A sketch showing the location of the Porthimund & Avalanche-Emerald

reservoirs in Kundah sub-basinis furnished in page 4-3.
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5.1.

GPS SURVEY

As established bench marks with X, Y and Z Co-ordinates were not available
at the project site, GPS surveying were carried out by erecting 2 Nos.
permanent reference pillars at Power House 6 and 2 Nos. permanent
reference pillars at Porthimund Dam to form the baselines at Power House 6
and Porthimund Dam respectively. GPS surveying was also carried out by
erecting 2 Nos. additional pillars at each of the following locations to form the

baselines:-

a) HRT Intake

b) HRT Surge Shaft

c) ADIT to HRTSS and Pressure Shaft Top
d) Power House Top

e) MAT Portal

f) TRT Portal and

g  CCVT Portal.

GPS observations from satellites covering all the above pillars were carried out
using 2 Nos. of GPS sets viz. Leica GS08 Plus. The observed data were
downloaded to a computer using the standard Leica Geo Office Ver 8.3
downloading software. The entire processing was done using Leica Geo Office
software. The observations taken at the base points were processed using
AUSPOS. The co-ordinates of these control points were taken as the basis for
computing the co-ordinates of all additional pillars. The co-ordinates were first
derived in WGS84 system and then were transformed to Plane Co-ordinates.
Pillars were also erected at various points covering the project components
and the co-ordinates of these pillars were fixed by transferring from the above

control points and additional pillars. However, the co-ordinates of all the points
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5.2.

5.3.

5.4.

of the project components may be firmed up by conducting detailed surveying

on ground using latest technology during construction stage.

TOPOGRAPHIC SURVEY

As the LS along the tunnel alignments, to find out the soil/rock cover
availability over the tunnels, could not be taken on ground due to presence of
heavy jungles and trees in the forest area and poor road accessibility, topo
sheet covering the project area was obtained through satellite surveying.
However, the LS along the tunnel alignments shall be taken on ground during
construction stage to find out the actual soil/rock cover availability over the
tunnels and to know the low rock cover reaches of the tunnels for detailed
engineering and design of project components as access roads have since

been formed to all the project components.

HYDROGRAPHIC SURVEY

As water was available in both the Porthimund and Emerald reservoirs, actual
ground levels could not be taken at the HRT Intake and TRT Outlet areas.
Hence, hydrographic survey has been conducted at both the reservoirs
covering the HRT Intake and TRT Outlet areas and the HRT Intake and TRT
Outlet were designed accordingly for revisiting the DPR. However, actual
ground levels, at required intervals, shall be taken during construction stage
when the reservoirs are empty for detailed engineering and design of HRT
Intake and TRT Outlet.

FIXING UP THE PROJECT COMPONENTS

The project components were fixed using ‘Total Station’ initially based on the
GPS survey drawings and topographic survey drawing.
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5.4.1.

5.4.2.

5.4.3.

Head Race Tunnel (HRT)

Three alternatives (Alternatives I, Il & Ill) were studied. LS along the three
alternative at the portals were taken to study the soil/rock cover availability.
Alternative | was dropped as sufficient rock cover was not available at the
location where it crosses the stream. Alternatives Il and Il were further
studied. As the Alternative Ill runs along the stream and enough cover was not
available at the intake stretch, Alternative Ill was not considered. Finally,
Alternative Il running along the ridge with a bend was considered as enough

cover was available.

Additional survey was carried out and the location of the HRT Gate shaft and
the Kink were fixed using the co-ordinates of reference pillars at HRT Intake.
Two low rock cover reaches were identified from the Topographic survey

drawing and their locations were fixed using Total station.

HRT Surge Shaft

The HRT Surge shaft area was surveyed using the two reference triangulation
pillars at HRT Surge shaft. As suggested by GSI, additional survey was carried
out and the ground plan and four radial cross sections were taken to know the
cover availability. From the Head race Surge shaft, two numbers Pressure
shafts have been proposed at an angle of inclination 51 degree to the

horizontal.

Power house

The top of power house was surveyed using the two reference triangulation
pillars at the top of underground power house. The orientation of the power
house has been fixed in the N-S direction based on the recommendations of
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5.4.4.

5.4.5.

5.4.6.

the Engineering Geology Division /GSI/Chennai. However, the orientation of

the power house has to be firmed up after carrying out in-situ tests.

Tail Race Tunnel (TRT)

Two Alternatives (Alternative | & 1l) were studied. The Tail Race Tunnel area of
Alternative 1 was surveyed using the two reference triangulation pillars at the
TRT portal area. This alignment was geotechnically feasible during
feasibility/preliminary stage investigation. However, due to presence of narrow
55 m deep valley, and requirement of a long leading channel in the reservoir to

connect to the main channel, Alternative —| was not considered.

Alternative Il was proposed and surveyed using the two reference triangulation
pillars at the MAT area. Due to reduction of length of the tunnel and the length
of the road leading to TRT Portal, Alternative Il was finalised to reduce the

forest area required for the TRT as well as the road leading to TRT portal.

Two alternative locations of TRT Gate shaft are studied.

Main Access Tunnel (MAT)

The MAT area was surveyed using the two reference triangulation pillars at the
MAT area. Three Alternatives (Alternatives 1, Il and Ill) were studied.

Alternative 11l was finalised to get a slope of 1 in 20.

Cable cum Ventilation Tunnel (CCVT)

Two Alternatives (Alternative | & IlI) were studied. The CCVT area of
Alternative | and Il were surveyed using the two reference triangulation pillars
at the CCVT portal area. As inadequate rock was deciphered over CCVT
Portal of Alternative | , it was opted for an alternative alignment (Alternative II)
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5.4.7.

5.5.

5.6.

5.7.

for the CCVT. The portal of CCVT was fixed on the road and Alternative Il with

a bend was finalised to give a slope of 1 in 10.

ADIT to HRT Surge Shaft and Pressure shaft top

The ADIT area was surveyed using the two reference triangulation pillars at
the ADIT area.

SURVEY DRAWINGS

Longitudinal Section and plan for the above components were prepared

based on the detailed surveys carried out and furnished in Volume lll.

Drawing No. 28 showing various alternatives of HRT, TRT and CCVT is
furnished in Volume IIl.

CONSTRUCTION SURVEY

The survey work on ground shall be carried out using latest technology and
latest instruments during construction stage. The surveying shall be carried out
with utmost care and precision so that all components of the project shall meet
precisely at their exact co-ordinates to give better accuracy in construction.

COMMUNICATION SURVEY

Surveys for the formation of new roads and widening of the existing roads to
have access to the project components during construction and operation
phase of the project have been carried out. A layout showing all the new

roads is available in Volume IlII.
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5.8.

5.8.1.

5.8.2.

5.8.2.1.

5.8.2.2.

GEOLOGY
Feasibility Stage Geo-technical Investigation

The Engineering Geology Division, Geological Survey of India, Chennai has
carried out the Geological studies during feasibility stage. Report on the
feasibility stage geo-technical investigation furnished by GSI - August 2010 is

enclosed.
Pre-construction Stage Geo-technical Investigation

The Engineering Geology Division, Geological Survey of India, Chennai has
carried out the Geological studies during pre-construction stage. Report on
the pre-construction stage geo-technical investigation furnished by GSI -
2014 is enclosed. The water conductor system route has been finalised
based on the results of bore holes drilled along the route of water conductor
system proposed. Plan showing all the bore holes drilled is furnished in page
5-183. Bore log charts are furnished in pages 5-185to 5 — 215.

Vertical bore hole at Power House location

As suggested by GSI, a vertical bore hole to a depth of 284m has been drilled
at the centre of power house location. Bore log charts are furnished in pages
5-209 to 5-215.

Inclined bore hole in between Power House and HRT Surge shaft

As suggested by GSI, an inclined hole to a depth of 87.4 m has been drilled in
between power house and HRT surge shaft. Bore log charts are furnished in
page 5-205.
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5.8.2.3. Vertical bore hole at HRT Surge shaft

A vertical bore hole to a depth of 70.6 m has also been drilled at the HRT

surge shaft location. Bore log details are furnished in pages 5-207.

Model studies and Mandatory Investigation
5.9 Model studies and Mandatory investigation

5.9.1 Hydraulic model study

Hydraulic model studies to study the water and sediment flow in both upstream
and downstream intakes and approach channels, under generation and
pumping mode, shall be conducted. The intake at HRT and Outlet at TRT
modelling studies shall be undertaken for providing the most efficient and
economical bell mouth transition shapes and for verification of the minimum

submergence depth for no air suction and no vortice formation.

5.9.2 Numerical model study

Numerical model studies for the underground power house cavern to study the
stress and deformation pattern shall be conducted. The 3D FEM analysis for
the underground power house complex (comprising Machine hall cavern,
Transformer cavern and D/s Surge gallery) shall be carried out to study the
behaviour of the rock mass around the underground openings and arrive at
suitable support system for long term stability of the caverns.

Numerical modelling shall also be conducted in respect of bifurcation / Y’

piece for the pressure shaft steel liner.

5-7



Kundah Pumped Storage Hydro Electric Project SO
(1x125 MW + 2x125 MW + 1x125 MW) -
Detailed Project Report LT

Volume I — Technical Aspects e
CHAPTER 5 SURVEY & INVESTIGATION

5.9.3 Transient Analysis for the Water Conductor System.

The maximum and minimum surge levels in the HRT surge shaft as well as
TRT surge shaft / collection gallery under the worst operating conditions shall
be worked out and confirmed with the actual time closure characteristics of
valves as per the turbine units by using the WHAMO COMPUTER
PROGRAMME / latest SUITABLE software.

5.9.4 Mandatory investigation

The following geotechnical investigations are to be carried out:

. Drilling
o In-situ tests
o Laboratory tests on core samples
Investigation Location Depth / Length Tests to be done
Drilling Power House & | As approved by e Plate Load Test in
Transformer Project —In- proposed powerhouse
Cavern Charge cavern -2 nos.

horizontal tests and 2
nos. Vertical tests

e In-situ stress
measurement by
hydro-fracture/
minifracture tests — 2
nos. (including drilling
of 3 orthogonal
boreholes)

e Laboratory Tests on
selected core samples

e Field Permeability and
Water Pressure Test
in Bed Rock.
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5.10 GEO-TECHNICAL STUDY

5.11

The Indian Institute of Technology/Chennai has undertaken study on the
following aspects of the proposed Kundah Pumped Storage HEP:

(i) Slope stability of Upper Reservoir and Lower Reservoir (viz) Porthimund and
Avalanche -Emerald due to rise and fall in the reservoir

(i) ldentification of crucial areas with potential landslides

(i) Remedial measures

The report of the Indian Institute of Technology/Chennai is furnished in pages

5-15 onwards

As recommended in the Report back filling in the intake open excavation
portion shall be carried out with selected non-erodable earth and compacted

well to 95% proctor density during execution.

SEISMICITY

The existing Porthimund and Avalanche — Emerald Reservoirs constructed
during 1960s' are proposed to be utilised as upper and lower reservoirs
respectively for this project. Since all the other project components except
switch yard are proposed to be located underground, they are not liable for

seismic actions.

Since the project falls in Seismic Zone lll, (Fig.5.1) the Power House and the
allied structures have to be designed based on the relevant IS codes during

detailed design stage.

5.12 CONSTRUCTION MATERIALS INVESTIGATIONS

It has been proposed to consume 50% of the excavated muck for construction of

the project, after testing the excavated materials for construction purpose.
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The GSI (DPR)/New Delhi, has suggested for conducting the requisite tests

including reactivity to alkali aggregate and Petrographic studies for the materials.

The Geological report obtained from the Principal, Government College of
Technology, Coimbatore for the seven numbers samples taken from the cores
of bore holes drilled along the water conductor system is available in
pages 5113 onwards. As per the results, all the rock samples except the one
taken at depth 9.3 m of chainage 676 m of HRT are suitable for construction

purposes.

The rock samples have to be tested for reactivity to alkali aggregate during

construction stage.

The Permeability test report issued by KPS Geotech, Chennai-82 is available in

page 5-119 onwards.

The following test results are available in pages 5- 175 onwards:-

a) Analysis of water samples and sediment samples from Emerald Dam
and Porthimund Dam given by Centre for water resources, College of
Engineering, Guindy, Anna University, Chennai-25 is available in
page 5-175.

b) Mineral analysis of samples of water collected from Emerald reservoir
and Porthimund reservoir given by the Chief Water Analyst’s Laboratory,

Coimbatore — 18 is available in page 5-177 onwards.

C) Physical/mechanical properties and petrographic examination results of
coarse aggregates taken from tunnel muck of ongoing works issued by
Government College of Engineering, Coimbatore-13 is available in page
5-181.
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5.13 RECOMMENDATIONS OF CENTRAL SOIL & MATERIALS RESEARCH
STATION, NEW DELHI

The Central Soil & Materials Research Station/Ministry of Water Resources/ Govt.

of India/ New Delhi has recommended to conduct the following tests:

1) Soil Mechanics and Foundation Engineering

The slope stability of the two reservoirs needs to be evaluated using strength
and other parameters like Proctor density (obtained from the bore hole data) as
planned properties of soil need to be evaluated for any use such as fill at intake or

any other place.

Rock Engineering:

(a) Laboratory Investigations
Uniaxial Compressive strength, Physical properties, P&S wave velocity,

Slake Durability index Test, Triaxial shear test, Modulus of elasticity and
Poisson's ratio & other index tests.

(b) Eield Investigations
Deformability characteristics of rock mass, in-situ stress measurements in

power house area.

(c) Instrumentation during excavation of underground structures also needs to
be carried out to monitor the behaviour of rock mass.

(iii) Concrete Technology

The use of fly ash in the construction of this project needs to be maximised.
However, all the construction materials, including fly ash need to be tested in
accordance with the relevant Indian standards, and their suitability for the

intended purposed ensured.

The above tests recommended by the Central Soil & Materials Research
station/Ministry of Water Resources will be conducted during Construction

stage.
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6.1

6.2

6.3

Course of Kundah River

The Kundah catchment area and course of Kundah river are discussed in Chapter 3.

Climatic Condition

Kundah Pumped Storage HE Project is located between Latitude 11°20" to

11° 22’ N and Longitude 76° 33 to 76° 37° E and falls in Kaducuppa Reserved
Forest and Hiriyashigee Reserved Forest of Nilgiris District, between
TANGEDCO'’s Porthimund Reservoir (formed during 1966) and Avalanche Emerald
reservoir (formed during 1961). The Nilgiri plateau in the Western Ghats is about
56 km long and 32 km wide. The western edge of the plateau is bounded by a range
of high hills called the Kundah range. Although placed in a tropical mountain range,
the Nilgiri plateau enjoys a subtropical to temperate climate by virtue of its altitude.

Humidity of the area reaches as high as 80 to 90% during the southwest monsoon
(June to September). The mean temperature of the coldest month is 15° C.

Maximum is 20.7° C and minimum is 9.6 C. Night frost may occur from the third
week of October to second week of April. On the whole, the Upper Nilgiri plateau

has a mild day- temperature conducive for the works.

Rainfall

It is understood that there exist 16 rainfall recording stations in Nilgiri district. During
the month of July, rainfall is maximum. Winter and early summer (November-April)
are comparatively dry without notable rainfall. The monthly average rainfall in the

district is about 94.2 mm. The months of June, July, September & October receive a
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rainfall that is more than the monthly average rainfall. South-West Monsoon
contributes highest amount of rainfall in July followed by October. The district has
an average 7.3 rainy days per month. As reported, share of each season in total

annual rainfall in the district over the four seasons is :

Pre-Monsoon - 19 %
South-West Monsoon - 43 %
North-East Monsoon - 31 %
Winter & Summer - 7 %

The Kundah catchment receives rain from both southwest and northeast
monsoons. Average annual rainfall based upon the four important raingauge
stations in the catchment during the period of 50 years (1948-49 to 1997-98)
is estimated to 1197 mm (refer Table - 1). As can be seen from the table, Kundah
catchment might have received maximum annual rainfall of 2826.9 mm (occurred
in 1979-80 at Coonoor Station) while the minimum annual rainfall was 259 mm
(occurred in 1963-64 at Kotagiri Station). Rainfall data for a period of 50 years in

respect of four important raingauge stations in the catchment is given as Table 6.1.
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Table 6.1

Rainfall Data of Four Important Stations In Kundah Catchment
RAINFALL IN KUNDAH RIVER CATCHMENT AREA (in mm)

YEAR UDHAGMANDALAM | COONOOR | KOTAGIRI| METTUPALAYAM | AVERAGE
1948-49 1389.7 1782.5 1687 749 1402.05
1949-50 932 1339.4 1629 481 1095.35
1950-51 1191 1334.6 1532.2 705 1190.7
1951-52 1143 1372.2 1631.4 696 1210.65
1952-53 1072.7 1291.4 1505.7 792 1165.45
1953-54 1756 1682.8 1410.5 904 1438.325
1954-55 1718 1062.2 1538.4 663 1245.4
1955-56 1311.4 1091.3 1530 614 1136.675
1956-57 1489.4 1765.9 1695.6 983 1483.475
1957-58 1503.7 2154.3 1938.6 1176 1693.15
1958-59 1270.1 982.3 885 707 961.1
1959-60 1611.1 2198.9 504 975 1322.25
1960-61 1264.2 1861.1 387 1032 1136.075
1961-62 1526.6 1539.1 456 945 1116.675
1962-63 1344 1836.7 1435.5 1018 1408.55
1963-64 1273 1420.4 259 461 853.35
1964-65 2182.2 1714.6 1048.9 1022 1491.925
1965-66 1064.1 1725.8 1357.3 459 1151.55
1966-67 1653.5 761.8 1485.9 1190 1272.8
1967-68 1203.9 1576.4 1372.9 368 1130.3
1968-69 859 1111.8 959 622 887.95
1969-70 1372.1 1950.8 1388.5 1269 1495.1
1970-71 1174.7 1339.6 738 493 936.325
1971-72 1334.5 1342 932 493 1025.375
1972-73 1381.7 1723.2 1804.6 808 1429.375
1973-74 1547.1 1745.6 1228 311 1207.925
1974-75 1178.5 1109.5 1154.2 594 1009.05
1975-76 1326.3 897.2 1224.3 503 987.7
1976-77 1565.5 1736.6 793 908 1250.775

6-3



Kundah Pumped Storage Hydro Electric Project

arRTA
(1x125 MW + 2x125 MW + 1x125 MW) .
Detailed Project Report —
Volume I — Technical Aspects WAPCOS
CHAPTER 6 HYDROLOGY
1977-78 1876.4 2273.2 1226.3 937 1578.225
1978-79 1654 2154.5 1310.6 10194 1534.625
1979-80 1428.6 2826.9 1989.6 1373 1904.525
1980-81 1033.1 1178.6 1355.5 644 1052.8
1981-82 981 1013 1321.8 586 975.45
1982-83 490 1095.4 1347.5 499 857.975
1983-84 950 2026.3 1602.8 697.5 1319.15
1984-85 957 1243.7 787 885.1 968.2
1985-86 745 1224.8 1030.4 877.6 969.45
1986-87 1042.6 988.8 703 670.7 851.275
1987-88 1203.4 1515.5 902 1235 1213.975
1988-89 994 1258.4 734 859 961.35
1989-90 1068 1306.7 874 838.2 1021.725
1990-91 787 1966 1055.3 644.3 1113.15
1991-92 1286.8 1605 1037.7 455 1096.125
1992-93 1363.7 1710.5 1033.2 596 1175.85
1993-94 1107.7 2118.4 1531.7 1021 1444.7
1994-95 979 1688 1377.7 898 1235.675
1995-96 912 1020 1042.7 562.5 884.3
1996-97 1324 1714.9 1524.1 812 1343.75
1997-98 989 1762.3 1169.7 942.3 1215.825
TOTAL 62811.3 77140.9 60468.1 38993.6 59853.475
AVERAGE [1256.226 1542.818 1209.362 [779.872 1197.069
6.4 Catchment Area:
6.4.1 Catchment area of Porthimund Reservoir:

The catchment or watershed of the Porthimund reservoir is located between

11° 20' to 11° 23 latitude and 76° 32' to 76° 35' longitude. The watershed is lying
in Porthimund reserve forest of Nanjanadu revenue village and is bounded by

Mukurthi reservoir watershed in the North, Emerald water shed in the South,
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6.4.2

6.5

Parson's valley reservoir watershed in the east and western catchment No.2 and 3 in

the west.

The total catchment area of this reservoir is 10.62 sq.km (4.15 sqg.miles). The
drainage is from west to east, the surplus of this reservoir is flowing towards north

and joining in Pykara catchment.
Catchment area of Avalanche-Emerald Reservoir:

The catchment (or) watershed of the Avalanche-Emerald reservoir is located

between 11° 15' and 11° 25' N Latitude and 76° 30" and 76  40' E
longitude. The watershed of Avalanche - Emerald is bounded by Porthimund
reservoir, Western catchment No. 2 & 3 watershed in the North, Kundah Palam
reservoir watershed in the South, Parson's valley reservoir water shed in the east

and Upper Bhavani reservoir and Western catchment No.1 watershed in the west.

The total area of the watershed is 58.534 sq.km (22.86 sqg.miles). The drainage is
from North to South, the surplus of the reservoir is flowing towards south and

joining in Kundah catchment

90 % Dependable Year

The combined annual inflows of both the Parsons Valley Reservoir and Porthimund
Reservoir have been considered for the period from 1976-77 to 2012-13
(37 years) to evaluate 90% dependable year. To examine the possibility of
variations in the characteristics of the data with respect to peak values, the data

series is bifurcated into two parts A: 1976-77 to 1993-94 and B : for 19 years
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(1993-94 to 2012-13) and F and t-tests were carried out on the two subsets and the

results are tabulated below :

Table —6.2
t-test : Two Samples assuming Equal Variances

Particulars Variable -A Variable —B Remarks

Mean 3936.389 4022.789
Variance 955672.4 1217662
Observations 18 19

i < -
Pooled Variance 1090410 Since P (T< )
Hypothesized 0 two tai <
Mean t-Critical- two tail,
Df 35 required condition
t-stat - 0.25156 is satisfied

P (T <t)-one tall 0.401428
t-Critical-one tail 1.689572
P (T < t)-two tail | 0.802856
t-Critical- two tail | 2.030108
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Table —6.3

t-test: Two Samples assuming Un-equal Variances

Particulars Variable =A Variable - Remarks

Mean 3936.388889 4022.789

Variance 955672.3693 1217662

Observations 18 19

Pooled Variance 1090410

Hypothesized Mean | O Since P (T < t)-

Df 35 two tail

t-stat - 0.252399936 <

t-Critical-one tail 1.689572458 required - condition

) is satisfied
P (T <)-two tall 0.802208361
t-Critical- two talil 2.030107928
Table - 6.4
f-test: Two Samples for Variances
Particulars Variable —A Variable -B Remarks
Mean 3936.389 4022.789
Variance 955672.4 1217662
Observations 18 19
Pooled Variance 1090410 Since P (F < ft)-one tail
Df 17 18 <
= 0.784842 F-Critical- one talil,
P (F <f)-one tail 0.310795 required condition is
satisfied

F-Critical-one tail 0.443131
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From the above results, it may be inferred that the two subseries are not statistically
different and consistency of the data groups are satisfactory and may be considered for
further study. Combined annual inflows for the reservoirs under consideration are
tabulated in Table 6.5.

Table 6.5
Combined Annual Inflow of Parsons Valley Reservoir and Porthimund
Reservoir
S|.No. vears Com_bined Annual Flows i_n Rank Probability of
inflows of descending Exceedence
Porthimund and order
Parsons Valley in Mcft
1 1976-77 2534 6022 1 2.63
2 1977-78 3432 5901 2 5.26
3 1978-79 4475 5753 3 7.89
4 1979-80 5901 5474 4 10.53
5 1980-81 4397 5319 5 13.16
6 1981-82 4794 5114 6 15.79
7 1982-83 3774 5026 7 18.42
8 1983-84 4116 4794 8 21.05
9 1984-85 4581 4692 9 23.68
10 1985-86 3668 4581 1 26.32
11 1986-87 4354 4475 1 28.95
12 1987-88 2334 4430 1 31.58
13 1988-89 3215 4397 1 34.21
14 1989-90 3712 4354 1 36.84
15 1990-91 2728 4337 1 39.47
16 | 1991-92 4430 4172 1 42.11
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17 1992-93 5474 4116 1 44.74
18 1993-94 2936 4050 1 47.37
19 1994-95 4692 3820 1 50.00
20 1995-96 3725 3774 2 52.63
21 1996-97 4172 3725 2 55.26
22 1997-98 3668 3712 2 57.89
23 1998-99 3820 3668 2 60.53
24 | 1999-2000 3113 3668 2 63.16
25 2000-01 6022 3483 2 65.79
26 2001-02 3449 3474 2 68.42
27 2002-03 2213 3449 2 71.05
28 2003-04 1967 3432 2 73.68
29 2004-05 5026 3215 2 76.32
30 2005-06 5319 3113 3 78.95
31 2006-07 5114 3036 3 81.58
32 2007-08 5753 2936 3 84.21
33 2008-09 3036 2728 3 86.84
34 2009-10 4050 2534 3 89.47
35 2010-11 3483 2334 3 92.11
36 2011-12 4337 2213 3 94.74
37 2012-13 3474 1967 3 97.37

90% dependable Year = (n+1) * 90% = 38 * 0.90= 34. 2, say 34th year

From the above table, combined annual storage at 90% dependability is

observed to be 2534 Mcft (71.76 Mm3 corresponding to the year 1976-77) In
consideration of this value, a detailed study has been carried out for operation of the
proposed Kundah Pumped Storage Hydro Electric Project.
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6.6 Existing System of Kundah HEP (585 MW)

The Kundah hydro-electric complex in Nilgiris District with a total installed
capacity of 585 MW is the major hydro-electric system in Tamil Nadu. The location of
existing reservoirs and the power houses in this complex are furnished in Fig-6.1.
The Tail waters of Kundah power house 5 and Kundah power House 6 are fed into
the Avalanche- Emerald reservoir (capacity 5.282 TMC) which is the main feeding
reservoir for the cascading powerhouses viz. Kundah Power House 1,2, 3 and 4.

The Porthimund reservoir and the Avalanche -Emerald reservoirs are proposed to be
utilised as the upper and lower reservoirs respectively for the proposed Kundah

pumped storage HEP.

The installed capacity, the peak power draft and the water requirement per hour for

the existing six power houses are tabulated as follows:

SI.No. Name of Installed Peak Power Water
Power Capacity (in Draft (in Requirement
House MW) Cusec) / Hour (in

Mcft)

1 Kundah PH1 | 3x20 750 2.7

2 Kundah PH 2 | 5x35 1000 3.6

3 Kundah PH 3 | 3x60 1800 6.48

4 Kundah PH 4 | 2x50 6000 21.6

5 Kundah PH5 | 2x20 600 2.16

6 Kundah PH 6 | 1x30 700 2.52
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The rating Curves of Porthimund reservoir, Avalanche- Emerald reservoir, Parsons
valley reservoir and Upper Bhavani Reservoir are presented as Fig.6.2, Fig. 6.3,
Fig. 6.4 and Fig. 6.5 respectively. The statement of Elevation - Area - Capacity for
Porthimund and Avalanche- Emerald reservoirs based on the capacity survey

conducted during the year 1996 and 2000 respectively are as follows:

Table-6.6
Avalanche — Emerald Reservior

Level vs Storage as per Capacity Survey Agency: M/s RITES for CWC
conducted in the year 2000
Elevation Water spread area Storage
m Sq.km Mm3 Mcft

1929.6 0 0 0
1929.6 0 0 0
1932.4 0 0 0
1933 0 0
1936 0.017 0.02
1939 0.091 0.26
1942 0.199 1.05 37
1945 0.439 2.07 73
1948 0.743 4.09 144
1951 1.108 7.22 255
1954 1.483 11.35 401
1957 1.91 16.6 586
1960 2.839 22.98 812
1963 2.908 30.98 1094
1966 3.475 40.43 1428
1969 4.061 51.43 1816
1972 4.682 63.4 2239
1975 5.337 78.25 2763
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1978 6.1 96.6 3411
1981 6.792 115.84 4091
1984 7.51 137.12 4842
1984.2 7.564 138.69 4898
1985.8 8.044 149.57 5282.06
Table 6.7
Porthimund Reservoir
Level vs storage as per Capacity Survey Agency : M/s
Conducted in the year 1996 IHH/Poondi. Tamil
Elevation Water spread Storage
area
m Sq.km Mm3 Mcft
2180 0 0 0
2180 0.05 0 0
2184 0.10 0.285 10
2188 0.24 0.965 34
2192 0.41 2.276 80
2196 0.89 4.875 172
2200 1.2 9.042 319
2204 14 14.23 503
2208 1.8 20.631 729
2212 2.08 28.384 1002
2216 2.39 37.323 1318
2220.47 2.84 49.025 1731.33
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6.7

The level vs capacity curve for Porthimund reservoir, Avalanche-Emerald and

Parson's Valley reservoir are furnished in Figures 6.2 to 6.4.

Integrated operation of Reservoirs:

A detailed working table (given as Annexure-1) has been prepared for the 90% year
1976 — 77 showing the operation of the existing power stations (viz) Kundah Power
House 5, Kundah Power House 6 and Kundah Power House 1 on fruition of the
proposed Kundah Pumped Storage Power Station. The inflows and water levels at
upper Bhavani, Parsons valley, Porthimund and Avalanche Emerald reservoirs are

given as Annexure-2.

Whenever the free flows in Porthimund & Parsons Valley are inadequate for
operation of Kundah Power House 6, an additional quantum of 15.12 Mcft required

for peaking operation will have to be pumped and utilised.

Excess storage available over and above the 6 hours peaking operation in the
existing power stations has been utilised for conventional power generation. The

outcome of the integrated operation of Reservoirs is as shown below:
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Table 6.8
Outcome of the Integrated Operation of Reservoirs
Year Operation of

%376' Kundah PH5 | Kundah PH6 | Kundah PSHEP Kundah PH 1

Month | No. of| No. of | No. of| No. No. of| No. Pumping No. of| No.

hours | days | hours | of hours | of gquantum hours | of

days days |/day days

June 0 0 0 0 6 30 183 0 0
July 2 26 6 31 6 31 183 6 31
Aug 2 31 6 31 6 31 183 for 15 6 31

days
198.12 for
16 days
Sep 2 30 6 30 6 30 183 6 30
Oct. 2 31 6 31 6 31 183 6 31
Nov. 2 30 6 30 6 30 183 6 30
Dec. 2 31 6 31 6 31 198.12 6 31
Jan. 2 31 6 31 0 0 0 6 31
Feb. 2 28 6 28 6 28 183 6 28
Mar. 2 26 6 31 6 31 198.12 6 31
3 5
Apr. 3 - 6 30 6 30 198.12 6 30
30

May 3 31 6 31 6 31 198.12 6 15
3 16

6.7.1 Outcome of the Study:

From the above, it may be seen that all the existing power stations in Kundah Hydro-
electric Complex as well as the proposed Kundah Pumped Storage HEP can be

operated as Peaking stations throughout the year.
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The utility of the proposed Kundah Pumped Storage HEP will be felt intensively
during monsoon deficient years and shall also be financially incentive.

6.8 Sedimentation aspects

The upper and lower reservoirs viz., Porthimund and Avalanche-Emerald

reservoirs are in operation since 1966-67. In the upper reservoir the average annual
silting load is 0.407 Mm3 over a period of 30 years which is 0.677 % of the original

capacity and in the lower reservoir it is 0.166 Mm3 over a period of 40 years

which is 0.107 % of the original Capacity.

Table 6.9
SI.No.| Details Porthimund Avalanche-
Reservoir Emerald
(Upper Reservoir (Lower
Reservoir) Reservoir)
1 Full Reservoir Level (FRL) 2220.46 m 1985.80 m
2 Minimum Draw Down level | 2207.55 m 1957.98 m
3 | Capacity at FRL (Gross Storage) | 49.01 Mm3 149 57 Mm3
4 |Capacity at MDDL (Dead 19.91 Mm3 18.73 Mm3
5 | Live Storage (Gross — Dead) 29.10 Mm3 130.84 Mm3
6 |Locked Quantum of water 5.184Mm3
for Kundah Pumped Storage
HES (6 hours operation)
7 | % of locked Quantum of water | 10.6% 3.5%
in the Gross capacity of the
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6.8.1

6.8.2

The net storage available for operation of Kundah Power Stations 1,2,3 & 4 is

5465.208 Mcft (154.756 Mm3). Comparing the annual requirement of 5411 Mcft for
Kundah PH 1 and the cascading stations, the annual requirement of water for the
Kundah Pumped storage HEP (500MW) is only 183 Mcft as the same water is to be

re-cycled in the pumping mode.

The total net storage available in both the reservoirs is more than the water
requirement for 6 hours peaking operation of Kundah Power House- 1 throughout
the year. Moreover, a net storage of 2898 Mcft is available in the Upper
Bhavani Reservoir. Hence, the operation of Kundah Power Stations 1,2,3 & 4 will

not be affected
Sedimentation studies of Porthimund Reservoir:

The Porthimund reservoir had been commissioned in the year 1966. The first
sedimentation survey had been carried out by watershed Management Board
Division under the control of Institute of Hydraulics and Hydrology, Poondi during the
year 1990 after 24 years of operation. The second capacity survey had been carried

out during the year 1996 to study the reservoir after 30 years of operation.

The sedimentation details observed during the years the 1966, 1990 and 1996 are

available in Chapter — 7.
Sedimentation Studies of Avalanche — Emerald Reservoir

The Avalanche — Emerald reservoir had been commissioned in the year

1961. The sedimentation survey had been conducted by Central Water
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6.8.3

Commission during the year 2000 after 40 years of its operation.The details are

available in Chapter — 7.

Based on the available silt data, the life of Porthimund and Avalanche Emerald

reservoirs is 119 years and 170 years respectively.
Annual losses (evaporation, seepage etc.):

After one time access, the additional loss due to evaporation, seepage, etc.
shall be augmented from the inflow of Porthimund and Avalanche - Emerald

reservoirs are furnished below:

Table 6.10
Evaporation Losses of Porthimund and Avalanche - Emerald
Reservoirs
Avalanche — Emerald Porthimund Evaporation in Mcft
Capacity | 3'd June | 4th Feb. | cCapacity | 3'd June [5th Oct.to| 7th Feb.
in Mcft to Jan to May in M.c.ft to Sep. Jan to May (4
(8mths) (4mths) (4mths) (4mths) mths)
500 100 2 3 4
1000 200 2 4 6
1500 12 300 3 5 7
2000 11 14 400 3 6 8
2500 13 17 500 4 6 9
3000 15 19 600 4 7 9
3500 16 21 700 4 7 10
4000 18 24 800 5 8 11
4500 19 25 900 5 8 12
5000 21 27 1000 5 8 12
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5500 22 29 1100 5 12
1200 5 13
1300 6 10 13
1400 6 10 14
6.9 Conclusions

1) The water availability of 183 Mcft is found to be feasible based on Simulation

2)

Studies of Integrated operation of Reservoirs using 37 years of the combined
annual inflows of both the Parsons Valley Reservoir and Porthimund Reservoir

(Given as Annexure 1)

The life of Porthimund and Avalanche Emerald reservoirs is 119 years and
170 years respectively which indicates that the useful life of reservoirs is

sufficient for investment justification.
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7.1

7.1.1

7.1.2

7.2

Catchment Area

Catchment area of Porthimund Reservoir:

The catchment or watershed of the Porthimund reservoir is located
between 11°0' to 11°3' latitude and 76°32' longitude. The watershed is
lying in Porthimund reservoir forest of Nanjanadu revenue village and is
bounded by Mukurthi reservoir watershed in the North, Emerald water shed
in the South, Parson's valley reservoir watershed in the east and western

catchment No.2 and 3 in the west.

The total catchment area of this reservoir is 10.62 sg.km (4.15 sq.miles).
The drainage is from west to east, the surplus of this reservoir is flowing

towards north and joining in Pykara catchment.

Catchment area of Avalanche-Emerald Reservoir:

The catchment (or) watershed of the Avalanche-Emerald reservoir is
located between 11°15’ and 11°25' Latitude and 76°30' and 76°40'
Longitude. The watershed of Avalanche — Emerald is bounded by
Porthimund reservoir, Western catchment No.2 & 3 watershed in the
North, Kundah Palam reservoir watershed in the South, Parson's valley
reservoir water shed in the east and Upper Bhavani reservoir and Western

catchment No.1 watershed in the west.

The total area of the watershed is 58.534 sq.km (22.86 sg.miles). The
drainage is from North to South, the surplus of the reservoir is flowing

towards south and joining in Kundah catchment.

Sedimentation data and studies:

The reservoir sedimentation depends upon the type of catchment,

nature of catchment, geology, slope of terrain, rainfall, climate, vegetative
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7.2.1.

7.2.2.

cover, human activities etc. Each reservoir and its watershed has it own

problem unrelated to others.

Sedimentation studies of Porthimund Reservoir:

The Porthimund reservoir had been commissioned in the year 1966. The

first sedimentation survey has been carried out by watershed
Management Board Division under the control of Institute of Hydraulics and
Hydrology, Poondi during the year 1990 after 24 years of operation. The
second capacity survey has been carried out during the year 1996 to

study the reservoir after 30 years of operation.

The sedimentation details observed during the years the 1966, 1990 and
1996 are asfollows:

Table-7.1

SI.No Description Year 1966 Year 1990 Year 1996
1 |Capacity 60.1092 Mm®*| 56.451 Mm® | 47.89 Mm’
2 | Sediment deposition 3.658 Mm® | 12.219 Mm®
3 |Loss in storage capacity 6.0854% 20.33%
4 |Average annual loss in 0.254% 6.78%

capacity )

5 |Average annual silting 0.1524 Mm® | 0.4073 Mm®
6 | Trap efficiency 97% 96.32% 95.63%
8 |Capacity watershed ratio Mrr?/i?fkm an?:f;?fkm Mrasquim

Sedimentation studies of Avalanche — Emerald Reservoir:

The Avalanche — Emerald reservoir had been commissioned in the year
1961. The sedimentation survey has been conducted by Central Water

Commission during the year 2000 after 40 years of its operation.
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The outcome of the study are as below:

Sedimentation rate

1. Original capacity (1961) -156.20 Mm’
2. Capacity during the year 2000 -149.574 Mm®
3. Total loss of capacity - 6.626 Mm’
4. Total percentage loss - 4.24%

5. Annual percentage loss - 0.106%

6.

- 2.83mml/year

The detailed sedimentation analysis calculations and determination of

new zero elevation after 70 years of sedimentation are given as

Annexure — 7.1.

7.3 Life of reservoir in years:

7.3.1. Porthimund Reservoir

(Ref: First capacity survey conducted by Institute of Hydraulics and

Hydrology — Poondi)

The life of Porthimund reservoir has been worked out based on the trap

efficiency method. The life period worked out (taking siltation upto sill of

Intake tunnel - 2193 m) based on this method is 119 years as below:

Life of Porthimund Reservoir using Trap efficiency:

Table — 7.2
>, > 2 > > |_ = <
S SE £8| 22 (9,2 |388. |2 E| e_
Z T s ‘U; < O L c.o c ESE Se= 5=
% 2z 53| Fg |$5¢g |£58° |3 5| &°
Ol O€ 5 SO n = x >
1 2 3 4 5 6 7 8
1. 60.109 0.6875 97 96.66 0.1524 3.6577 24
2. 56.4513 0.6457| 96.32 96.06 0.1515 6.4513 42.58
3. 50.00 0.572 | 95.79 95.645 0.1511 7.837 51.90
46.095 (storage at 118.48
4. | silllevel ofintake | 0.527 | 95.50 (or) say
tunnel) 119 years
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7.3.2.

Life of Avalanche — Emerald Reservoir:

(Ref: Capacity survey conducted by M/s. RITES LIMITED/Central
Water Commission during 2000)

The life of Avalanche — Emerald reservoir has been worked out based on

reducing sedimentation rate method, as below:

156.20 Mm?® (in year 1961)
149.57 Mm?® (in year 2000)

Original storage capacity

Present storage capacity

(considering siltation upto intake of tunnel at Avalanche- Emerald reservoir
ie.,

1943.0 m as the end of feasible life of the reservoir)

Capacity at tunnel intake = 3.40 Mm®
Percentage (%) Depth = (1943-1929.60)/1985.80-
1929.60)x100
= 24.0
Corresponding silt deposition = 20.10%

(Ref: vertical sediment distribution curve, F 4.12 of capacity survey of
CWC)

Total silt deposition required till the end of Full service

period (3.4/20.10) x 100

16.915 Mm?®

Hence, capacity at the end of full
156.20 — 16.915
139.285 Mm®

service period

From the data received from the Central Water Commission, the average
annual reduction in annual sedimentation rate for nearby Lower Bhavani
reservoir is 0.98%. Assuming the same reducing rate for Emerald-

Avalanche reservoirs also, the cumulative sedimentation in
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N years =SX(N-NXx(N-1) xr/2)
where N =Number of years
S = Initial annual

sedimentation rate r =
annual reduction rate

Hence, cumulative sedimentation rate for 40 years
=Sx(40-40x(40-1)x0.98
100x2
= 6.626 Mm’ (Capacity lost during the year 2000 as
per survey)
S =0.2048 Mcm

Sedimentation rate inyearsy =S (1-(Y-1960-1)xr) Mm®

Presentrate of sedimentation inyear 2000
=0.2048[1- (2000-1960-1) x0.98/100r) Mm®

=0.1265 Mm®
Annual rate of reduction in sedimentation =0.98%
Table — 7.3
Year Storage capacity at | Sediment volume Storage capacity at
the beginning of the trapped (Mm?) the end of the year
year (Mm?®) (Mm?®)
2000 149.574 0.1265 149.447
2010 148.365 0.1141 148.251
2020 147.279 0.1017 147.178
2030 146.262 0.9374 145.324
2040 145.324 0.8639 144.460
2050 144.460 0.7962 143.664
2060 143.664 0.7338 142.930
2070 142.930 0.6763 142.254
2080 142.254 0.6232 141.631
2090 141.631 0.5744 141.057
2100 141.051 0.5293 140.527
2110 140.527 0.4878 140.039
2120 140.039 0.4496 139.590
2130 139.590 0.4144 139.175

In the year 2130, the capacity of 139.285 MM® has been
reached. Hence, life of the reservoir
=2130-1960 =170years
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7.4

7.5

7.6

Annual losses (evaporation, seepage etc.):

Since, the existing reservoirs are proposed to be utilised for this project,
there will not be any additional loss due to evaporation, seepage, etc. The
evaporation losses of Porthimund and Avalanche — Emerald reservoirs are

available in Chapter — 8.

Reservoir rim stability:

The Engineering Geology division of geological Survey of India, Chennai
has explained about the rim slope stability of the Porthimund and Avalanche
— Emerald reservoir vide their Note: 4. As per the report there is no major
slope failures except incidences of failures observed at 500 m upstream
of Porthimund dam on the right flank of reservoir. Preliminary assessment
of the above failure indicates that the failures are due to steep slopes and
may not be attributed for the fluctuation of water due to draw down.
However, this slope failure is to be studied in detail for arriving at suitable
control and corrective measures. Further details are available in Chapter - 5
of this DPR.

Need and recommendations for soil conservation measures in the

catchment:

The soil conservation measures proposed for this project are available in
Chapter 15 — Environmental & Ecological aspects under the head

Catchment Area Treatment Plan (CAT plan).
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Annexure-7.1
Sedimentation Studies for Kundah H.E Project for Avalanche Emerald Reservoir

Gross Capacity at F.R.L (C) = 149.57 MCM
Annual Inflow (I) = 70.820 MCM
Rate of Sedimentation (r) = 2.83 mmlyear
Catchment Area (A) = 58.534 SgKm
Deepest River B.L at Dam Site = 1929.60 m
F.R.L = 1985.80 m
Elevation - Area — Capacity
Table-7.4
Elezlne:t)ion Area (sq.km) Ca,\a‘.acc.i't\z/
1985.8 8.044 149.57
1984.2 7.564 138.69
1984 7.51 137.82
1981 6.792 115.84
1978 6.1 96.60
1975 5.337 78.25
1972 4.682 63.40
1969 4.061 51.43
1966 3.475 40.43
1963 2.908 30.98
1960 2.839 22.98
1957 1.91 16.60
1954 1.483 11.35
1951 1.108 7.22
1948 0.743 4.09
1945 0.439 2.07
1942 0.199 1.05
1939 0.091 0.26
1936 0.017 0.02
1933 0 0.00
1932.4 0 0.00
1929.6 0 0.00
1929.6 0 0.00
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Capacity Inflow Ratio = C/I = 2.1119740
Trap Efficiency (M)
The Reservoir Sedimentation Problem has been Classified as

SIGNIFICANT. Average Annual Sediment Volume = A xrx "
=0.1623

M.C.M R =Ann. Sed. Volume/C =0.109

Computation of Sediment volume by Trap Efficiency Method

Table-7.5
Period Capacity C/l Trap Total
(M.C.M) Efficiency Sediment | Revised Sediment
Volume in 5 | Capacity Volume
years (M.C.M) (M.C.M)
(M.C.M)
1to5 149.570 2.112] 98.00% 0.8117 148.758 0.812
5to0 10 148.758 2.101| 98.00% 0.8117 147.947 1.623
10to 15 | 147.947 2.089| 97.00% 0.8034 147.143 2.427
15t0 20 | 147.143 2.078| 97.00% 0.8034 146.340 3.230
20to 25 | 146.340 2.066| 97.00% 0.8034 145.536 4.034
2510 30 | 145.536 2.055| 97.00% 0.8034 144.733 4.837
30to 35 | 144.733 2.044| 97.00% 0.8034 143.930 5.640
35t040 | 143.930 2.032| 97.00% 0.8034 143.126 6.444
40to 45 | 143.126 2.021] 97.00% 0.8034 142.323 7.2
451t0 50 | 142.323 2.010| 96.00% 0.7951 141.528 8.042
50to 55 | 141.528 1.998| 96.00% 0.7951 140.733 8.837
55t0 60 | 140.733 1.987| 96.00% 0.7951 139.937 9.633
60 to 65 | 139.937 1.976| 96.00% 0.7951 139.142 10.428
65to 70 | 139.142 1.965| 96.00% 0.7951 138.347 11.223
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Table-7.6
Capacity
S.No Elevation | (M.C.M) | Depth (m) IE)Og of Log of
epth .
(m) Capacity
1 1985.8 149.57 56 1.750 2.175
2 1984.2 138.69 55 1.737 2.142
3 198 137.82 54 1.736 2.139
4 198 115.84 51 1.711 2.064
5 197 96.60 48 1.685 1.985
6 197 78.25 45 1.657 1.893
7 197 63.40 42 1.627 1.802
8 196 51.43 39 1.595 1.711
9 196 40.43 36 1.561 1.607
10 196 30.98 33 1.524 1.491
11 196 22.98 30 1.483 1.361
12 195 16.60 27 1.438 1.220
13 195 11.35 24 1.387 1.055
14 195 7.22 21 1.330 0.859
15 194 4.09 18 1.265 0.612
16 194 2.07 15 1.188 0.316
17 194 1.05 12 1.093 0.021
18 193 0.26 9 0.973 -0.585
19 193 0.02 6 0.806 -1.699
20 193 0.00 3 0.531
21 1932.4 0.00 3 0.447
22 1929.6 0.00 0
23 1929.6 0.00 0
Reverse Slope X/Y = 2.207
Type of Reservoir = [ Hill
70 Years expected Sediment Volume = 1122.29 Ha-m
Height of the dam = 56.20
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Calculation of New Zero Elevation by empirical Area Reduction method

Table - 7.7
Elevation A(PH) V(PH)
(m) (Ha) Ha-m) p |S-V(PH) |H x A} hp hp
(PH)
1929.6 0.00 0.00 0.000
1929.6 0.00 0.00 0.000 | 1122.29 0.00
1932.4 0.00 0.00 0.050 [1122.29 0.00 2.078
1933 0.00 0.00 0.060 |1122.29 0.00 1.838
1936 1.70 2.00 0.114 ]1120.29 95.54 11.73 0.921
1939 9.10 26.00 0.167 | 1096.29 511.42 2.1 0.625
1942 19.90 105.00 0.221 [1017.29 1118.38 | 0.9 0.477
1945 43.90 207.00 0.274 |915.29 2467.18 | 0.37 0.385
1948 74.30 409.00 0.327 | 713.29 4175.66 | 0.1 0.320
1951 110.80 722.00 0.381 | 400.29 6226.96 | 0.0 0.258
1954 148.30 1135.00 0.434 |-12.71 8334.46 | 0.0 0.225
1957 191.00 1660.00 0.488 | -537.71 10734.20 | -0.05 0.199
1960 283.90 2298.00 0.541 | -1175.71 15955.18 | -0.07 0.173
1963 290.80 3098.00 0.594 |-1975.71 16342.96 | -0.12 0.145
1966 347.50 4043.00 0.648 | -2920.71 19529.50 | -0.15 0.122
1969 406.10 5143.00 0.701 | -4020.71 22822.82 | -0.18 0.100
1972 468.20 6340.00 0.754 | -5217.71 26312.84 | -0.20 0.080
1975 533.70 7825.00 0.808 | -6702.71 29993.94 | -0.22 0.062
1978 610.00 9660.00 0.861 | -8537.71 34282.00 | -0.25 0.044
1981 679.20 11584.00 | 0.915 | -10461.71 | 38171.04 | -0.27 0.026
1984 751.00 13782.00 [ 0.968 | -12659.71 | 42206.20 | -0.30 0.010
1984.2 756.40 13869.00 | 0.972 | -12746.71 | 42509.68 | -0.30 0.009
1985.8 804.40 14957.00 | 1.000 [-13834.71 | 45207.28 | -0.31 | #DIV/Q!
From the the Graph, Po = 0.274

(NZE)70 =

0.274 x 56.20 + 1929.6 = 1945.00 m
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CHAPTER 8

POWER POTENTIAL & INSTALLED CAPACITY

8.1

Optimisation of Installed Capacity:
Three alternatives of installed capacity viz., 1000 MW, 500 MW and 400 MW for
the Kundah pumped storage HEP were examined based on operational, technical
and commercial aspects.
The following seven aspects have been studied in the optimisation of installed capacity.
)] Locked quantum of water in a reservoir
i) Rise and fall of reservoirs during generations and pumping mode.

Size of the project components
Quantity of muck to be disposed.

V) Requirement of forest land

Vi) Power Transmission system
vii)  Surplus power availability for pumping
El(-) Description Installed capacity
' 1000 MW 500 MW 400 MW

1 Locked quantum of water

in the Porthimund 1037 Mm® | 5184MmS |  4.752 Mm3

reservoir ' ' '

(Upper)
2 Rise & fall of the

reservoirs 2.1 m/3m 1.55m/2.37 m| 1.37m/1.83m

(Lower/Upper)
3 Size of Project

components 125 mx12.5m 8.5x8.5m 8.2mx8.2 m

(HRT &TRT)
4 | Quantity of muck to be

disposed 12,00,000 m3 | 7,00,000m3|  6,00,000 m3
5 Requirement of Forest

land 46 ha 30ha 29 ha
6 PowerTransmission Additional land to[ Multi circuit line[ Multi circuit line

system be acquired in the existing | in the existing

along the existing corridor corridor
corridor

From the Tabular statement it may be clear that 1000 MW capacity is not preferable
and the choice is between 500 MW & 400 MW. Considering the availability of soft
loan for mega projects of more than 500 MW and the availability of 100 MW more
power in the case of 500 MW to meet the ever increasing peak demand, the total
installed capacity of 500 MW is selected.
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8.2 Number of Units

Two alternatives (viz) 2x250 MW and 4x125 MW for the Kundah pumped
storage HEP were examined on the following aspects:

8.2.1 Flexibility in operation

More the number of units, there will be more flexibility in operation of grid as
the machines can be put on bar gradually either in pumping or generation mode
depending on the fluctuations in the grid frequency.

8.2.2 Operational contingencies

During breakdown of a single machine, 3 units of 125 MW (375 MW) will be
available for operation in the case of 4x125 MW, where as 250 MW only will be
available in the case of 2x250 MW sets. During break down of any Thermal unit also,
4X125 MW capacity will be more suitable. Hence, to meet the operational
contingencies 4x125 MW is preferred.

8.2.3 Incremental energy benefits

The Ul charges at various frequencies is tabulated below :

Freqin Hz Per Unit Freqin Hz Per Unit
Rate/(Rs) Rate/(Rs)
Above 50.05 0 49.98 2.1968
50.05 0 49.9 3.864
50.04 0.356 49.85 4.906
50.03 0.712 49.8 5.948
50.02 1.068 49.75 6.990
50.01 1.424 49.7 8.032
50.00 1.78 Below 49.7 8.24
49.99 1.9884

Where the tariff is very low, power will be drawn from grid for pumping when
the frequency is between 49.7 Hz to 50.05 Hz. The tariff during the six hours peak
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period varies from Rs.4 to Rs.6 per unit. Hence, to avail the ABT and to encash
incremental power during peak hours, 125 MW units is preferred over 250 MW units.

8.2.4 Infrastructure for Transportation of equipments:

For transporting the equipments, the infrastructure available for the existing
Kundah Power House at Parson's valley (30 MW) is proposed to be utilised. For the
optimum size of 125 MW generator, 3 phase transformers of 162 MVA capacity with
dimensions - 6.6m x 2.6m x 3.5 m (Ixbxh) would be required. The existing road is
proposed to be widened from 4m to 8m which would be sufficient for transporting the
equipments.

Hence, considering the above four aspects (viz) Flexibility in operation,
operational contingencies, incremental energy benefits and available infrastructure
for transportation of equipments for the projects, unit capacity of 125 MW is selected.

8.3  Operating Criteria:

The Francis reversible turbine type generating units have been designed for
the Kundah pumped storage HEP to operate under rated generating net head of
236m at rated generating design discharge of 240 cumec and rated pumping head of
246 m and a pumping design discharge of 186 cumec.

Turbine efficiency : 92%
Generator efficiency : 98.5%
Pump efficiency : 92%
Motor efficiency : 95%
Efficiency of Turbo-Generator : 92%
Efficiency of Pump-Motor : 85.5%

Rated Discharge:

Generation mode:
Turbine Discharge, Qt = (Power) / (9.8* nt* ng *H)

= 125000 / (9.8*0.92*0.985*236)

=60 m3/sec.
Total, Qt=240 m3/sec
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Pump Discharge, Qp =kWx np / (9.8xHp)
=125000x0.985x0.92/ (9.8x248)
=46.60 m3/sec
Total, Qp=186 m3/sec

8.4 Cycle Efficiency:

Cycle efficiency = Qp x 100
Qg

= (186/240)x100 = 77.5%

8.5 Power Potential:

Being a pumped storage project , this will be operated in the generating mode
for 6 hours daily during peak hours . Whenever surplus energy is available in the grid,
this will be operated in pumping mode. Hence , average annual energy
generation from the Kundah pumped storage HEP with a total installed capacity
of 500MW (for 11 months in a year excluding one month for maintenance) would be
1005 MU.

8.6 Background
The power potential of the river Kundah, a tributary of the river Bhavani
has been developed in four phases with a total installed generating capacity of

585 MW in 6 power houses indicated in the Table below.

Installed Capacity
SI. No. | Name of Power House
(MW)
1 Kundah P.H1 60
2 Kundah P.H 2 175
3 Kundah P.H 3 180
4 Kundah P.H 4 100
5 Kundah P.H5 40
6 Kundah P.H 6 30
Total 585
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The Nilgiri plateau in the Western Ghats receives rainfall during both monsoon
and non - monsoon seasons and the topogrophy of the area provided
attractive possibilities for hydroelectric power development. The development of the
power potential was initiated in 1950s. Six projects presently in operation fully
harness the power potential of the river in platueau region and contribute reliable
peaking capacity support to the grid.

The bulk of the hydroelectric power potential of the State has already been
developed. The hydroelectric projects provide reliable and economic source of
peaking power. In the absence of availability of sites for conventional
hydroelectric schemes, the pumped storage schemes provide best alternative. The
existance of a number of reservoirs in the basin afford possibilities of economic
development of pumped storage schemes (PSS). In this context, TANGEDCO
have proposed the development of Kundah Pumped Storage Hydro-electric Project
(500 MW) utilising two existing Reservoirs of Kundah Complex viz. Porthimund
reservoir as the upper reservoir and Avalanche-Emerald reservoir as the lower
reservoir to feed an installation of 4 reversible pump-tubine generating units of
125 MW each located in an underground power house operating under an average
net head of about 240 m.

This will be the 7th power house of the Kundah complex.

8.7 Power Supply Position

The power requirement in the State has in the recent years grown at 10 to
11% per year and has outstripped the supply. The actual annual power supply
position in the State during the 2009-10 to 2013-14 has been given in the Table -
8.2 below.
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Table-8.2
Actual Power Supply Position in Tamil Nadu during 2009-10 to 2013-14

Pea Energ
Year Demand A"a(ill\jl"\?\};”y Surplus (+)/Deficit (-) Req“(m;‘em Avami)”ty Surplus (+)/Deficit (-)
(VW) (MW) (%) (MU) (%)
2009-10 11125 9813 -1312 -11.79 76293 71568 -4725 -6.19
2010-11 11728 10436 -1292 -11.02 80314 75101 -5213 -6.49
2011-12 12813 10566 -2247 -17.54 85685 76705 -8980 -10.50
2012-13 | 12736 | 11053 | -1683 | -13.21 92302 76161 | -16141
2013-14 | 13522 | 12492 | -1030 | -7.62 | 93508 87980 | - 5528 - 5.91

Source: CEA Publications -Load Generation Balance Report, Monthly Power

Supply Position

Month wise power actual supply position in the State for the above period is
given at Annexure - 8.1.

It is observed from the above that peaking capacity shortage has generally been

higher than the energy shortage indicating the need for addition of peaking schemes

in the syste

m.

8.8 Power Requirement

The report on 18th Electric Power Survey has since been released. The relevant

extracts pertaining to Tamil Nadu are enclosed as Annexure — 8.2.Category wise

utilisation is also indicated Annexure — 8.3.

The projections of the power requirements in Tamil Nadu as per

this Report are presented in Table 8.3. The corresponding annual load factors

have also been indicated.
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Table—-8.3

Power Requirement in Tamil Nadu as per 18th Electric Power Survey Report

Peak Energy Annual
Year Demand Requirement Load

(MW) (MU) Factor (%)
2009-10 10046 70751 80.4%
2010-11 11728 80314 78.2%
2011-12 12785 85783 76.6%
2012-13 14174 91625 73.8%
2013-14 15736 97865 71.0%
2014-15 17497 104529 68.2%
2015-16 19489 111648 65.4%
2016-17 20816 119251 65.4%
2017-18 22375 128177 65.4%
2018-19 24057 137815 65.4%
2019-20 25876 148237 65.4%
2020-21 27838 159475 65.4%
2021-22 29975 171718 65.4%

The projections indicate gradual decrease in the annual power factors which are
expected with the improvement in the electric supply position. The lesser energy
in the peaking part of the daily load curve would require a larger portion of the
installed capacity operating at a lower load factor, thus the need for addition of
peaking type of generating capacity. Conventional peaking and pumped storage

schemes provide most economic solution to meet peaking demand.

8.9 Daily Load Curve Analysis

A typical unrestricted pattern of daily load in the State for the month of September
2013 has been adopted for the analysis. The same pattern has been adopted to work
out the pattern in the year 2019-20 when the first unit of the project is

scheduled to be commissioned. The daily load curve is presented in Annexure — 8.4
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and the data is presented in Annexure — 8.5. This would, however, result in
conservative estimates of the capacity requirement for peaking as the effect of the

projected lower load factors has not been considered.

The load factors of the capacity catering to the peaking component of the daily load
curve for the conditions of peak day during 2012-13 and 2019-20 are shown
in the Exhibit — 1 below.

Exhibit- 1

Load Factor of Operation of Peaking Capacity

60%
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50%
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g
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__,.,'-/
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Capacity to serve Peak (MW)

It is observed from the above that with the increase in the system peak demand,
the energy content of a given capacity catering to the peak reduces. Load factors
of operation for the given capacity to cater to the peak for the period 2012-13
and 2019-20 is given in then Table — 8.4 below:-
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Table -8.4
Load Factors for Peaking capacity

Peak Load Factor (%)
Capacity
(MW) 2012-13 2019-20
500 5% 4.2%
1000 12% 4.8%
1500 26% 6.4%
2000 9.7%
2500 16.4%
3000 22.6%
3200 24.9%

The above analysis brings out the requirement of about 3200 MW of net peaking
capacity in the system. The estimates will be higher if the impact of anticipated load
factor of 65% is also considered. Considering the existing hydro peaking capability,
there is justification for higher installation at the Kundah Pumped Storage Project.
However, the installation is limited to 500 MW based on the constraints of
environment, clearances for the transmission line through reserved forests etc. It
will be prudent to plan the layout for the scheme in such a manner that components
of this project may not become constraints in installation of additional pumped

storage scheme in the vicinity.

8.10 Planning of Kundah Pumped Storage Scheme

The proposed Kundah Pumped Storage Hydro-electric Project 500 MW
envisages utilization of the two existing Reservoirs of Kundah Complex viz.
Porthimund (live storage 29.10 Mcum) as the upper reservoir and Avalanche-
Emerald reservoir (live storage 130.84 Mcum) as a lower reservoir to feed an
installation of 4 reversible pump-tubine generating units of 125 MW each located

in an underground power house operating under a net head of 236m/248m.
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8.10.1 Upper Reservoir

The existing Porthimund reservoir on the Porthimund river is proposed to be
utilised as upper reservoir. The reservoir has a catchment area of 10.62 sq.km. The
area capacity characteristics of Porthimund reservoir are given at Annexure — 8.6.
The operating levels and the storage capacity of the reservoir are given in the
Table — 8.5 below.

Table — 8.5

Operating Levels and Storage Capacity

Particulars Level (m) Storage (MCum)
FRL 2220.46 49.01
MDDL 2207.55 19.91

Live storage 29.10

8.10.2 Lower Reservoir

The Avalanche — Emerald reservoir, commissioned in the year 1961 is
proposed to be utilised as lower reservoir for pumped storage scheme.
The area capacity characteristics of Avalanche-Emerald reservoir is given at
Annexure — 8.7. The operating levels and the storage capacity of the reservoir are
given in the Table — 8.6 below.

Table — 8.6

Operating Levels and Storage Capacity

Particulars Level (m) Storage (MCum)
FRL 1985.77 149.57
MDDL 1957.98 18.73

Live storage 130.84
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8.10.3 Installed Capacity

It has been proposed to install 500 MW comprising 4 reversible units of
125 MW each. The installation has been proposed primarily from the
consideration of immediate system requirement and constrains in laying
additional transmission line through reserve forest. The pondage requirement for
the operation of the units is 5.62 MCum.

As the available hydroelectric potential in the State has already been
harnessed, the pumped storage schemes need to be pursued for meeting the
system peak. These schemes are ameneable for quick start, reliable and render
operation flexibility in the system besides providing economic source for meeting
peaking capacity requirement. In this connection, this site which has potential for
further installation needs to be kept under consideration.

8.10.4 Operating Head

Maximum Head: The maximum gross head on the reversible units in
generation mode would occur when the reservoir level in the Porthimund reservoir
(upper reservoir) is at its FRL 2220.46m and the Avalanche—Emerald reservoir
(lower reservoir) is at its MDDL 1957.98m. The maximum head works out at
262.48 m. Considering water conductor losses of 6 m, the net maximum head would
be 256.48m.

Minimum Head: The minimum gross head on the reversible units in
generation mode would occur when the reservoir level in the upper reservoir is at
its MDDL 2207.55 m and the lower reservoir is at its FRL 1985.77 m The minimum
head works out at 221.78 m. Considering water conductor losses of 6 m, the net
minimum head would be 215.78 m.

Average Head: The average gross head on the reversible units in

generation mode would occur when the upper and lower reservoirs are at their
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respective average level of 2216.16 m 1976.51 m. The average and average net
average head would be 239.65 m and 233.65 m. The average net head during
pumping operation will be 245.65 m.

8.10.5 Pondage Requirement

The pondage requirement for operation of the pumped storage scheme would
be 5.57 MCum for 6 hours of operation. The storage varies linearly with the
hours of operation required. This is very small portion when compared to the gross

storage available in the two reservoirs.

8.11 Operation Simulation

The head on the units varies as the water levels in both the reservoirs
change continuously during the operation of the pump turbine units in both
the modes i.e. generation and pumping. The operation of the two reservoirs
system has been simulated at 10 minutes interval to capture the effect of the
continuous variations in the operating head on generation and pondage requirement.
The operation simulation studies have been carried out for 6 hours of operation of

generation for the the following two scenarios.

Scenario 1: Upper reservoir at FRL and Lower reservoir at MDDL at the
beginning of operation.

Scenario 2: Upper reservoir draws down to MDDL at the end of generation
and lower reservoir fills up to FRL.

8.11.1 Scenario 1: Upper reservoir at FRL and Lower reservoir at MDDL

At the beginning of the generation cycle, the Upper reservoir is at its FRL

2220.46 m and the lower reservoir at its MDDL 1957.98 m. The results of the

detailed study are given at Annexure - 8.8. The results of the study indicating

the initial and final reservoir levels, corresponding storages as also the maximum

and minimum head on the units have been summarised in Table — 8.7 below.
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Table-8.7
Summary of simulation results
Upper Reservoir Lower Reservoir
Level Storage Level Storage
Particulars (m) (MCum) (m) (MCum)
Beginning of Operation 2220.46 49.01 1957.98 18.73

End of 6 hrs. of Operation | 2218.64 44.20 1960.21 23.54

Pondage Requirement 4.81 4.81
Minimum Gross Head 258.43m
Maximum Gross Head 262.48m
Hours of Peaking Operation 6
Generation during the period 3 GWh

8.11.2 Scenario 2: Upper Reservoir Levels near MDDL and Lower Reservoir near

The operation examines the other extreme levels where the upper reservoir

is near MDDL at the beginning of the operation and attains a MDDL at the end of 6

hours cycle. The Lower reservoir is near its FRL at the beginning of the operation

and attains FRL at the end of the operation. The results of the detailed

study are given at Annexure—8.9.

The results of the study have been summarised in Table — 8.8 below.

Particulars

Table - 8.8
Summary of simulation results
Upper Reservoir Lower Reservoir
Level Storage Level Storage
(m) (MCum) (m) (MCum)

Beginning of Operation 2210.50 25.48 1984.97 144.00

End of 6 hrs. of
Operation

2207.55 19.91 1985.77 149.57

Pondage Requirement 5.57 5.57
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Minimum Gross Head 221.78 m
Maximum Gross Head 225.63 m

Hours of Peaking Operation 6

Generation during the period 3 GWh
The above two conditions represent extreme conditions of the reservoir storage
positions. The pondage requirement is higher at 5.57 mcum when the lower

reservoir level is near its FRL and upper reservoir level is near MDDL.

8.12. Summary and Conclusion:

e The two existing reservoirs viz. Porthimund and Avalanche-Emerald in the
Nilgiris located at elevation difference of about 240 m provide attractive
possibility for large scale development of pumped storage scheme.

e An installation of 500 MW comprising 4 reversible pumped storage
units of 125 MW has been provided considering constraints in further
increasing the capacity.

e Shortage condition are presently prevailing in power supply system of
Tamil Nadu. The shortage in peaking availability is higher than the shortage

in energy indicating the need for addition of peaking capacity in the system.

e Pumped storage schemes provide most economic and reliable
solution for meeting the peaking demand and the proposed Kundah
Pumped Storage Scheme is an attractive candidate scheme to meet
the peaking requirements at the time of commissioning of the project
during year 2019-20.

e Porthimud (Upper reservoir) has a live  storage capacity
of 29.10 Mcum between FRL 2220.46 m and MDDL 2207.55 m
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and Avalanche-Emerald (Lower reservoir) has a live storage capacity of
130.84 Mcum between FRL 1985.77 m and MDDL 1957.98 m.

e Total installed capacity of 500 MW comprising 4 reversible pump-
turbine units of 125 MW each has been provided.

e The operation simulation of the project with the extreme positions of
storage in two reservoirs indicate the pondage requirement of 4.81 Mcum
and 5.62 Mcum.

e The pondage requirement for daily operation of Kundah Pumped Storage
Project would vary depending upon the reservoir levels. The Pondage
requirement, however, constitutes only a small part of the storage available

in the reservoirs.
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9.1

9.2

Design of Civil Structures:

As the total installed capacity of Kundah pumped storage HEP is 500MW,

design of all the civil and hydro-mechanical components required for the

total installed capacity of 500MW has been carried out and details are

furnished.

Structures and Layout:

The proposed Kundah pumped storage project does not contemplate
construction of any new storage structures. The existing Porthimund
Reservoir (capacity: 49.01 Mm® and Avalanche-Emerald reservoir
(capacity: 149.57 Mm°) are proposed to be utilised as upper and lower
reservoirs respectively. All the project components except switch yard are
located underground. The general layout of the project is furnished in
drawing No. KPSP/DPR-REVIEW/2015/01. The main components of the
proposal are as below:

Head Race System

(@)
(b)
(©)

(d)
(e)
®
(9)

I

(@)
(b)
()
(d)
(d)

Intake
Head Race Gate Shaft
Head Race Tunnel (HRT)

Head Race Surge Shaft

Adittothe HRT and Pressure Shaft Top
Pressure Shaft

Penstock

Power House and appurtenances
Power House Cavern

Transformer Cavern

Main Access Tunnel to Power House
Adit to Power House Bottom

Cable cum Ventilation Tunnel
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9.3

9.3.1.

9.3.2.

(e) Overground switch yard civil works

1 Tail Race System

(@) Draft Tube

(b)  Tail Race Surge Tank / Collection Chamber

(c) Tail Race Tunnel

(d)  Tail Race Gate Shaft

(e) Aditto Tail Race Surge Tank / Collection Chamber Top
() Adit to TRT

() Leading Channel & Exit works at Lower Reservoir

General

Five alternative routes for the water conductor system have been studied.
The final alternative is chosen considering the geological and economical
aspects. The details of the alternatives studied are furnished in Section 9.4.

Geology

Detailed geological report furnished by the Director/Engineering Geology

Division/ Chennaiis available in Chapter 5.

As suggested by the Geological Survey of India / DPR Division, New
Delhi exploratory drifts to the Power House Cavern, Tail Race Surge Tank /
Collection Chamber, Access Tunnel and to the Head Race Tunnel Surge

Shaft are to be carried out prior to detailed design stage.

Seismicity

As no new reservoir is proposed for this project and all the project
components are located underground, site seismic study of the area has
not been carried out. The project area is located in seismic zone Il

Appropriate seismic co-efficient will be adopted in the design of power
house and allied structures
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9.4

Alternatives Considered

A layout map showing the various alternatives studied is furnished in
Volume lll. After review of DPR, a modified layout of project has been
proposed which is furnished as Drawing No: KPSP/DPR-
REVIEW/WAP/2014/01 in Volume - IlI.

The details of the alternatives studied are as follows:-

Alternative l:
The Geological Survey of India has inspected the component sites of this

alternative and remarked as follows:

(i) The intake is located in a shorter arm of 150m width and the
moderate slope of the reservoir rim area may lead to the slope
stability problem.

(i) Inadequate superincumbent as well as lateral rock cover for a
length of about 200m which has to be negotiated by cut and cover.

(i) The surge shaft is to be located upstream to have sufficient lateral
cover.

(iv) North-South orientation of the Power House is preferred over the
North East-South West direction.

Hence, this alternative | is totally ruled out and alternative Il incorporating
the suggestions/recommendations of the Geological Survey of India/Govt.

of India has been studied.
Alternative ll;

The Head Race System has been shifted 160m south of the Alternative |
and the Head Race Surge Shaft is located with sufficient lateral cover. The
Power House is oriented North — South as suggested by Geological Survey
of India.
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(a) Alternatives for Intake Location:

The possibility of shifting the location of intake towards downstream at
Point B marked in the layout where the Head Race Tunnel crosses the
Porthimund Reservoir at about 200m from the intake proposed has been
studied.

If the Intake is taken at this point then, the length of the leading channel
will be increased to 350m instead of 140m and the depth of excavation to
reach the sill of 2193.00m will be comparatively high. Moreover, that point
is also in the short arm of the Reservoir and as apprehended by Geological
Survey of India there will be slope stability problem. Hence, the intake
location has been finalised at location A (marked in the layout).

(b) Alternative Locations for Head Race Surge Shaft:

Alternative locations for Head Race Surge Shaft have been studied. The
location towards downstream of the present one is a valley where the levels
are 20 to 40m below the FRL of the Porthimund Reservoir. If the location
is shifted downwards then, the top of the Surge shaft has to be raised to
about 20m above natural ground level and sufficient side cover could not
be obtained.

As there is no other suitable location available for the Head Race Surge
Shaft, the Head Race System upto Surge Shaft has been retained as per
Alternative 1l. Three alternatives (Alternative Ill, IV & V) for the Power
House locations and the Tail Race System alone have been studied. The
merits, demerits and cost aspects of the Alternatives II, Ill, IV & V are

furnished below:
Alternative Il: Merits:
i)  Suggestions made by the Geological Survey of India have been fulfilled.

i) Length of the Pressure shaftis only 440m.
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iii) The length of leading channel has been increased so as to reach the tail
race intake sill of 1943 m and the dead storage at MDDL works out to
536.75 Mcft which is only 9.67% of the total capacity of the Avalanche-

Emerald reservoir.

iv) Slope of Cable cum Ventilation tunnel is sufficient. This can be used as

one more access for construction of Power House.

v) Slope of Access Tunnel is 1 in 17 in which the construction
machineries, transformers and other accessories can be easily

transported.

vi) From the bore hole results, GSI/Chennai Division (in their
comprehensive note on the feasibility stage Geotechnical
Investigation) has preferred this Alternative layout

Demerits:

() Tail Race Surge shaftis necessary.

(i) Length of leading channel is more.
Alternative lll:

Merits:

() Thelength of the Tail Race Tunnel is only 560m.

(i) Length of the Cable Cum Ventilation Tunnel is 470m as against
740m (as per Alternative Il).

(i) Length ofthe Access Tunnelis 880m as against 1090m.

Demerits:
() Lengthofthe Pressure shaftis increased considerably.

(i) Tail Race Surge Shaft could not be avoided.
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(i) Dead Storage at MDDL is 24.13% of the total capacity of the

Avalanche-Emerald Reservoir.

(iv) The slope of the Cable Cum Ventilation Tunnel will be steep and does

not serve as one more phase for construction of Power House.

Alternative IV:

Merits:

(i) Construction of Tail Race surge Shaft has been avoided.

(i) Costof Construction of Tail race Surge shaft does not arise.

(i) Length of the Cable cum Ventilation Tunnelis 420m as against 740m.

(iv) Length ofthe Access Tunnelis 600m as against 1090m.

Demerits:

(i) The cover below the ground level and upto the crown of the Power
House Cavern is about 124m only.

(i) The horizontal cover available is not sufficient to fix the Power house in

this location.

(i) The length of the Pressure shaft has been increased from 457m to
1400m which could increase the cost to 3times the original cost.

(iv) The slope of the Cable Cum Ventilation Tunnel will be steep and does

not serve as one more access for construction of Power House.

(v) The length of the Access Tunnel is 600m and slope will be 1 in 8. The
construction machineries, transformers and other essential

accessories cannot be transported in this slope of 1 in 8.
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Alternative V:
Merits:
i)  Length of the Pressure shaftis only 440m.

i) Sill level of 1943m is available at the tail race intake and dead
storage at MDDL works out to 536.75 MCft, which is only 9.67% of the

total capacity of the Avalanche- Emerald Reservoir.

iii) Slope of Cable cum Ventilation tunnel is sufficient. This can be used as

one more access for construction of Power House.

iv) Slope of Access Tunnel is 1 in 15 in which the construction
machineries, transformers and other accessories can be easily

transported.

Demerits:
() Tail race surge shaft could not be avoided.
(i) Length of the Tail Race Tunnelis considerably increased.

(i) GSI/Chennai Division has (in their comprehensive Note
dt: 25.6.2007) stated that, the water charged lithomarge and saprolite
present in the Tail race Gate shaft location will lead to severe side
slope stability problem during execution as well as operation of the

project. Hence, requires heavy support measures.

Apart from the above, the cost of all the four alternatives have

been worked out and furnished below:
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Table - 9.1
Sl. Description Size Alternative Il Alternative Il Alternative IV Alternative V
No (m) Rs. in Crores Rs. in Crores Rs. in Crores Rs. in Crores
1. Head Race |[8.5x8.5m 30.04 30.04 30.04 30.04
Tunnel (Length - Length - 1261m) Length - 1261m) Length -
1261m) 1261m)
2. Pressure 5.5m 60.00 135 192.27 60.00
Shaft (Length —440m) | (Length —991m) (Length — (Length —
1410m) 440m)
3. Tail Race 8.5x8.5 m 18.92 12.54 8.10 39.87
Tunnel (Length —860m) | (Length —570m) (Length — 360m) (Length —
1500m)
4. | Cable Cum 6.5x6.5m 16.36 10.34 9.24 16.36
Ventilation (Length —740m) | (Length —470m) (Length — 420m) (Length —
tunnel 740m)
5. | Tail Race 16m 6.03 6.03 - 6.03
Surge
Shaft
6. Access 8x8 m 14.34 13.5 9.202 14.34
Tunnel
TOTAL 150.69 207.45 248.852 166.64
Note: Sizes of the Adits, Head Race Surge Shaft, Power house cavern, Transformer cavern remains the
same for all the alternatives.

Modified Alternative V:

The turbine setting was lowered by 4m bringing C/L of Turbine at
EL1918.00. The CCVT portal location was also shifted to the U/s of
existing road, thus minimizing the road length. Further, Geometry and
Size of Tail race tunnel Surge shaft was also revised to Rectangular 52m
X 13m after carrying out Transient analysis in WHAMO. The alignment of
Access Tunnel was also revised keeping slope as 1 in 18.95. Further, an
additional adit was proposed from Access tunnel to Power House crown.
Adit to Pressure shaft Bottom was extended upto Power House bottom, to

act as Escape Tunnel.
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9.5 Choice of Final Layout as Per Earlier DPR

9.5.1. As per earlier DPR
() Alternative | is not considered due to geological constraints.
(i)  Among all the alternatives the cost of Alternative Il is the least.
(i) The GSI has preferred the Alternative Il over the Alternative V.

(iv) As per the comprehensive report of GSI/Chennai Division, the water
charged lithomerge and saprolite present in the Tail race Gate shaft
location of Alternative V will lead to severe side slope stability problem
during execution as well as during the operation of the project.

Hence, the cost of support measures to be adopted for the Tail race
Gate shaft will be very high, when compared to the cost of additional

length of leading channel to be provided in the Alternative Il.
(v) The total cost of alternative V is high, when compared to alternative Il.

Hence, alternative V. was preferred over all the other alternatives from

economical and geological point of view.

9.5.2. Proposed Layout after review
The following data was studied for preparation of modified Project layout

I.  Latest topographical survey of project

[I.  Hydrographic (Bathymatric) survey of Reservoir at HRT intake and
TRT outfall location (Pump intake)

[ll.  Bore log data as furnished in earlier DPR

IV. Geological sections at HRT intake portal, CCVT portal, TRT outfall
portal

V. The layout proposed shall be fine-tuned based on the geological
appraisal report of the whole project.

VI. The modified layout of the scheme is enclosed at KPSP/DPR-
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REVIEW/WAP/2014/01

The layout is modified, as the earlier layout was encountering a large cut
and cover section in the upper reservoir area.With this modified layout,
the extent of low rock cover reaches is minimized while adequate lateral
rock cover for HRT is also ensured in most areas. It is proposed to install

steel liner in low rock cover reaches, wherever encountered.
9.6 Details of Model Studies

As suggested by the Hydel Civil designs Directorate of CWC/GOI the

following model studies are to be carried out during detailed design stage.

(i) Hydraulic model studies to study the water and sediment flow in both
upstream and downstream intakes and approach channels under

generation and pumping mode.

(i) Numerical model studies for the underground Power House Cavern

to study the stress and deformation pattern.
9.7 Design Details of Project Components

As the total installed capacity of the Kundah pumped storage HEP is
500MW, design of all the civil and hydro-mechanical components required
for the 4 units of 125MW each has been carried out and the details are

furnished below :

9.71. Head race System
9.7.1.1. Intake & Leading Channel
A Leading channel to meet the level of 2185m has been proposed.

At the tunnel intake suitable control gate shaft of size 8.5m x 5m with one
regular and emergency gate has been proposed with operational platform
just above the FRL of the Porthimund Reservoir for controlling flow of water
through the tunnel. The tunnel intake and trash rack have been designed
based on IS 9761 :1995 and IS 11388:1995. A straight trash rack of
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42.5m width with 56 numbers panels of 3.83m (W) x 3m (H) size has
been proposed, to pass the maximum discharge of 240 cumec with a
velocity <1m/sec at 50% chokage. A Silt trap weir consisting of boulder in
wire crates of 900 mm height is also proposed in the leading channel to

protect the intake from silting.

9.7.1.2. Head Race Tunnel
The economical diameter of the head race tunnel is 8.5 m, which is
based on the Guidelines on design of tunnel published by CBIP
(Publication No: 198). A 'Circular' tunnel of size 8.5m ® has been
proposed. The hydraulic design of the head race tunnel has been made as
per1S:4880 Part I tolll.

The Head Race Tunnel takes off from the foreshore of the existing
Porthimund Reservoir with sill level of 2190.75 m and a bearing of 128° at
intake entry. At a chainage of approx. 220 m from the head race intake, a
horizontal bend is proposed and after that the tunnel continues at bearing
of 83°. The total length of the tunnel will be 1246.76m. The tunnel has
been designed to carry a peak discharge of 240 cumec with a velocity of

4.2m/sec, which is well within the permissible velocity of 6m/sec.

The sill level of the tunnel at entry is fixed at EL 2190.75 m. allowing for
the depth of tunnel and a minimum water seal. The minimum draw down
level (MDDL) is fixed at 2207.55m. Thus the dead storage at Porthimund
Reservoir will be 19.91 Mm? (703.31 Mcft) at the MDDL. In the exploratory
bore holes drilled at chainage 1150m, poor rock is found available upto
the level of 2173.27m. To have sufficient rock cover, the sill level at exit
(Head Race Tunnel Surge Shatft) is kept at 2165.09m.

The entire reach of the Head Race Tunnel is proposed to be lined with
PCC/RCC. The average thickness adopted for PCC/RCC lining will be
50cm. At low cover reaches, steel liner is proposed.
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9.7.1.3.

The percentage of good, fair, poor and very poor rock are 34%, 27%, 30%

& 9% respectively. Suitable rock support system have been proposed for

various reaches of the tunnel. The rock support details are furnished in

relevant drawings.

The Salient details of the Head Race Tunnel are as below:

0] Number of Tunnels One
Total length of the tunnel 1246.76m
(iii) Thickness of lining 500mm
(iv) Size and shape of the HRT 8.5m Dia Circular
(v) Area of Waterway 56.75m’
(vi) Peak Discharge 240 Cumec
(vii) Sill of the Head Race Tunnel atentry 2190.75m
(viii) Sill of the Head Race Tunnel at exit 2165.09m
(ix) Velocity for peak discharge 4.2 m/sec
(x) Slope of HRT 1in53.76

Head Race Surge Shaft:
The Head surge shaft is proposed to be located on the hill slope, where

the average ground level is 2235m. While fixing up alignment for the Head

Race Tunnel there was some difficulty in finalizing the route, since very

few sites could be identified for the surge shaft location. As no other better

location affording minimum length and better alignment for HRT and a flat

space for locating the surge shaft is available, the location now proposed

is retained for the surge shatft.

The surge shaft has been designed as restricted orifice tank. It has a

diameter of 17m with one number orifice of 2.5 m diameter has been

proposed. The design has been done as per IS 7396 Part I. The design

details are available in Annexures attached with this chapter.
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The maximum and minimum surge levels so computed come to
2225.19 m and 2201.30 m. As the natural surface level available is
2240 m, the top of surge shaft has been fixed at 2230.50 m and the top
10m height has been provided with 24m diameter to accommodate the
upsurge. The sill of the head race tunnel at the surge shaft end has been
proposed as 2165.09m to have sufficient rock cover in the head race
tunnel. Air vent of 900 mm diameter is provided for disposal of air from
pressure shaft, due to sudden closure of valves.

The pressure shaft takes off with its sill at 2169.06m, so that the center
line of the head race tunnel and pressure shaft at surge end are one and

the same. The floor of the surge shaftwill be at 2165.09m.

The shaft will be lined with PCC/RCC 1000 mm approx. thick up to
EL. 2206.35m and thereafter up to EL.2220.50m, lining of thickness
750 mm is provided. Suitable rock support system have also been

proposed.
Salient details of the surge shaft are furnished below:-

Salient details of the Head Race Surge Shaft:

(1) Diameter of the Surge Shaft : 17mé&24m
(i) | Areaof Cross-section X 226.87 m’& 452.39 m’
(ii) | Average Ground Level : 2235.0m
(iv) | Maximum surge level : 2225.19m
(v) | Minimum surge level : 2201.30m
(vi) | Top ofthe Surge Shaft : 2230.50m
(vii) | Bottom of the Surge Shaft : 2165.09m
(viii)| Total height of the Surge Shaft |l 65.41m

(ix) | Sillofthe HRT atentry : 2190.75m
(x) | Sillofthe HRT at exit : 2165.09m
(xi) | Sillofthe Pressure shaftattake off 2169.06m
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9.7.1.4. Adit to the HRT and Pressure Shaft Top:

The alignment of the Adit to the HRT and Pressure Shaft Top has been
chosen in such a way that the tunnel portal can easily be approached
from the road from Porthimund dam to Kundah Power House 6. Also, it is
proposed to connect the Adit with the Pressure shafts at Ferrule Erection
Chamber, which will facilitate installation of steel liner. The size of the
adit has been arrived at 6.5m x 7.5m considering the size of the Pressure

shaft steel liners and the quantity of muck to be disposed

The Salient details of the Adit are as below:

i. Length of the Adit to HRT 439.15m

i. Length of Byepass Adit to Pr. Shaft 128.77 m

ii.  Sill level at exit portal 2181

iv.  Sill level at HRT 2168.03

v.  Slope Adit 1in 33.86

vi.  Section of Adit 6.5m x 7.5m

vii.  Bearing of the Adit S 38°W

7.5m(W) x 11.0m(H) x

viii.  Ferrule Erection chamber 50m(L)

Suitable rock support system has been proposed for various reaches of

the tunnel.

9.7.1.5. Pressure Shaft:
The diameter of the pressure shaft has been worked out as 5.5 m using
Economical Diameter studies in accordance with Manual on Design,

Fabrication, Erection and Maintenance of Steel Penstocks, CWC.

Two pressure shafts each of 474.34m take off with sill level of 2169.06 m at
surge shaft end .The pressure shafts are designed to carry a peak
discharge of 120 cumec at a velocity of 5m/sec. The inclined portion of
pressure shafts will have an inclination of 51° to the horizontal .The
pressure shaft will be lined with special steel of ASTM- 537 Class 2/ ASTM-
517 Grade F.
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9.7.1.6.

At the Head Race Tunnel Surge Shaft end, one number regular gate for

each pressure shaft has been proposed.

Thickness of steel liner:

The thickness of the steel liner for pressure shaft has been arrived based

on the following criteria:

.
r=2
2.5,
Where, T=thicknessin cm

P = Pressure due to head

d = Diameterincm
Se =Allowable stress

While working out the thickness of the pressure shafts the following

assumptions have been made:

(i) A portion of the internal pressure is transferred to the adjacent rock.
As sufficient rock cover in both vertical and lateral directions are
available rock participation factor of 15% to 25 % has been assumed.
However this will be confirmed after carrying out detailed analysis
based on the actual rock properties determined during construction.

(i) Corrosion allowance of 1.5mm has been considered.

(i) The pressure rise due to water hammer is also considered. The

details are available in annexures enclosed with chapter.
The thickness of steel liner varies from 20 mm to 32mm.

Penstock:
The economical diameter of the penstock has been worked out as 3.9 m
as per the Manual on design, fabrication, erection and maintenance of

steel penstocks.
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At the power house end, each pressure shaft bifurcates into two
penstocks of diameter 3.9 m each to feed the four units of 125 MW
reversible pump turbine at an inclination of 60° to the power house. The
penstocks are designed to carry a peak discharge of 60 cumec at a
velocity of 5m/sec. The steel for penstock shall be ASTM- 537 Class
2/ ASTM-517 Grade F with thickness varying from 28mm to 32mm.

9.7.2. Power House System:

9.7.2.1. Power House:
The Power house will be located completely underground and is
proposed to be installed with 4 units of 125MW (each) reversible pump

turbine of Francis type.

The size of the power house has been arrived based on IS 12800
Part Il. (Guidelines for selection of turbines, preliminary dimensioning
and layout of surface hydro-electric power houses - Part 2 - Pumped
Storage Power House) for accommodating all the 4 units of 125MW
each. The power house cavern will be of dimensions 156 m (L) x 22 m
(W) x48.0m (H).

The minimum tail water level for the power house will be 1957.98m which
will be the Minimum Draw Down Level (MDDL) of the Emerald Reservoir

acting as tail race reservoir for the pumping mode.

Suitable rock support system have been proposed for the power house

cavern.

The design details of Power House is furnished in Chapter 10 Electrical and

Mechanical component design.

The Salient details of the underground power house:
() FRLof Porthimund Reservoir : 2220.46m
(i) Centre line of distributor : 1918.00m
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(i) Generator Floor Level :1930.00m
(iv) Maximum Gross Head . 271.16m
(v) DesignHead
Generation mode : 236m
Pumping mode : 248m
(vi) Peakdischarge
Generation mode : 240 cumec
Pumping mode . 186 cumec
(vii) Loss of head at peak discharge : 6m
(viii) MDDL of Porthimund Reservoir : 2207.55m
(ix) Total Installed Capacity © 4x125MW
(x) Installed Capacity of Phase | : 1x125MW
(xi) Size of Power House : 156m (L) x22m (W) x48.0m (H)

9.7.2.2.

(Including service bay of 35 m length)

The following aspects may be considered during construction phase:

e Good ventilation system should be provided in the power house cavern.

e Fire hydrant facilities are to be provided.(Separate Water line from
upper reservoir to the power house)

e The orientation of major axis of the Power house cavern is to be fixed
based on the magnitude and direction of insitu major principle stress at

the power house location and joint sets.

Transformer Cavern:

A transformer cavern of size 144.2 m (L) x 18m (W) x 18.5m (H) will be
provided parallel to the power house cavern to accommodate 4 numbers
unit generator Transformers and connected by bus ducts and access
tunnel. The bonneted type D/T Gates with hydraulic hoists shall be

accommodated in the Transformer Hall.
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9.7.2.4.

Cable cum Ventilation Tunnel:

From the transformer cavern a cable cum ventilation tunnel of 6.5m x 6.5m
and 861.53 m long and lined with PCC has been proposed. A ventilation
duct of size 3 x 3 m and length 85.56 m from Powerhouse cavern shall
meet CCVT tunnel at RD 798.15m from portal. A cable trench of 177 m
from the tunnel portal to the outdoor switch yard at the Emerald valley estate

has been proposed.

The percentage of good, fair, poor and very poor rock are 46%, 19%, 21%
& 14% respectively. Suitable rock support system have been proposed for

the tunnel.

The Salient details of the CCVT are as below:

() Lengthofthe CCVT : 861.53m

(i) Sill level at Jn. between CCVT & Tr. Carven : 1949.86m
(iif)  Sill level at Transformer Cavern :1943.00m
(iv) Silllevel at Transformer Yard : 2020.00m
(v) Slopeof CCVT : 1in10.14
(vi) Sectionof CCVT : 6.5mx6.5m

Main Access Tunnel: (to the Power House, Transformer Cavern &
Pressure Shafts)

The alignment of the access tunnel has been chosen in such a way that
the tunnel portal can easily be approached from the road connecting
Kundah Power House 6 and Emerald, near the foreshore of the Emerald
Reservoir. On consideration of the size of machinery etc., to be
transported through the tunnel, a D shaped section of size 8m x 8m with

vertical sides and segmental top has been proposed.

2 Number bore holes one at 75m from the portal of the Access Tunnel and

another at 100m from the portal of the Access Tunnel have been drilled.
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9.7.2.5.

9.7.3.
9.7.3.1.

From the exploratory bore holes drilled, it is seen that vertical cover of

about 15.7m and 41.67m are available at the above two locations.

The percentage of good, fair, poor and very poor rock are 51%, 32%, 11%
& 6% respectively. Suitable rock support system have been proposed for

the various reaches of the tunnel.

The Salient details of the access tunnel are as below:

() Length of the tunnel : 1249.0m
(i) Silllevel at portal : 1990m
(i) Silllevel at Power House/ Repair Bay 1931.00m
(iv) Slope oftunnel : 1in18.95
(v) Sectionof Tunnel ; 8mx8m
(vi) Bearing : N 57°W

Switch yard Civil Works

A switch yard of size 152m x 121.46m for the Kundah pumped storage
HEP is proposed to be located in the Emerald Valley Estate. The average
ground level of the switch yard is 2022m. The power generated will be
evacuated by means of 230KV cables laid in the cable cum ventilation

tunnel of 861.53m length and through a cable trench of 177m.

In switch yard, the following provisions shall be made during construction.
i)  Switch yard control room building.

i)  Switch yard Diesel Generator building.

i)  Blower control room building.

TAIL RACE SYSTEM:
Draft Tubes
Four numbers draft tubes are proposed for connecting the tail race surge

shaft/collection chamber with Power house. The draft tubes of Unit 1 & 2
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will be joined to form a single duct to lead the waters to the tail race surge
shaft/collection chamber. Similarly the draft tubes of Unit 3 & 4 will be joined
to form another duct. The ducts will be given the required slope to meet the
sill level of 1933.75 m at tail race tunnel surge shaft/collection chamber. At
the Tail race Surge shaft/Collection Chamber end, two number regular
gates for each duct have been proposed. During construction phase,
provision of rope guides and pulley guides for the regular gates may be
made to facilitate the filler valve operation.

9.7.3.2. Tail Race Surge Shaft / Collection Chamber:
The water after power generation will be discharged through a tail race
system to the tail race reservoir under pressure. A surge shaft is proposed at
the commencement of the tail race tunnel at about 190m away from the

power house.

A rectangular Surge Shaft/ Collection Chamber having dimensions
13m x 52m has been proposed. The design and analysis has been done
using WHAMO in accordance with 1S 7396 Part Il. The cross sectional
area of the tail race Surge Shaft/ Collection Chamber has been designed
in such a way that there is no resonance between the oscillation in two

surge tanks viz., head race and tail race surge tanks.

The maximum upsurge level in the surge tank has been worked out

corresponding to:
(i) Thefullload acceptance atthe highest downstream tail water level and

(i) Where considered necessary, load rejection followed by specified load
acceptance at the instant of maximum negative velocity in the tail race
tunnel, the downstream tail water level being at its highest and higher of

the two shall be adopted.
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The minimum downsurge level in the surge tank has been worked out

corresponding to
(i) The fullload rejection at the lowest downstream tail water level and

(i) Where considered necessary specified load acceptance followed
by full load rejection at the instant or maximum positive velocity in
the tail race tunnel the downstream tail water level being at its lowest

and the lower of the two shall be adopted.

Salient details of the Tail Race Surge Shaft/collection chamber:

(1) Dimensions of the Collection Chamber : 13m x 52m
(i) Area of Cross-section ; 676 m’

(iii) Maximum surge level : 1993.73m
(iv)  Minimum surge level : 1948.25m
(v) Top of the Surge Shaft : 2008.40m
(vi)  Bottom of the Surge Shaft : 1930.03m
(vii)  Total height of the Surge Shaft : 78.37m
(viii)  Sillofthe TRT at Emerald Reservoir : 1943.00m
(ix)  Sillofthe TRT at TRT Collection Chamber 1932.50m
(x) Average thickness of lining : 1000 mm

One number bore hole drilled at the tail race surge shaft location drilled
shows that a vertical cover of about 164.75m is available at this location and
except a small stretch, all the other portions have good to fair rock mass

quality.
9.7.3.2.1. Adit tothe Tail Race Tunnel Surge Shaft/ Collection Chamber:
An adit to the Tail Race Surge/ Collection Chamber shaft branching from

the Access tunnel to the Power House has been proposed to serve as

Adit cum ventilation shaft. Salient details of the Adit are as below:
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(1) Length of the Adit 481.25m

(i) Silllevel at Access Tunnel 1964.71m
(ii) | Silllevel at Top of Tail Race Collection Chamber 1997.90m
(iv) | Slope of Adit 1in14.39

(v) Section of Adit ; 6.5m x 6.5m

9.7.3.3. Tail Race Tunnel:
The same section of 8.5m ® circular as proposed for head race tunnel

has been adopted for the tail race tunnel also.

The tail race tunnel takes off from the foreshore of the existing Emerald
Reservoir with sill level of 1943 m and a bearing S 45° E at Surge shaft and
S 93° E. The total length of the tunnel will be 913m (approx.). The tunnel
has been designed to carry a peak discharge of 240 cumec with a velocity
of 4.2 m/sec during generation mode and 186 cumec with a velocity of
3.3 m/sec during pumping mode, which are well within the permissible
velocity of 6m/sec.

The sill level of the tunnel at entry is fixed at 1943 m. Allowing for the depth
of tunnel and a minimum water seal the minimum draw down level (MDDL)
is fixed at 1957.98m. Thus the dead storage at Emerald reservoir will be
18.73 Mm*(661.45 Mcft) at the MDDL.

The entire reach of the tail race tunnel is proposed to be lined with

PCC. The average thickness adopted for PCC lining is 50cm.

The percentage of good, fair, poor and very poor rock are 48%, 46.5%,
3.5% & 2% respectively. Suitable rock support system have been

proposed for various reaches of the tunnel.

The Salient details of the Tail Race Tunnel are furnished below:
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(1) Number of Tunnel : One
(i) Total length of the tunnel : 913m
(iii) Thickness of lining X 500mm
(iv) Size and shape of the TRT : 8.5m dia Circular
(V) Area of Waterway ; 56.75m’
(vi) Peak Discharge
Generation mode ; 240 cumec
Pumping mode : 186 cumec
(vii) | Sillofthe Tail Race Tunnelatentry 1943.00m
(viii) | Sill of the Tai Race Tunnel at exit : 1932.50m
(ix) | Velocity for peak discharge
Generation mode : 4.2 m/s
Pumping mode : 3.3 m/s

9.7.3.2.1. Tail race Gate shaft,leading Channel and Exit works:
A Leading channel of length 300 m (approx.) to meet the level of

1943.00m has been proposed.

At the tunnel intake suitable control gate shaft of size 13m x 10m with
one regular and emergency gate has been proposed just above the FRL
of the Emerald Reservoir for controlling flow of water through the tunnel.
The tunnel intake and trash rack have been designed based on IS
9761:1995 and IS 11388:1995. A straight trash rack structure of approx.
20 m to pass the maximum discharge of 186 cumec with a velocity of
<1.0m/sec at 50% chokage during pumping mode. A silt trap weir
consisting of boulders in wire crates of 900 mm is proposed in the leading

channel to protect the intake from silting.
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9.8 DESIGN OF HYDRAULIC GATES
9.8.1 Head Race Intake Gate:

One number emergency gate with upstream side seal and one number
service gate with Downstream side seal with necessary seal seating, tracks
& guide wheels embedment have been envisaged for a clear vent opening
of 8.5 m x 7.0 m (approx.). The gate will be of electrically operated vertical

lift type with provision for manual operation.

The approximate speed of 0.3 to 0.7 m/s is proposed with common trestles

and deck bridge arrangements.

9.8.2 Head Race Surge Shaft Gate:
Two number Head Race Surge Shaft gate of size 8.70 m x 4.55 m (approx.)
in each pressure shaft with seals on the downstream side with
necessary seal seating, tracks & guide wheels embedment has been
envisaged for a clear vent opening of 8.7 m x 455 m (approx.). The gates
will be of electrically operated vertical lift type with provision for manual

operation.

The salient details of the head race surge shaft gate are as follows:

® Pressure shaftdia 55m

(i) | Quantity 2 Nos. (1 No. in each
pressure shaft)

(i) | Clear opening of vent 8.7m x 4.55m

9.8.3 Tail Race collecting gallery Gate:
Two numbers Tail Race Collection Gallery gate of size 4.95 m x 9.5 m for
clear opening of 4.95 m x 9.5 m with seals on the upstream side with
necessary seal seating, tracks & guide wheels embedment has been
envisaged. The gate will be of electrically operated vertical lift type with

provision for manual operation. The approximate speed of
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0.3 to 0.7 m/minutes is proposed with common trestles and deck bridge

arrangements.

Air vent pipe of 2 x 600 mm dia will be provided with anti-vacuum valve at
the top in order to avoid any eventuality on account of flood.

The salient details of the tail race surge shaft gate are as below:

(i) Tail Race collection chamber size © 52m x 13m
(i) Quantity : 2 Nos. (1 No. each tall
race duct)
(iif) Clear opening of vent : 4.95mx9.5m
(iv) Size ofthe gate : 4.95mx9.5m (approx.)
9.8.4 Tail Race Tunnel outfall cum Pump Intake Gate:

One number emergency gate with downstream side seal and one number.
Service gate with upstream side seal with respect to generation mode
flow with necessary seal seating, tracks & guide wheels embedment have
been envisaged. The size of the gate will be 7.0 m x 8.5 m. The gate will be

of electrically operated vertical lift type with provision for manual operation.

The approximate speed of 0.3 m/minutes is proposed with common

trestles and deck bridge arrangements.

The salient details of the tail race outfall cum pump intake gate are as below:

(i) Tail race Tunnel size : 8.5 m diameter
(i) Quantity -2 Nos.
(One emergency & One Service)
(iif) Clear opening of vent 7 X 8.5m (approx.)
(iv) Size ofthe gate 7 X 8.5m (approx.)
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9.8.5 Draft tube Gate
One number slide gate bonneted with hydraulic hoist draft tube gate is
envisaged for each unit with necessary embedment for a clear vent
opening of 5.8m ®.
The salient details of the draft tube gate are as below:
(i) Talil race duct size 4.0m/5.0m @
(i) Quantity 4 Nos. (1 No. each tail
race duct)
iii) Slide Gate Bonnetted with Hyd. Hoist 6.5m x5.5 m (approx.)
Table — 9.2
i TRT Pump
sl - HRT Intake | HRT Surge| TRT collection
No. Description Gate shaft chamber Intake Draft Tube
1. Clear
opening 7.0m x 8.5m 455 x8.7m | 4.95m x9.5m 7.0m x 8.5m 3.15mx4.0m
of vent
2. Size of the
‘ 7.0m x85m | 455x8.7m| 4.95m x9.5m 7.0m x 8.5m 3.15mx4.0m
gate

3. No. of gate | 2 Nos. 2 Nos. 2 Nos. 2 Nos. 4 Nos.

(one (INo. ( INo. in each | (one (1 No. in each
emergency each tail race duct) emergency tail race duct)
&one pressure &one service)

service) shaft)

4. Type of gate | Electrically Electrically | Electrically Electrically Eg/i(ir[aullc
operated operated operated operated subported
vertical  lift verticlal vertical lift vertical lift ovFe)E bonnet
type lift type type type cover

7. Speed of 03 to 0703 to 0.7/0.3t00.7m/min|0.3t00.7m/min{0.5 to 0.7

hoist m/min m/min m/min

8. Sill level 2190.75m 2167.46m 1932.00 m 1943.00 m 1912.0 m

Hoisting
9. platform 2222.00 m 2230.50 m 1996.00 m 2020.00 m 1931m
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NOTE: The systems shown and their design parameters and
descriptions are indicative and only for the purpose of detailed project
report. At the time of preparation of detailed specification all the
required systems (wherever possible recommending latest technology)
in detail along with their actual parameters will be arrived at.

10.1 Preamble:

10.2
(i)

The Kundah pumped storage Hydro-Electric Project is planned in Nilgiri
District of Tamil Nadu. The total Installed capacity of this project is
500MW (4x125MW). Design of electrical and mechanical components
required for the 4 units of 125MW each has been carried out and the details

are furnished in this chapter.

The project will consist of four units, each unit of 125 MW capacity,
operating with rated generating head of 236m and a total generating
design discharge of 240 cumec and a rated pumping head of 248m and a
pumping design discharge of 186 cumec. The power generated at 11 kV
level will be stepped up to 230 KV by 3 phase transformers of 162 MVA
capacity (4 Nos.) installed in Transformer Cavern and would be evacuated
through 230 KV double circuit transmission line to Arasur 400 KV SS and
another double circuit to Karamadai 230 kV. The switchyard will be in

open estate land near the Cable cum Ventilation tunnel portal.

Reversible Pump-Turbines:

Type:

The turbines will be of vertical shaft, single runner, and reversible pump
Francis type, directly coupled to the generator/motor (synchronous
machine).The spiral casing will be of suitable cross-section fabricated as
per latest technology. The stay rings will be welded to the spiral casing

and will guide the water to/from the runner through the guide vanes.
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(i1)

(iii)

(iv)

Turbines would operate in generating mode; these shall deliver full
output capacity of 127.55 MW at 85% of guide vane opening and shall
be designed for continuously 10% overload capacity .The draft tube will
be provided with adequate stiffening ribs. The main turbine parts in the
water conductor system will be designed with erosion resistant material.

Operating Head

The turbine will be designed for a rated head of 236m. The rated speed of
turbine will be 375 rpm. The turbine setting will be 40m below the MDDL of
lower reservoir and the centreline of runner will be at +1918m (MSL). As
per U.S. Bureau of Reclamation, the pump rotational speed comes out to
be 417.RPM. The closest permissible values for the pump rotational speed
are 375 rpm and 428.57 rpm. To maintain best efficiency discharge,
specific speed should be adjusted by ratio of rotational speeds. For
428.57rpm, the selection criteria for pump-turbine unit fall outside the
experience limits whereas for 375rpm, the selection criteria for pump-
turbine unit fall within the experience limits, hence, the rotational speed of
the pump-turbine shall be 375rpm. The calculation as per USBR and
Water Power & Dam Construction (May, 1980) is being provided at the

end of the chapter.
Speed Rise and Pressure Rise

The speed rise and pressure rise will be limited to 35% and 30% respectively.
Governor

PID based digital governor will be provided to meet the demands of
turbine governing. The main function will be speed governing and
guide vane control. The governing system will have additional feature of
automatic sequential flap gate with sliding start up and synchronization and
sequential shut down. It is proposed to provide Electro Hydraulic governor.
The governing system for each unit will have an individual oil pressure
system consisting of oil to air mixer and an oil tank with two pumps as well
as the automatic control equipment. The oil stored in the accumulator will

be sufficient to operate the guide vane servomotor through three complete
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(v)

(vi)

10.3
(i)

strokes without the assistance of pumps. Speed, gate opening and gate
limit position etc. will be indicated. The system will be provided for remote
operation at unit control room as well as from the governor cubicle located
in the operating floor. The controls will include provision for normal and
emergency stopping of units. SCADA shall be deployed to operate the PID
based governor.

Inlet Valve

A main inlet valve (spherical valve) will be provided at the turbine
inlet, for maintenance of each turbine and for emergency isolation of the
turbine in the event of governor failure with due provision for service seal
and maintenance seal.

Draft Tube Gate

A Bonnet Type Gate of suitable design will be provided at the draft tube
out let to facilitate isolation during maintenance of turbine and will operate

from transformer cavern.

Generator/Motor
Type & Output:

Each synchronous generator/Motor will be of the vertical shaft, salient pole
type, 16 poles, three phase, 50 Hz and directly coupled to the
turbine/Pump. It will be rated for 125 MW at 50 Hz, 0.9 pf (lagging) with
10% overload capacity. The machine speed is 375 rpm and generating
voltage at 11 kV. The stator and rotor will be transported in sections, such
that the weight and size of the heaviest package is kept within transportation
limits.

The windings of stator/rotor will be provided with Class “F” insulation but
temperature rise would be limited to that of class ‘B’ insulation. The line
terminals of the generator will be suitable for connection of isolated phase
bus ducts and the neutral side of the generator will be terminated through
a resistor connected neutral grounding transformer. The generator will also

be provided with appropriate protection against internal winding faults,
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overheating, low oil level in bearings, excessive bearing temperature rise,

etc.

(i) Generator Cooling System:
The generators will have closed circuit air-cooling system and designed in
such a way that the temperature does not exceed the limits of class “B”
insulation. Adequate number of coolers will be mounted on the outer
periphery of the stator frame and the cooled air will be discharged into the
annular space surrounding the stator.

(ilf)  Starting method:
Several starting methods in pumping mode are available. The technically and
economically suitable for Kundah pumped storage project is presented below.
1] Back to back starting
2] Static frequency converter

(a) Back-to-back starting: The back to back starting can be carried out by
using one starting bus which connects directly the two electrical
machines together .In this way an electrical shaft is established. The
starting bus is erected at 230 KV switchyard. Required isolators with
phase reversal arrangement are to be erected. The starting is performed
using electrical torque between the stator of the generator and motor
selected for pump operation. During back-to-back starting, both the
machine will be excited with back to back excitation system and the
machine selected as generator and machine selected as pump will be
electrically connected through the generator transformer. One machine
will run as generator and feeds supply to the starting bus. The machine
which is selected for pump shall be drawing power from starting bus with
phase reversal arrangement. Once the machine speed reaches 70% of
synchronous speed, back to back excitation will be changed to main
excitation system. The pump machine shall be changed over from starting
bus to main bus during synchronization. The generator brought to the
standstill. The pump machine will initially run as synchronous condenser

pump, then pump conversion will be made. Only n-1 machines can be
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(b)

(iv)

started in back-to-back operation as one machine is to be run as
generator. This method would be available by default and can be
utilized as backup method.

Static Frequency Starting:

As synchronous machines cannot be started from rest, a separate starting
system is required. Static Frequency Converter, a separate starting
system will be employed during starting. One converter is used for
starting all the four units of the plant one after the other. In a first step,
alternating current from network is rectified, and then the direct current
obtained feeds an inverter, that generates a variable frequency current.
The variable frequency current will be introduced to the stator of the
motor in order to start it, where as the rotor winding is fed by a constant D
C current. The motor starts in full synchronism and at nominal speed; it
will be connected to the grid/net work. The converter is then available for

the next machine.

In this method also, the machine will be run as synchronous condenser

mode and then converted to pump mode as the system is water charged.

Provision for adjustment of guide vane will be given to achieve required
pumping pressure for wide range of grid frequency and head.
Additionally, flow-measuring device will be provided to measure the flow in
both direction and suitable protection will be incorporated to avoid flow
reversal during pumping.

High Pressure Oil system:

A high-pressure oil system will be provided for the thrust bearing in order
to avoid friction at low speed and to simplify the start/stop of the unit. The
main components of this system are a high-pressure pump flexibly coupled
to a motor and steel piping system with flexible connections to the thrust
bearing segments. Non-return valves will be provided in the piping system
to each segment thus avoiding a pressure drop in the normal lubrication
system via the high-pressure oil system during normal operation. This

arrangement will ensure an oil film between the rotating surface and the
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(v)

(vi)

10.4

bearing liners of each segment at any speed either by means of high-

pressure oil or normal film build-up at rated speed.

A separate DC motor- pump system would be provided for starting and
stopping requirement in case of AC supply failure.

Brake System:

For mechanical braking of the unit, brakes will be provided. For braking,
compressed air and a solenoid operated air valve will be used for the
braking air supply. For emergency application, the air valve will be provided
with a mechanical device. The brakes will also provide a convenient means
for lifting the rotor for maintenance purpose. Pressure oil will be used for
lifting.

Excitation system

The static excitation system will be used. The system will include static type
voltage regulator, field suppression equipment and the associated
accessories. The voltage regulation system will be adequate to
continuously and instantly respond for regulating any change in generator
voltage and maintaining it within prescribed limits over the entire operating
range of the generator. The power for the excitation system will be obtained
from a dry type excitation transformer, with PLC type AVR digital
excitation panel, connected directly to the generator voltage bus. The

insulation type etc and other related components will be as per relevant IS.

Generator —transformer connection:

Each generator will be directly connected to the generator transformer
through isolated phase bus ducts. The continuous current rating of the bus
duct will be suitably selected to match the maximum output of the
generator. Required number of potential transformers, current
transformers, surge arrestors will be provided for metering and protection.
All the 11 kV system will be conveniently located to facilitate tapping of

power from the bus duct.
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10.5

10.6

Generator Transformers:

The indoor type, oil immersed, oil directed — water forced (ODWF) step-up
generator transformers will be rated 11/230 KV, 162 MVA, three phase,
50Hz. The transformers will be provided with on- load tap changing
mechanism with AVSR system. The transformers will be provided with
swivel type wheels to facilitate movement during transportation, handling
and installation. A separate concrete fire barrier/wall will be constructed
between each transformer and on front side closure with door using
structural material- Additionally, each transformer will be provided with
HV water sprinkler fire and extinguishing system. Transformer Conservator
isolation valve blocks the passage of oil during fire and isolates the
conservator oil thereby preventing escalation of fire. The following

requisite protection system would also be provided:-

0 Transformer differential (humerical type)
Overvoltage

Restricted Earth Fault

Winding temperature

Oil temperature

Buchholz relay

O o o o g o

Overcurrent, etc.

Switchyard:

The switchyard of the Kundah pumped storage Hydro-Electric Project
(4x125MW) will be outdoor type proposed in Emerald Valley Tea Estate. The
230 kV cables will be brought to yard through Cable cum Ventilation tunnel.
The 230 kV switchyard will be provided with Single main bus with bus
coupler. The switchyard will have the following bays.

[J 2 nos. Station Transformer Bays

[0 4 nos. Line Feeders
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10.7

10.8
()

0 1 no. Bus Coupler

1 4 nos. Generator-Motor Bays
*starting bus with suitable /required isolators for back to back start and SFC

with phase reversal connections.

Other equipment required for protection and monitoring will be provided.
The 230 KV transmission systems will also be provided with a PLCC
equipment to facilitate voice communication. The PLCC equipment will
include the necessary coupling capacitors, wave traps, etc. The switchyard
layout and single line diagram is enclosed — Drg. No. KPSP/DP-
REVIEW/WAP/2014/-E-18.

Control & Protection:

The control & instrumentation of the Powerhouse will have supervisory
control and data acquisition (digital type) system. The system will have
the functions of monitoring, controlling, alarm, protection and interlock.
The system will also have sequential automatic unit start/shutdown,

synchronizing and loading of units with facility of recording the events.

For protection of equipment against abnormal system conditions,
adequate protective devices will be installed. Discrimination and selectivity
will be provided so as to isolate only the faulty element. Protection shall
be provided by numerical relays. For reliability of intended protection
functions provision of redundancy of relay modules as well as grouping
and sub grouping of different main and backup protection shall be made in

case of electrical protection of generator and generator transformer.

Auxiliary Mechanical Services:
Power House Crane:

Electric overhead travelling crane to handle the heaviest unit will be
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(i)

(iii)

(iv)

installed in the powerhouse primarily for erection and maintenance of the
generating units & generator transformers. The calculated weight of the
stator is 380 T, but it is supplied in the segments and the calculated weight
of the rotor is 375 T, which is the heaviest weight to be lifted by Crane.
Hence two number cranes of capacity 225/40/10 T (with lifting beam of
40 T) will be required. The crane will be equipped by remote radio.
Tandem operation of both EOT cranes will be provided for handling the
heaviest part. The column will be designed to handle the above load. The
EOT crane capacity shall be finalized in consultation with generating unit
supplier for their design and calculated loads.

Lift or Elevator:

One passenger lift will be provided to facilitate movement of
personnel/goods to different floors/elevations. The lift will have collapsible
slide opening door and provision for emergency key opening at all landings.
The lift will have microprocessor based logic system with/without attendant
mode.

Workshop Equipment:

A workshop will be established with small size lathe, drilling machines
(Hand drilling / Radial drilling), Welding equipment (Welding machines,
Welding generators etc.), set of Portable equipment (Drilling / as well as
| Grinders / Sanders / Blowers etc.), light load Handling equipment
(Fork Lifters, Carts Chain pulley blocks etc.) and hand tools required
for machine alignment.

Test Laboratory:

A test laboratory will be established to calibrate/test all electrical and
pneumatic measuring equipment. The laboratory will be equipped with
Measuring devices; Testing devices; Transformer oil testing devices;
Instrument testing calibrating devices; Workshop equipment & Work
Benches, Lockers & instruments. Also the laboratory will also be
equipped with all portable equipment to test the healthiness of electrical
equipment.
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(V)

(vii)

(@)

(b)

()

(d)

()

Ventilation and air conditioning:

As the powerhouse will be in cavern, proper ventilation will be provided to

maintain a temperature of 27°C and a relative humidity of 60£5%. The
ventilation system will consist of adequate number of supply air fans with
standby fans, control panel, air purifying unit, adequate number of exhaust
fans with standby, supply air duct and exhaust air duct. Air conditioning
will be provided for the control room, conference room and other
important areas.

Fire protection:

The fire protection envisaged for various areas of plant and yard mainly
comprises the following systems to protect the complete facility. The
complete fire fighting system will be in line with the guidelines of TAC.

Hydrant System:

Water for the hydrant system will be drawn from a separate storage tank
and it will cover the water based fire protection system.

Sprinkler System:

An automatic sprinkler system will be provided to protect the cable gallery.
The water for sprinkler system will be tapped from the fire hydrant system.

Generator fire protection system:

A water sprinkler fire fighting system will be provided for all the units. The
system will contain one set of main battery for initial and extended
discharge and 100% standby battery. The system will include heat and
flame detectors and associated auxiliaries.

Fire Alarm System:

An addressable fire alarm system will be provided for fire/smoke detection
system. The system will continuously validate the signals received from
the detectors at predetermined intervals.

Portable Fire Extinguishers:
First hand fire protection in the form of various portable fire extinguishers
will be provided at strategic locations in the cavern in line with TAC
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requirement.

(viii)  Cooling Water System
A closed loop cooling water system along with pumps, valves, fittings,
discharge pipes, strainers etc. will be provided to supply adequate quantity
of water for cooling all bearing oil coolers, generator air coolers,
transformer coolers and selected Plant services.
Water for this system will be taken from lower Reservoir. An open loop cooling
water system is also proposed in addition to closed loop cooling water
system, for cooling the turbine shaft seal and runner seals. Pumps, valves,
fittings, discharge pipes, strainers etc. will be provided to supply adequate
guantity of water from the water tank built inside the cavern at suitable
elevation.

(ix) Compressed Air System:

A high pressure compressed air plant (main and standby) will be
installed to meet the water depression system, governor OPU, main inlet
valve OPU, and for bonnet type DT gate OPU. Low pressure compressed
air plant (main and standby) will be installed to meet the requirement for
generator brakes, and for other general purposes in the powerhouse. The
compressor system will be provided with the required air maintenance unit
consisting of Air dryer, Filter, air coolers, pressure relief valve,
temperature switch etc. with complete piping. The compressor system
will be supplied with electrical control panel and all the instrumentation
controls.

(x) Lubricating Oil Systems:

Complete lubricating oil system will be provided for bearing and the
system comprising, main and standby oil pumps, main and standby oil
coolers, oil strainers, valves, and all accessories. Lubrication oil handling

and purifying unit shall be provided with all accessories and auxiliary.
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(xi)

(xii)

10.9
(i)

De-watering and Drainage & flood water removing system:

A dewatering system will be provided in the powerhouse with a suitable
number of pump-motor sets arranged for dewatering of the turbine under
maintenance. A separate station drainage system, with a suitable number
of pump sets, will also be provided to drain and pump off miscellaneous
inflows and groundwater seepages in the powerhouse. Starting and
stopping of the pumps will be automatic, controlled by level switches in
the sumps. A separate sump with suitable capacity of pumps with
dedicated AC supply and DG sets shall be provided for dewatering the
accidental flood water.

Potable Water, Sanitary and Sewage Service:

The power plant shall be provided with all necessary auxiliary service
systems designed to meet the requirements for safe, convenient and
efficient operation of the plant. Water from the cooling water system will be
used to supply the plant's portable and sanitary water needs. The potable
water will be filtered and chemically treated as required. However for
Sewage Service, provision for ejecting the sewage by use of pneumatic

sewage ejectors will be provided.

Auxiliary Electrical services
A.C. auxiliary services:

Power from 230 KV bus will be stepped down by , two 15 MVA, 230
KV/11 KV transformers which are placed on either side to feed the 11 KV
bus. A bus coupler will separate the 11 KV buses. 11 KV supply will be
taken for Static Frequency Converter from 11KV bus. This 11 KV will be
further stepped down by two 2.5 MVA, 11 KV/415 V transformers on either
side of the 11 KV bus coupler to feed two 415V buses. This 415 V Bus
will have sectionalized arrangement with bus coupler. The LT Auxiliaries of
units will be fed by 650 KVA, 11KV/415V, 3 phase UAT when unit(s) are in

service. Standby supply to these unit auxiliaries systems will be fed from
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(i)

(iii)

(iv)

the 415 V bus to two units on either side of the bus coupler. Suitable interlock
will be provided for automatic changeover from station supply to UAT.
Besides, 11KV buses will have alternate supply from 2X 800 KVA, 415 V
DG Sets, which will be stepped up by 415V/11 KV transformers to take
care of supply during blackout. A schematic diagram of this arrangement
is enclosed. External lightening protection system will be installed for
switchyard, dam site control room areas, and other functional areas.

D.C. auxiliary services:

A 220-volt DC system will provide DC power to protection and control
requirements and essential loads that are required to function on loss of
AC power. The DC system will comprise of:

[ 2 sets of 800 AH, 220V DC lead-acid battery

[0 Two battery chargers with float cum boost charging facility
1 DC communication board

The battery chargers will be solid-state rectifier, automatic and self-
regulating.

48V DC system, with a provision of 2 numbers battery with chargers
(220/48 V) DC / DC convertors will be installed for PC systems, signalling
and PLCC system.

230 KV XLPE Cables:

HT power cable will be of stranded copper conductor with heavy duty
XLPE insulated, extruded bedding, extruded PVC inner sheathed,
armoured and overall FRLS PVC sheathed. The cable will be suitable for
unearthed system.

LT Power Cables

LT power cable will be 1100 V grade with stranded copper conductor,
XLPE/PVC insulated, extruded PVC inner sheathed, armoured and overall
FRLS PVC sheathed.

Control cable will be multicore 1100 V grade, PVC insulated, PVC inner

sheathed armoured and overall FRLS sheathed.
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(V) [llumination:

The power plant illumination will comprise of interior and exterior
illumination as appropriate for the powerhouse, transformer cavern,
intakes on both reservoir areas and other important areas. A separate
emergency lighting system, fed from the station battery system, will be
provided for essential locations. The illumination levels will be generally as
per illuminating Engineering Society (IES) recommendations and applicable
local practices. Lamps will be metal halide, mercury vapour, sodium
vapour, fluorescent, CFL, LEDs, etc., (energy efficient systems) suit the

requirements of the areas to be illuminated.

lllumination of half kilo-meter length of the approach roads to various
locations of the power house, Upper and Lower reservoir complex etc. with
the help of streetlight poles. Illumination of the strategic locations by High
mast light fittings, luminaires such as HPSV lamps, fluorescent tubes, Acid
proof fittings in battery room, Explosion proof light fittings in D.G. set room
Incandescent lamps (for emergency lighting from DC Batteries) etc. shall
be suitably provided.

(vi) IPBD And Phase Reversal switch to UAT:
Each generator/motor shall be provided with 12 kV,10000 Amp continuous
rating lIsolated Phase Bus Ducts. Associated equipments like neutral
grounding transformer and resistor, PT and SAVT cubicles are also erected
inside the bus tunnel. The continuous IPBD system will connect generator to
transformer with tap off connections to auxiliary transformers, static excitation
transformers, PTs and SAVT cubicles. A reversible switching arrangement for
Unit auxiliary Transformer is proposed in the bus duct system so as to use
UAT in pump mode operation also.

(v) Grounding:
The powerhouse, transformer cavern will be provided with separate
grounding grids and the two grids will be interconnected with switchyard
grid. All non-current carrying equipment in the powerhouse, transformer

cavern will be grounded separately and connected to the main grid. The
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10.10

10.11

grounding system will be designed to keep the step & touch potential within
acceptable safe limits. Separate grounding arrangements shall also be
provided for electronic equipment.

Transport limitation:

The expected largest package will be Generator Transformer and the
approximate size will be 6.6m (I) X 2.6m (w) X 3.5m (h). The anticipated
heaviest package will be stator segment and the approximate weight will be
100 tons.

Communication:

The plant communication system will be provided to facilitate operations
by establishing quick communications among the operating personnel

stationed at various locations of the plant.

The plant Communication System will consist of the following.

[0  Telephone system complete with EPABX, telephone sets in the power
plant
1 P&T telephone system
e Public Address System
o CCVT
The power station will be provided with microprocessor based intercom
telephone system to facilitate inter-communication for operation. This
consists of an Electronic Private Automatic Branch Exchange (EPABX) of
suitable capacity. All the instruments for subscribers will have the provision
for hooking up with P&T lines. Besides public address system and CCTV

arrangements will be provided at important locations.
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10.12 Calculation for Pump Rotational Speed
10.12.1 As per U.S. Bureau of Reclamation

Input Data:
1. Net Head (Turbine) 236.0 m
2. Max. net head 256.48 m
3. Min. net head 215.75 m
4. Net Head (Pump) 248.0 m
5. Max. net head 268.48 m
6. Min. net head 227.69 m
7. Power output 125000 kW
Assumptions:
1. Turbine Efficiency Nt 92 %
2. Pump Efficiency Np 92 %
3. Generator Efficiency Ng 98.5 %

Turbine Discharge, Q; = (Power)/(9.8* n ng *H)
= 125000 / (9.8*0.92*0.985*236)
= 60 m¥sec.

Pump Discharge, Qp, = kWx np / (9.8xHp)
=125000x0.985x0.92/ (9.8x248)
=46.60 m3/sec

Pump specific speed for 248 m head selected as 46 m*/sec

Therefore, pump speed, n= (nsp*Hp> ") 7 (Qp)®°

= 417.99 RPM
Nearest synchronous speed are 428.57 and 375 rpm
To maintain best efficiency, the specific speed should be adjusted proportional to
rotational speed.
Therefore ngp for 428.57 rpm is given as = 46*428.57/417.99
= 47.1643 m®/sec
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For experience limits —
ng* H = 47.1643 * 248°%°
=742>640
For rotational speed 375 rpm
Nsp = 46 * 375/417.99
= 39.288 m®/sec
nsp* HO° = 39.288 * 248%°
= 618.7<640
600 is pump turbine manufacturer experience.

Hence the rotational speed of the pump turbine unit shall be=375 rpm.
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ESTIMATING REVERSIBLE PUMP-TURBINE CHARACTERISTICS
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Levels at Upper Reservoir

10.12.2 As per Water Power & Dam Construction

Full reservoir Level FRLI1 2220.46 m
Minimum Draw Down Level MDDL 2207.55 m
(MDDL)

Levels at Lower Reservoir 1

Full reservoir Level 1985.80 m
Minimum Draw Down Level FRL2 1957.98 m
(MDDL

Number of Units MDDL2 4
Installed Capacity 500 MW
Capacity of Unit Power 125 MW
Power Factor 0.9
Maximum Gross Head 262.48 m
Minimum Gross Head 221.75m
Average Gross Head 242.15 m
Head Loss 6 m

Net Maximum Head (Turbine) 256.48 m
Net Rated Head ( Generation) 236 m

Net Minimum Head (Turbine) 215.69 m
Net Maximum Head (Pump) 268.48 m
Net Rated Head (Pumping) 248.0 m
Net Minimum Head (Pump) 227.75 m
Efficiency of the Generator 98.5%
Output of Turbine 127551 kW
Turbine Efficiency 92.0 %
Trial Specific Speed (Turbine) nst = 1825 * Ht"(-0.481)| 131. 793
ratio Hp/Ht 1.05085
Trail Speed - n (rpm) Trail Speed -n (rpm) | 341.342 rpm
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No of Generator Poles - Theoretical p =120 * FrIn 17.5777
Number - p
Sync. Speed (selecting lower no 341.342 rpm

of poles i.e No silt presence and
reduce the dim. Of P.H)

Sync. Speed (selecting higher 375 rpm
speed i.e No silt presence and
reduce the dim. Of P.H)

(selected)

Calculations for Generating Unit Parameters and Power House Dimensions

Ref: IS 12800 (Part-2):1989 Guidelines for selection of turbines preliminary
dimensioning and layout of surface hydroelectric Power Houses (Part 2 Pumped

Storage Power House)

Data

(@) FRL of Porthimund Reservoir = 222046 m

(b) MDDL of Porthimund Reservoir = 220755 m

(c) FRL of Avalanche-Emerald Reservoir = 198580 m

(d) MDDL of Avalanche-Emerald Reservoir = 195798 m

(e)  Number of Units 4

)] Installed Capacity 500 MW
Unit Capacity 125 MW

(99 Power Factor 0.9

(h)  Maximum Gross Head = 262.48 m

0] Minimum Gross Head = 221.75 m
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()] Average Gross Head = 242.15

(k)  Head Loss (Turbine) = 6 m
()] Head Loss (Pump) = 6 m
(m) Net Maximum Head (Turbine) = 256.48 m
(n)  Net Average Head ( Generation) = 236 m
(o)  Net Minimum Head (Turbine) = 215.75 m
(p)  Net Maximum Head (Pump) = 268.48 m
(@) Net Average Head (Pumping) = 248 m
(9] Net Minimum Head (Pump) = 227.75 m
(s) Efficiency Generator = 985

® Efficiency Turbine = 92.0 %
) Efficiency Pump = 920 %
(A) Turbine

Specific Speed ng; = (n (Px1.358)%°)/H%°
Where ng; = Specific Speed of Unit when operating in turbine mode
n = Rotational Speed in RPM
P: = Turbine Output in kW
H: =Rated Net Head
Synchronous Speed of Unit = 375
nst = (375x(125000x1.358/0.985)° )/2361%°
=168.29
Turbine Discharge Q:= 125000/ (9.8x236x0.985x0.92)

=59.64 m°/sec
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Say 60 m®/sec
(B) Pump
Pump input in KW = 9.8 QpxHp/np
Qp = Pump discharge in m>/sec
Hp, =Net Rated Dynamic Head
Qp =kWx np/ (9.8xHp)
=125000x0.985x0.92/ (9.8x248)
=46.60 m*/sec
=46.60*3600=167760 m*/hr
Specific Speed ngp = n x (Qp°)/Hp ™
Where ng, = Specific Speed of Unit when operating in pump mode
n = Rotational Speed in RPM
Synchronous Speed of Unit = 375
nsp = 375x46.60%°/248°% "
=40.95
Water required for generation mode operation of the unit for 6 hours
=6x60x60x59.64 m*
= 1288224 m®
For pumping the required quantity of water, pump would run for
=1288224/167760
=7.67 hours
(C) Ratings of the Unit and Transformer

Considering the capacity of the generator as motor same as 125 MW
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The maximum capacity in pumping mode is-

P, max = P, (1+ A AH,/ Hp)

where
P, = pump input,
AH, = maximum dynamic head — design dynamic head,
A = relative capacity variation, and
Hp = dynamic pumping head. At least 5 percent margin is taken for pump input.
P, max = 125x (1+0.58x20.48/248)
=130.98 MW
Add 5% margin to P max =(105/100)*130.98= 137.529MW.

In generator mode 10% overload provision is given. Then the generator capacity is
125+12.5=137.5MW.

In generation mode the transformer capacity shall be with 10% over load
=125*1.1
=137 MW
Considering voltage variation of 5% then Transformer capacity =137.59/(0.9*0.95)
=160.85 MVA
Therefore Transformer capacity recommended = 162 MVA
(D) Turbine Setting

To prevent excessive cavitation in pump-turbines, submergence requirements are
more critical during pumping than for turbining. The suction height with respect to
minimum tail water level may be determined by the following formula:

Hs=Ho—0 Hp— Hy

Hp= Rated Dynamic Net Head (pump)
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Hs = suction height below minimum tail water level in metres

Hp (barometric pressure) - Hy (vapour pressure at 20° C)

o = cavitation co-efficient, obtained from Fig. 4 of IS12800 Part 2 =0.20
Hb = 10.3-elvation of powerhouse/900

Here lower reservoir MDDL is 1957m

Hb =10.3-1957/900=10.3-2.1744=8.1256m

Hv=0.4

Hb-Hv=8.1256-0.4=7.725m

Hs= 7.725-0.20x 248 = (-)41.875 m

Distance between Runner centre line and exit=1.875 m (approx.)

Centre Line of Pump Turbine=(-)41.875+1.875= (-)40m below MDDL of Lower
Reservoir i.e. Elevation of Centre Line of Pump Turbine =1957.98 - 40=
1917.98m,say 1918m

(E) Size of Runner
Ku = mXD; X n/(60x(2gH)"0.5)

Ku =1.025 is taken for spec speed of 40.95

D Kux60x(2gH)*0.5)/1Txn

1.025x60x(2x9.81x248)70.5/3.14x375

3640 mm
(F) Dimensions of Spiral Casing

Q: = 59.95 m*/sec

Qp = 46.6 m*/sec

From Fig. 7 the recommended spiral outlet velocity during pumping and Net Average
Head (248 m) is 14.5 m/sec, therefore the Inlet diameter D
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D= (Qpx4/3.14/V)°®
= (46.6x4/3.14/14.5)0.5 x 1000
=2023 mm

Spiral case inlet Diameter, A=2m

From Fig. 8 of IS 12800 (Part 2) Spiral case dimensions

@) B/D, =1.03 B 3749 mm
(b) C/D; =1.13 C 4113 mm
(c) D/D; =1.21 D 4404 mm
(d) E/D, =1.01 E 3676 mm

(G) Draft Tube Dimension:

Fig.9 of IS 12800 (Part 2) for Nsp as 40.95

(@) [HL/D; = [0.2571; [H1=3640%0.2571 =936 mm
(b) | H3/D; = [0.9357; |H3=3640%0.9357 =3406 | mm
(c) | Wwib; = |1.6714; |W=1.6714*3640 =6083 | mm
(d) | (H1+H2)D; |= |2.0571; |H1+H2=3640*2.0571|=7488 | mm
(e) |L/D1 = [3.2; L= 3640*3.2 =11648 | mm
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(H) Generator Dimensions

Synchronous speed 375 rpm
Pair of Poles 8
Dg = 60*Vr/tr.n
(a) Air Gap Diameter Vr =85 m/sec 4330 mm
(b) Outer Core diameter Doc = Dg{1+11/2P} 4754 mm
(c) Stator Frame Diameter | Ds= Do+1200 5954 mm
(d) Inner Diameter of Barrel | D; = Df+2000 7954 mm
(e)Outer Diameter of Barrel | Doy 9000 mm
(f) Core Length of Stator Lc = W/(Ko X Dg°X n) 3037 mm
K, =6.6
(9) Length of Stator Frame | L¢ = Lc+1500 4537 mm
(h) Height of Thrust
Bearing Bracket hj = Kp X Dg™0.5 1762 mm
K,=0.85
(i) Axial Hydraulic Thrust W = K*D1*D1*Hmax 408 T
K =0.12 for Nst 168.29
() Weight of Generator
Rotor Wr = (100+30*(Dg-4))*Lc 333.7 | T
Total Load on Thurst
Bearing Bracket 762 T
Number of Bracket Arms 6
Load per Arm 127 T
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(I) Power House Dimensions

(a) Width of Power House

(1) Size of Spiral Case D+E=4404+3676 8082 mm
(i) Up Stream and Down Stream clearance | 3000 mm
(2X1500mm)

(i) Concrete Casing 2x1500mm 3000 mm

(iv) Spherical Valve 2.5x2000mm 5000 mm

(V) Column Depth 2x1500mm 3000 mm

Total Width (i)+(ii)+(ii)+(iv)+(v) 22082 mm
Say 22 m

(b) Length of Power House

Unit Spacing is to be governed by Size of Spiral Casing which is more than

Generator Barrel outer diameter.
= C + B + A/2 + Concrete thickness (1.5 m) + equipment spacing
= 4113 + 3749 + 2000/2 + (2*1500) + (2*4500)
=20862 mm
=21 m (Say)
L= N, X Unit Spacing + Ls + K + Laux
No = Number of Units
Ls = Length of Service Bay = 1.5 X (unit spacing)
K = Space for crane to handle last unit=5m
Laux = length required to accommodate Auxiliaries

L = 4x 21000+1.5x21000+5000+25000
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= 145500 mm
Say 146 m

(c) Height of Power House

(i) |Height from the bottom of the draft tube to the 7488

li f Spiral H1+H2 .
centre line of Spiral case Say 7500 mm i.e. 7.5 m

(i) | Thickness of concrete below the lowest point of | 1.5m
Draft tube from 1 to 2.5 m

(iti) | Height from the centre line of spiral case to top

of generator
H4 =Lf + hj +K
K may be taken from 5.5t0 7 m

= + +
H4=45+17+6 —122m

Say 12.5m

(iv) | Height of Crane rails from Generator Top 13 m

(v) | Height between crown of power house and |6 m

Crane Rails

(vi) | Total Height of Power House 40.5m
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11.1  Transmission of Power:
As the total installed capacity of Kundah pumped storage Hydro-

Electric Project is 500MW (4x125MW), the details of transmission of

power and switchyard are furnished below for all the 4 units of 125 MW.

The total power generated from proposed Kundah Pumped Storage
Hydro-Electric Project will be 500 MW. The generator will be directly
connected to generator transformer through isolated phase bus duct.
The generator transformer will be housed in transformer cavern,
adjacent to the powerhouse cavern. The power generated at 11 kV
level will be stepped up to 230 kV through a 162 MVA, 11 kV/230 KV
generator transformer and brought to switchyard through 230 kV XLPE,
FRLS cables. The outdoor switchyard will be located at Emerald Valley.

The entire power will be evacuated to TNEB grid, through two 230 KV
feeders to Arasur 400 kV SS and two 230 kV feeders to Karamadai
230kV SS.

11.2 Switchyard:
The 230 kV switchyard will be provided with Main and starting bus
arrangement with bus coupler provided in the main bus. The switchyard
will have the following bays.

00 2 Nos. Station Transformer Bays
[0 4 No0s.230 KV Line Feeders

[0 1 No. BusCoupler
[0 4 Nos. Generator-Motor Bays
The switchyard layout and single line diagram is enclosed — Drg. No.

KUNDAH PSP/WAP-E-18.

11.3 Power Evacuation:
The proposed project will be in Kadcupa Reserve Forest and forming a
separate corridor for transmission lines will require acquisition of forest
land and felling of trees. To keep the acquisition of forestland to
minimum level and minimum felling of trees, it is proposed to use the
existing corridors and form 230 kV multi circuit towers to accommodate
the existing transmission lines and the new lines from the proposed
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project. Since the project is a pumped storage scheme, the
transmission system has been evolved to meet both power evacuation
of 500 MW in generation mode and power drawal of 525 MW in
pumping mode for 4 units. Adequate reserve has been provided in the
transmission system and the system can handle the entire power
evacuation/drawal even with 3 feeders. The transmission system will
comprise:

a) 230 kV Double Circuit line from Kundah Pumped Storage HEP to
Arasur 400 kV SS on multi circuit towers using part of ROW of
Kundah PH Il — Kundah PH Il — Arasur - Ingur 230 kV corridor

b) 230 KV Double Circuit line from Kundah Pumped Storage HEP to

Karamadai 230 KV SS on multi circuit towers using part of ROW of
Kundah PH Il — Arasur — Gopi 230 kV corridor.
All the four feeders from Kundah PSS will be built on multi circuit
towers for a distance of 2 km and after 2 km, Kundah PSS to Arasur
feeders will be on multi circuit towers in Kundah PH-1I — Kundah
PH Il — Arasur - Ingur 230 kV corridor and Kundah
PSS — Karamadai feeders will be on multi circuit towers in Kundah
PH Il — Arasur — Gopi 230 kV corridor

c) 400 KV Double Circuit line with twin moose conductor between
Arasur 400 kV SS to Karamadai 230 KV SS, initially charged at 230
kV level to avoid ROW problem.

d) Additional (3'%) 400 KV/230 KV, 315 MVAICT atArasur 400KV SS

e) 230 KV Double Circuit line from PUSHEP to Karamadai 230 KV SS
(The existing PUSHEP — Kundah Il 230 KV single circuit and
PUSHEP- Arasur single circuit will be modified as Kundah
PH lll-Arasur 230 kV single circuit and PUSHEP-Karamadai
230 kV double circuits).

f) LILO of Kundah PH IV — Thudiyalur at Karamadai 230 KV SS on multi
circuit towers.
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nd
g) Erection of 2 circuit on multi circuit towers between Karamadai

230 KV SS Thudiyalur and to MM Patty.

nd
h) Erection of 2 230 KV circuit between Kundah PH IV to Karamadai
230 KV.

Single line diagram of the proposed transmission system is
enclosed.
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12.0 GENERAL

The proposed Kundah Pumped storage Hydro-electric Project (500MW)
which is a underground project consists of the following three systems:

i) HeadRace System ... Upper Reservoir Intake system
Gate Shaft, Head Race Tunnel,
Head Race Surge Shaft, Pressure
Shaft, Penstocks & Adits

i) PowerHouse System ... Power House Cavern & Transformer
Cavern, Access Tunnel, Cable cum
Ventilation Tunnel and adits

iii) Tail Race System Tail Race Tunnel, Tail Race Surge
Shaft & Gate Shaft and Lower
Reservoir Intake System and adits
Among the various components of the aforementioned systems, the intake
systems of Upper Reservoir & Lower Reservoir are considered to be of
special significance as these systems have to be developed in the existing
Reservoirs during the three lean season periods of each extending
3 months (over the total project completion period of 54 months
(4.5 years). Also, the construction of two underground pressure shafts of
5.5m diameter with inclination of 51° to the horizontal needs special

consideration during the construction period.

The following four major works fronts will be opened up to take up

execution of underground excavation system:
() Cable cum ventilation tunnel

Cable cum ventilation tunnel of 6.5m 'D' shaped tunnel of 861.53 m
length from Transformer Cavern to the open Switchyard.
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This tunnel will be taken up first for the execution and in fact this tunnel will
act as a Pilot tunnel or Drift to the Power House & Transformer Cavern, so
as to find out insitu stresses of the Caverns so as to finalize the location
and orientation of underground Power House. As the main tunnel muck
disposal yard is located at the exit of the tunnel, maximum excavated

material will be arranged to be disposed off through this tunnel only.
(i) Access Tunnel to the Power House:

The Access Tunnel of 8mx8m 'D' Shaped tunnel of 1355 m length with
Portal close to the camp area of Parson's Valley Power House Camp with
the second and even major work front for the disposal of tunnel muck
excavated from Power House/Transformer Cavern as well as for Tail Race
Tunnel & Surge Shaft. Also, this Tunnel is the main access for the

erection of the turbo-generator machinery and will be taken up in parallel.
(iii) Additional adit to Power house crown from Access Tunnel

Additional Adit of 6.5m diameter ‘D’ Shaped tunnel and length 274.039 m
shall be excavated from Main Access Tunnel. This will meet Power House
Cavern at its crown level and shall dispose excavated material from the

cavern via Main Access Tunnel

(iv) Additionally driven Intermediate Tunnel (ADIT) to Tail Race
Surge Shaft:

This ADIT of 6.5m diameter 'D' shaped Tunnel and 485.25 m length will
be third front to dispose the excavated material from Tail Race Surge Shaft

through the main Access Tunnel.
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12.1

12.2

12.3

(V) Additionally driven Intermediate Tunnel to Head Race Surge
Shaft:

The ADIT of 6.5 m x 7.5 m 'D' shaped tunnel and of 439.15m length will be
the forth front to dispose the excavated material from Head Race Surge
Shaft & Head Race Tunnel.

The roads & approaches to all the Tunnels & ADIT Portals will be formed
prior to taking up the Project execution work.

Gantt chart

The Gantt chart giving details of activity wise construction programme for
each of the major components of Civil, Electrical and Mechanical
equipment is available as Annexure no 12.3 to this chapter.

MATERIALS PLANNING

The construction materials like cement and steel will be procured from the
local market. 50 % of the tunnel muck is proposed to be utilised for
construction purpose. The Report obtained from Government College of
Technology/Coimbatore on the suitability of the excavation material for
construction is available in Chapter 12. Balance quantity of gravel and

sand will be procured from the nearby quarry viz., Kurunthamalai.
PLANT /EQUIPMENT PLANNING

The details of construction equipments required for the project civil
construction works are arrived out based on the practical working out and

furnished in Annexure 12.1

The list of machineries required for the development of Infrastructure
facilities (viz) Roads, Camps etc., are furnished in Annexure 12.2
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12.4

PROGRAMME FOR CONSTRUCTION

The construction methodology and equipment planning for the different
components of the project are as follows:

() Upper Reservoir/intake works:

The leading channel upto the required level within the reservoir and will be
taken up during the first two lean season periods of project execution (i.e.)
from February to April.

In order to facilitate the intake works in the Upper Reservoir (viz)
Porthimund Reservoir, a Coffer dam in Random Rubble masonry of 220 m
length and 5m height will be constructed to isolate the work front from the
reservoir water spread area, during the last lean season period of 3 months

from February to April.

As the construction of intake works within the existing reservoir area is
considered intricate inspite of the isolation by coffer dam etc., special

techniques may be considered during the pre-construction stage.
(i) Upper Reservoir - HRT Gate Shaft

HRT Gate shaft of 5m dia and 35m height is proposed to be formed by

excavation from top to bottom. During the formation, a pilot shaft will be
formed initially which will then be enlarged to finished size it reaches to the
bottom level. The duration for gate shaft excavation will be 6 months and
for Gate erection and concrete lining will take another 4 months. Total
construction period for Power Intake and Gate shaft including diversion
arrangement shall be 20 months This scheduled period will be as per the
GANTT chart.
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(iii) Head Race Tunnel:

The circular shaped Head Race Tunnel of having size 8.5m diameter is
1246.76m in length. In this length, 210m portion passes through low reach

region, where Steel Liner may have to be provided.

The Head Race Tunnel excavation will be done through Heading and
Benching method and the tunnel muck will be disposed off through HRT
Surge shaft ADIT.

The nature of rock in the Head Race Tunnel will be classified Fair, Good
and Very Good and based on the assessment, the suitable treatment viz.
concrete lining and shortcrete as the case may be will be provided. The
period of execution of HRT will be as per GANTT chart enclosed and the
deployment of machineries will be as per the construction equipments

furnished in Annexure -12.1.

The Head Race Tunnel excavation and lining will be completed within

24 months.
iv) Headracesurgeshaft:

The Head Race Tunnel terminates into a surge shaft of restricted orifice
type with a diameter of 17 m and a total height of 65.41 m. The top 10 m
depth of surge shaft from ground is having a diameter of 24 m. The ADIT
to HR surge shaft is the main front to dispose the excavated muck from
Head Race Surge Shaft. A pilot shaft of 2.5 m will be formed initially and
will be then enlarged to 17m. The Construction shall take a maximum
period of 24 months. The GANTT chart enclosed show the period during
which this work will be completed. Also, requirement of machineries for

the construction has been furnished vide Annexure 12.1.

12-5



Kundah Pumped Storage Hydro Electric Project ar=BraT

(1x125 MW + 2x125 MW + 1x125 MW) P
Detailed Project Report =T
Volume I — Technical Aspects ~N~
WAPCOS
CHAPTER 12 CONSTRUCTION PROGRAMME AND PLANT PLANNING

V) Pressure Shaft and Penstock pipes

From the Head race surge shaft, 2 numbers pressure shafts of 5.5 m
diameter each and of 474.34 m long each including the horizontal reach of
60 m will emerge, which inturn will be bifurcated into 4 numbers penstocks
of 3.9 m diameter to feed four unit machines of 125 MW capacity each.
The excavation for Pressure shaft and penstock will be carried out
through the construction D-shaped ADIT to Power House bottom of 6.5 m
diameter. The erection of steel liners for Pressure shafts (2 Numbers) will
be done in stages covering 2.5 m in each stage. This erection for Pressure
shafts and also Penstocks will be taken up through the HRT Surge shatft.
ADIT, as it provides the necessary work front. Also, the grouting &
concreting of pressure shaft liners and penstocks will be done through this
front. The period required for the construction of inclined pressure shafts at
51° (2 numbers) and the penstocks (4 numbers) including mining,
grouting, lining and concreting works out to 28 months. The Gantt chart
shows the period during which these works were to be taken up and
Annexure 12.1 shows the special type of construction machineries

required for this intricate work.

Vi) Power house Cavern and Tail race ducts upto Tail Race Surge
shaft

The size of the underground powerhouse is 156 m (L) x 22 m (W) x 48 m
(H) (including service bay). The excavation of power house will be taken up
on completion of construction adit from Main Access Tunnel. The construction
ADIT will be extended through the entire length of Power House and would
be expanded sidewise to a size of 22mx6.5 m. Excavation of Power house
will be carried out by constructing suitable ramps for benching down.

Movement of equipment will be through ramps. The excavation from
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1953.50m to 1943.50m mucking will be carried out through ADIT to the

Power House Cavern.

Afterwards another ramp will be excavated from 1943.50m to the main
Access tunnel at EL 1931 m. Then the ramp to the ADIT to the Power House
Cavern will be removed and the mucking will be carried out through the
main Access tunnel. Suitable ramps will be prepared to come down below
the service bay level upto 1914.50 m and benching of the Power house
upto 1909.50 m will be carried out. Tail race ducts upto Tailrace Surge shaft
will be carried out along with Power house foundation excavation and the
excavated material will be disposed off through the Cable cum Ventilation

and main Access tunnel.

The total period for the formation of Power House cavern and tail race ducts
upto Tail race surge shaft will be 32 months and 6 months respectively and

this will be executed during the period indicated in the GANTT chart.

The construction machineries as per Annexure 12.1 will be deployed for

Power House cavern and tail race ducts.
Vii) Transformer Cavern and Interconnecting Tunnel

The Transformer Cavern, Cable ducts (4 numbers) and interconnecting
tunnel between Power house & Transformer Cavern will be formed during
the Power House Cavern excavation itself. The muck generated will be

disposed off as discussed for the Power house cavern.

The total period for the formation of Transforrmer cavern and Cable ducts
will be 36 months and this will be executed during the period indicated in the
Ganttchart.

The construction machineries as per Annexure 12.1 will be deployed.
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viii) Tailrace Surge Chamber / Collection chamber

The work front for the excavation of Tail race Surge shaft is through Tail
race surge Chamber ADIT tunnel of 500 m long which branches off from

main Access Tunnel.

The Tail Race Surge chamber is having a size of 13 m x 52 m and
78.37 m height. The Tail Race surge chamber/collection chamber will be

completedin 19 months.

The GANTT chart shows the period during which these works were to be
taken up and Annexure 12.1 shows the special type of construction

machineries required for this work.
IX) Tail Race Tunnel

The Tail Race Tunnel is of 8.5 m 'Circular' shaped and 912.77 m long. The
work front for the excavation of Tail race tunnel is through Tail race Gate

Shaft. The Tail race Tunnel will be completed within 20 months.

The GANTT chart shows the period during which these works were to be

taken up and

Annexure 12.1 shows the special type of construction machineries required

for this work.
x)Tail Race Gate Shaft

The Tail Race Gate shaft of size 10 m x 13 m & 84m height will be the
main front for the removal of excavated muck from the Gate shaft end to
the tunnel end on the underneath of the Avalanche-Emerald reservoir. Till
the completion of the Tail Race System, the portion between the Gate shaft
and open cut portion in Emerald reservoir will act as a natural plug and the

removal will be taken up during the lean season period of Avalanche-
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Emerald. Once this portion is excavated and removed the Tail Race

Gate will be put in position inthe Shatft.

The period of construction of the Tail race Gate Shaft is 12 months and
this will be carried out during the period as indicated in the GANTT chart

and the type of machineries involved as per Annexure 12.1.

Xi) Lower Reservoir Intake System.

The Lower reservoir intake system is considered intricate, as it has to be
done in the reservoir viz., Avalanche-Emerald reservoir which is already in
operation. The first two lean season period of each 3 months will be utilised

for the formation of leading channel upto the required sill level.

The work front for the intake system construction will be isolated from the
water spread area of the reservoir by the construction of Coffer Dam in RR
Masonry for a length of 150 m and height of 7.5 m. This Coffer Dam will be
constructed during the last lean season period (i.e.) from February to April

for 3 months.

New Technologies will be considered to the construction of tunnel

formation inside the reservoir.

The period for the construction of intake system is 9 months. The Pump
intake and TRT Gate Shaft including diversion arrangement is proposed to
be finished in a period of 18 months and the period will be as per the
GANTT chart and the type of machineries as per Annexure 12.3 will be

deployed.
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13.0 PROJECT ORGANISATION

As this underground pumped storage hydro-electric project involves

massive caverns & network of tunnels and other hydro-electric

appurtenances such as Gate Shaft, Pressure Shaft, Penstock& Surge

tanks it is considered that all the drawings of the civil works of the project

are to be vetted by Chief Engineer/Projects/Chennai. Also to deal with the

various technical issues as emerge when the project is under execution

requires Chief Engineer/Civil at the field.

AT HEAD QUARTERS OFFICE/CHENNAI

Project Civil works — Office Unit

Project Electro— Mechanical works — Office Unit

CHIEF ENGINEER/ELECTRICAL/
PROJECTS CHENNAI

SUPERINTENDING ENGINEER/CIVIL/
PROJECTS DEVELOPMENT

EE/CIVIL/PD/
Design & detailed engg., Tender
finalization, dealing all technical issues
including land acquisition monitoring &
guality assurance till commissioning

4 AEE/CIVIL

SUPERINTENDINGENGINEER/
ELECTRICAL/ THERMAL & HYDRO /
CHENNAI

EE/ELCTRICAL/THERMAL& HYDRO
Tender, design & detailed engg., monitoring
& quality assurance till commissioning

2 AEE/ ELECTRICAL
& 2AEE / MECHANICAL
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13.1

PROJECT WORKS — OFFICE UNIT:

SI.No

Engineers

Works

Chief Engineer
[/Electrical/Projects/Chennai

Civil and Hydro-Mechanical works

E & M works

Vetting of the design, detailed drawings of
all the civil works & hydro -mechanical
works of the Project.

T ender finalization for the civil works and
hydro-mechanical works and award of the
work.

Finalising all the Technical studies
&Technical issues as emerge during the
execution of the Project work till the
commissioning of the project.

Monitoring of the project & Quality
assurance.

Vetting of the design, drawings of E & M
works of the Project.

Tender finalization for the E & M works
and award of the work.

Dealing all technical issues.

Civil and Hydro-Mechanical works

/Projects
Chennai

Superintending Engineer/Civil

Development/

Finalisation of the Design and detailed
drawings of all the civil & hydro-mechanical
works of Kundah PSHEP(viz) Head Race
System, Power House & appurtenances
and Tail Race System.

Tender scrutiny for the civil works & hydro-
mechanical works and award of work.
Scrutiny of all the Technical studies &
Technical issues as emerge during the
execution of the Project work till the
commissioning of the project.

Monitoring of the project & Quality
assurance
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Executive
Civil/Projects

Engineer/
Development

/Chennai
With supplementary Assistant

Executive Engineers.

Scrutiny of the Design and detailed
drawings of all the civil & hydro-mechanical
works of Kundah PSHEP(viz)

Head Race System, Power House
appurtenances and Tail Race System.
Tender scrutiny for the civil works & hydro-
mechanical works and award of work.
Scrutiny of all the Technical studies &
Technical issues as emerge during the
execution of the Project work till the
commissioning of the project.

Monitoring of the project & Quality
assurance

Land acquisition
correspondences.

and all the

Executive Engineers

E & Mworks
1 Superintending Engineer/ e Finalisation of the design, drawings of
Electrical/Thermal & electrical & mechanical works of the
Hydro/Chennai(Apart from Project o )
other regular works) e Tender finalization for the electrical &
Mechanical works and award of the work.
e Dealing all technical issues.
2 Executive Engineer/ e  Scrutiny of the design, drawings of electrical
' Electrical/Thermal &  Hydro/ & mechanical works of the Project.
Chennai e  Scrutiny of the tender for the electrical&
With  supplementary Assistant Mechanical works and award of the work.

Dealing all technical issues.
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13.2 PROJECT FIELD UNIT
SI.No Engineers Works
Chief Engineer / Civil| ® All the project related works viz. Head
Projects/ Erode Race System, Power House and
appurtenances and Tail Race system,
electro-mechanical equipments, switch
yard works of Kundah Pumped storage
HEP.
Time Management, Cost Management &
Over all project management.
13.2.1 Civil field unit:
_ . . Supervisory control as per the drawings
1. | Superintending  Engineer/ and quality assurance for all the civil &

Civil &  Administration/
Kundah Pumped storage
HEP/ Emerald/ Nilgiris (DT)

(Projects/ Erode)

hydro — mechanical works in Head Race
System, Power House & Appurtenances
and Tail Race System of the Kundah
Pumped storage HEP and administration
works. He will be assisted by three
Executive Engineers /Civil, One Deputy
Financial Controller and One Personnel
Officer with supporting staff.

Execution of all the civil works of Head

2. | Executive Engineer/ Civil I/ Race System of Kundah PSHEP. He will
Kundah Pumped Storage be assisted by two Assistant Executive
HEP/ Porthimund/ Nilgiris Engineers with supporting staff.

(D7)
_ _ o e Execution of all the civil works of Power

3. | Executive Engineer/Civil Il/ House and appurtenant works of Kundah
Kundah Pumped Storage PSHEP. He will be assisted by two
HEP / Parsons Valley / Assistant Executive Engineers with
Nilgiris (DT) supporting staff.

e Execution of all the civil works of Tail

4. Executive Engineer/Civil IIl/

Kundah Pumped Storage
HEP/Emerald/ Nilgiris(DT)

Race System of the Kundah Pumped
Storage HEP. He will be assisted by two
Assistant Executive Engineers  with
supporting staff.
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SI.No Engineers Wor
_ _ e In charge of all the financial matters
5. | Deputy Financial Controller / pertaining to this Scheme. He will be

Emerald / Nilgiris (DT)

assisted by one Accounts Officer & one
Assistant  Accounts  Officer  with
supporting staff.

Personnel Officer/Emerald/ Nilgiris

(DT)

e In charge of all the administration
works. He will be assisted by Assistant
Personal Officer with supporting staff.

13.2.2. Electro-mechanical field unit

SI.No Engineers Works

1. Superintending Engineer/| This post will be created once the Turbo-generator
Electricall Kundah  Pumped | & accessories and other equipments have been
Storage HEP/Parsons | supplied.

Valley/ Nilgiris (DT)

(Projects/ Erode) Erection of Turbo-generator control equipment
and machineries., .Switchyard equipments and
also transport of machineries and equipments.

2. Executive Engineer/ | Erection of generating control equipment and
Electricall Kundah  Pumped | machineries. Switchyard equipments and
storage HEP/Parsons Valley/| transport of machineries and equipments. The
Nilgiris (DT) Executive engineers/ Electrical & Mechanical will

be assisted by two Assistant Executive
Engineers/ Electrical and Two Assistant

3. Executive Engineer/ Executive Engineers/ Mechanical with supporting
Mechanical /Kundah staff.

Pumped Storage

HEP / Parsons Valley/  Nilgiris

(DT)
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Year wise expenditure for the Civil staff during Construction

SI.No Staff Nos. Salary/Annum
1. Chief Engineer 1 4,54,488
2 Supe_n_ntenghng Engineer/Civil & 1 3.91,038
Administration
3. Executive Engineer 3 8,60,940
4, Assistant Executive Engineer 6 14,54,157
5. Assistant Engineer 12 22,60,206
6. Drivers 6 6,54,696
Total 60,75,525
Year wise expenditure for the Electrical staff during Construction
SI.No Staff Nos. Salary/Annum
Superintending Engineer/
L | Electrical 1 3,91,038
2. Executive Engineer 2 5,73,960
3. Assistant Executive Engineer 4 9,69,438
4. Assistant Engineer 8 15,06,804
5. Drivers 4 4,36,464
Total 38,77,704

Year wise expenditure for the Administrative & Financial staff during Construction

SI.No Staff Nos. Salary/Annum
1. Deputy Financial Controller 1 2,86,980
2. Personal Officer 1 2,86,980
3. Accounts Officer 1 2,48,310
4. Assistant Personnel Officer 1 2,11,758
5. Assistant Accounts Officer 1 2,11,758
6. Assistant Administrative Officer 1 2,11,758
7. Administrative Supervisor 1 1,45,908
8. Accounts Supervisor 1 1,45,908
9. Assistants(Administration Accounts) 12 13,09,392

Total 30,58,752

Total year wise expenditure of staff during construction phase =Rs.1,30,11,981/- per year
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Year wise expenditure for the Engineering staff during Operation

SI.No Staff Nos. Salary/Annum
1. Superintending Engineer/Electrical 1 3,91,038
Executive Engineer 2 5,73,960
Executive Engineer/Civil 1 2,86,980
Assistant Executive 8 19,38,876
Assistant Executive Engineer/Civil 4 9,69,438
6. Assistant Engineer/Electrical & 16 30,13,608
7. Assistant Engineer/Civil 5 9,41,753
8. Drivers 10 10,91,160
9. RWE 170 207,07,020
Total 299,13,833

Year wise expenditure for the Administrative &Financial staff during Operation

Sl.No Staff Nos. Salary/Annum
1. Accounts Officer 1 2,48,310
2. Assistant Administrative Officer 1 2,11,758
3 Assistant Accounts Officer 1 2,11,758
4 Administrative Supervisor 1 2,11,758
5. Assistants(Administration Accounts) 8 1,45,908
Total 10,29,492

Total year wise expenditure of staff during operation phase = Rs.3,09,43,325/- per year
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OPERATION PHASE - ORGANISATION CHART
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14.0 INFRASTRUCTURAL FACILITIES
14.1 ACCESS ROADS
() RoadstotheProject:
The following new black top roads are proposed: (Drawing available in
Volume III')
(a) Existing road from Porthimund to western catchment is proposed to be

(b)

(©)

(d)

(e)

(f)

extended up to the Head race tunnel intake and HRT tunnel gate shaft
foralength of 500 m

Existing approach road from Porthimund to Parsons Valley tunnel Il to
be extended up to the Adit to the Head race surge shaft for a length of
520 m.

Existing road to the Kundah Power House 6 camp to be extended up
to the Access Tunnel portal and Tail race tunnel intake for a length of
300 m.

The existing coup road branching from the road to the western
catchment Il and Ill to be extended /branched up to Head race surge
shaft for alength of 1550 m.

The existing Kattukuppai coup road is proposed to be widened and

strengthened to have approach to the Head race surge shatft.

The existing coup road in the Kattukuppai estate to be branched up to

the switch yard for a length of 400 m respectively.
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14.2

(g) Apart from the above, the road from Western catchment, road from
Emerald to Power House 6 and Emerald to Kattukuppai estate are to

be widened for a total length of 13 km.

(h) Road to the Switchyard from the road to the Emerald Camp. In addition
about 13 km of the existing roads already in the project area are

proposed to be widened.
(i) Roadsintheprojectarea:
The following roads are in existence nearby the project area:
a) Roadtothe Western Catchment Il & 111,
b) Road tothe Kundah PowerHouse 6,
c) Roadtothe Emerald Valley Camp,
d) Roadtothe Ootacamund town
e) Road tothe Porthimund camp

Drawing No 24/R2 dated 12.6.2015 showing the exsting roads and

proposing roads is enclosed.

TRANSPORT FACILITIES:

The project site is 97km from the nearest rail head (Broad Gauge) at
Mettupalayam . Uthagamandalam (Ooty) being the district capital of
Nilgiris, good bus transport facilities to other cities in Tamil Nadu
particularly to Coimbatore city are frequently available. The distance from
Ooty to Coimbatore is 92KM and from Coimbatore city good train facilities
are available to other parts of over country. Coimbatore city is also having

International and National Airport
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14.3

14.4

14.5

CONSTRUCTION POWER REQUIREMENT:

The equipments indicated in Annexure 12.1 will be used during
construction of the Kundah pumped storage HEP (500MW).  Among
them, crushing plant will be power intensive, which will be in excavated
muck dumping yard in Emerald valley. 11kV power is available in Emerald
Valley and power will be extended to the crushing plant from this source.
Other equipments will require 440V/230V power source. Other equipments
will require 440V/230V power.

POWER SUPPLY FACILITIES:

TNEB has more than 20 Reservoirs and 12 hydro power houses in Nilgiris
District. A well-established power distribution network is available in this
District. Kundah Power House 6 is situated very near to the proposed site of
construction activities. Distribution network will be extended along the new
access road proposed. AC power distribution panel with adequate
protection will be provided wherever power is extended for construction

activities.

TELECOMMUNICATION FACILITIES REQUIRED DURING
CONSTRUCTION AND AFTER COMPLETION OF THE PROJECT:

It is proposed to have few BSNL telephone lines to facilitate
communication during construction. In addition to the above, it is also
proposed to have RF (Walkie-Talkie) communication to facilitate contact
and co-ordinate activities in the tunnel. Permanent communication

facilities as discussed in Chapter 11.5 will be provided.
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14.6

14.7

14.8

PROJECT COLONIES/BUILDINGS

The project colony is proposed to be located in the Emerald Valley Tea
Estate at a distance of 3 km from the main access tunnel to the power
house. The colony is very close to the Cable cum ventilation tunnel portal
which is one of the work front for the construction. 217 Nos. of
residential quarters for the construction and operation staff have

been proposed.

WORKSHOPS

Workshop will be established as discussed in Chapter 10.8 (iii).

DRINKING WATER FACILITIES:

The total number of persons involved during construction phase will be
about 500 and requires considerable quantity of water as per the basic

norms is calculated below:

Total number of persons working during construction | = 500 Nos.
phase

The per capita requirement of water = 135Lit/day
Total daily requirement of water = 135x500

67500 Lit/day

The storage water tank capacity = 67500 +10/100
(67500)

74250 Lit/day

(or) say 75000 Lit/da

As far as this project is concerned, the water source is very potable and
hygienic. No source of pollution is present upstream of the source.

However, minimum treatment required will be required will be ensured to
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ensure the safety of water. The water may be pumped from Emerald
Valley stream by constructing a small diversion weir across the stream
course. Before it reaches the main storage tank, it will be passed through

various treatment chambers for screening, sedimentation, Filtration &

Chlorination.
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15.1 ENVIRONMENTAL CLEARANCE
15.1.1. Environmental Impact Assessment Study:

The Environmental Impact Assessment/Environmental Management
Plan studies have been conducted by M/s. Salim Ali Centre for
Ornithology and Natural History (SACON)/Coimbatore.

The conclusions given by SACON/Coimbatore after conducting EIA

study are as below:

e The TANGEDCO to construct a Pumped Storage hydroelectric project
in Kundah. The Project involves construction of water conducting
system, Power house, switch yard and power evacuation systems.

e Major components of the project such as Head Race Tunnel, Power
House and Tail Race Tunnel will be located underground, while surges
and switchyard are the major components located over ground. The
project requires about 13 ha of forest land to be diverted for its use.

e The project does not propose development of any storage structures
and intents to pump water from the lower Avalanche-Emerald
reservoir to Porthimund reservoir situated at an upper level. The
inexpensive slack hour power is utilised to pump water from the lower
Avalanche - Emerald Reservoir to the upper Porthimund reservoir.
This pumped water will be utilised for power production to meet peak
hour demand.

e As per the TANGEDCO from a technical and economic point of view,
the project is highly beneficial. The estimate of financial benefit : cost
ratioalsois 1.31

e Salim Ali Centre for Ornithology and Natural History undertook the
present rapid study on the request of the TANGEDCO. Originally the
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scope of the study was limited to examination of the ecological impact
of the Kundah pumped storage hydroelectric project, Nilgiris District,
which was later expanded to make a consolidated report on other
related aspects

e The present study examined the project sites and its environs
focussing on the impact of the project on biological components and
ecological environment. Field survey of the project sites and its
environs were undertaken from November 2005 to April 2006.
Standard methods were adopted for collection of the primary data on
flora and fauna. Secondary sources were extensively depended to
cover the expanded scope of the study, along with the information
provided by the TANGEDCO.

e During our field study in total 64 species of plants, 64 birds, 10 reptiles
and 6 amphibians were recorded in the study site. Of these
15 species are enlisted in schedule 1& II of Wild life Protection Act.
Six animal species is red listed while 10 plant species are endemic
that needs conservation attention. The Shola forests are
conservationally highly important. Hence activities that will put stress on
Sholas may be avoided.

e Since the project area and its environs fall within the manipulative zone
of the Nilgiri Biosphere Reserve the TANGEDCO should take utmost
care in minimising disturbances during the construction phase of the
project.

e The Tamil Nadu Electricity Board proposes to construct a Pumped
Storage hydroelectric project in Kundah. The Project involves
construction of water conducting system, Power house, switch yard

and power evacuation systems.
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e A shift in alignment of the Adit | exit, which currently opens to a species
rich shola was suggested so that its opening is in non-forested area
close to the nearby road and the shola patch into which it currently
opens could be protected. A shift in the alignment of road to
Switchyard is also suggested to save another shola patch. During
alignment and laying the roads TANGEDCO has to take utmost care
to avoid any Sholas. In their revised proposal TANGEDCO has
incorporated these proposed realignments.

e As most of the installations of KPSHEP are to be placed underground
no new water storage (submergence) is expected. All major over-
ground components of the project are located in wattle plantations and
hence, the project is expected to cause minimum damage to the local
environment. Proper scheduling of the project execution, some
realignment of the project structures away from ecologically important
vegetation that the TANGEDCO has already accepted, stringent
control on vehicle movement and access to roads, proper
management of debris and wastes, reduction in blasting to the bare
minimum, and effective control of workers in terms of reducing their
pressure on the local environment can help considerably in reducing

the impacts.

15.1.2. Environmental Management Plan studies:

The important aspects that need attention while developing

Environmental Management Plan are the following:

i) Compensatory afforestation:
The project requires about 30 ha of forest land, 18 ha for the project
components and 12 ha for the transmission system. The split up details
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of 30 ha of forest land required is available in Chapter 18. Since, no
compensatory afforestation need be given for the transmission system,
about 36 ha of TANGEDCO'’s lands has been identified (Twice the
requirement of forest land for the project components: 2x18ha =36 ha)
in the defunct Tea estate in Emerald valley has been handed over to the
forest department for the compensatory afforestation purpose. A sketch
showing the area of land proposed to be acquired for the compensatory

afforestation is furnished in Volume - I1.

ii) Catchment Area Treatment Plan:

The main purpose of catchment area treatment plan (CATP) is to reduce
the rate of siltation of downstream reservoir and thus prolong its life and
dependent irrigation facilities. The proposed treatment plan comprises of

the components such as

a) Biotic treatmentwith soil and moisture conservation measures.
b) Engineering and gully control works

(a) Biotic treatment measures

The areas identified for the biotic treatment with soil conservation
measures are land without scrub and land with scrub. The locations of
check dams, Gully plugs that will be erected will be marked on ground.
Biotic treatment measures are suggested at the portion of land with

extreme slopes, the lands that are object to notable erosion.

15-4



Kundah Pumped Storage Hydro Electric Project ar=Br=A

(1x125 MW + 2x125 MW + 1x125 MW) A
Detailed Project Report =
Volume I — Technical Aspects WAPCOS
CHAPTER 15 ENVIRONMENTAL & ECOLOGICAL ASPECTS

(b) Gully control works/Engineering treatment

These measures are recommended in the treatment areas mainly to
control the sediment from the catchments. This also facilitates the
ground water recharge. The proposed engineering measures include
construction of hydraulic structures like check dams, water harvesting
pond, contour bunds, graded bunds, bench terraces, gully plugs and

bank protection.

As this is an underground project, this project will not cause any soil

erosion and land slide to the Forestland.

iii) Muck Disposal plan:

Tunnel and cavern excavations for underground power house and
transformer cavern are the major works of this project. The quantum of
tunnel muck that will be generated during tunnel and cavern excavation
will be about 10,00,000 m°.

As there is no approved quarry in Nilgiris District and considering the
demand for random rubble, blue metal to be generated from the
excavated muck, about 50% of the total quantum will be lifted and utilised
in the construction. Out of the balance 50% of muck, about 10-15% will
be consumed locally for other works such as quarters construction works.
Hence only 35% of will be left after the completion of the project. After all
the utilisable muck is lifted, the remaining muck will be sold to the
private parties in Nilgiris District for the construction purpose, as there is

no quarry in Nilgiris District.

Five numbers dumping yards at various locations within TANGEDCO
land have been identified to dump the muck. At any point of time, at any
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particular location in the yard, the maximum height of the dump will be
restricted to 1.5m. A sketch showing the details of Muck Dumping Yard is

available in page 15-15.

iv) Garbagedisposal and sanitation:
(a) Garbagedisposal

During construction phase, the garbage generated from the permanent
and temporary quarters will be collected, segregated according to the
type of disposal system. All recyclable materials will be reclaimed, re
used (or) sent for reprocessing. For materials that are safely incinerable,
incinerators of suitable capacity will be installed. As Nilgiris District is
declared plastic free zone, appropriate mechanism to dispose them will
be made available. It will be ensured that no waste gets into the local

environment of the project site, and the adjacent water bodies, streams.

(b) Sanitation & Water requirement:

During construction phase, the total number of persons involved will be
about 500. This works force will produce about 57.5 m*sewage at a per
capita rate of 115 liters / day. Waste water contains 75% of water from
kitchen and bathroom called sullage and 25% water from toilets
(sewage). Hence the sullage water generated per day will be 43000 lit/day
(0.75x57500), while the sewage will be 14,500 liter/day (0.25x57500).

A sketch showing typical sullage disposal system and the sewage
disposal system for residential quarters are available in pages 15-19 and
15-21. The details of sewage/sullage disposal system proposed are
available in page 15-12. The sewage sludge in the septic tank will be
collected at an appropriate interval for proper disposal. Facilities
available with the nearby municipal corporation or any other agencies will
be utilised for this purpose.
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The waste generated from the operation of the project will be negligible
and will mostly comprise of packaging materials, metallic items, oils, wires
etc, that has high recycle value. Similarly, during the operation phase,
sullage water as well as sewage sludge load will come down drastically.
Sketches showing typical septic tanks for residential quarters is available
in page 15-16

v) Disaster Management:

As risks will be assessed on a regular basis with the intention of either
reduction or removal. The three most effective measures involve safety
audits, staff training and evacuation drills. In addition, all necessary
precautions and safety measures should be ensured for the health
condition of employees with regular health check up. All safety and
health codes prescribed by the BIS will be strictly implemented in power
house.

The disaster management plans should be updated as required to ensure
accuracy and currency with flexibility sufficient to accomodate
unexpected eventualities. Every disaster, major or minor, has a before,
during and after phase. In each of three phases one must consider

personnel, (staff, patrons), collections, Buildings and equipment.
The disaster management shall include the following:

(a) Blasting method

The blasting work for Tunnelling will be restricted to day time only and will
be avoided early morning and night hours. Controlled blasting will be

adopted at Tunnel entry points.

(b)  Eirefighting:
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A detailed operating procedures, standards of fire protection
established, maintenances of these standards, action to be taken in the
event of fire may be made available and periodical inspection for the

fitness of firefighting system will be conducted.

(c) Prevention of spreadfire:

Proper design of Power House buildings and facilities using
non-combustible construction materials would curtain spread of fire. Fire
resistant doors in walls and ceiling that would be closed to prevent fire
penetration will be installed. The building design shall also facilitate safe
evacuation of occupants and should confirm to the various fire safety
recommendations of the National Building code as well as the Factories
Act.

Automatic fire detection, Automatic fire protection systems and Alarm
system during disaster need to have a dependable power supply to work

efficiently in an emergency.

(d) Communication:

Communication system in the project and other important areas would
essentially consist of the following sub-systems.

i) Telephone system - Intercom and public

i) Public address system with communication bus, and

iii) Radio paging and walkie-Talkie systems.

(e) EirstAid:
Power house might have standard First Aid equipment/First Aid Box to
give immediate assistance or treatment to a casualty for an injury or

sudden iliness, before the arrival of qualified Medical Expert.

Employees in all level have to be given proper training to tackle the
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emergency situation.

vi) Environmental monitoring cell:

A Local Environmental Monitoring Cell may be created to oversee and
ensure that the measures to be taken under the Environmental
Management Plan is implemented strictly and to ensure the pollution
parameters are within the prescribed limits. For the purpose, a
monitoring group and a pollution control equipment maintenance group
will be placed in the Environmental Management Cell. The EM cell
should be started in the initial stage of construction itself and it service
should continue during the operation phase. The major responsibilities of

the EM Cell are as follows.

e The EM Cell will be responsible for proper maintenance and
operation of the programme and it will oversee the following aspects:

e Conduct environmental awareness program to the workers,
supervisory staff and contract labor during the construction period.

e Organize Environmental Audits and report to TNPCB or any such
authorities

e Regularly monitor the environmental parameters and prepare reports
as required by the TNPCB and other statutory authorities.

e Recommend in advance necessary measures to improve
Environmental conditions

e Advise on any negligence or derelictions on the part of concerned staff
or workers in observing EMP or Environmental code of conduct and
to advice on the necessary steps to be adopted.

e Conduct safety programmes to create safety awareness among
workers/staff.

e Conduct annual health programmes to detect any problems promptly
for the workers and other staff. This will help in considerably reducing
occupational health problems.

e Train the staff and other workers on safety and conduct safety drills to
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educate them.

e An Environment Monitoring Panel also may be constituted drawing
members from the Forest department, Pollution Control board,
academic / research institutions and TANGEDCO. The broad
mandate of this panel is to advise TANGEDCO on environmental
related matter as and when required.

e The vehicle movement for the transportation of men and materials
will be avoided during early morning and night hours so that it will
not be a hindrance to animal movements.

e No structures which will impede the movement of animals in their
seasonal or diurnal movement will be proposed for the project.

15.1.3. Public hearing:

The public hearing meeting for this project was held on 12.4.2007 at
11.30 A.M at Collectorate, Udhagamandalam. The proceeding of the

meeting are available in page 15-19 to 15-22.
15.1.4. Environmental clearance:

Since the capital cost of this project is more than Rs 100 crores,
environmental clearance from Ministry of Environment & Forests/New
Delhi as per the provisions of Environmental Impact Assessment
Notification 2006 has been obtained vide MOE & F letter No.J-
12011/62/2006-IA-I dt:8.5.2007 (copy is available in Volume I1'), subject
to strict compliance of the terms and conditions. The validity of
Environmental clearance was got extended subsequently vide letter
dated 9.9.2013 ( copy is available in Volume II) with a condition that the
project works are to be commenced on ground during the Financial year
2013 — 2014 ie before March 2014 The consent of Tamil Nadu Pollution
Control board under Air & Water Acts have been obtained vide Ir dt

16.10.2007 (copy is available in Volume Il).These consents were
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renewed upto 26.8.2016 ( copy is available in Volume Il) The copies of
the above clearances are available in Chapter 20 of Vol ll.

15.2 FOREST CLEARANCE:

The project requires about 30 ha of forest land, 18 ha for the project
components and 12 ha for the transmission system. The split up details
of 30 ha of forest land is given in Vol Il. Based on the Hon’ble Supreme
Court’s approval vide proceedings dated 13.8.2008 for the cutting of
120 numbers of spontaneous grown trees in the project area and pruning
the branches of 276 numbers of spontaneous grown trees in the
transmission corridor, the Ministry of Environment & Forest vide letter
dated 27.11.2008 ( copy is available in Volume Il) accorded the stage |
forest clearance to this project for the diversion of 30 ha of forest land in
kaducuppa Reserve forest along with aforementioned spontaneous
grown trees and for the power evacuation ling stringing. Since, no
compensatory afforestation need be given to the transmission system,
about 36 ha of TANGEDCO's lands (Twice the requirement of forest
land for the project components: 2x18 ha=36 ha) is the abandoned Tea
estate in Emeraly valley were handed over to forest department for the

compensatory afforestation purpose.

Stage |l forest clearance was obtained from MoEF/ Gol vide letter dated
21.8.2013 (copy is available in Volume II). Based on this, GoTN
accorded approval for the diversion of 30ha of forest lands vide G.O
(Ms) No.149, Environment and Forest (FR 10) Department dated
28.9.2013 (copy is available in Volume II). The project site and the
transmission line in Kaducuppa Reserve Forest. consists of wattle

regeneration plantation with density of 80% of tree cover and few pine
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trees. In Hiriyashighe Reserve Forest itis 50% of tree cover and the Forest
land consists of rocky and vacant land only. The Shola pataks are very

densely occupied and bio-diversity rich shola species are found.

15.3 COST OF PROPOSED REMEDIAL & MITIGATIVE MEASURES:

A provision of Rs.566.29 lakhs has been made for Environmental and
Ecological aspects. The split up details of provisions made for the

above aspects are available in Chapter 16 - Vol ll.

Details of Sewage/Sullage disposal system proposed:

A. For Temporary Residential Quartres

Sl. | Description | Total No. of | Size in m Total No.| No. of Tank
No. Tenaments of
persons
1 Septic Tank | 120 8.9 x 2.7 x | 400 2 Tanks of
2.0 200 persons

Sullage Disposal system for Temporary Residential Quarters: 1 No.

B. For Permanent Residential Quartres

Sl. No. | Description No. of Blocks| No. of
Tenaments
1 EE Type Quarters 2
2 AEE Type Quarters 2
3 AE Type Quarters 2
4 Staff Quarters 5 20
TOTAL 11 30
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Sl. | Description No. of Sizeinm | Total No.| No. of Tank

No. Tenaments of
persons
1 | Septic Tank | 30 57x21x|90 1 Tank of
2.0 100
persons

Sullage Disposal system for Permanent Residential Quarters: 2 Nos.
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PROCEEDING OF THE PUBLIC HEARING MEETING HELD ON 12.04.2007 AT 11.30 A.M.
AT COLLECTORATE, UDHAGAMANDALAM FOR THE PROPOSED HYDRO
ELECTRIC PROJECT OF M/s.KUNDAH PUMPED STORAGE HYDRO ELECTRIC
PROJECT TO BE LOCATED AT KATTUKUPPAI, NANJANADU VILLAGE,
UDHAGAMANDALAM TALUK, THE NILGIRIS DISTRICT.
The District Environmental Engineer, Tamil Nadu Pollution Control
Board, Udhagamandalam welcomed the gatherings and briefed about
the salient features of the Environment Impact Assessment Notification
1994 as amended on 14.09.2006 and explained the need for

conducting Public Hearing for this Hydro Electric Project.

Then the District Collector, The Nilgiris District requested the
TN.E.B.Officials to have a presentation on the proposed project along
with its impact on the Environment and mitigation measures proposed to

overcome the impacts

The Superintending Engineer, Projects and investigation/TNEB/Chennai,
briefed about the project by power point presentation

The Superintending Engineer stated that the TNEB has proposed to install
4 Nos. of 125 MW capacity of having total 500 MW hydro electric power
generation units at Kattukuppai, Nanjanadu Village, Udhagamandalam
Taluk in the Nilgiris District at an estimated cost of Rs.1220 Crores. This
project will be implemented during the 11th five year plan period (2007-
2012)

During the presentation the followings were explained.

I.  Need for this Hydro Electric Project

il. Conceptof pumped storage system
iii. Salientfeatures of this Hydro Electric Projects

iv. Environmental Impact of this project along with mitigation measures
proposed,;
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v. Advantages of this project to T.N.E.B. and Tamil Nadu

Further, the Superintending Engineer explained that no new dams will be
constructed for this Hydro Electric Project. It was reported that only
existing two reservoirs namely Porthimund and Avalanche-Emarald
reservoirs will be used for the hydro electric power generation and
hence, there will be no submergence of land due to this project It was
explained that all works will be in under ground and the surface will be

cleared only for opening of Tunnels.

The Superintending Engineer also reported that 18.00hectares of forest
land and 44.50 hectares of private land will be required to implement
this project. Out of this 44.50hectares of afforestation will be done in
36.00 hectares With respect to impact on environment the followings were

explained.

During construction phase, there will be an impact on environment due to
vehicular movement, tunneling operation, temporary residences of

labours and solid waste from construction activities.

In order to over come the impact during construction phase, it was

explained that

T.N.E.B. will use good vehicles to carry building materials. Further, it
was stated that on vehicular movement will happen during morning,
evening and night times. To reduce the noise level during tunneling, it
was stated that only controlled blasting will be carried out. Also, it was
assured that the temporary sheds for the employees who will be involved

in construction will be only in private land. With respect to disposal of
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waste material, it was reported that 20% of the same will be used for their
own construction, 50% will be supplied to other construction works in The
Nilgiris District and the remaining 30% will be leveled in ground to

develop green belt.

It was reported that the waste water from domestic activities will be
disposed only after treatment. With this, presentation was concluded.

The District Collector, The Nilgiris District has requested the public to

offer their opinion about this project.

1. Thiru. Jose, Advocate, Emerald has requested the T.N.E.B. officials
to clarify whether he 44.50 hectares of private land proposed to be
acquired is from a single person or many. In case, if the entire private
land will be acquired from Emerald Valley Estate, there is a possibility of
unemployment of existing employees of the said estate. In this regard
what will be the action of T.N.E.B. to give employment to the jobless

labours

The Executive Director/Projects/T.N.E.B replied that The Emerald Valley
Estate is sick at present. If anybody becomes jobless, they will be given
employment through the contractors during construction phase. After
construction, necessary action will be taken to give employment to them

as per government procedures

Thiru. Jose, Advocate, Emerald again asked whether any shifting of
residences due to this project.

The Executive Director/Projects/T.N.E.B. replied that there will be no

shifting of residences.
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2. Tmt. Karuppammal, Panchayat President, Nanjanad has reported
that there is no power supply in the residences in Governor shola.

T.N.E.B. officials reported that action will be taken to give power supply.

3. Thiru. Rajan, Panchayat President, Mullikur requested the T.N.E.B.
officials to give contract for local contractors to execute work during the
establishment of power project. Also, he requested T.N.E.B. officials to

give priority for local public for employment.

The Executive Director/Projects/T.N.E.B. reported that necessary action
will be taken to entrust work to the local contractors from main contractors
as sub contract. All the unskilled labours will be called from the local public

only to the extent available

4. Thiru. Mani, Red Hill, Indira Nagar has asked whether any possibility
of affecting houses nearer to the approach road to the power generation
area while widening of road if any. Also, he asked whether any

compensation will be paid if any house will be affected.

The Executive Director/Projects/T.N.E.B. replied that if any houses will
be affected due to the extension of roads, necessary compensation will
be paid to the respective persons. However, due care will be taken not to

damage any houses nearer to the road.

The District Collector intervened and requested the T.N.E.B. officials that
none of the houses should be affected in the vicinity of the project under

any circumstances

The Executive Director/Projects/T.N.E.B assured to comply with it.
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Finally, The District Collector concluded that the project is a good one
for the development of the State in all respects. Again, The District
Collector reiterated the T.N.E.B. officials that no damage shall happen to
any house and requested to give priority for local public for employment.
The District Collector requested everyone to give co-operation for
establishment of this Hydro Electric Project for the development of the
State

The meeting came to end with vote of thanks

i
\}-?‘\__
AR District
Collector,
The Nilgiris
District
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