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| KSEB KERALA STATE ELECTRICITY BOARD Ltd.

T

(Incorporated under the Indian Companies Act, 1956)
Office of the Project Manager,

{ :}, Chembukadavu Ill and Maripuzha SHEPs,
jlm Engapuzha, P.O. Puduppadi, Kozhikode-673586,
THE MAMATIA

g Phone: 0495 2985600, CUG-9446008429
Email: prnchembukadavu@gmail.com
No: PM/CH il & MRPZA/DB-23/2017-18/07 Dated: 17-04-2023.
From

To

- Sir

L

The Project Manager

The Divisional Forest Officer,
Kozhikode.

Sub: Maripuzha SHEP (2x3 MW) — Diversion of 1.9801 Ha of Forest Land —
Information / clarification - reg.

Ref: 1. Online proposal No. FP/KL/HYD/37412/2018

2. Letter No. 4-KLB1440/2023-BAN/74 dated 24-03-2023 of Asstt.
Inspector General of Forest, Ministry of Environment, Forest & Climate
Change, Bangalore to the Additional Chief Secretary, Government of
Kerala, Forests & Wildlife (C) Department, Thiruvananthapuram.

Kind references to the above. The information / clarification requested as per

letter vide reference (2) above for the proposal referred (1) above is submitted as

follows.

S 1. Justification of locating the project in forest area:

The proposal is for diversion of 1.9801 Ha of forest land in Kozhikode Division for
the implementation of Maripuzha SHEP under Edathara Section of Thamarassery
Range across Iruvanjipuzha stream. The requirement of forest land is for the
construction of trench weir and intake structures (1.6163 Ha), Surplus Escape
(0.0483 Ha) and Power house and aliied structures (0.3154 Ha). The requirement of
forest land is along the sides of the river course. Other components of the Scheme
involve construction of power channel, forebay, penstock, etc located in private land
owned by the User Agency.

KSEBL had ascertained the legal status of land required for the implementation of
the project from the Divisional Forest Officer, Kozhikode. It was ascertained

-categorically through site inspection and verification of records that the legal status

of the land covered as river bed and streams are “Forest Land’. Accordingly, the



proposal of KSEBL was formulated such that the requirement of forest land is limited
within the river course by proposing a trench type weir so as to avoid any
impoundment of forest land/creation of a water body or obstruction of natural flow.
In short the proposal was finalized limiting the requirement of forest land to the bare |
minimum. On either side of the river course is revenue land under private
cultivation. The total extent of forest land required is 1.9801 Ha and private land is
6.4903 Ha. The proposed area does not form a part of National park, Wild Life
Sanctuary and any heritage site.

. The details of alternatives examined and reason for their rejection:

The proposal of KSEBL was formulated such that the requirement of forest land is
limited within the river course by proposing a trench type weir so as to avoid any
impoundment of forest land/creation of a water body or obstruction of natural flow.
In short the proposal was finalized limiting the requirement of forest land to the bare
minimum.  On either side of the river course is revenue land under private
cultivation. The total extent of forest land required is 1.9801 Ha and private land is
6.4903 Ha. The proposed area does not form a part of National park, Wild Life
Sanctuary and any heritage site.

Small Hydro Electric Project are site specific and utilize the head of water stream
between the power house and weir. The area is a steep slope ad the difference in
height as per detailed survey and investigation by the competent officials of the utility
has reported as most suitable for a power project.

. Detailed Project Report of the Project:

Copy appended

. Whether the proposal involves transmission line component for evacuation of power
from the proposed Hydal project:

The proposal involves power evacuation component for evacuation of power from
the proposed Maripuzha SHEP by construction of 33 Kv single circuit feeder from
the proposed power house of the project to Thambalamanna Substation. It is
emphatically submitted that the proposed drawing of evacuation line does not

require any diversion of forest land.



The information/clarification regarding CA land proposed by the Forest
department as mentioned as Serial No. 5 of the letter vide reference (2) above may
kindly be forwarded from that office. It is requested to take kind necessary action to _
submit the details as instructed vide reference (2) above at the earliest in the

Parivesh Portal.
Yours faithfully,
=
Acc. Copy of DPR through e-mail
JEP——
Project Manager.

Copy submitted to: The Chief Engineer, Civil-Construction {North), Kozhikode.
Copy to: The Assistant Executive Engineer, Maripuzha SHEP.
Fe
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KERALA STATE ELECTRICITY BOARD LTD.

{incorporated under the Indian Companies Act,1956)
Registered office; Vydyuthl Bhavanam Pattom,Thiruvananthapuram-04

Maripuzha Small Hydro Electric Project (2 x 3 MW) - Administrative Sanction
- accorded - Orders issued.

- Corporate Office {(SBU-G/C)
BO(DB}NO 337372014 {DGC/AEE- 1/MARIPUZHN2014) Dated, TVPM, 23.12.2014

Read: 1) Minutes of the DPR approval committee meeting held on 18.06.2013,
2) Note No. CE{C-I&P)/SHDPR/MARP/2006-07 dated 30.11.2013 of the
Chief Engineer (Civil - I1&P),

3) Note No. CE(C- I&P)/SHDPR/MARP/2006 07 dated 22.09.2014 & 27.09. 2014
of the Chief Engineer (Civil — I&P)

4) Note No DGC/AEE-1/MARIPUZHA/2014 dated 20.10. 2014 of CMD, KSEB LTD
2} Proceedings of the Board of Directors meetmg held on 24.11.2014
Agenda item No.5- 11/2014)

ORDER

The Chief Engineer (Civil-I&P) as per note read as 2™ paper above has

submitted a proposal for the tmplementatlon of Maripuzha Small Hydro . Electrlc
Project (2 x 3 MW}, in Challyar basin. The proposed project is located in Nelltpoyll
village of Kodenchery Panchayath in Kozhikode (Dist). The project is planned as a
run -of - the river scheme and envisages development of power by using the inflow
of Iruyanjipuzha of Chaliyar basin. The river flow is proposed to be intercepted by a
trench type weir and diverted to a fore’bay tank through power channel. A surface
pen stock carries the power draft to two Horizontal type Francis Turbines to generate
6MW of EIectrnc:ty The average ienergy per annum expected is 15. 31Mu under a net
head of 118m and the annual generation for 90% dependable year comes to 14.84

-Mu.

The DPR of the scheme was abproved by the DPR approval committee. Later on,

Board decided to implement this scheme by adopting cost effective methpds of
canstruction. Accordingly the Chief Engineér (Civil-I&P) as per note read as 3™ paper
above has submitted a modified proposal for the implementation of this scheme
incorporating certain cost'efféctive designs such as colgrout masonry concrete weir,
trapezoidal power channel, spirally welded steel pipes for penstock etc. The scheme
is eligible for financial assistance from MNRE for s'etting up Small Hydre Electric
'Pro-jects' and the expected MNRE grant for this scheme is ¥ 20 Crore. The financial
analysis has been done by considering financial support from MNRE. -

The estimated cost of the project is ¥ 54.08 Crore based on PWD SOR-2012. Out of
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PREFACE

Kerala is having a vast potential of hydro power still lying untapped. Hydro
power, especially from smail hydro power projects is recognized as a renewable
source of energy, which is economic, non - polluting, enviranmentally benign and
need a relatively short time for implementation and not generally affected by the
constraints associated with large hydro electric projects. Also such hydro power
projects that are developed and operated in an economically viable,
environmentally sound and socially responsible manner represent sustainable
development at its best; that is to say “Development that meets the. needs of the

people today without compromising the ability of future generations to meet their

own needs”.

Realizing these .facts the State Government / K. S.E.Board have embarked
on an ambitious programme for harnessing the known and yet to be known small -
hydro power resources of the state. The contribution of Small Hydro Power (or
shall we say States Hidden Potential), have become more significant as SHPs
require - minimum su__bmergerice. rehabilitation and minimal impact to

environment.

'Despite a high initial cost and the work involved in steering the small hydro
project to fruition, once installed the hydro electric turbines offer the promise of

clean green energy, aimost for free,

Cha_liyér basin is a mine of cascading small H.E scheme in Kerala. The
Malabar migration during 70°s created ehough access to various tributaries of
Chaliyar river of westemn ghat at various elevations. The forest invoivement of
different schemes identified in this basin is very minimal or practically nil.
Preservation of forest and avoiding environmental impact is getting prime

importance in the gestation of every project.



Maripuzha Small H.E scheme is such an environmental friendly project in
Chaliyar basin, which requires no forest iand. The scheme utilizes the inflow of
truvanjipuzha. The river flow is intercepted by a trench type weir and diverted to a
Forebay tank through power channel and a surface penstock carries the power
draft to two Horizontal Francis turbines and generates 6MW for an annual power
generation of 14.84 Mu at 90% dependability under a net head of 118m and
ggnerate 15.31Mu of average energy per annum.

In the construction industry, new technologies developed and new
inventions and methbdology have been introduced in materials, construction’
equipments etc.. The small hyde! projects can be made more economical and
attractive by applying new inventions/methodology.

Here, efforts have been made to implement the cost effective.mr—:-thods of
construction in the proposél of Maripuzha Small Hydro Electric Project, as
suggested/recommended by the expert committee. Possibility of colgrout
~ masonry fof apron both upstream and down stream faces of trench weir, spirally
welded steel pipes for penstock in place of convenfionally used steel pipes,
trapezoidal section for power channel instead of rectangular section where the
terrain suits etc. are explored. An amount of Rs. 171.62 Lakhs 'can be saved hy
adopting these cost effective techniques. - |

" The overall cost of the project is estimated as 54.08crores {2012 SOR for
Civil items). With a view to improve the financial viability of the scheme it is
proposed to avail subsidy for small hydro projects provided by MNRE,
Government of India.

| The financial analysis is worked out as per SERC guide lines. The cost
including IDC is Rs 54.41 crores after availing MNRE grant. The payback of the
project will be 11 years with a debt equity ratio of 70:30. The levelised tariff (at
discounting rate of 12%) is Rs 4.92/unit. The net present value is Rs 1.29 crores

and Internal Rate of Return is 12.21%.



The construction of the project is to be commenced during 2014-15 and
completed in a period of 2 ", years. This detailed project report is prepared
based on the detailed investigation and survey works conducted for the scheme
by the Investigation Division, Kozhikode under Investigation Circle, Thrissur.

Trivandrum | Chief Engineer (C-1 & P)
December 2014 ‘

2a_.



Chapter - 1
INTRODUCTION

1.1 Scheme

Maripuzha small H.E scheme envisages power development by using the inflow of
iruvanjipuzha of Chaliyar basin. The total caichment area of the scheme is 15.92km>.
The diversion structure consists- of a trench weir of 18m width in lruvanjipuzha. The
intercepting stream in the right bank of lruvanjipuzha is proposed to divert suitably by
providing a small diversion weir across the stream and an open channe! adjacent to
intake chamber and water-is diverted to forebay thfbugh a power duct of 80m and a
head race channel of 1104.6m. A 319.02 m long penstock feeds the turbines. The
scheme is planned as a run off the river scheme with a net head of 118m. The
installed capacity of the scheme is 6MW (2 x 3 MW Horizontal Francis turbines) and
the expected average annual generation is 15.31Mu. The annual generation for 90%

dependable year comes o 14.84 Mu.

1.2 Location of project

The scheme is lecated in Iruvanjipuzha river of Challyar basin. The exact location
of the.scheme area is locally known as Kundanthodu and lies in Nellipoil Village of
Kozhikode Taluk in Kozhikode District of Kerala state. The Power House of scheme is
located at 117 26" 45" N latitude and 76" 05' 25.50" E longitude. The only access to
the site is from Thiruvambadi Vilsqge along left bank. This is an isolated bit of private
land having lruvanjipuzha in south side and forest in all other side. The Scheme is 49
km away from Kozhikode City. The access to the site fom Kozhikode is Via.
Thiruvambadi—AnakkampoyilMUthéppanpuzha, One ghat road is available through
forest and the access is limited from January to May. Only four wheel drive vehicles
can ply this ghat road and this road cannot be used for construction purposes.

1.3 Access

The Scheme is 49 km away from Kozhikode City. The access to the site from
Kozhikode is Via. Thiruvambadi-Anakkampoyil-Muthappanpuzha., The. nearest
township is Anakkampoyil One ghat road is available through forest and the access is
limited from January to May. Cnly four wheel drive vehicles can ply this ghat road and

this road cannot be used for construction purposes.



One permanent concrete bridge is required to access the power house. A 10m span
steel bridge and two culverts of 5m and 4m span respectively are also required at weir
site for construction purpose. One permanent concrete bridge is required to access
the power house. A 10m span steel bfidge is also required at weir site for cons{ruction

purpose

1.4 General Climatic Conditions

The area experlehCes heavy south-west monsoon. Relative humidity is so high and is
nearly 90-95% during rainy season. Thunder storms are common. Lightening
-arresters are required at Power house, switch yard. The river is ifl famous for flash
floods and death tolls. Average annual rainfall is 60'06 mm. The highest rainfall
occurred is -9261.60mm during 97-98. Due to heavy rainfall experience in July, the

construction activities are rather difficult.
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CHAPTER -2
NEED OF THE PROJECT

Energy crisis in Kerala is a major issue as the supply of ehergy is not in
pace with the day to day increase in demand of energy. The main sources of
energy are thermal, nuclear and hydro electric power. The development of nuclear
and thermal projects have the least scope in Kerala's power scenario. The main
affordable source of energy is hydro power. But due to some impediments such
as environmental and socio-economic factors, many of major hydro electric
- projects were dropped or postponed. The development of major hydro schemes
with large submergence of land could not be taken up due to issues relating to
forest and environmental clearance. Thus the development of smail HE Schemes

becomes significant now a days.

The scope of Small HE Schemes are limited and its contribution to the
system will be quite small as compared to the demand, but implementation of
series of such schemes would have a noticeable effect in the power generation
sector. Small hydro electric schemes would provide an opportunity for the
developrr;e'nt of rural area. The adVantége of this type of scheme is. that it
can be completed within a shorter period. Compared to other sources of energy,

- ~quick benefi ts are-derived with out much ecological disturbance.”

It is an accepted fact that Kerala has so far explored only about 1/3rd of the
already identified hydropower potential, Though much effort has been spared to
- conceive Hydro Electiic Projects, many ‘have been entang!ed in Environment and
Forest related issues. Tapping the hydropower with least disturbance to the
surroundings became the core issue while clanning a hydro electric project.

The peak demand and energy requirement as per the 17" power survey

- of Central Electricity Authority, Ministry of Power Govermnment of India are given in
Table - 2 (1). Accordmgly the demand of power by 2014-2015 will be 4,188 MW /
23,484 Mu. Consndenng 20% outage of machines,



the installed capacity required to meet the above dem_and shail be 5,001.6 MW,
The state is going to witness a giant leap in developmental activities with many
prestigious projects on the anvil viz. Vaitarpadam Container Teminal, Smart City
at Kochi, Techno City at Thiruvananthapuram, Vizhinjam port eic. This demand
cannot be met from the power projects aiready available in the state. Hence to

meet the demand, new power projects have to be taken up.

The details of commiséioned generating stations are given in Table — 2 (2).

From this, it can be seen that 2787.38 MW equivalent to 12,481.35 Mu is
- presently available. The projects under construction [detalls are given in Table - 2

(3)] will immediately add ancther 211.10 MW and 653.12 Mu. The lists of the
schemes to be taken up in the near future are given in Table — 2 (4).. This will add
another 312,70 MW and 623.70 Mu to the power grid. The availability from the
existing schemes, schemes under construction and which are prbpoéed .to be
implemented will be 3,311.18 MW / 13,758.17Mu. The short fall of Instailed
Capacity is to be compensated to meet the projected demands, Hence new
schemes” have to be investigated and implemented. Priority is being given for

hydro stations wherein the environmental and resettiement impacts are minimum

....and._.which....ccuid___be.._executed in minimum time_with._the._most._sophisticated_._____.

machinery. Hydel schemes have centain specific advantages such as cheap and
simple in maintenahce,_no escalation in cost of producti'on, fong service elc. when

corhparéd to thermal, nuciear, diese! power plants etc.

Exploitation of all possible hydel sourcas including the proposed schems is
the need of the hour. The proposed “Maripuzha Small HE Scheme” is located in
Kundanthodu and lies in Nellipoil Village of kozhikode Taluk in kozhikode District,
The scheme contemplates the power development by utilising the water of
Iruvanjipuzha river of Chaliyar basin. The diversion trench weir site is located in

" the upstream of “Pottankayam” a tributary stream confiuence of lruvanjipuzha

with a maximumn utilisable discharge of 7.175 m¥sec and a net head of 118m.
This scheme will jead to the socio-economic development of the locality. No forest
land is required for the scheme. The Maripuzha Small HE Scheme with 6 MW
installed capacity when oompieted will add 14.84 Mu to the grid annually

9



TABLE ~ 2 (1)
ENERGY AND PEAK LOAD
AS PER 17" ANNUAL POWER SURVEY

Years Enérgy requirement [Peak load Demand
(Mu) _ - (MW)
2007-2008 15,217 2,856 -
2008-2009 16,006 | 3,004
2002-2010 17,025 3,159
2010-2011 18,077 3,335
2011-201_2 19,230 3,528
S TPTIr | . 20031 . 3743
2013-2014 ' 22,053 | 3,957
2014-2015 N .23',.484 4,168
2015-2016 24,914 4,374

10



TABLE - 2 (2)

SCHEMES COMMISSIONED

i
i
1
!
]
|

installed

Annual

S1. No Station
| Capacity (MW) | Energy (Mu)
A) | HyprO
1 | PALLIVASAL 37.50 284
2 | SENGULAM 50.8 182
3 | PORINGALKUTHU LEFT BANK 32 170
4 | NERIAMANGALAM 52.50 237
5 | PANNIAR 30 158
6 | SHOLAYAR 54 233
7 | SABARIGIRI 300 1338
8 | KUTTIVADI 75 268
3 | IDUKKI 780 2398
10 | IDAMALAYAR 75 380
11 | KALLADA 15 65
12 | PEPPARA 3 115
14 | LOWER PERIYAR 180 493
15 | KAKKAD 50 262
16 | PORINGAL KUTHU L/B EXT. 16 75
17 | KUTTIYADI EXTENSION 50 75
18 | MALAMPUZHA 250 5.6
19 | CHEMBUKKADAVU i 2.70 " 6.24
20 | CHEMBUKKADAVU -li 375 9.65
21 | URUMI-1 375 9.53
22 | URUMI~1I 2.40 5.00
23 | MALANKARA 10.50 65.00
24 | LOWER MEENMUTTY 3.50 10.14
25 | NERIAMANGALAM EXT. 25 58.76
26 | KUTTIYADI TAIL RACE 3.75 17.10
27 | KUTTIYADI ADDT.EXTENSION 100 240.50
28 10.67

28

POOZHITHODU

3!




29 RANN{ PERINADU
30 | PEECHI 125 352
31 Vilangadu | 75 23.63
32 | AUGMENTATION SCHEMES
a} Narakakkanam Diversion to 1dukki ' 7
b] Sabarigiri Augmentation 125
c] Panntar Augmentation 10
d] Poringat — |damalayar diversion : 60
&] Azhutha Diversion to Idukki L 87
f] Vazhikkadavu Diversion 24
| g] Vadakkepuzha Diversion 12
h} Kuttiyar Diversion ; 37
TOTAL 197820 | 7450.43
SI. No. Station Installed Annual
Capacity | Energy (Mu)
(B) | DIESEL / THERMAL '
1 BRAHMAPURAM 106.6 G606
2 | KOZHIKODE | 128 896
(G} INDEPENDENT POWER PRODUCERS
1 MANIYAR (HYDRO) 12 36
2 KUTHUNKAL (HYDRQ) 21 79
3 | KAYAMKULAM (THERMAL) -358.58 2158
4 BSES COCHIN (THERMAL) 157 1099
5 KASARAGOD : 20 140
6 IRUTTUKANAM SMALL HEP 3 11.92
{D) WIND
1 KANJIKODE 2 5
TOTAL 809.18 5030.92
GRAND TOTAL 2,787.38 12,481.35

12




TABLE - 2 (3)

SCHEMES UNDER EXECUTION

Si. No Name of Project _ Installed Annual Energy
Capacity {(MW) (Mu)
A Hydro
1 Pallivasal Extension 80 153.90
2 Adiyvanpara 3.5 7.31
3 Thottiyar 40.00 09
4 | Chathankottunada— 1l 6 14.76
5 Sengulam Augmentation 84
B | Barapole 15 36
7 Kakkayam 3 10.39
8 Mankulam 40 82.08
9 . | Anakkayam 7.5 27.09
10 Perumthenaruvi 6 25.77
12 Vellathooval HEP 38 12,17
13 Bhoothathankettu RHEP 24 094,62
TOTAL 211.10 £53.12

13



TABLE - 2 (4)
SCHEMES TO BE TAKEN UP IMMEDIATELY

. lnstal!_e-d Annual Energy
SLNo Name of Project Capacity (Mu)
(MW)
A Hydro (Major)
1 Athirappilly - 163 233
2 Achencoil 30 75.81
3 Poringalkuthu HEP 24 45 02
B Hydro (Smatl)
7 [ Peechadu 3 77
2 Chinnar 24 76.45
3 Upper Kallar 2 514
| 4 Chembukkadavu il 6 14.92 .
5 Poovaramthodu - 27 - 5.88
& | Olikkal 450 588
7 .Ladrum 3.5 12,13
8 Pazhassi Sagar 15 42.14
9 Peruvannamoozhy 6 24.70
10 | Western Kallar 5 1741
11 Upper Sengulam _ 24 53.22
GRAND TOTAL 312.70 623.7

i4




CHAPTER - 3
SUMMARY OF THE PROJECT

3.1 Introduction

The Maripuzha Small H E scheme is located in fruvanjipuzha of Chaliyar basin.
The scheme envisages power development by using the inflow of Iruvanjipuzha.
The total caichment area of thé scheme is 15.92km2. The river flow is intercepted
by a trench type_wéir and diverted to a Forebay tank through power channel and a
surface penstock carries the power draft to two Horizontal Francis turbines and
generates BMW for an annual power generation of 14.84 Mu at 90% dependability

under a net head of 118m and generate 15.31Mu of average energy per annum

The main components of the scheme are

A diversion trench weir 18m fong and 2.00m wide.

A small diversion weir across the stream and an open channel of length
approximately 50m adjacent to intake chamber.

A closed type free flow intake channel {Box type) of Iength 9m and 2.00m

wide.

An intake chamber of size dm x 4m x 9.00m S

intake gate of size1.70m x 1.70m.
Power duct of size 1.70m x 1.70m and length Bom
Three nos surplus weirs at chainage 137,370 & 1020.

355m long R.C rectahgufar power channel and 240 m of cut & cover

~ channel of size 2.90m x 1.50m with 0.75m free board and 1 in 750 bed

slope & 510m length of Trapezoidal open channel, base width of 1.4m,
depth of flow 1.50m & side slope of channel 1in1&6 nos of transition length
30m '

A rectangular RC Forebay tank having a live storage of 920m® .
Three slot vertical trash rack with 1:4 slope for easy rakihg.

1.02m x 1.40m penstock gate, bell mouth entry, transition

1.40m dia single surface penstock of spirally welded stesl pipe 319.02m
long bifurcates in to two feeder pipes of 1.1m dia and 14m long.
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* A Surface Power house of size 28.50 x 10m for housing 2 Horizontal

Francis Turbines each of 3000kw.

* Arectangular tail race chamber of 15.00m x 12.50m and a tailrace channel
of 3.7m wide and 1.00m water deep + 0.75 m free board to lead the water

let into the same river after power generation.

The installed capacity is estimated as MW and expected average energy is
15.31Mu. The annual generation for 90% dependable year comes to 14.84 Mu.

. The generated power is transmitted to 33 kV Substation at Thambalamanna near

Thiruvambady.

3.2 Historical background of the project |

A previous instance of Detailed investigation was carried out for this scheme in
November 2008 along the left bank of lruvanjipuzha. The weir site was located at
the confluence of Maripuzha stream and lruvanjipuzha. Some land sliding was
later reported at this weir site and a new Sadak Road under the scheme PMRY

was built between Muthappanpuzha and Maripuzha. This road interferes with the

project components at several locations. The power house and switch yard

—location-in-this-propesal-was located in a tribal colony and-grave-yard—The power———

house site was also located very near to Muthappanpuzha LP School. The land
value also increased considerably due to better accessibility. The land acquisition

and construction activities, such as blasting eic. are rather difficult due to the

proximity of school and tribal colony.
The right bank of Iruvanjipuzha adjacent to Maripuzha is Kundanthodu desam

having scanty population. This location lies in Kodenchery Panchayat even though

there is no access from Kodenchery Panchayat. The only motorable access to

| Kundanthodu is. a coup road passing through forest which starts from

Muthappanpuzha bazaar near Kilikallu. A ford is available from January to March

to cross Iruvanjipuzha at Kilikallu.

Since the implementation of left bank scheme is found difficult due to recent
infrastructural changes in the locality, a revised d:etailed investigation is carried out
along right bank to explore the possibility of ﬁtfing a scheme in the available

private land amidst of forest and river.
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3.3 Geographical disposition
The weir site is situated at 11° 27° 02* North Latitude and 78° 05’ 5750 East
Longitude. The intercepting stream in the right bank of iruvanjipuzha is proposed

to diveit suitably by providing a simail diveision welr across the siream and an

open channel adjacent to intake charﬁber.
3.4 Survey and Investigation

3.4.1 Field Reconnaissance

The field survey works were initiated based on GTS study (GTS No. 58A/3) and
satellite imagery obtained from Google earth. Since the canal is passing through a |
narrow strip of private land in between the area ear marked for social foresfry and
forest land, there is no alternative to change the alignment of_ power channel.

Various locations were considered for weir site.
First location selected was about 50m d/s of Pottankayam where rock out crop

- -

- m Ao
ail Ve T

]

but'the area ear marked for social forestry interfere the power channel raute.

The second location was near a ford in iruvanjipuzha at an elevation of about
+615.000m. The approach to this location from left bank is easy but the channel
alignmént at this elevation is Iengthy and difficult. The width of river is'als‘o more.
The convenient canéI.FSL 18 +5£:)8.000m,, but the river at this location is ﬂowihg
into two branches and the banks are so steep and high, so that diversion weir and
aliied structures cannot be accommodated. |
The selected location is a narrow neck of about 20m wide at an elevation of
+588.000m. Thelocation is situated in the upstream of Pottankayam.

The power house location as well as benstock route has been aligned through an
available strip of private land. Alternate iocation / route is not possible.

A road from power house to forebay is not feasible due to lack of private land.
Cne permanent'- bridge is required at power house site and ancther one is required
at weir site. Penstock tracks are necessary for erection as well as maintenance of

penstock.
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3.4.2 Traverse survey

A closed traverse survey has been conducted to establish traverse stations at .
important project component locations. The northing and easting of beginning
station is assumed and the elevation is transferred from that established at

Anakkampoyil werr site.

34.3 Topographical survey

Topographical survey with total station has been carried out to prepare the

contour map and profile of water conductor system and river etc.

3.5 Topography and physiography of the basin

The tributaries of lruvanjipuzha originate from the various peaks of Western Ghats
Kuratimala at El. +2339 and Vellarimala at El. +2240 and flows downwards in
south-western direction. It reaches the plains and then takes a meandering
course and joins the main Chaliyar river, a little up stream of Mavoor. These
rivers are known for their frequent flash floods and are mainly comprisméd of huge
bouiders alor;g the river cdurse. The steep falling course of the river is not suitable
for developing major storage schemes but the topography is suitable for

developing ™ run-of-river type schemes for generafing power as Mini/Small
Schemes. |

3.6 Geology

The left bank of the weir site is a vertical cliff comprised of large bouiders and soil.
‘Right bank is also a steep slope and huge boulders to the size of 5 to 8m can be
'seen along this bank. The diversion weir is located in a tributary stream which.
joins Iruvanjipuzha about 50m d/s of weir site.

- Exploratory drilings were done at weir site, forebay site, penstock routs, power
house site and bridge site. Welr site-and bridge site showed over burden soil with -
mixed boulders through out the driling depth. Sound rock is available at
reasonable depth at forebay, penstock and power house. Core logging is
completed . | '

Considering the absence of rock strata in weir site, trench weir is recommended
as’ diversion structure. The initial reach of water conductor system (about 170m
from intake chamber) is passing through an area, where ground setiling is

observed due to soil piping.
' 18



Ch. 170 to Ch. 545 in channel route, the ground slope is mild and stable. From
Ch. 545 to Ch. 570, the ground slope is observed as sliding prone.

Forebay and penstock alignment is through stable slopes. Rock stratum is
available at the base slab level of fofebay tank. Anchor blecks can be founded on
rock strata at shallow depths.

The rock out crop at power house site is at elevation +455.000m.

One tributary stream is flowing along the west side of the power house.

3.7 Hydrology

The major share of rainfall.in Maripuzha catchment depends on South
West Monsoon. The high peaks such-as Kuratimala and Vellarimala' in the North
East side of the basin intercept heavy rainfail during monsoon. The catchment
area is thick tropical forest having thick bottom cover. The slopes are very steep.

Flash flood is very common. Non monsoon discharge is meager.

3.7.1 Weir Gauge and Discharge data

There is no.gauging station avaiiable in this catchment. There was a weir gauge

staticn in Chakkipara near the weir site of Chembukadavy Stage-! Small HE

b

Scheme which is an adjacent catchment of this river and'lies in the same basin. It

was about 6 km North West of proposed weir site. The daily discharge reading of
this station from 01.06.88 to 31.05.2000 is avallable.

3.7.2 High Flood Level

Long term flood level study in lruvanjipuzha is not available. Flood level

‘measurement at Power house site was conducted for the monsoon season of

2011. The high flood leve! is based on this set of readings and from local enquiry.

3.8 Location of the project area

The exact location of the scheme area is locally known as Kundanthodu and lies

in Mellipoll Village of Kozhikode Taluk in Kozhikede District. The only access to

the site is from Thiruvambadi Village along left bank. This is an isolated bit of

private land having 1ruva'njipuzha in south side and forest in ali other side. The

Scheme is 49 km away from Kozhikode City. The access to the site from
Kozhikode is Via. Thiruvambadi-Anakkampoyil-Muthappanpuzha. One ghat road
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is available through forest and the access is limiled from January to May. Only
four wheel drive vehicles can ply this ghat road and this road cannot be used for

construction purposes.

3.9 Population and socio-economic aspects

The Scheme area lies completely in private land and possessed by about 12
people. Due to heavy loss in agriculture and want of better communication and
transport facilities, the inhabitants of this area is migrating to the left bank of
ruvanjipuzha. The population is very scanty. There'is a tribal colony and &
~ primary school in the opposite bank near power house and is sufficiently away
from the construction activities. The approach road to power house is passing
through the vacant spaces of colony'so as to avoid hindrance to their normat iife.
Only two houses are coming directly in the acquisition iand. They can be suitably
relocated to the adjacent land. Unskilled labour force is available in plenty. The

scheme implementation will definitety improve the overall socio-economic growth

of the region.

310 NeceSsity - Needs and Opportunities for development.

To meet the ever-increasing demand of energy, major hydro projects, thermal or

nuciear power piants are to be set up. Bui due to the impediments involved in
environmental and SOCIO-economic factors, many of such major or medium type
| 'schemes, especially hydel schemes had to bé dropped or set aside. In this
context, the relevance of small/mini hydel schemes gain importance. Even though
the full requirements of the state at any stage cannot be met by the instaliation of
small hydel schemes, they have got their own inherent advantages such as short
gestation period, cheép and 'simplé maintenance, no escalation In cost of
operation, since there is no fuel cost involved, leng service, quick benefits, low
investment and no adverse impact on ecolegy and environment.

A number of other schemes which are in the implementation stages are located in
the nearby area such as Anakkamployil S.H.E 12MW, Narangathodu 9MW,

Arippara S.H.E 2.70MW, Muthappanpuzha S.H.E MWV,

20



3.11 Land Requirement

Sl
No | Structure (m* Unit Value Amount
Govt Land {Lakh/Ha) (l.akhs)
1 River
i) at weir site 5170 m?
i) at PH site 4806 m’
ifi) stream at- dlversmn weir site 124 m?
2 Road near ch: 787 350 m?
Side of dumping yard-3 400 m*
Total Area of Govt. Land 10850 m°
‘Say 110 Ha  1.00 1.10
_ Private Land
3 Dlversmn Welr :
1) Right bank upto tntake cnamber 1718 m?
ii) Left bank 2040 m?
4 Power channe! route
~i)Area between intake chamber 6486 m’
i) Power channel 18562 m?
iii) mear ch 332 77 m?
w) near ch 665 180 m*
V)IID‘:H 737 264 TJ'i2
vi)Strip of land up to forest S
boundary@ch 975 to ch1075m as
~dumping yard -1 | 1650 m?
vii)Strip of iand upto forest
 boundary@ch 1075 to Forebay,
adjacent to overfiow channel as
dumping yard -2 3156 m?>
~ viii) nearch 1138 340 m*
5 Forebay 2380 m_2
6 Overflow channel - 780 m?
7 Penstock | 8725 m?
8 Power house and Switch yard 6285 m?
9 Access road o | 9385 m°
DtoPHste . 95 m
i tower site. B -
Dumpmg yard-3 at power channe!
10 _route L ..3600 mP 3
____ Total Area of Private Land _ 74898 m*
. Say 7.50 - Ha 23.50  176.25
177.35

Total cost of Land (in Lakhs)

‘Note:- No forest land required for this project

21




3.12 Construction materials
Cement and steel required for the scheme is proposed to be supplied by the
contractor. The cement and reinforcement steel can be procured in bulk from
Thiruvambadi (15km). Other materials such as rubble, brol{en stone etc. are
available at reascnable distance from the site.
3.13 Accommodation
~ For accommodation of the staff and workers during the period of censtruction,
temporary buildings such as dormitory is proposed.

3.14 Direct benefits |

The installed capacity of the scheme is 6.00 MW and the average annual
energy is 15.31 Mu and annual generation for 90% dependable year comes to
14.84 Mu. At present the people in the proposed scheme area is experiencing
acute power shortage for meeting their requirements. Hence implementation of
this scheme will be a great relief to the local people and also alleviate power

shortage in nearby areas to some extent and will help in the overali development

S
3.15 Communication facilities

Power House road and bridge
3] Inies

ength r house road is 1685m and the formation width is 5.50m. This

The |
road crosses Iruvanjipuzhé between Ch. 101 and Ch. 126. A 25m long bridge is
required to cross the river. Bore hole No. 2 was drilled up to a depth of 23.95m
and shows no rock deposits. A multiple box type bridge with a bottom raft and cut
off wall is provided. Initial 100m length of road is passing through .tribal colony in a

convenient location so as to avoid any interference to inhabitants.

Q

-Weir site road and bridge

The length of weir site road is 334m and consists of one steel bridge of span 10m

ahfiual}; Tha ataal hridna ie nranneasd tn
LI R ] - LR [ W R Wy W ) luuu Tt r-‘l UHUV\“-‘ LA

and two culverts of span Sm and 4m resp
abut on two large boulders situated in the upstream side of Pottankayam. The

stability of structure on these boulders shall be ascertained before construction.
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1110 gra'dient is adopted for the road. The maximum excavation depth for this
road is 16m. Gabion retaining walls are provided to retain the soif. The excavation
activities shall be arranged during non monscon period to minimize the saturated
s0il pressure. The stability analysis of this excavation slopes shall be determined.
An aiternate location for access road to weir site is available near the suspension
bridge site at Mainavalavu. But the length of bridge and road will be mere and this

alignment will be costlier than the above.

3.16 Power Evacuation

Power evacuation for the subject scheme consists of the following

» Construction of 33 KV Single circuit feeder from Maripuzha SHEP to focation
CKT-47 through Narangathodu and Anakkampoyil for a length of 8.8 Km.

» Construction of 33 KV Double Circuit Feeder from Thambalamanna substation
to Location CKT- 47 along existing 33 KV Chembukadavu line route with
110 KV DC line parameters using existing RoW (Right of way) for a length of
7 Km. | |

» Dismantling of 7 Km Single Circuit line using a pole with maximum span of
55 Mirs (€hembukadavu — Thambalamanna line ).

» Construction of 33 KV feeder bay in 110 KV paramater at 33 KV substation

Thambalamanna. _ . S




CHAPTER - 4
"SALIENT FEATURES

State
District
Taiuk
Village
Panchayath

Access

‘Road

Rail

Alr port

Sea port

4.2 Geographical dispositions
Weir
- Latitude
Longitude
PH
Latitude
Longitude
GTS NO

‘4,3 River basin

River basin

River

4.4 Hydrology
Catchment area

- Average monsoon discharge:

Average Annual Rain fall
24

Kerala

. Kozhikode

Kozhikode
Neliipoyil

Kodenchery

49 Kms from Kozhikode (Via)
Thiruvambady — Anakkampoyil —

Muthappanpuzha.

Nearest Railway station,
Kozhikode

Nearest airport Karippoor,
Kozhikode

Kochi

11°27' 02" N
76° 05' 57.50" E

117 26'45"N
767 05'25.50" E
58 A/3

Chaliyar

lruvanjipuzha

15.92 sa.km
3
70.74 Mm

5006 mm



4.5 Head
Gross head

Net head

4.6 Component structures

a) Weir (Ch -76to - 58)
Type

FSL

H.F.L

Lowest bed level
Length of weir

Width

Depth

Bed siope

Free board

123.250m
118 m

Trench weir

+ 588.000m

+ 589.500m (after construction)
+ 587.020m

18.00m

2,00 m

1.50 10 2.22 m below FSL
1:25

0.25 (Average)

b) Free flow intake duct (Box type) {Ch -58to - 49)

Type -~
- Location
Length-from-trench weir to intake

_ chamber
Width |
Depth
Free board

c) Intake Chamber (Ch -49to - 43)

Intake Chamber
Service gate
. Flushing pipe
F.S.L _
Centre line of distributory
d)Power Duct (Ch -43to 37)
- Size
Type
Lpngitudinal slope

25

RCC Box shaped channel
Trench welr to intake chamber

9m

2m

2.72 t0 3.08 m below FSL
0.50m

4m x 4m x 9.00m top open

St imx1.7m

800mm dia, 100m long
+587.640m
+583.97m

1.7mx 1.7 m
Concrete box shaped
1in 400



Length : 80 m
e} Surplus weir No.1 (Ch 37to 43.4)

Depth : 3.00 (average)

Surplus weir length : 6.4m (2m Transition)
Surplus channel width : 2.50m

Depth Co 1.10m + 0.85m free board

f) Power Channel ( Ch 43.4 to 1148)
I. Rectangular Open Channel { Ch 43 to 300, Ch 1050 to 1148 )
2.9x 1.50 + {0.75 free board)

Size
Type : Rectangular R.C Channel
Longitudinal slope : 1in 750

Length of rectangular open channel  : 355 m
ii. Trapezoidal Open Channel ('Ch 300 to 540 , Ch 630 to 840 ;-
Ch 990 io 1050)

Size ' : 1.4 x 1.50 + (0.75 free board)
Side slope : “1in1
Type, : Trapezoidal Open Channel
Length of Trapezoidal open
channel 510 m
iil. Cut & cover portion ( Ch 540 to 630 , Ch 840 to 990 )
Length of cut & cover portion 240 m

iv. Surplus weir No.2 & 3 ( Ch 370 to 380, Ch 1020 to 1030 )
g) Fore bay tank

| Type : Rectangular Reinforced concrete
Size | : 28mx 13mx 2.9 to 11.50
Live storage : 920m*
M.W.L- o +586.000m
F.SL X +585.38m
M.D.D.L - : +582.38m
Top level : +586.500m
B'ottom level | 0 +575.00m
 Lowest bed level : +578.576m
Trash rack . : : 2.0x1.48, 3 panels in each slot
No. of siots E 3
Siope < 1H:-av
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Raking

Manual

h) Penstock { 0 to 291 }(Spirally Welded Steel Pipe)

Number of Penstock pipes
Length of penstock
Chainage

Diameter of .penstock
Design discharge

Design velocity

Thickness of steel plate
Number of feeder pipes
Diameter of feeder pipes
Total Length of feeder pipes

i} Power House

Type

Qverall dimension
installed capacity

Type of Turbine _
Nermal tail water level
Minirnum tail water level

Machine floor level

Service bay level
Yard levei
~ Bottom level of crane
- Top of PH
Contro! room.
Switch gear room
j) Taif race pool & Channel
Tail race pool
Length of tail race channel

Channel size

Lined channel
~ Uniined Channel

4.7 Access Roads

27

1No
318.02m

010 281
1.40m

7.175 mfs
466 mfs

8 mm

2 Nos

1.10m _
14.00 x 2 Nos

Over ground

2050m x10m

2 Nos 3000 KW

Horizontal Francis Turbine
+461.000m
+450.090m
+457 67m

+464.50m
+464.50m
+469.50 m
+473.50 m
8.24 x_5 m

B.45x5m

15.00 x 12.50 x 8.90m
30m

3.7m x 1m water depth+0.75 m

free board
B.05m
2395 m




by I'Wt_rg_(CﬁérT‘iﬁﬁkadaVu — Thambalamanna line’). —

Ac:cess road to weir site : 334 m

Access road to Forebay - : By 3.80 m wide service road &
length 1111m
Access road to power house : 165 m

4.8 Land Requirements

Forest Land o Nil

Government Land : 1.1 Ha (1.00 River + 0.10 Tribal)
Private L.and . 5 7.50 Ha

Total Requirements : 8.60 Ha

4.9 Power Evacuation

Power evacuation for the subject scheme consists of the following

» Construction of 33 KV Single circuit feeder from Maripuzha SHEP to location
CKT-47 through Narangathodu and Anakkampoyil for a length of 8.8 Kim.
Construction of 33 KV Double Circuit Feeder from Thambalamanna
substation to Location CKT- 47 along existing 33 KV Chembukadavu line
route with 110 KV DC line parameters using existing RoW (Right of Way) for
aiength of 7 Km.

» Dismantling of 7 Km Single Circuit line using a pole with maximum span of

%

» Construction of 33 KV feeder bay in 110 KV parameter at 33 KV substation

- Thambalamanna.
4.10 Generation & cost

Average Annual Generation T 1531 Mu.

- 90% Dependébie year . 14.84 Mu
Total cost of project , ;' Rs5408Cr
Total cost of project including IDC ©  Rs 54.41 Cr
Cost per MW of instaliation © Rs 9.01Cr
l.evellised Tariff : Rs4.92 /Unit
Intemal Rate of Retumn , X 12.21%

Pay back period X 11 years
Net present value ;. Rs1.28Cr
Period of completion : 2 Yayears
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CHAPTER - 5
HYDRO METEOROLOGICAL STUDIES

5.1 Hydrology

The project site is located in the upper reaches of Iruvanjipuzha in Chaliyar |
basiﬁ. The catchment area is more or less steep terrain. Flash floods are
common. The weir gauge data from 01.06.89 to 31.06.2000 is available at
Chakkippara gauging weir in the adjacent catchment of the same basin.

~ Vattachira raingauge station lies in the Chakkippara weir gauge catchment.

K.S.E Board is maintaining a rain gauge station at Kandappanchal at an
elevation +260 near the proposed power house of Anakkampoyil S.H.E Scheme.

This raingaugé station falls outside the catchment (about 4km downstream of

weir site)” The catéhment area of Maripuzha scheme lies between elevations

+588 and +2339 and hence K.S.E Board established another rain gauge at
Thenpa'ra at an elevation +700, which is very close to forest area from May 2071

onwards. The monthlylrain fall readings at Thenpara is about 21% more than

that of Kandappanchal.
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Rainfall Comparison
iKandappanchai vis Thenpara

_',#‘

5000 < Co R
: / : .-~ Fhanpara )
»  Xandappanchal

- Gumulative Rainfall (mm)
P
]
[ ]
L]
~

Jun-11 4
Juk11 <
Aug-17
Sep-11
Qot-11
Nov-11 -

Months

The rainfall readings of Thenpara and Kandappanchal for the period of Jan-2011

to November-2011 are given below.

Month ‘ Thenpara ! Kandappanchal
Jan-11 7.50 10.00
ol T 31,00 B

Mar-11 24.80 23.60
Apr-11 189.00 236.40
May-11 112.10 228.00
Jun-11 - 1700.30 1613.60
Jul-11 - 1580.60 1083.80
Aug-11 145580 1136.80
Sep-11 902.00 742,80
Oct-11 440,00 254.40
: 167 .2

. Nov-11 ' 2568.70
Total 6701.80 5527.80

I % increase 21%

Table 1 Monthly Rainfall Data - Thenpara & Kandappanchal
Eventhough there is a percentage increase in the rainfali of Thenpara
-compared to that of Kandappanchal ,for additional safety, the rainfali  of
Kandappanchal is considered for obtaining run off of Maripuzha . Yearly
abstract of rainfall in Kandappanchal is shown below.
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YEARLY RAINFALL OF KANDAPPANCHAL

I
year Rainfall in mm
1997-98 _ 8281.6
1998-89 6920.8
1699-00 5308
2000-01 5165.6
2001-02 5628.2
2002-03 . A4B16.6
2003-04 4171.2
2004-05 5565.8
2005-06 ) 8295
2006-07 5778.2
2007-08 ' 7458.8
2008-09 4891 8
2009-10 5426.8
2010-11 5395.2
AVERAGE 8605 mm

Average anrual rainfall is 6006 mm. The highest rainfall cccurred is 9261.60mm

during 97-98.

5.1.1 Rainfall runoff Model

The lingar correlation generaf!y used is based on comparing the monthly

ek

HE T T AN dimm e
LN~

runcfl and "monthfy rainfall. A linear correlation doces not give fair vaiues
extending to daily discharge data::It shows abrupt declination in discharge when
there is no rain in a single day during heavy monsoon. The effect of past rain in
runoff will not reflect in linear correlation. Hence Mullivariate linear regression

method as prescribed in the CBIP Manual page 36 is used for regression
analysis.

The daily discharge data and daily rainfall of Chalipuzha (tributary of
fruvanjipuzhg) is available from 01-04-1995 to 31-05-2000, The correlation
equation is prepared by taking rainfail of present-day and previous two days with

the runoff depth obtained from Chakkippara gauging weir. Excel function
LINEST is used for 'caiculating the regression values. The regression coefficients
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. of above period were worked out and the set contains regression coefficient near
unity (better regression) is selected. When the additive constant a becomes —ve,
the set contains next higher regression coefficient has been selected.

Month 1995 1996 1997 1998 1999
~ May - 06768 02019 02883 04419
CJune 05183 06407 07923 0.6870 0.7163
lay 03041 08346 03952 0.4279 0.8265
Aug 00725 00206 06382 02158 07335
Sep - 0.0455 . 01783 0.4637  0.1261
Oct - 05207 00174 06018 0.0267
Nov 01110 - 0.9340 02092 04321 0.0433

Regression Coefficients

The reg'ression values obtained are given below.

Month B1 B2 33 a
May 01019 00333 00525 022
June 06707 00216 00231 888

July 0.3209 0.3270 0.2811 2.54
' August 0.8941 0.0634 0.2243 8.15
September 0.13285 0.0822 0.2689 8.47

_ October 05904 00871 01670 10.50

November 00803 02597  -0.0058  2.32

Rainfall / Runoff Regression Values
Multi Variate regression for different months are shown in table V-1

Let R be the runoff depth, Po, Py, P, be the rainfall of today, yesterday and day

o A

before yestarday of the scheme catchment.
RUE‘]Off, R i = [31XP0+B2XP1+B3XP;+Q

Inflow at weir site in Mm® = R /1000 x Catchment Area (km?)

This equation has been used for détermining the pmpdrtional discharge in
scheme catchment with the rainfall details from Kandappanchal rainguage.

Pischarge calculation for Maripuzha is shown in table V-2. Yearly abstract of

inflow in Maripuzha is shown in table V - 3.
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TABLE V-1

' MUTI VARIATE LINEAR REGRESSION FOR DIFFERENT MONTHS
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Weir guage station

© Multivariate Linear Regression of May

Chakkipara

independent variable 1 Rainfall of that day

Rain guage station

independent variable 3

Vattachira

Rainfall of -2™ day

Date

Chakkipara
. Discharge |
S M

Runoff

d

epth
)

Rainfall
D-0
(X0)

Rainfall
D-1-
{x1)

~ Rainfall

D-2
(X2)

c.99

000

30/04/96

20/04/96 |

0.03158;

0.0203
|

02/05/96

. 01/05/86

. 0.0231]

0.00:

103

0.0128!
]

0.62

_ D3i05/28

0.0149;

o e

U 73

T

7.20:

13.00:

13.00

0.00

000

000
e 900
13.00

04/05/96

0.0118!

05/05/96

0.0095

0,48,

000,

0.00,

0.00]
7.20

06/05/56

C.0060

0.29'

500

nnn
L.UE

0700596

0.0044

021

L0000

0.00

..08/05/95

0.0037!

oopsms |
100596 | O
110898
1 12086 -
15/05/96 |

0.0037;

0.18

I 17/05/96

| 10508

0.0034!
0.0032

016

0.00
haoo

- 0.00
6.00
0.00

18/05/96

0.0032;

_19/05/96

0.0032

o8l

20/05/96

0.0032;

0.18,

21/05/96

0.0032.

0.16.

3000

0. 0.00

000
_0.00
_o.00]
...000
0.00

0.00

0.00

22/05/96

0.0032]

0.16!

3,20,

0.00

23/05/96

- 0.0089

0.29,

0.00:

3.00

24/05/96

0.0076

0.37!

15.00{-

3.20

IBOB/06

0.0048

0.23;

5.20;

0.00

26/05/96

0.0038

0,19}

0.00

15.00

27/05/56

0.0942

2.64!

5.40

5,20

28/05/96

0.0348

1.70!

13,20

Faliatlal
wv.ulg

' 29/05/96

0.1452

7.28

44.20

5.40

30/05/96

0.0583

2.84!

51.40

13.20

31/05/96

0.0306

1.49

0.00

44.20

Regression factors

0.0525

-0.0333

0.22

B3 i
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Weir guage station
Dependent variable

Independent variable 1

Multivariate Linear Regression of June

Chakkipara
Runoff
Rainfall of that day

Rain guage station
Independent variable 2

Independent variable 3

Vattachira
Rainfall of -1™ day
Rainfall of -2™ day

Date

Discharge . Runoff
M’ depth
M (Y)

Rainfall Rainfall
0-0 D-1
{(X0) (X1)

Rainfall
D-2
(X2}

30/05/29

0.6702"

02/08/9

3105099
| 010699

..03/08/99 _
04/06/99

05/06/99

0.2211;

... 08/06/99 .

07/06/99

| 10/086/99

_OB/06I99
_oo/oer9s 4

Jo21e1l
0.2794i

18/08/99

1106199
14008/99
| _1eiosl99
1700699 i

1.2208]

3269
.. 0.4084:  19.82
02981, 1444
02722 1328
0.2478! 1209
10,79
01801 879,
..03831 17220
_0.1681; . .8.20;
035!
36,83
59,54

500

.31.30.
0.00:

..11.00
.31.30

11.00:

0.00;

11000

.0.00
.5:.00
0,00

1420 29.00;

80,00

14477, 7082,
11785
0.7070 1
_1.9648]

2.9017:

9584
141,85,

5749
3467
34.49°

11000l 94.00!

14.20]
_0.00!
49,00}
21300
80.00!

.-.46.20
_....b.eo

.. .2130

~..11.00
....28.00

_14.20
000

-..49.00

80.00

106,30 57.00:

110,00,
55301

15000 5530

..94.00
.110.00

15.00

_.19/06/99
20/06/99

- 21/06/99

S

51.04.

_22346! 109.00; 153.00

7432

106.30:  57.008 -

94.00° 153,00

~106.30

53.00; 94,00

163.00

22/06/99

30.79:

800

23/06/99

24/06/99

14.75!

1909

9.00!

53000 94.00

53.00

300

11.00; 3,00,

9.00

25/06/98

12.64!

0.00! 11.00!

3.00

26/06/99

10.20

1.00!

0.00'

11.00

27/06/99

7,58,

“0.00] 1.00

0.00

28/06/09

8.39!

4.00: 0.00

1.00

- 29/06/08

6.17

0.00: 4.00

0.00

30/06/98

5.42

0.1111

0.00 0.C0

4.00

Regrassion factors

OOZET U027 TET,

0,88

i

85 | g2 | B

Qa
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Multivariate Linear Regression of July

- Welr guage station -~ Chakkipara Rain guage station Vattachira
Dependent variable Runoff Independent variable 2 Rainfall of -1% day
Independent variable 1 Rainfall of that day Independent variable 3 Rainfal of -2™ day

- : - Runoff " Rainfall® Rainfall  Rainfall
- Discharge  depth . D0 D-1 D-2
Date " Mm’ = ()  (X0) | (X1) (X2)

20/06/96 0.1203. 5.87. 0.00;
30/06/86  ©  0.1024;
01/07/98 . 00867

423 000 000 000

02/07/96 | 0.0723 353 000! 000, 000
030796 | 007081 345 _ 0.00 000, 0.00
__.04/07/96 ‘00708 345/ 000 000 000

05/07/96 00708 345! 0.00] 000: 0.0

06/07/96 | 0.0777. 3790000 000 000

_____ 07/07/96 0.0801] 440 9200 000 000
08/07/96 03548 __ 17.31,__8.30 920 0.00
09/07/96 0111 542 4080 830! 920

1000786 . 020200 985 520l 4080 830

_11/07/96 0.3874]  18.90, 28.00 520 40.80
120796 | 02870 _ 1400, 1400 2800 5.0

| 1307/96 _ 04078) 1989l 7100, 1400, 28,00
16/07/96 | 08051, 3927, 1230 . 10.00 7100

16007556 | 08532 2699 70.80) 1230, 100

1707596 | 10256, 50,03 1540 70.30, 1230
18107196 151821 7406 9730 1540 7030

_1907/95 | 169701 8278 87.30 97.30]  15:40

__20007/96 | 1.6868] _ 8228 98.00] 87.30,  97.30
21/07/36 17327, 84.52] 104.00 98,00 87.30
22/07/96 18425 8988 _ 78.30) 104.00.  98.00

1 230798 | 135400  66.05 8600 7830, 104.00
24/07/96_ | 12130 5917 49.20  8600]  78.30
25/07/9 | 15624 7621 5830 4920 85.00
26/07/96 | 20169 _ 98.39 63,00 58.30]  49.20
27/07/96 1.3008 63.45| 83.10 63.00 5830
28/07/96 1.0045]  49.00; 47.20 6310, 53.00
20007096 | 1.4317| 5520 26,20 47200 6310
30/07/96 0.6696] ~  32.668| 62.10 26,20 47.20f
31/07/98 | 05722] 2791 820 62.10| _ 26.20]
Regression factors 0.2811! 03270 0.3209 254

F B3 B2 B1 a
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Multivariate Linear Regression of August
Chakkipara Rain guage station
Runoff independent variable 2 Rainfall of -1%'day
Rainfall of that day independent variable 3 Rainfall of -2" day

Weir guage station Vattachira

Dependent variabie
Independent variable 1

Date

. Discharge

Mm?

Runoff
depth
(Y)

Rainfall _

D-0
(X0)

Rainfall
D-1
{X1)

_1 Rainfall

D-2
(X2)

_30/07/98 -
31/07/89 .

01/08/99

o289
_ 03/08/99

10.8524,

41.58.

_28.00

0.8833.

4309

-48.00.

14252

6952

33.00:

48.00°

-.26.00

- 1.3614,
0.7986_{

66.41,

e

38.96:

15.30:

76.00°

3300,
76.00:

48.00
33.00

D4/0899
_.bsierss.
__I_DGIOSJ'QQ ‘

4 fH2eN:
e e

_06110]

505

29. 805_

2, 2555

11002

2500

[*BeTaH
U

60.00;

~E AR

L\J L

830

1530;

76.00

18 2N
oL

28.00

_07/oBig9
.. 08/08/99

25899

1. 8669. .3

__.__‘_?2.005

113 00;

60.00; 8

8.30}
80.00

 09/08/98 f
10/08/99 |
11/08/99 .

. 12i08/99
taosre9

AE D 109 __

ILJ!\JUJ ot

16/08/99 i
| 17/08/99

41920

121‘00;’

72.00:'

113.00

10,2051

05285
032711 -
02211,
02051 -

0.2392] 090

11.67

3439

. 19/08/99 i

0-_.#'292595_,_
0.4683?______

22 84

2915

43, oof
?zoi

20/08/99

21/08/99 |

0.2162!

200

9360

28 00

93560
18. 00i

72.00
121.008 -
93,60
2.00
18.00

3 40'....._.
. 43 OD'M
28 OO|

0.00

22/08/99

0.7443!

O.OO:r

. 2'00 I.-..-—--

23/08/99

5.00]

0.00:

24/08/99

0.00;

5.00!

et~ ial=Figla]
.kt WL i

[
anni
LA

i
[a¥ilal
LU,

_26/08/98

15.30]

2.00:

4.00§

15.30

| 27/08/99 |

28/08/99

8.00!

4.00

29/08/99

7.00

8.00

30/08/98

0.00

7.00

31/08/99

0.1657

. 21.00

0.00

Regression factors

0.0834

0.8941

]

B2

B1
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Multivariate Linear Regression of September

“Weir guage station Chakkipara Rain guage station Vatiachira

Dependent variable Runoff Independent variable 2 Rainfall of -1% day

Independent variable 1 Rainfall of that day  Independent variable 3 Rainfall of -2™ day
' " Rupoff - Rainfall - Rainfall Rainfaf!

-D’s’;'::;ge_ depth : D0 . D1 D2

oYY (XO) (X1) (X2)
 30/08/98 . 02845 1388 000 .
3108/98. 02417, 1791 000 o
| owoges 02115 1032 300 000 000
0200998 01612, 786, 1030, 3000 000
- o3co/es | 01478) 7,20 000 1030 300
| oscoss | o2e4z, 1280 5000 000, 1030}
0508196, 0281313722420 500.. 009
086/08/98 , 01__08‘_4L_ 5.29. ___67.00; 24.204;_ ________ 5.00
07/09/98 | 03209 1565 42001 87.00: 2420
| 08/09/98 | 02635, 1285 520 4200 _ 67.00
09/09/98 | 13977, 68.18| _23.00 5204200
_10/09/98 i 04T11._2298' 134301 2300° 520
| 110098 | 06959 3395 340l 13430 2300
12/08/98 | 14353 7001 103000 340 13430
130908 | 08633 4211, 5720, 10300  3.40

Date

4898 2700, 57.20i  103.00
15099 . 08411,

41035950, 3700 5720
| 16/09/98 04848 2267 4420, 59.500  27.00
(7/09/98__; _ 02995 1461 12850. 44200 5350
_1809/98 | 02392 1167, 1200 1250 4420
19/09/98 02064, 1007i 0001 1200 12,50

.....

210998 | 01788, 872 5200 000 000
.. 22/09/98 0-13953_%_.‘_“_._9.-_?5_; 2.20: 37—-005:___...._,."..9.-99&'

23/09/98 | 03063, 1494, 2650 2.20 32,00

24/09/98 | 02254, 11.00 _ 24.20. 26.50, 220
| 2509/98 02461, 1200 000 24200 26.50
26/09/98 | 09056, _44.18] 27.00; 0.00, 24,20
27/00/98 | 02845, 13.88] 57.50, _ _ 27.00; 000
| o28i0o08 @ ossssl 41730 200 57.50,  27.00
29/09/98 0.2925| 14.27]  1.20 200, _57.50

30/06/98 0.2445{ 1193 7.30 ' 1.20 2.00
Regression factors 0.2989! 0.0922] 0.1326 8.47
i 83 B2_| B1 |«

38



Multivariate Linear Regression of October

Weir guage station Chakkipara Rain guage station Vattachira

Dependent variable - Runoff independent variable 2 Rainfall of -1** day

Rainfall of that day - Independent variable 3 Rainfall of -2 day
- Runoff Rainfall . Rainfall Rainfat!

'D'S&;?srge' depth . D0 D D-2
. I N .. (X2)
20/09/98 02925 1427 120
30009098 024460 1193, 730 .
0110098 G 05696, 2779 1200, 730 120
0210198 04471 2181 2700, 1200 7.30

| 03100908 0.3840 _17.76, 11 | 27.00 12,00
1100 z?oog

independent variable 1

Date

0410598 | 02999 1463 200 1100
_05(0/)98_ | 03797 1862 1280 . 200 1100
0BMOG8 . 0.6419) 31.31, 1400, 1230 200

07098 . 03228 1575 21000 1400 _ 1230
L 4._-9.0.5

08MO/8 | 035300 17220 000l 2100
| 090i98 | 13700/ _6683_ 1430, 000 21,00
 10MOI98_ i 15308| 7467, 55001 1430, 000
111098 19256 9393 7050 55000 1430
| q2¢0i98 14548 7097 124000 7050 5500
1310098 09317 4545 2000 12400 70.50

1410098 | 14437, 7042, 3330,

15/098__ | 14891} 7264] 5720 3330, 2000
| tenoms | osotei 391z 3920 57200 33.30
| t7¢08 1 07512 3664 1220, . 39.20]  57.20)
18/10/98 | 04939 2409 34.30? 12200 3920

191008 039511 19.27 6301 3430 1220

2010098 02972 1450 000 830 3430
2140098 . 02351 1147, 000, 000 630
221098 | 02051] 10.00i 000] D00, 000§
2310/98 | 01442 703 0.0 0,00, 0.0
24/10/98 | 04183 577 0.0 0.00/ 000
25/10/68 | 043111 _ 640} _ 0.00 0.00, _ 0.00
26/10/96 | 01330] - 649, 5020 0.00, 000
27/10/98 | 0.1103] 538, 0.0 50.20] _ 0.008
28/10/98 0.1015 _ 4.95  3.00 0.00; 5020
29/10/98 0.0977) 477|000 3000 0.00
30/10/98 0.0938 458  0.00 0.00{ _ 3.00

31/10/98 030311 14.79 10.20 0.00 0.00}
Regression factors 0.1970; 0.0871 0.5904 10.50
! - B3 B2 B1 a
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Multivariate Linear Régression of November

Weir guage station
Dependent variable
Independent variable 1 Rainfali of thaf day

Chakkipara
Runoff

Rain guage station Vattachira
independent variable 2 Rainfall of -
independent variable 3 _ Rainfall of -2™ day

'1St

day

Date

Discharge
3

Runoff
epth

(‘r’)

Rainfall - Rainfall Rainfall
B-0 D-1 D2
(XC) . (X1) - (X2)

_30/10/96

0.0977

31/10/96

01/11/96

_02/11/98

0.3611:

1761

. 03/11/96 &

04/11/96

00821

0.0977:

4, 7?
4. 00

05/11/96

0. 0?33

358

477
012671, 815

0.1343° 655

0.00:
5330 000 0000
1000 53300 000
400 1000 _ 5330
4,00 ___10.00f

800, . 400

06/11/96 |

07/11/96

a. 0694 f
0. 0664 _

_000; __0 00 OOOH

T

08/11/96 |
| __.99;11_z§,@,___~;_.w.__.
_10n11/98. © G

11/11/96

0.0656,

0 0664 I.,-. FRT— e

et L

00629, 3.

. 1211798,

 0.0515]

18/11/96

00494,

A7111/96

; ..._1..:.2_95....____________.___.__000 ...0.0or

000 . 1028 120

000, 000i 000
0.00! 000 0.00
0000 000 000

10200 120, 0.00

0.00 10 20,

.. 000 000

0.00; .0.00
. 000, 000
000 _000] 000

19/11/96

0.0487

20/11/96

0.0690!

21/11/986

0.0457

2.00; 000 000
000 200 000|

22/11/96

0.0442!

| 000} 0.00. 200

23/11/96 |

0.0470; -

0.00! . 0000 000

24/11/96

0.0421

000 . __ 000 _ 000f

25/11/98

0.0404;

3.00! 0.00; __ 0.00

26/11/96

0.0381

0.00, 3.00;___ 0.00

27111/96

0.0380

0.00! 0.00 3.00

28/11/96

0.0364]

| H
0.00] 0.00!  0.00}

29/11196

0.0355

0.00 0.00! 0.00

30/11/96

0.0338

0.00; 0.00 0.00

Regression factors -

0.2597 0.0803 2.32

B2 B1 a

.1
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TABLE V -2

DISCHARGE CALCULATION OF MARIPUZHA FOR 90% DEPENDABLE YEAR

i Month B1 B2 B3 a
IMay 0.1019 -0.0333]  0.0525 0.22ff
June 0.6707 00216  0.0231 888
1ty 0.3209 0.3270]  0.2811 554
August 0.8941 0.0634] 0.2243 815
September 0.1326 0.0¢22] 02989 847
[October 0.5904 0.0871  0.1970 70.50
(November 0.0803 0.2507]  -0.0059 .32
Discharge = a + By X X + Ba X Xo + By X X3
| Kandappachal |Maripuzha Rainfall maripuzha
Date Rainfall Rainfall | Reinfall | Rainfal | Maripuzha | Discharge in
() X1 (mm X2 () X3 (mm un off Mm3
—— — - R
~30/12/00 0.00 0.00 0.00 0.00
31/12/00 1880  18.80 0.00 0.00
C1/01/01 0.00 0.00 18.80 0.00
02/01/01 0.00 0.00 0.00 48.80
03/01/01 0.00 0.00 0.00 0.00
04/01/01 - Q.00 0.00 0.00 0.00
05/01/01 0.00 0.00 0.00 0.00
06/01/04 0.00 0.00 0.00 0.00
0710110 0.00 0.00 0.00 0.00
08/01/01 0.00 0.00 0.00 0.00
——09/04/01 0:00— - 0.00 0.00 - 000
10/01/01 0.00 Q.00 0.00 0.00
11/01/01 0.00 0.00 0.00 0.00
12/01/01 8.80 6.80 0.00 0.00
13/01/01 0.00 Q.00 5.80 0.00
14/01/01 0.00 0.00 0.00 6.80
15/01/01 0.00 0.00 0.00 0.00
18/01/101 0.00 0.00 0.00 0.00
17/01/01 000 000 0.00 0.00
18/01/01 0.00 0.00 0.00 0.00
19/01/01 D00 . 0.00 0.00 0.00
20/01/01 0.00 0.00 0.00 0.00
21/01/01 0.00 0.00 0.00 - 0.00
22/01/01 0.00 0.00 0.00 0.00
23101/01 000 000 0.00 0.00
24/01/01 0.00 0.00 0.00 0.00
25101101 0.00 0.00 0.00 0.00
26/01/01 0,00 0.00 0.00 0.00
27/01/01 0.00 0.00 0.00 0.00
28/01/01 0.00 0.00 0.00 0.00
20/01/01 0.00 0.00 0.00 0.00
30/04/01 0.00 0.00 - 0.00 0.00
31/01/0% 0.00 0.00 0.00 000
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Kandappachal {Maripuzha Rainfall ' - maripuzha
Maripuzha Discharge in

Date Rainfal Rainfall | Rainfal | Rainfall |
X gnm) ran off _ Mm;=
0110201 0.00 0.00 0.00 0.00
02/02/01 520  5.20 0.00 0.00
03/02/01 4.80 4.80 5.20 0.00
04/02/01 0.00 0.00 4.80 5.20
08102101 0.00 0.00 0.00 4.80
06/02/01 1680  16.80 0.00 0.00
07/02/01 000 000 16.80 0.00
08/02/01 0.00  0.00 000  16.80
09/02/01 0.00 0.00 0.00 0.00
10/02/01 0.00 0.00 0.00 0.00
1102001 0.00 0.00 0.00 0.00
12/02/01 0.00 0.00 0.00 0.00
1300201 . 0.00 0.00 0.00 0.00
1402101 0.00 0.00 0.00 0.00
15/02/01 0.00..... 0.00. .. 0.00 000 .
16/02/01 0.00 0.00 000 000
1702101 0.00 0.00 0,00 0.00
1802001 000 000 000 0.00
19/02/01 000 000 0.00 0.00
2002001 000 000 000 0.00
240201 - 000 000 . 000 0.00
22002401 0.00 0.00 000 000
23102101 0.00 0.00 0.00 0.00
2402101 0.00 0.06 0.00 0.00
2502401 0.00 0.00 0.00 0.00
26102001 000" 000 0.00 0.00
27/02/04 0.00 0.00 0.00 0.00
28/02/01 600 000 000 0.00
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. maripuzha

Kandappachal Maripuzha Rainfalt
Date Rainfall Rainfal | Rainfal {! Rainfall 1 Maripuzha | Discharge in
frm) Xy gy | X3 tmen) X3 fmm) un off M’ |

01/03/01 0.00 0.00 0.00 0.00 |
02103101 0.00 0.00 0.00 0.00

03/03/01 0.00 0.00 0.00 0.00

04/03/01 0.00 0.00 0.00 0.00

05/03/01 0.00 0.0 0.00 0.00

08/03/01 0.00 0.00 0.00 0.00

07/03/01 Q.00 Q.00 0.00 0.00

08/03/0 0.00 0.00 0.00 0.00

05103101 0.00 0.00 0.00 0.00
- 10/03/01 0.00 0.00 0.00 0.00

11/03/01 0.00 0.00 0.00 0.00

12/03/01 0.00 0.00 0.00 0.00

13/03/01 0.00 0.00 0.00 0.00

14/03/04 0.00 0.00 0.00 0.00

15/03/01 - 0.00 0.00 0.00 0.00

16/03/01 1440 14.40 0.00 0.00

17/03/01 0.00 0.00 1440 000
18/03/01 0.00 0.00 0.00 . 14.40

19/03/01 0.00  0.00 0.00 0.00

20/03/01 0.00 0.00 0.00 0.00

21/03/01 0.00 0.00 000 0.00

22/03/01 0.00 0.0 0.00 0.00

23/03/01 0.00 0.00 0.00 0.00

24/03/01 0.00 0.00 0.00 0.00

25/03/01 0.00 0.00 0.00 0.00

26/03/01 0.00 000 - 0.00 0.00

2703/01 0.00 0.00 0.00 0.00

28/03/01 0.00 0.00 0.00 0.00

29/03/01 0.00 0.00 0.00 0.00

30/03/01 0.00 0.00 0.00 0.00

31/03/01 B.80 - 8.80 0.00 0.00

43



maripuzha

Kandappachal Maripuzha Rainfall :
Date Rainfall Rainfall | Rainfall | Rainfah | Marpuzha [ Discharge in
fom Xigmy | Xegmoy | Ximm run off Mm®
C— S C—
01/04/01 0.00 0.00 8.80 0.00
02/04/01 0.00  0.00 0.00 8.80
03/04/01 0.00 0.00 0.00 0.00
04/04/01 000 . 0.00 0.00 0.00
05/04/01 0.00 0.00 0.00 0.00
08/04/01 0.00 0.00 0.00 0.00
07104/01 0.00 0.00 0.00 0.00
08104101 0.00 0.00 0.00 0.00
0/04/01 0.00 0.0 0.00 0.00
10/04/011 0.00 0.00 0.00 0.00
11104001 3760  37.80 0.00 0.00
12/04/01 27.20  27.20 37.60 0.00
13/04/01 7640  76.40 27.20 37.60
s 1400  14.00 7640 2720
15/04/01 1480  14.80 14.00 76.40
16/04/01 0.00 0.00 14.80 14.00
17104101 2600  26.00 0.00 14.80 T
18/04/01 1480  14.80 2600 0.00
16/04/01 30.60 39.69' 14.80 26.00
20/04/01 4.80 4.80 39.60 14.80
21/04i01 2560 2560 4.80 39.60
22/04/01 0.00 0.00 2560 480
23/04/01 1520  15.20 0.00 25.60
24/04/01 9.20 .20 15.20 0.00
25/04/01 10.00 0.00 9.20 15.20
26/04/01 0.00 0.00 0.00 9.20
2710401 0.00 0.00 0.00 0.00
26/04/01 0.00 0.00 0.00 0.00
29/04/01 240 240 0.00 0.00
30/04/01 0.00 0.00 2.40 0.00
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Kandappachal |Maripuzha Rainfall ‘ maripuzha

Date - Rainfall Rainfall | Rainfall | Rainfall | Meripuzha | Discharge in
_ (mm) A1 () Xz o) }! X3 tmen) un off Mm?
01/05/01 8.80 8.80 0.00 2.40 1.24 0.0187
02/05/01 0.00 0.00 8.80 0.00 0.00 0.0000
03/05/01 0.00 0.00 0.00 8.80 0.68 0.0108
04/05/01 0,00 0.00 0.00 0.00 0.22 0.0035
05/05/01 - 0.00 0.00 0.00 0.00 0.22 0.0035
OBIOSIOT 1240  12.40 0.00 0.00 148 0.0236
07/05/01 1560  15.80 12.40 0.00 1.40 0.0223
08/05/01 2480 2480 15.60 12.40 2.88 0.0458
09/05/01 0.00 0.00 24.80 1560. . 021 00033
10/05/01 0.00 0.00 0.00 24.80 1.52 0.0242
11705601 0.00 0.00 0.00 0.00 0.22  0.0035
12/086/01 280 2.80 0.00 .00 0.51 0.0081
13/08/01 0.00 0.00 2.80 0.00 0.13 © 0.0021
14/05/01 0.00 0.00 0.00 2.80 0.37 0.0059
15/05/01 0.00 0.00 - 0.00 0.00 0.22 0.0035
16/05/01 T 000 0.00 0.00 - 0.00 022 0.0035
1710501 0.00 0.00 0.00 0.00 0.22 0.0035
1810501 G:00~ -~ 0.00 000 000 0:22 0:0035
19/05/07 0.00 0.00 0.00 0.00 0.22 0.0035
20/08/01 0.00 0.00 0.00 0.00 0.22 0.0035
21/0501 0.00 0.00 0.00 0.00 0.22 0.0035
22/05/01 2320 2320 0.00 0.00 2.58 0.0411
2310501 4.00 4.00 23.20 0.00 0.00 0.0000
24/05/01 3160 3160 4:00 23.20 452 0.0720
25/05/01 4.00 4.00 31.60 4.00 0.00 0.0000
28/05/01 5240 5240 400 3160 7.09 0.1129]
27/05/01- 4400  44.00 52.40 4.00 3.17 0.0505
28/05/01 - 12520 2520 44.00 52 40 4.07 0.0648}
29/05/01 4280  42.80 25.20 44.00 6.05 0.0963
30/05/01 .40 6.40 42.80 25.20 0.77 0.0123
31/05/01 3320 3320 6.40 42.80 5.64 0.0898
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Kandappachat {Maripuzha Rainfall maripuzha
Date Rainfall Rainfall | Rainfall | Rainfall | Maripuzha | Discharge in
01/06/01 0.00 000 3320 6.40 974 0.1551
2/08/01 0.00 0.00 - 0.00 33.20 9.65 0.1536
03/06/Q1 4880 4880 0.00 0.00 4161 0.5624
04/06/01 2.80 2.80 48.80 0.00 11.81 0.1880
05/06/01 0.00 0.00 2.80 48.80 10.07 0.1603
06/06/01 5320  53.20 0.00 2.80 4463 0.7105
O7/06/01 5000  50.00 53.20 0.00 43.56 0.6935
08/06/01 4480  44.80 50,00 53.20 4124 0.6565
09/06/01 2000 20,00 44 80 50.00 24,42 0.3888
10/08/01 2720  27.20 20.00 44.80 28,59 0.4552
11/06/01 8560 6580 27.20 20.00 5393 0.8586
12/06/01 4680  46.80 65.50 27.20 4231 0.6736
"~ 13/06/01 7200  72.00 46.80 65.60 59,70 0.9504
14/08/01 89.20  89.20 72.00 45,80 71.34 1.1357
15/08/01 9360 93.60 89.20 72.00 75.25 11980}
16/06/01 1720  17.20 93,60 89.20 24 50 0.3900
17/06/01 2880  28.80 17.20 93.60 30.73 0.4892
18108101 —————37:60— — 3760 28.80 17.20 3542 0:5591
19/06/01 46.40  46.40 3760 28.80 41.48 0,6604
20/06/01 2060 2960 46.40 37.80 30.60 0.4872
24/06/01 1620  15.20 24.60 46.40 20,79 0.3310
22/06/01 3360  33.80 15.20 29,60 32.43 0.5183
23/06/01 13640  136.40 3360 1520 101.44 1.6149
| 24/06/01 8240 8240 136.40 33.60 67.87 1.0805
25/06/01 1560 1560 8240  136.40 24.27 0.3864
26/06/01 2360 2360 1560 8240 26.95 0.4290
27/06/01 1040 1040 2360 15.60 16.73 0.2663
28/06/01 - 3080  30.80 10.40 23.60 30.31 0.4825
28/06/01 1400 1400 30.80 10.40 19.18 0.3053
30/06/01 2480 2480 14.00 30.80 28.53 0.4224
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Kandappachal {Maripuzha Rainfall _ maripuzha
Date Rainfall | Rainfall | Rainfall | Rainfell | Maripuzha } Dischargein
oy Xigm | X gom ’ X ferm) run off
01/07/01 6.80 8.80 24.80 14.00 |
02/07/01 16.00  16.00 680  24.80 16.87 0.2686
03/07/04 80.00  80.00 16.00 8.80 35.36 0.5629
Q4107101 4240 4240 80.00 18.00 48.80 0.7451
0507101 3200 32.00 42.40 80.00 49.16 0.7826
08/07/01 7920 79.20 32.00 42.40 50.34 0.8014
0707101 11880  118.80 7920  32.00 7556 1.2029|
08/07/01 129.60  129.60 118.80 79.20 105.24 1.6754
09/07/01 5480  54.80 12060  118.80 95.90 1.5267
10007001 88.00  88.00 5480 12060 85.13 1.3553
11/07/01 80.80  80.80 8800  54.80 72.65 1.1566
12/07/01 4480 44,80 80.80 8800 68.07 1.0837
13/07/01 0.00 0.00 44.80 80.80 39.90 0.6352
14/07/01 2360  23.60 0.00 44.80 22.71 0.3615
1507/01  «  0.00 0.00 23.60 0.00 10.26 0.1633
1607101 480  4.80 0.00 © 2360 10.71 0.1705
17/07/01 400 4.00 4.0 0.00 5.39 0.0858
18/07/01 400 400 400 . 480 6.48 0.1032
1907101 6.00 8.00 4.00 4.00 6.90 0.1098
2007/01 1160 1150 8.00 400 9.35 0.1489
21/07/01 1040 1040  11.80 6.00 11.36 0.1809
22107101 2.40 240 1040 11.60 9.97 0.1587
23/07/01 0.00 000 240 10.40 6.25 0.0995
24107101 1560 - 15860 0.00 2.40 8.22 0.1309]
2510701 4.40 4.40 1580 - 0.00 9.05 0.1441
26/07/01 3160  31.60 4.40 15.60 18.50 02945
27007101 1020 10.20 3160 440 17.38 0.2767
28107101 3280 3280 10.20 31.60 25.28 0.4025
2007/01 81.20  81.20 32.80 10.20 42.19 0.6717
3007/01 6.40 8.40 8120  32.80 40.37 0.6427
31107/01 4000 4000 640 8120 40.29 06414

47



Kandappachal {Maripuzha Rainfall maripuzha

Date | Rainfal | Rainfell | Rainfal | Rainfall | Mafipuzha | Dischargein |
fmm) X+t fmen) A2 tenen) E X5 (QQ run off Mm? |

01/08/01 0.00 0.00 40.00 6.40 12.12 0.1930
02/08/01 81.80  81.80 000  40.00 90,08 1.4341
03/08/01 7120 7120 81.60 0.00 76.98 1.2255
04/08/01 1680  16.80 7120 8180 45.99 07322
05/08/01 5840 58.40 16.80 71.20 77.40 1.2322
06/08/01 1040 1040 56.40 16,80 24.92 0.3867]
07/08/01 13.20  13.20 1040 5840 33.71 0.5367
08/08/01 920 9.20 13.20 10.40 19.55 0.3112
09/08/07 1600  16.00 9.20 13.20 26.00 0.4139
10/08/01 0.00 0.00 16.00 9.20 11.23 0.1788
11/08/01 10,00 10.00 0.00 16.00 2088 03292
12/08/01 2280  22.80 10,00 0.00 29.17 0.4544
1308/01 1400 14.00 22.80 10.00 24,36 0.3878
14/08/01 3800  38.00 1400 2280 48.13 0.7662
15/08/01 . 1440 1440 38.00 14.00 26.57 0.4230
16/08/01 2880 2880 1440  38.00 43.34 0.6900}
17/08/01 7120 7120 2880 14.40 76.87 1.2238
18/08/01 3520 3520 7120 . 28.80 50.60 0.8056
16/08/01 4040 4040 3520 71.20 62.47 0.9945
20/08/0% - 3280  32.80 4040 3520 47.93 0.7630
21108101 1560 1560 3280  40.40 33.24° 0.5292
22108101 2240 2240 15.60 32.80 36.52 0.5814
23/08/01 4400  44.00 22.40 15.60 52.41 0.8344
24108001 2400 24.00 4400 2240 37.42 0.5957
25/08/01 4160 4160 2400 4400 56.74 0.9033
26/08/01 9.60 9.60 4160  24.00 24.75 0.3940
27/08/01 1680  16.80 060 4180 33,11 0.5271
28/08/01 380 360 16.80 9.60 14.59 0.2323
29/08/01 400 - 4.00 3.60 18.80 15,72 0.2503
30/08/01 7.60 7.60 4.00 3.60 16.01 0.2549
31/08/01 4,80 4.80 760 4.00 13,82 0.2200
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Kandappachal [Maripuzha Rainfall maripuzha

Date |  Rainfal Rainfall | Rainfal f Rainfal [ Maripuzha Discharage in

i) X1 memy Xewm | Ksom run off Mim s
01/09/01 0.00 0.00 4.80 7.60 11.18 0.1780
02/09/01 400 4.00 0.00 4.80 10.44 0.1662
03/09/01 0.00 0.00 4.00 0.00 8.84 0.1407
04/08/01 0.00 0.00 0.00 4.00 9.67 0.1539
05/09/01 0.00 0.00 0.00 0.00 8.47 0.1348
06/09/01 0.00 0.00 0.00 0.00 8.47 0.1348
07/0%/01 0.00 0.00 0:00 0.00 847 0.1348
08/09/01 0.00 0.00 0.00 0.00 8.47 0.1348
09/09/01 2560  25.60 0.00 0.00 11.86 0.1888
10/09/01 0.00 0.00 25.60 0.00 10.83 0.1724
11/09/01 7.20 7.20 000 2580 17.08 02719
12109/01 4.00 4.00 7.20 10.00 9.66 0.1538
13/09/01 0.00 0.00 4.00 7.20 10.99 0.1750
14/09/01 0.00 0.00 0.00 4.00 9.67 0.1539
15/09/01 . 4000  40.00 0.00 0.00 13.77 0.2192
18/09/01 7680 7680 40.00 0.00 22,34 0.3557
17109101 10800  108.00 76.80 40.00 41.83 0.6659
18/09/01 7020 7920 10800  76.80 51.89 0.8261
19/09/01 400 400 7920 108.00 48,58 0.7734
20/09/01 48.00 4800 4.00 79.20 36.88 0.6190
21/09/01 168,80 16880 48.00 4.00 36,47 0.5806
22/09/01 5920 5920 168.80  48.00 46.23 0.7360
23/09/01 3840 3840 59.20  168.80 6947 1,1060
24/09/01 1200 1200 38.40 59.20 31.30 0.4983
25/08/01 0.00 0.00 12,00 3840 21.05 0.3351}.
26/09/01 60.80  50.80 0.00 12.00 20.12 0.3203
27/09/01 0.00 0.00 60.80 0.00 14.08 0.2242
28/09/01 1920  19.20 000  60.80 29,19 0.4647
29/09/01 0.00 0.00 19.20 0.00 10.24 0.1630
30/09/01 4960 4980 0.00 19.20 20,79 0.3310
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Kandapbachal

Maripuzha Rainfall
Date Rainfall Rainfall | Rainfall | Rainfall [ Maipuzha | Discharge in
(mm) Xipamy 1 Ko om) X3 (mm) run off Mm®

01/10/01 5920 5920 4960 . 000 49.77 0.7923
02110/01 1720 17.20 5920  49.60 35.58 0.5664
03/10/01 0.00 0.00 1720  59.20 23.66 0.3767
04/10/01 000 0.0 000 17.20 13.80 0.2211
05/10/01 000  0.00 0.00 0.00 10.50 0.1672
06/10/01 2160  21.60 0.00 0.00 23.25 0.3701
07110101 400 400 21.60 0.00 14.74 0.2347
08/10/01 1240  12.40 400 2160 22.42 0.3569
09/10/01 14.80  14.80 12.40 4.00 21,11 0.3361
10/10/01 000  0.00 1480 1240 14.23 0.2265
1110101 16.80  16.80 000  14.80 23.33 0.3714
12/10/0% 200 200 1680 0.0 13.14 0.2092
13/10/01 200 2.00 200  16.80 15.16 0.2413
1410101 7.20 7.20 2.00 2.00 15.32 0.2439
15/10/01 « 3800  38.00 720 2.00 33.96 0.5408
16/10/01 21.20  21.20 38.00 7.20 27.74 0.4416
17/10/01 000 0.00 2120 3800 19.83 0.3157
1810/01 520 520 0.00 . 21.20 17.75 0.2826
19/10/01 000 0.0 5.20 0.00 10.95 0.1743
20110101 3560  35.80 0.00 5.20 32.54 0.5180
2111001 360 360 3560 0.00 15.73 0.2504
2210/01 1200 -~ 12.00 360 3560 24,91 0.3966
2310001 000 000 12,00 3.60 12.25 0.1950
24110/01 000 0.0 000 1200 12.86 0.2047
25/10/01 200 200 000 - 0.00 11,68 0.1859
28/10/01 16.00  16.00 2.00 0.00 20.12 0.3203
2710101 1320 13.20 16.00 2.00 20.08 0.3197
28/10/01° 360  3.80 1320 16.00 16.93 0.2595
2910/01 000 0.00 360  13.20 13.41° 0.2135
3010/01 000 000 0.00 3.60 14.21 0.1785
314001 580 580 0.00 0.00 13.92 0.2218

maripuzha
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Kandappachal |Maripuzha Rainfall maripuzha
Date Rainfall | Rainfall | Rainfal [ Rainfall | Maripuzha [ Discharge in
(eom) Kign | Xoem X3 (mm) run off M

01/11/01 5280  52.80 5.80 0.00 8.07 0.1285
02111/01 0.00 0.00 52.80 5.80 16.00 0.2547
0311401 12.80  12.80 0.00 52.80 3.04 0.0484
041 1101 0.00 0.00 1280  0.00 5.64 0.0898
05/11/01 0.00 0.00 0.00 12.80 2.24 0.0357
06/11/01 0.00 0.00 0.00 0.00 2,42 0.0369
07/11/01 113.40  113.40 0.00 0.00 11.43 0.1820
08/11/01 80.00  90.00 113.40 0.00 39.00 0.6209
0911101 8.00 8.00 90.00  113.40 25.67 0.4087
10/ 1/01 0.00 0.00 800  90.00 3.87 - 0.0616
1111/01 1740 17.40 0.00 8.00 3.67 0.0584
1211401 0.00 0.00 17.40 0.00 6.84 0.1089
1311/01 0.00 0.00 0.00 17.40 2.22 0.0353
14111/01 4420 4420 0.00 0.00° 5.87 0.0035
15/11/01 8.40 8.40 44.20 0.00 14.47 0.2304
16111101 7160 7160 8.40  44.20 9.99 0.1590
171101 2600 2600 71860 8.40 22.85 0.3654
18/11/01 0.00 0.00 - 2800  71.60 8.65 0.1377
19111/01 2.40 2.40 0.00 26,00 2.36 0.0376
20/11/01 0.00 0.00 240 0.00 2.94 0.0468
2111701 0.00 0.00 0.00 '2.40 2.31 0.0368
22/11/01 0.00 0.00 0.00 0.00 232 0.0368
23/11/01 36,50  36.80 0.00 0.00 5.28 0.0841
2411104 1580  15.80 36.80 0.00 13.15 0.2093
2501101 0.00 0.00 1580  36.80 6.21 0.0989
26/11/01 000  0.00 0.00 15.80 2.23 0.0355
2711401 0.00 0.00 0.00 0.00 2.32 0.0369
28/11/01 1020  10.20 0.00 0.00 3.14 0.0500
20/11/01 7.00 7.00 10.20 0.00 5.53 0.0880
30/11/01 0.00 0.00 7.00 10.20 - 4.08 0.0650
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YEARLY ABSTRACT- INFLOW OF MARIPUZHA

YEAR MAY JUNE JULY | AUGUST | SEPTEMBER | OCTOBER | NOVEMBER FOTF?T(?EIAR
1997 | 032 | 1447 | 47.90 | 3698 | 1534 14.42 519 | 13462
1908 | 1.05 | 19.72 | 28.83 | 23.00 10.61 14.13 2.29 99.71
1999 | 181 | 1656 | 2314 | 2250 5.87 21.03 1.56 92.55
2000 | 0.38 | 15.77 | 14.43 | 27.57 7.87 13.65 1.59 81.26
2001 | 074 | 17.46 | 16.85 | 18.82 10.51 9.74 3.88 78.01
2002 | 1.48 | 1598 | 17.40 | 20.94 5.92 14.99 2.06 78.52
2003 | 052 | 1658 | 11.84 | 15.87 5.57 11.14 1.38 62.90
2004 | 1.78 | 21.05 | 16.02 | 22.27 9.2 11.01 3.18 84.59 |
2005 | 068 | 17.55 | 41.81 | 24.66 12,98 13.35 251 113.52 |
2006 | 2.06 | 2026 | 2356 { 18.97 1177 11.28 2.73 90.63
2007 | 0.59 | 20.02 | 3847 | 30.32 12.98 10.15 1.41 113.91
2008 | 078 | 18.80 | 16.63 | 19.84 8.68 12.79 1.53 79.30
2009 | 053 | 1173 | 31.93 | 13.24 11.14 12.52 251 83.03
2010 | 0.93 | 1811 | 1880 | 17.54 10.07 12.36 4.20 82.00
2011 054 | 2270 | 17.32 | 25.01 10.94 8.66 2.34 87.13 |
TOTAL
FOR | 14.18 | 266.85 | 364.91| 337.71 | 14954 | 19122 | 3833 | 1361.68
MONTH

NONTIEY| 0.045 | 17.700 | 24327 | 22514 | 9969 | 12748 | 2855 | 90.78
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5.2 Catchment area
The total catchment area of the scheme at the weir site is 15,92 sq . km

5.3 Climate

The area experiences heavy south-west monsoon. Relative humidity is so high
an{j is nearly '90-95% during rainy season. Thunder storms are common.
Lightening arresters are required at F‘oWer house, and switch yard. The river is ill
famous for flash floods and death tolls. Average annual rainfall is 6696.65mm.
The highest rainfall occurred is 9261.60mm during 97-98. Due fo héaw rainfail
experience in July, the construction activities are rather difficult.

5.4 Design fiood
There is no reiiable'meteorological record or any historical flood marks in the

area. Therefore flood estimation has been done by the Ryve’s formula and is

estimated as 221.45 m*/s in trench weir site .
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~%:6, POWER POTENTIAL STUDIES

6.1 General

Maripuzha small H.E scheme envisages power development by using
the inflow of Iruvanjipuzha in Chaliyar basin. The total catchment area of the
scheme is 15.92 km?. The scheme is planned as a run - of- the river scheme
‘with a net head of 118m. The installed capacity of the scheme is 6 MW (2 x 3
MW horizontal Francis turbineé) and the expected average annual generation is
15.31 Mu and the annual generation for 90% dependable year comes to

14.84 Mu.

6.2 Hydrological studies

The project site is located in the upper reaches of lruvanjipuzha in Chaliyar
basin. The catchment area is more or less steep terrain. Flash floods are

commaon.

K.S.E Board is maintaining a rain gauge station at Kandappanchal at an
eIev—at}on—f%e—near—the-propos_e-d power house of Anakkampoyil STH.E Scheme.

This rainguage station falls outside the Catchment (about 4km downstream of
weir site).. The catchment area of Maripuzha scheme lies between elevations
+588 and +2339 and hence K.S.E Board established another rain guage at
Thenpara in May 2011 at an elevation +700, which is very close o forest area..
The monthly rain fall readings at Thenpara is about 21% more than that of
Kandappanchal. .- For power potential studies, rainfall of Kan’da'ppanchal is

considered for arriving discharge of Maripuzha..

6.2.1 Water supp!y & Irrigation demand

At présent, there is no irrigation or water supply .intakes located within the
scheme area of the river course. One local water supply intake is located about
250m u/s of weir site and the discharge diameter of this pipe is only 50mm. Since
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the discharge is quite negligible hence it is not considered in the power potential

analysis.

6.3 Design Head

8.3.1 Gross Head

Maximum head = F.8.L-TW.LEO%)
= 585.384 —4860.09
= 125.28m

Minimum head = M.b.D.L —T.W.L (max)
= §582.384--481.12

= 121.26m
Average gross head = 123.275m
6.3.2  NetHead
Net head = Average Gross head - Losses
o =123.275-5.48 _
= 117.79m
say = 118 m
6.3.3 Check for head variation
Head variation permissible = 125% to 65%
O 125% = 147.50m
65% = ?6.70 m

All working heads lies between the permissibie head variation. Hence design

head of 118m is safe.
6.4 Working Table

The lowest efficiency of Francis turbine correspond_ing to minimum load -
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60% load = 86.20%

- From efficiency size step up curve, the step up value corresponding to 0.65m

runner diameter is 1.60%

Corrected efficiency n, = 86.20+1.60 = 87.80%
Efficiency of Generator T = 95%
Po@er output. P = 98QH~#n 7,
= 980x0878x0.95QH
= 8174 QH
Say take | P = 8.15 Q. H for power potential study
And P = 8.15QH for component sizing -
Where
. P = power
Q = discharge
H = nethead = 118m

As per Table-1 of IS 12800-Part 3, the permitted load variation of horizontal
Francis turbine is 50% to 115%. Even though the hydraulic design of component
structures are designed to cater the demand of 10% overloading, the energy
available through overloading is not considered in the power botential calculation.

‘The power potential study of the scheme is done based on the daily
dfscharge data obtained from the rainfall — runoff model generated for Maripuzha.
Load variation is limited between 60% and 100%. The dally working table for a
period of 1997 to 2011 is worked out based on the utiiization of water for various
instalied capacities. Monthly abstract and vearly abstract of the daily working
table is shown in table 6-1. Daily working table for 80% dependable year for
MW installed capacify is shown in Table 8- 2 Average Annual Energy for a
period of 1997 to 2011 comes to 15.31 MU. Optimization chart for various
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insia!led capacities ranging from 2 MW to 14 MW s done and is shown in table

6-3 .and annual energy generation for 90% dependable year 2001 comes
to14.84 MU.
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0
year as per CEA Culd

First step is to determine 80% dependable year
i) 10 daily hydrological inflow data in m’/s for all the hydrological

years is prepared The unrestricted energy generation in Mu is
-found out in Table 6(4).
ii) The unrestricted energy generation is arranged in descending order
-Table 6(5).
i 0.9 (n+1)" year is the 0% dependable year where 'n’ is the
number of years for which the hydrological inflow data is available.

80% dependable year computed as above is 2001 by arranging the
unresfricted energy generation from the inflow of Mar_ip_u_zha Power
potential studies with various installad capacities ranging from 2000 KW to

9000 kW has been done.

- — . ——-Fhe-optimization table for 90% dependable -year--200-1—-'-13----sh0wn—m
table 6(6). Following graphs are also drawn for 80% dependable year,

i) Flow Duration curve with % time and discharge (Graph No. 8.1)

ii) Fiow Duration curve with no. of days and discharge (Graph No. 8.2)
iy Energy Capacity curve (Graph No. 6.3)

vy Incremental Energy curve (Graph No. 6.4)

v) Installed capacity Vs Cu.'rnuiative Incremental Energy (Graph No. 6.5)

v) Monthly forecast of generation in 2001, (graph 5.8).
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_ Tabie 6-5
10 DAILY ABSTRACT OF INFLOW {2001)

Unrestricted
Avg. 10 Daily Unrestricted Ef'; ir?g ;r;il:!;U Unrestricted
Year { Month Period discharge in Power in KW Energy in MU
| m'/s (P)=8.15*Q"H discharge | Carly Abstract
P*24*no. of
days /1046
May 110 10 0.182 174.700 0.0419
11 to 20 0.047 44.993 0.0108
21 to 31 0.571 549.579 0.1451
June 11c 10 4,589 4701 434 1.1283
1110 20 8.567 B239.112 1.0774
211030 6.753 £494,099 1.5586
July 110 10 10.634 10226.682 24544
11 to 20 4851 4473.023 1.0735
2001 21 to 31 3.834 3686.973 0.8734
August | 11010 7.702 7406641 17776
1 111020 7.925 7621.680 1.8292
_________ o 2itdl i 5600 5385.847 A28 1
Seplembed 1 to 10 1.782 1713.520 0.4112
111020 4.877 4690.294 11257
2110 30 5.508 5207.271 12713
October | 11010 4.223 4080.785 0.9748
| 1110 20 3 865 3716.596 0.8920
2110 31 2.900 2788.728 0.7362
Novemberl 11010 2.161 2077.960 0.4967
111020 1.473 1416.978 0.3401
2110 30 0.858 824.828 0.1980
20.8399

a3



TABLE 6-6

Dependable year

Linrestricted
Unrestricted Energy in
Energy descending |Correspondin

_ Year order Q year
1997 35,9620 35.962011997
1098 26.8277 30.435212007
1889 24.7236 30.3269(2005
2000 21,7088 26.8277/1898
2001 20.8399 24.7236]|1999
2002 20.9744 24.2119|2006
2003 18,8035 23.2749(2011
2004 22.5975 22.59752004 50% Dep. Year
2005 30.3269)  22.0446(2009

008 | ~2a 2110 21995312010
2007 _ 30.4352 21.7068]2000
2008 21.1853]  21.1853|2008 75% Dep. Year
2009 | 22.0446]  20.9744/2002
2010 21.9053|  20.8399|2001 90% Dep. Year
2011 23.2749 16.8035|2003
80% Dependable year = 0.9 (n+1)=0.9 (15 +1) = 14" = 2001
75% Dependable year = 0.75 (n+1) = 0.75 (15+ 1) = 12" = 2008
50 % Dependable year = 0.5 (n+1) = 0.5 ( 15+1) = 8" = 2004
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Optimization table and the graphs are analyzed. In the Power vs
Incremental Energy curve drawn for the 90% dependable year, for BMW installed
capacity “fall in the graph is sharp®. The plant load factor for 6MWV is 28.24. The
energy generated per MW comes to be 2.5Mu  with percentage water utilizétion
71.21. Hence an installed capacity of 6MW (2 x 3MW) with energy 14.84 Muy, in
90% dependable year is found suitable. Average Annual Energy from the
working table for a period of 1997 to 2011 for 6 MW installed capacity comes to

1531 Mu. -
6.4.2 Design Energy Computation

The 10-daily unrestricted energy generation in 90% dependable year has
been restricted to 95% of the installed capacity of the power hbusé. The total of
these 10.daily restricted energies for the year gives the annual design energy
generation. Annual design energy generation for MW installed capacity'is
18.0283 Mu. The details are shown in Table 8@). Average annual energy
generation during the period from 1987 — 2011 is 15.31Mu,

6.4.3 Flow Duration Curve

The flow duration curve' for 90% dependable year 2001 is prepared for the
months of May to November where daily discharge data is available. The shaded
area is the possible energy generation. The upper limit of shaded area shows

160% load and the Iower-_!imit'shoi/vs 80% load on machine.

6000/(8.15*118) = 6.24 m¥s

Full load discharge Q

Minimum load Qmin- 0.6*3000/8.15*118

= 1.87 m's

From the FDC of 90 % dependable Year 2001, monsoon flows, the full load
discharge corresponds to 27.10% of time. Flow Duration curve for 15 years data

18 prepared and is shown in graph &-6
Full load generation = 27.10% of 214 days = 58 days

For 90% dependabiiity year, fuil toad operation will be possible for 58 days.
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Table 6-8

‘Design Energy Computation
Avg. 10 Daily |Unrestricted :mes"ri-ﬂed
. \ nergy in MU for 10
Year quth dlscha;rge inPower in: KW. * |daily discharge Energy
m’/s (P)=8.15°Q"H P*24*no. of days  |restricted to 95 %
/1076 Instalied capacity
May 0.182 174.700 0.0419 0.0419
0.047 44,993 0.0108 ~ 0.0108
0.571 549.579 0.1451 0.1451
June 4.889 4701.434 1.1283 1.1283
8.567 8239.112 1.9774 1.3680
6.753 6494.089 1.5586 1.3680
July 10.634 10226682 2.4544 1.3680
4.651 4473.023 1.0736 1.0736
2001 3.834 3686.973 0.9734 0.9734
August 7.702 7406.641 1.7776 1.3680
7.925 7621.680 - 1.8092 1.3680
. 5,600 5385.847 1.4219 1.3680
Septembey] 1.782 1713.520 0.4112 0.4112
4.877 4690.294 1.1257 1.1257
5.508 5297,271 1.2713 1.2713
October 4.223 4080.785 0.97486 0.9746
3.865 3716.596 0.8920 0.8920
2.900 2788.728 0.7362 0.7362
November | 2.161 2077.960 - 0.4987 0.4987
1.473 1416.978 0.3401 0.3401
0.858 824.828 0.1980 ' 0.1980
20.8399 18.0288
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TABLE 6-10
DATA FOR FLOW DURATION CURYE FOR 15 YEARS (1997-2011)

Sorted cumulative -
%time discha;ge in discharge
m3/s

1 27.52 27.52
2 22.69 50.22
3 20.30 70.51
4 18.77 89.28
5 17.44 108.72
B 16,34 123.06
7 15,97 138.33
8 14.47 152.80
g 13.64 166.44
10 12.86 179,28
11 12.47 194.78
12 11.84 203.60
13| 11,30 214.91
14 10.80 225.71
15 10.35 236.05
16 9.96 246.01
17 .56 255,58
18 923 264.81
19 8.77 273.58
20 845 282.03
21 8.20 200,23
. 22 7.80 208.13
23 7.68 305.81
24 7.40 313.21
25 7.11 320.33
26 8.90 327.23
27 8.60 333,83
28 6.38 340.20
29 6.15 346.35
30 5.98 352.34
31 573 358.07
32 5.55] - 38382
33 5.47 388.04
34| 525 374.29
35 5.07 379.36
38 4.90 384.26
37 4.75 389,01
38 461 393.62
39 4.50 398:11
40 4.37 402,49
41 4.26 406.75
42 4.15 410.90
43 4.05 414,95
44 3.80 41885
45 3.81 422 56
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95

46 3.68 426.34
47 3.56 429.89
48 345 433.34
49 3.37 436.71
50 3,26 439.97
51 3.15 44312
52 3,03 448.15
53 2.92 449.07
54 2.85 451 93
55 2.75 454.69
56 2.66 457.34
57 254 450.88
58 2.45 462.33
53 2.36 464.70
80 2.27 486.97
81 2.19 469,16
62 2.12] - 471.28
63 2.05 473.33
64 1.99 475.32
65 1.94 477.25
66 1.94 479.19
67 1.89 481.07
68 1.81 482.59
69 1,75 484.64
70 1.67 486,31
71 1.64 487.95
72 1.56 489.51
73 1.56 481.07
74 1.50 492,57
75 1.32 493.89
76 1.09 494.98
77 0.92 495.90
78 0.77 496,67
79 0.68 497.35
80 0.61 497.96
81 0.56 498 52
82 0.48 ~ 489.00
83 0.43 499.43
a4 0.43 499.86
- B5 0.43 500.28
86 0.43 500,71
87 0.43 501.14
88 0.43 501.56
89 0.41 501.98
90 0,32 502,30
a1 0.21 502.51
a2 0.15 502.85
93 0.09 502.74
94 0.04 502.78
95 0.04 502.82
08 0.04 502.86
97 0.04 502.90
28 0.02 502,92
99 0.00 502.92
100 0.00 502,92}
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6.4.4 Monthly Generation Forecast of 90% Dependable Year

Monthly Generation Forecast of 2001 is shown in graph 6-6

6.4.4 Machine Selection
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Figure 1 Turbine Selection Diagram

The installed capacity of Maripuzha Small H.E Scheme is 2 x 3000 KW
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Net head = 118m
Discharge for single machine=3000/8.15*118 = 3.11 m%sec
Appropriate type of machine is selected from the manufacturer's selection chart,

For 311 cumecs discharge and 118m head, the machine fails in the transition
region between Francis anq Pelton. Two numbers Horizontal axis Francis turbine
with a capacity of 3000 KW [s selected.
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CHAPTER -7
GEOLOGICAL FEATURES

7.1 Geology

a) Regional Geology
The major rcjck types exposed in the area belong to the Wayanad Group

(WG), Chamockite Group (CG) of Archaean age, Peninsular Gneissic Complex — |i
(PGC ~ I} of Archaean to Palaeo Proterozoic age and acid intrusives of Nec-
Proterozoic age and basic intrusives of Meso-Proterozoic age. Meta pyrixenite, meta
gabbro, amphibelite, magnetite quartzite and garnet bictite gneiss are the principal
restites belonging to the WG. The dominant rock type is charnockite, which occupies
most of the area (Plate-2). It iz flanked on either side by biotite hbmblende gneiss of
PGC-II. Pegmatite and quartz:veins are the acid intrusives and metagabhbro is the
basic intrusives of Proterozoic age. Mesozoic dolerite and gabbro dykes are the
youngest basic intrusives. Exiensive lateritisation of migmatite is seen in the
southeast. The mineral assem:lage indicates granulite facies of metamorphiém in
charnockite and upper amphibclite to granulite facies in the Supracrustal rocks.
Some of the grains of hornblende in the gneisses show relict cleavége of pyroxenes

indicating retrograde metamc:phism.

The foliation trend varies between NE — SW to NW — SE in most parts. In the
northwest, central and eastem parts, the trend of foliation is N — S with steep dips on
either side. E — W trend is also seen in some parts of north and south. Minor shears

are noticed in charnockite and biotite gneiss.

Placer gold is widely reported from the riverbeds of Kanjirapuzha and
Chaliyarpuzha. Gold is a'so reported in the laterite and quartz veins near Nilambur.
Charnockite and biotite gneiss are extensively quarried for metal at various places in

the Nilambur vailey.
b) Geology of the site

At the proposed weir site. no sizeable exposures are observed on either side
of the river due thick overburden, expect some patchy outcrops of Chamockite on
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the river banks (P'late'-Q). However, accumutations of huge boulders were common
all along the river, especiaily at the Trench Weir site. Since the site was not
approachable during the site visit, the altitude of lithoiogies could not be taken.
However, foliation at the project site is trending E-W with steep dip towards south, as

meastred on rough planes.

c) Seismotectonic Evaluation

In the Seismic Zoning Map of India, the project lies in Seismic Zone - Il -
( Plate -3), which implies that occurrence of earthquakes up to a magnitude of 8
( Intensity — VII) cannot be ruled out. Seismotectonic map of India shows that, within
100 km rédius from the project site, one major earthquake of magnitude 5 was
recorded by IMD and USGS on 29.07.1972, near Coimbatore. The location is
roughly 100 Km SE of the project site. There is no major event reported near the
project site. _

Three minor lineaments of underiined status are marked near the project site,
trending in E ~ W to ENE — WEW direction, in general the project site exhibits low to

-moderate seismicity. In view of the above factors, it is opined that the project

components may require suitable seismic resistant design to withstand earthquakes

of moderate magnitude.

The report on preliminary stage Geotechnical Investigation of Maripuzha

SHEP is enclosed as annexure,

100



CHAPTER - 8
ENVIRONMENT AND ECOLOGY

8.1 General

Maripuzha small hydro electric scheme is a run — off — river Hydro Electric
Scheme. The Trench welir is free from submergence issue. Moreover the scheme
does not involve the highly sensitive issues of displacement of people due to
construction of the project. The infrastructure facilities for the scheme and its
- construction and maintenance staff will not cause any adverse effect on the
| environment. Siopes shall be stabilized with adequaie slope stabilization
measures thereby ensuring that there is no danger of any eresion, slips and rock

movements eic.

8.2 Environment and Ecological aspects

Maripuzha smaill hydro electric scheme is a run — off — river Hydro Electric
Scheme. The Maripuzha SHEF has been proposed to utilize the head of naturai
slope of river which exists within a reach of 1.00km. The catchment area of the
Maripuzﬁa SHEP is predominantly forest land. The proposed scheme will not
have any adverse effect on the catchment area.

The excavation slopes are proposed t¢ be protected by planting Vetiver
plant. The vetiver is widely used for preventing scil erosion and sfope stahilization.
The roots of vetiver plants penetrates about 2,50 to 3m and its tensile strength is
more or less equal to steel fibres.

10% of revenue earhed by trading REC’s are earmarked for the
maintenance of Vetiver plants,

The area lies in seismic zone Il and not susceptible to damages in the
event of earthquake of high intensity. The project is very small with almost all the
structures are not susceptible to large horizontal forces. Proper seismic coefficient
shall be taken for design of various structures to prevent damages due to
earthquake. Since there is nc submergence of land, water logging is not at all
anticipated. This project will not create any adverse effect on the environment, as

no stagnation of water will occur.
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8.3 Population and social - economic aspects

The scheme area lies completely in private land and possessed by about
12 people. The popuiation is very scanty. The land requirement of scheme is 8.50
Hectare. Five dwellings will be interfered by the scheme and other three
residences are located in the vicinity of construction activities. They can be
suitably relocated in the near by lands available. Only two houses are coming
directly in the acquisition land. All other land is private cultivated jand. The

scheme implementation will definitely improve the overall socioc -~ economic

g'rowth of regions.

8.4 Effect of construction activities on ecology of the area

The site selection for the scheme has been done keeping in view of the
ecological setting of the area. The predominant existing land use in the area is
undulated cultivated land. There is no impounding reservoir and hence there is o
danger of failure of weir. The siopes are adequately protected by gabion walls and
vetiver grass planting. Soil erosion and excavation slope failures are thus

eliminated. |
The infrastructure facilities to be created for the construction staff (in the

construction phase) and the maintenance staffs (in the operation phase) are also
not likely to have any negative environmental impact. |ri view of the small scale of
construction activities most of the Iabours will be drawn from the local areas and
the construction facilities will be temporary in nature impacts resuiting from the
mow_ament of transport vehicles etc will be limited to the project area and will not
have any significant impact on efnv.ironmentall quality.

The scheme area lies adjacent to the forest land. A nallah separates the
scheme area from forest land. Proper care shall be observed to prevent any
darnage to forest. The construction of access roads and bridges to power house
and weir site may be completed before other construction activities so that the

ghat road through the forest need not be utilized.

8.5 Aquatic wildlife or fish

In small hydropower schemes there is no significant changes in the velocity
of water current and hence no change in the ambient condition for the aguatic life.
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Bye pass conduit is provided in the trench weir to divert the water during low flow

period and thus form a safe passage of aguatic life.

8.6 Miscellaneous

The scheme will not have any impact on public health scenario. As no wild
life is to be found in the project area, the project wili not affect the flora & fauna of
the region. The consfruction labours and project staff will be educated in
environmental matters and anti — poaching laws so that harmony between man

and nature is not disturbed.

8.7 Estimation of Affected land and Project Affected Families

Ownership status land to be acquired for Maripuzha SHEP

Type of land | Area ( Ha)
Private land - J 7.5 Ha
- i

Details of Project Affected Families (PAF)

Details of land category | Numbers of PAFs
Only land 10

Only Homestead Nl

Both land and Homestead 2

Source; Field studies
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CHAPTER - 8
TECHNICAL FEATURES OF THE PROJECT

Detailed field investigations have been conducted in the scheme area. The

-ohservations and layout descriptions of the various component structures are as

follows.

9.1 Layout of Components Structures

$8.1.1 Diversion Structure ( chainage : (- 76 to - 58) :
The diversion structure consists of a trench weir of 18m width in lruvanjipuzha. The

intercepting stream in the right bank of Iruvanjipuzha is proposéd to divert suitably by
providing a small diversion weir across the stream and an open channel adjacent to
intake chamber. The bore hole details at weir site shows no rock strata for a depth of
23.94m. The choice of gravity weir may not economical and thus a trench type weir
is selected. The left bank of weir site is a vertical ciiff of about 22m high consists of
earth and large boulders. A 3m offset is provided for the excavation slope of trench

wesir to avoid interference with this cliff.

' | 9.1.2 Intake Channel / Feeder Channel (Box type) ( chainage : (- 58 {o - 49)

A closed type free flow intake channel of width 2m and depth varying from 2.72 m to
3.08 m and slope of 1 in 25 leads water from trench weir to intake chamber.

9.1.3 Intake Chamber{ chainage : (- 49 {0 - 43)
Intake chamber is located at 9m from the trench weir. Huge boulders are expected

during excavation.

9.1.4 Power Duct ( chainage : (- 43 1o 37)
The intake conduit is passing through a rather difficult terrain. Hence a 80m long
RCC ductis provided.

Ch.10to 37m |
The ground slope of the initial reach of power duct is very steep. Dry rubble retaining
walls are provided along river side to minimize the excavation quantity, R.C.C

rectangular power duct of Type-A is provided.
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9.1.5 Surplus weir No.1(chainage 37 to 43.4) (4.4m +2m)
A surplus weir No.1 is provided at the end of the power duct, The head of water over
the crest level of surplué weir is limited to 500 mm. Transition 2m is provided.

9.1.6 Power Channe! (chainage 43.4 m. to 1148 m)} (including 6 nos of
Transition)

Ch.43.4m to 176m (cut & cover)
Cut & cover Rectanguiar R.C Channei of Type — D is provided.

Ch. 176m to 287m
Rectangular R.C Channel of Type — B is provided. Canal is passing through level

ground. Shifting the alignment towards downstream may cause unwanted increase

in length of canal.

Ch. 287 to 291m
Canal is crossing the ghat road. Since the inhabitants are using this road for traffic, a
box culvert is provided for a length of 4m. Box shaped R.C Channel of Type — C is

provided. -

Ch. 291 to 305m
Canal is crossing a minor ridge to minimize length. Double cutting sections are
inevitable. Maximum excavation depth is 5.50m. Rectanguiar R.C Channel of Type -

B is provided.

Ch. 305 to 370m
Canal is crossing a minor ridge to minimize length. Double cutting sections are
inevitable, Maximum excavation depth is 2.50m. Trapezoidal Channel of Type - F is

provided.

Ch. 370 to 380m {Surplus weir No.2)

Canal is crossing a Iocal'valley. Surplus weir No.2 of 10m width is provided with a
crest level of 100mm above F.S.L. Cross drainage works may aiso he provided to
bye pass the surface runoff. Rectanguiar R.C Channel of Type — E is provided.

Service road level is lowered by ‘tm to form an Irish drain.
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Ch. 380 to 545m o
Canal is passing through a moderate siope. Cutting and filling are almost balanced.
Trapezoidal Channel of Type — F is provided. Cross drainage work is required at

Ch. 483,

Ch. 545 to 570m (cut & cover)

Canal is passing through a jungle where traces of land sliding are observed. The
bearing capacity of soil is very poor. Box shaped R.C Channel of Type — C is
provided to avoid the risk of sliding.

Ch. 570 to 635m
Canal is passing through an area comprised of large boulders and exposed rock.
Excavation siope is taken as 1H:4V. Rectangular R.C Channel of Type ~ B is

- provided.

Ch. 635 to 835m

Canal 'is.passing through moderately sloping terrain. Excavation slope is 1H:1V. 2m
‘wide benching is provided when cutting depth excesds 6m. Trapezoidal Channel of
Type — F is provided. Cross drainage work igrequired atCh. 762.

Ch. 835 to 972m (cut & cover)

Canal is passing below existing ghat road. Cut & cover Rectangular R.C Channel of
Type—-Dis pro#ided. Service road shifted to right side of alignment at Ch. 870. A
rising gf_adient of 1 in 20 is provided for service road from Ch. 830 to Ch. 900 and a
falling gradient of 1 in 20 is provided from Ch. 900 fo 970. Since the canal is
covered, there is no risk of fallinlg 6f earth into canal and hence a cutting slope of
TH:2V is adopted. 2m wide benching is provided when cutting depth exceeds &m.

Ch. 972 to 990 |
Canal is passing through moderately siopihg terrain, Excavation slope is 1H:1V.
Rectangular R.C Channel.of Type ~ B is provided.

Ch. 990 to 1020
Trapezoidal Channel of Type — F is provided
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Ch. 1020 to 1030 (Surplus weir No.3)
Surplus weir No.3 is provided to bye pass the canal to near by stream in case of
emergency. Rectangular R.C Channel of Type — E is provided. Service road level is

lowered by 1m to form an lrish drain.

Ch. 1030 to 1050
'Trapezoidal Channel of Type — F is provided

Ch. 1050 to 1148

Canal is passing through steep terrain. Excavation slope of 1H:1V is provided. 2m
wide benching is provided when cutting depth exceeds 6m. Rectangular R.C
Channel of Type — B is provided. The downstream area up io stream can be utilized

as dumping yard.

9.1.7 Forebay

A rectangular Forebay tank of >120 seconds live storage is provided to buffer the
fluctuation in inflow and fluctuation due to load acceptance and rejection. The rock
level as per bore hole No. 8 is +574.645m and bore hole No. 9 is +578.035m and is
more or less maiching the tank bottom level. The forebay {ank can be suilably
founded on hard rock. Rock excavation is also observed as minimum, but plenty of
boulders are lkely to intercept during excavation. A 10m wide Overflow weir is
provided in the crest of forebay tank. A 95m overflow channel is required o divert the
spifled water to naturai stream. This natural stream is situated in forest boundary.
Hence suitable energy dissipation arrangements shall be provided to avoid the

erosion of banks.

9.1.8 Penstock (Spirally Welded Steel Pipe})

Single line surface penstock of diameter 1.40m is provided. Total length of penstock
from Transition to bifurcation point is 326.64m. The single line penstock branches at
a manifold o two separate feeder pipes of 1.10m dia to feed the two turbines. Since
there is no road access to penstock route, penstock tracks of sufficient width shall be
formed for erection and maintenance of pénstock.

The excavation slope is adopied as 1H:1V. The penstock is supported on Rihg
girders and Rocker supports at an average horizontal interval of 10m. The rocker
supports may be founded on rock or overburden soil suitably.
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One penétock culvert is required at Ch. 248m for crossing a ghat road.
One compound bend (horizontal and vertical) is provided at Ch. 235m and vertical
bends at Ch. 8m, Ch. 120m in main penstock and at Ch. 295.50m in feeder pipes.
The anchor blocks at bend points may be founded on hard rock. The anticipated rock
tine based on bore hele details is shown in the drawing named Longitudinal Ground

Proﬁlé of Penstock Route .

9.1.9 Power House

A surface power house of 29.50m x 10m is provided to house the 2 Horizontal
Francis Turbines. The yard fevel of power house is kept at +464.50m. Erection bay
level is fixed at +464.50rn. Machine floor level is at +457.67m. There is a seasonal
flowing naliah passing near the power house site. Proper protection works of nailah
sides are necessary. Since the machine floor level is below the surrounding yard
level and the ground water table is high, concrete walis with water tight construction

is necessary up to the service bay level.

9.1.10 Tail race pool & Tail race channel

A Tail race pool of size 15x12.50m and a rectanguiar box shaped'fail race channal of
3.7m wide and 1m deep is provided to discharge the water back in 1o the river. The
length of box channel is 6.05m and the remaining 23.95m consists of bed

preparation in river course.

9.1.11 Switch yard
A switch yard of size 20m x 20m is ear marked near Power house site. The switch
yard can be accessed from the approach road to powei' house.

9.1.12 Access roads

Power House road and bridge

-The length of power house road is 165m and the formation width is 5.50m. This road
crosses Jruvanjipuzha between Ch. 101 and Ch. 125. A 25m long bridge is required
to cross the river. Bore hole No. 2 was drilled ‘up to a depth of 23.85m and shows no
rock deposits. A multiple box type bridge with a bottom raft and cutoff wall is
provided. initial 100m length of road is passing through tribal colony in a convenient
location s0 as to avoid any interference fo inhabitants.
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Weir site road and bridge

The iength of weir site road is 334m and consists of one steel bridge of span 10m
and two culverts of span 5m and 4m respectively. The steel bridge is proposed to
abut on two large boulders situated in the upstream side of Pottankayam. The
stability of structure on these bouiders shall be ascertained before construction. 1 in
10 gradient is adopted for the road. The maximum excavation depth for this road is
16m. Gabion retaining wails are provided 1o retain the soil. The excavation activities
shall be arranged during non monscon pericd to minimize the saturated soil
pressure. The stability analysis of this excavation stopes shall be determined. An
altemate focation for access road to weir site is available near the suspension bridge
site at Mainavalavu, But the length of bridge and road will be more and this

alignment will be caostlier than the above.

9.1.13 Dumping yard

Around 32000 m’ of surpius earth is estimated in the excavation of power channel.
To avoid the delay of project due the conveyance of excavated earth and to save the |
cost of convevance, a dumping yard of 100m x 20m is identified in the downstream
of power channe! between Ch. 450 and Ch. 550. The average filling height is 4m.
Another Ioc.ation is identified between forebay and surplus weir no. 2
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9.2. Design asbeéts

Design Discharge

The design discharge of various components of water conductor sysiem are
different.

9.2.1 Trench weir

The plant is designed to run with an overloading of 15%.

BMW with15% overioading
118m
6000 x 1.15

installed capacity

Design head(Net head)
Dischérge of Turbing, Qr
(With 15% overloading) 8.15x 118

‘ 7.175 m¥sec

- Ref: Guidelines for Hydrautic Design Of Small Hydro Plants/May 2011. {As per clause No:1 .3.'2).

Bed load flushing flow = 0.20 x Qg
= 0.20x7.175

= 1,435 m%sec

Desilting flushing flow = 0.20 x Qy
' = 0.20x7.175
| = 1.435 m¥/sec
Design discharge of trench weir = 7.175+1.435+1.435
= 10.045 m’/sec
The trench weir is assum_ed to be designed for the full discharge
Design discharge of Trench weir = 10.045 m¥sec

9.2.2 Power Duct
Design discharge of feeder conduit = 7.175+1.435

= 8.610 m/sec

9.2. 3 Power Channe!

Design d_ischarge of power channel Qr = 7475 m*fsec
9.2. 4 Escape Weir

Pesign discharge of Escape weir = 8.610 m*/sec
9.2, 5 Penstock

De'signldisc_harge of Penstock  Qq = 7.475 m¥Ysec
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9.2. 6 Tail Race Channel
7.475 m¥sec

- Daesign discharge of Tailrace Q7
9.3 Diversion Structure

Due to lack of rock strata and the steepness of river course (5.6%), a trench type
diversion structure is proposed. The inflow of Iruvanjipuzha (catchment area -14.855
sq.km) and an intercepting stream (catchment area -1.065 sg.km) in the right bank is
proposed to utilize for this scheme. An 18m long trench weir and is proposed fo tap
the power draft. To utilize the infiow of intercepting stream a small diversion weir and
an open channel is proposed.

9.3.1 Trench weir

Design refererice: Section 1.3.3 of AHEC Guidelines For Hydraulic Besign Of Small Hydro Plants/May

2011

T.he main trench weir is proposed in lruvanjipuzha at a narrow section about 65m
upstream of Pottankayam. The left bank of weir site is a vertical cliff of about 22m
high consists of earth and large boulders. A 3m offset is provided for the excavation
slope of trench weir to avoid interference with this cliff. The available width of river
~ bedis 21m. H:—::nce the length of trench weir is limited fo 18m.

The plant is designed to run with an overloading of 15%

Instalied capacity = 6 MW (15% overload)
Design Head (Net head) = 118 m
‘Design discharge Qg = 1,15 x 6000

(With 15% overioad). " 8.15x 118
' | 7.475 m¥sec

11

Design flows

The following design flows are considered
1. Bed load flushing flow ( from collector

box) = 020

2. Desilting - flushing flow | = 02Qy
3. Turbine flow | - = 100y
= 14Q

Hence total design discharge of
Trench Weir - = 14x7175
10.045m>sec

0.12 m (assumed)

Depth of flow
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Approach velocity ' = Q = Q@ = 10.045
A BxD 18x0.12
= 485m/fs
Energy head of approaching flow, Hg = Vo2 = (4657 = 1.10m
29 2% 9.81
Depth at upstream edge of rack, y; = k2hg
3

Adjustment factor k is a function of rack slope from table 2.2 1/1,
1in 10 =tan'(1/10)= 5.7106°.

Rack slope =
For 4°=0.961 and 6° = 0.944
Then, k for 5.7106° = 0.946
Depth at upstream edge of rack, v = 0.946x2x1.10= 0.694m
: 3
Sioped length across coliector trench = L = 1.509
| - E4E, C.cosa ¥ V2 gy
Where |
q' = unit flow entering intake
= 10,045 =0.558 m¥/sec/ m
: 18 '
E4 = Blockage factor =30%
= \ : = Effective screenarea = ¢
m
e | = clear distance betwsen bars
| say 25 mm
m = clc distance between bars
= 25410 = 35mm
Effective screen area, E; 0 = 25 =074
35
Contraction coefficient, G = 065
L = 1.50
E{E; C.cosa V2 gy
= 1.5 X 0,558
0.3 x 0.714 x 0.65 x c085.7106 ¥ v 2 x9.81x0.694
= 167m
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it.

|.Cosa=167xCes 57106

- Width of Trench weir, B
' 1.66m

It

Say provide 2m wide and 18m long trench weir.
9.3.2 BED SL.OPE

Clear gap between racker bars = 25mm
Assume maximum particle size entering through rack is 25 mm

Scouring slope, S. = 0,66 d"
af7
: Qo
Flow per unit width at outlet, g, = 10045 = 502m%sec/m
2
Scouring slope, S = 0.66x0025% =1447x10"
- 5.02%7
= 1in 691
When single machine is running at 0% load, turbine efficiency will be 91.50%
Discharge will be | = 3000x08 = 1.872m%sec
' 8.15x 118
Flow per unit width at outie, Uo =  1.872 = 0.936 mfsec/m
2 _
Scouring slope, Ss = 0.66x0.025% = 610 x100
- 0.936 %7
Minimum slope required = 1in 163.93

Considering__clogging in trench, provide a longitudinal bed slope of 1 in 25
9.3.3 Check for discharge capacity

L = 18 m
Q = 10.045_m3!sec
- top width, T = 2m

Provide a depth of 1.50m at left bank and 2.22m at right bank with a bed siope of 1
in 25,

Average depth available = 1.5+222 = 1.86m
' 2
Average area provided = 1.86x2 = 3.72m?
Wetted perimeter _ : = 2x188+2 = 572m
Hydraulic radius, 'R = A = 372 = 065
| | ‘P 572
Bed slope s = 1 = 0.04
: _ . 25
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Using Manning’s equation discharge @ = 1A R g2

_ n
Manning’s rugosity coefficient 'n’ for trench is taken as 0.018.
Q = 1x3.72x0.65%°x0.04"
0.018

31.015 m/sec
9.3.4 Check for adequacy of capacity when 50% area clogged

Available depth = 188/2 = 0.930m
- Area A = 2x0.930 = 1.86 m?
Wetted perimeter, P = 2x0.930+ 2 = 3.86m
Hydraulic radius, : R = 186 = 0482
| - 3.86
Q = 1x1.86 x (0.482)%° x (0.04)'2
0.018

= 12.70 m*sec >10.045 m¥/sec

9.3.5 Bye Pass Conduit

A bye pass conduit of 600mm dia NP2 class concreta pipe is proxiide'd through the
left bank abutmint of main weir for bye passing the dry weather flow to facilitate the
annual maintenance work in trench weir, intake channel, intake chamber etc. The
flow through trench weir can be diverted by constructing a temporary bund. The
- mouth of the bye pass conduit is closed by a dummy cap during monsoon.

9.3.6 Design fiood

weir site

The catchment area of weir site including catchment area of 1.065 Km? of

: 2
intercepted stream is 15.92km . From focal enquiry, the high flood level reached

- +521.000m.

i 3
By Ryve's formula, Q : = CAW

Considering the steepness of terrain and the chances of land sliding induced floods,
avalue 35 is taken for C. '
 Flood discharge at weir site = 35x 15,92%°
o = 221.45m’s.
9.3.6.1 H.F.L of Trench Weir
The HF.L of trench weir will be lowered after the construction of 18m iohg upstream
and downsifeam aprons. There is no chance of heading up of_ water anywhere in the
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river course, Th,é fugdsity coefficient is greatly reduced and hence the flow depth will

be lowered.
Design flood of trench weir = 221.45 m/s
Width of approach = 18m
T ake rugosity coefficient, n = 0020
Take a trial depth, d = 08m
Cross sectional area A = 16.2m?
Wetied perimeter P = 198m
Hydraulic radius, R = A/P = 16.2/19.8
’ = (.8181
Slope of upstream apron S = 1/10 = 0.100
By manring's equation Q = ARPg”
n .
=  16.2x0.8181%° x 0.100"?
0.020
| = 224.05=221.45 m¥s
Anticipated maximum depth of flow =  0.870m
Upstream crestlevel of trench - = +5B88.485m
Modified H.F.L = +588.485+ 0.9 = +589.355m
' Say ' = +589.500m
9.3.7 Wing walls
Elevation of wing walls near trench = 589500+ 150 = +591.000m
Elevation of wing walis at u/s end = +593.000m
Elevation of wing walls at dfs end = +588,000m

9.3.8 Aprons :
Upstream and downstream aprons are provided fo achieve a uniform flow across

trench'weir. The aprons will also help to avoid erosion of river bed. Since there is no
_ﬂooding up of water in the upstream of trench weir, a minimum of 900mm thick
Colgrout masonry concrete cast in site as core and a topping of My concrete of
20cm thickness is provided.1500x1500x1000mm Gabion revetments are provided
to make up any pocﬁs in river bed in the vicinity of upstream and downstream aprons.
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9.3.9 Trash rack

The trash rack of the trench weir is kept at the same bed slope of upstream aprons.
1in10 |

25mm

Stope of trash rack

Clear gap of trash rack bars
100mim x 10mm

Size of trash rack bars
The 18m long trash rack is divided in to 12 panels of 1500mm long.
Panel end bars may be made out of 200mm x 18mm. 3 Nos 90x80x10 MS angles
shall be provided between end bars for supporting the internal bars.

94 Intake Channel / Feeder Channel (Box type){Ch: -58 to -49m)

The cross section and bed slope of trench is adopted for intake channel to avoid
clogging. Intake channel will be functioning even if the channel is clogged 50% of its
- depth. Box channel is provided with a wall thickness of 350mm. 50mm thick abrasion

resistant coat is provided on sides and bottom.

Inside width of intake channel = 2000 mm
Free board = 500 mm
Bed level at inlét =  +585780
Bed slope = 1in 25
Length of channel = 9m
 Bed level of channel at intake chamber =  +585.42m

Depth of Channel (incl. free board) 2720 ~ 3080 mm
Provide a vent pipe of 150mm dia Gl pipe near trench weir.

9.5 Intake Chamber (Ch: -49 to -43m)
Design Referance: Section 1.3.5 of AHEC Guidelines For Hydraulic Design Of Small Hydro Plants /May

- 2011

The guide lines do not specify the capacity of intake chamber. A rectangular RC tank
of 4m x 4m is provided. 1.50m deep conical bottom is provided to flush out the bed
load coming from trench weir. Flushing pipe shall be designed for 5% design
discharge of trench weir, velocity shall be taken as 4 -5 m/sec. Flushing of sediment
is done in high flow condition in stream. The head available to flush the sediment
shall be equal to difference in HFL in intake well and HFL in the stream at the fall of
the pipe. A gate valve is provided to flush out the bed load. A valve chamber of

1200x1500 is provided.
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To prevent vortices, length of intake well is kept 2-3 times width of trench/ intake
channel. Sufficient space in provided for accumulation of sediment in intake well.
Bed level of intake well is usually at least 0.5m — 1m lower than bed level of power
duct. Water level in power duct is fixed 0.15m below water level in intake well 1o
provide sufficient head for flow into duct. Intake chamber with gravel excluder were
provided for a length of 100m and the same can be discharged to down stream

along the power duct route. Reverse slope 1t in'1 is limited up to a length of 20m &
bed slope of 1:400.

8.5.1 intake Gate
Since the feeder conduit is box shaped, having a size of 1.7m x 1.7m, the gate

section of same size is provided. Hence there is no need of complicated transitions.

Height of gate opening = 1700 mm
Width of cpening = 1700 mm

9.5.2 Bell mouth entry
Ref: 1S 9761; 1995 ‘
Elipticat Bell -mouths are provided to minimize the entry loss and avoiding

turbulence.
Top and Bottom profile semi major axis = 1.10x1700 = 1870 mm
Top and Bottorn semi minor axis =  0.291x 1700 = 494.7mm
| Say = 495 mm
=  0.55x 1700 = 835 mm

Side profile semi major axis
Side profile semi minor axis
Say = 322 mm

0.2143 x 1500 = 321.5 mm

Ref: (Permissible velocity page no.16)

Design discharge = 8B1mYs

Area of gate = 1.7x1.7 = 2.89m2

Velocity at gate = 861 = 20979mis
- 2.89 : .

(AITEC guide fives in hydraulic design of small hydro plants, clause 1.4.2 page 15)

Submergence depth, S = 0.725Vv.DM0
0.725x3.0x 1.7
Say - S = 282m
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Length of channel = gm

Slope 1in 25, hence loss ' = 9 = 0.36m
25
Loss of head in infake channel = 0.36 m
F.S.L in Intake chamber | = 588.000-0.36
= +587.64m
Required centre line of power duct = 58764 -1.70/2 -282
- = +583.97m
Say provide = +583.97m
- 9.5.3 Safety grill

Since the entry of water from river is through trash rack, no separate trash racks are
provided in front of bell mouth entry to intake pipe. The top of intake chamber is open
to atmdsphere, The top level is kept above the maximum flood water level. The top
of intake chamber is covered with M.S safety gril to prevent the accidental fél!ing of
éany foreign matters in to the chamber. An inspection chamber shall be provided at a
suitable comer to access the intake chamber for maintenance. Cat ladder shall be

provided by means-of 16mm dia M.S rungs near the inspection chamber.

9.6 Power Duct { Chainage -43.00 m to 37.00 m )

Design discharge =  861m¥s
Take non settling velocity as 3 m/s.
Required area of box conduit = _8_31:11 = 287m°
Required size _ = 1.7m
Provide 1.7m x 1.7m RCC M25 grade box conduit with 2 150mm chamfering at
comers. _
Actual area of cross section = 17x17-4x050x015x%0.15
| = 2845m?
Actual velocity = 861 = 3.03m/s>3
2.845
Frictional loss | = v
29D
Coefficient of fiction, ~ f = 0.012
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D is taken as the diameter of an equivalent perimeter section

Perimeter of 1.70 x 1.70m box conduit

Hydraulic meanradius R

Ref: 1S5:4880 (Part-li) Section 4.1.2
Equivalent diameter D

Frictional loss

Friction coefficient, f

68-4%x030+4x015/70.707

6.45
A =2845 = 044m
P 6.45

4R = 4x044 = 178m

fiv?
29D

Ke

D

Assume surface characteristics are rough by continuous erosion of sharp materials

in transit.
Take, K
Friction coefficient, f

Frictional loss

Loss in bell mouth -

Where k = 0.10, velocity at gate, v
‘Loss in bell mouth

Total loss

Il

0.60 mm

060 =
1760

0.3400x 10

0,.3409 x 107 x 80 x 2.979%
176X 2x9.81

0.000701m

ky?
24

2.979 mis

0.10 x 2.979°
Z2x9.81

0.045m

0.000701 + 0.047

0.047701m

The difference between intake chamber £.S.L and Feeder Channel F.S.L must be

greater than total loss in pipe.
F.S.Lofintake chamber
F.8.Lof Power channel
Difference in F.S.L
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+587.64m
+586.920m
587.64 ~ 586.920
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9.7 Surplus Weir 'No.1{Chainage;37m to 43.4m )

H.F.L in Intake chamber = +589.5000
Crest level of surplus weir = +586.920
Difference in head = 589500 -586.920 = 258m

lgnoring other losses
Discharge through gate
Take Cy as 0.75

Cax b x dx v2gH
0.75x 1.50 x 1.50 X \Jo 3, .81 x 2.58

i

12.01 m'/s
12.01 - 8.61 = 3.3961 m'/s

Surplus discharge required
To minimize the entry of excess flow during high flood, the head of water over the

crest level of surplus weir is limited to 500mm.
Ref: IS 6934: 1998 -

" Approach flow depth P = 150m
-Design head Hy = 0.50m
PIHg = 3
From Fig. 3 of IS 6934, coefficient C = 074
Length of Ogee weir required =  Q
‘ 213 xCxV2gH*?
= 3.4
2/3x0.74 xV2 x9.81x0.50 %
_ =  44m
Say provide . = 44m
Transition 2m is provided. = 4442
Length of Ogee weir required | = 64m

9.7.1 Ogee Profile of Surplus Weir

Approach flow depth P = 1.50m
Head over crest, - Hq = 050m
Ratio, _P 1.50
' Hqg = 0.50 = 3.00
From Fig. 2 of IS 6934, '
Ay B1
Hq = 0280, Hg = 0164, K,=2
Upstream profile Semi Major Axis, Ay= 0.28x050 = 0.140m
Upstream profilé Semi Minor Axis, B1 = 0.164x0.50 = 0.082m

Down stream profile X' = K HLS®Y,
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Substituting different values for Y,, we get corresponding X,

1

002, 0.04; 006; 0.08 0.1j 012, 014! 016 0181 0.25 0.3

Y2

Xz § 0.128( 0.186 0.231 | 0.270{ 0.305] 0.336; 0.365| 0.393 | 0.419!0.500! 0.552

Ya 045 05, 0.55 06| 065 07: 075 08 085, 09} 085 3
X, | 0.687| 0727 0.766{ 0.803| 0.838] 0.872| 0.905 | 0.938| 0.969;0.999| 1.029! 1.058

Ogee profile co-ordinates of Surpius weir

9.7.2 Surplus Channel

Design discharge = 34m¥s
Assume width of channel B = 2.50 m
Depth of channel d = 1.10m
Rugosity coefficient, n = 0018
Area A = 275n°
Wetled Perimeter P = 562m
Hydraulic radius, R = A

. P

= 0489
- Slope of chanpel ' s = . 1400 = 0.0025

Discharge, S Q = 1/0.018x 2.75 x 0.489%°x 0.0025%

= 4T74m’Ms >34ms
Provide 2.50 x 1.10 (water depth) + 0.85m free board for surplus channal.

9.8 Power Channel ( Chainage: 43.4 to 1148)

RC Rectanguiar and Trapezoidal shaped Power channe! leads the water from intake
chamber to forebay. The maximum flow velocity in RCC lined channei is mited to 2

mis.

9.8.1 Channet Section (Rectangular) |

Design discharge . Q = 7.175m’fs
Assume width of channel B = 2.9m
Trial Depth of channe! d = 1.50 m

Provide 200mm haunch at boitom corner for structural safety.

Rugosity coefficient, - n = 0.018
121




Afea ' : A = 2.8x 150

= 4.35m?
Wetted Perimeter P = 2.9+2x1.50
= 59m
Hydraulic radius, R = A
P
. = 0737
Slope of channsl ] = 1/750
Velocily as per Manning’s equation, V= 1 x0.73773 x 1/750 %50
' 0.018 '
= 1.654mfs <2.00mfs
Discharge, Q = 1.655 x 4.35

= 7196 m¥s > 7175 m%s
Provide 2.90 x 1.50 {(water depth) for power channel.

9.8.2 Channel Section (Ti'apezoidai) :

Design discharge, - Q = 7.175m%s
Assume hase width of channel,b = 140m
Depth of chanrel (flow) o = 150m
Side slope of channel, i = 1in1
-Rugosity coefficient, n = 0018
Area, A = (b+ixdd
= (140 +1x 1.50) x 1.50 -
= 4.35m°
Wetted Perimeter, P = (p+2dyxVir7
= 1.40+ (2 X 1.50) x+/T+1
= 5843 m
Hydraulic radius, R =4, 435 = 0.771
P 5643
Slope of channel 8 = %50

Velocity as per Manning’s equation, vV = 1 xO.??ng}/ e
0.018 750
= 1.708 m/s
Discharge, - Q = 4.35x1.706



7.421mYs >7.175m°/s
(o +2nd) = (1.40 + 2 x 1.50)
4.40m

i

Top width of channel

f

8.8.3 Free board
Provide a minimum free board of ?Somm-

( Refer, AHEC page 24 clause 2.1.3)

9.9 Surplus Weir No: 2 & 3
Location: @ Chainage — 370 to 380 , @ Chainage — 1020 to 1030

The Surplus weir permits a safe route to discharge water in case of accidental
blockage in open channel and limits the breaching of canal bank to a minimum
extent. The free board of canal is reduced to 100mm permitiing overflowing through
this section. The overflow section is constructed as a narrow crested weir and the
downstream service road is lowered to form an Irish drain to permit a safe passage

of spilting water.

9.9.1 Narrow Crested Weir

Design discharge Q = 8.61m¥s

.Assume ' | Cq = (.623 d

Since the escape welir is placed paraile! to the flow, the velocity approach may be
" neglected. | '

~Assume length of emergencyescape = 10m

- 73 Q
V2Cysby2g

= 3x8.61
V2x0.623x 10 xV2x9.81

_ = 0.803m
Available depth = 0.76-0.10 = 0.650>0.603

Head over the crest H

9.9.2 lrish Drain _
The service road is lowered by 0.50m to form an lrish drain for a width of 12.5m.

Side slope of Irish drain is taken as 1 in 10.

Design discharge c = 8.61m’s

Bottom width - = 125m
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Side slope = 1in10

Bed slope across semicé road, s = 1in 100
Rugosity coefficient n = 0.020
Trial depth of flow d = 0.28 m
Top width = 1830m
Area A = 4.466 m?
Weited perimeter P = 18.30 m
Hydrauiic radius R = 0.244
Velocity by Manning’s Y = 1x0.244° x0.01"2
' 0.020
_ = 1.954 m/s
Actual Discharge = 4.466 x 1.954 = 8.726> 8.61
Width of revetment for Irish drain = wetted perimeter + 1.00
= 1830+1.00 = 19.30m
Say = 18.50 m

Provide 3.50 + 1 2.5 + 3,50 m wide revetment at a iongitudinal bed slope of
1in 100 and side slope of 1in 10,

9.10 Forebay

The live storage volume of the forebay tank should be determined according to the
response characteristics of the furbine governors. Normally, a volume of 2 minutes
design discharge of turbine is provided. The live storage draw down of 1 to 2m

below the crest of escape weir is recommended. But the KSEB's practice is fo
design for a higher deptﬁ for minimizing the tank area. Live storage depth of 3m is
taken for the hydraulic design of forebay tank. The crest level of escape weir is kept
fowered than the full supply level of power canal exit to minimize the effect of back
water curve in canal. This arrangement can minimize the undue increase in canal

free board.

Design discharge Qe = 7175 m'fs
Live storage required = 2xB0x7.175 = 861.00m°
F.S.L of Canal exit = +585.38

= +585.38

F.S.L of forebay

124



Crest level of escape weir = +584 88

Height of automatic falling shutter = 0.50 m
M.D.D.L of forebay = 586.384 ~3.00 = +582.384
l.ive Capacity provided (Ref. Drawing) = (13 %18 +1/2 (5.84x4.77 )} x 3
+H 2.8+ 13) x10/2} 2.25
= 820 m® > 861

9.10.1 intake Gate

Height of gate opening = dia of penstock = 1400 mm
Width of opening = 1400x 0785 = 1099 mm
Say provide = 1099 mm

9.10.2 Bell mouth entry
Ref: IS 9761: 1895
Elliptical Bell mouths are provided to minimize the entry ioss and avoiding

turbulence.
Top and Bottom profile semi major axis = 1.10x 1400 = 1540 mm
‘Top and Bottom semi minor axis = 0291 x 1400 =  407.4 mm
Side proﬁle. semi major axis = D.55x 1098 = 6{)4.45 mm
Side profile semi minor axis ' = 0.2143 x 1099= 235.52 mm
~ Design discharge penstock =  7175ms
‘Area ofgate = 14%x1.099 = 1.539m°
Velocity at gate . = 7175 = 4.66ms
1.539
Submergence depth, - S .= 0.725 V.Do%°
" = 0.725 x 4.66 x 1.40%%
= 3.997 m
‘Say s =  30897m
Required centre line of intake pipe = 582.38 - 3.997 — 1.40/2
_ = +577.683m
‘Say provide = +577.683m
Sill level of Bell mouth = 577.85-1.40/2 - 0.407
S +576.576m
Considering silt storage if any, provide the bottom level of tank as +575.000m
Size of Fore bay tank = 28x13x2.5 to 11.5m
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- 9.10.3 Trash Rack .
The vertical trash rack in fore bay separates the floating debris and foreign materials

entering to the open water conductor system during the course of travel. Trash racks
are installed as panels for easy maintenance and installation. The flow velocity
through trash rack bars are limited to 0.75 m/s for manual raking. The trash racks
should be sloped at 14° to vertical (4V: 1H) to facilitate manuat raking.

Design discharge = 7.175 mi/sec

Limiting velocity for manual racking = 0.75m/sec

Congider 50% area is clogged

Area of trash rack required = 2x4Q = 2x7.175
V]imit 0.75
= 19.13m?

Provide 10mm thick MS flat at a clear gap of 50mm
Assume Rafio of Actual area to Net area=1.30

Slope of trash rack panels = 4\:iH
Provide 3 Nos Trash rack slots symmetrically arranged in the shape of a semi

hexagon.
Clear width of trash rack slot = 1.9m
Slanting length of trash rack slot = 44m
No. of panels per slot = 3 Nos
- Total effective area of trash racks - = 3x1.8x4.4
_ 1.30
| . = 19.29m? > 19.13m?
Overall size of panels = 2000 x 1460 (9 Nos)

9. 10 4 Intake gates
A service gate of size 1.1m x 1.40m is provided to oontm! the flow. The bell mouth

curve ends at 1.54m from the inner face of forebay. The service gate shali be placed

at 2.15m away from inner face.

8.10.5 Air Vent |
Ref . AHEC — Guidelines for Hydraulic Design of small Hydro plants / Feb2008
A=
' 25
=  B.85 .
25
= 02744



Diaméter réquired _ d

‘Say provide an air vent pipe of 600mm dia.

9.10.6 Escape Weir

0.584m

Escape weir is provided on the rim of fore bay tank. Since the desiiting tank is
operated intermittently, the discharge allecated for silt flushing is also likely to enter

in fore bay.
Ref: IS 6934; 1998
Design discharge Q
Approach flow depth P
Design head Hg
PHqy
From Fig. 3 of 1S 6334, coefficient C
Length of Ogee weir required

Say provide

9.10.7 Ogee Profile of Escape Weir

From Fig. 2 0f IS 6334,

Ay = 0280 By = 0614, Ko= 2

Ha Hq

8.81
235m
0.50m
4.70
0.742
Q

213xC xV2gH ¥

8.61

23 x0.742xV2x9.81x05%

t11Z2m
11m

Upstream profile Semi Major Axis, Aq = 0.280x 0.50 = 0,140m
Upstream profile Semi Minor Axis , B1= 0.164x.50

Down stream profile  x, ™%

= KzHs0.85Y;

Substituting different values for Y, , we get corresponding Xo

= 0.082m

Y2 002 004| 008 0.08 01 01427 C14: 016 D.18; 0.25 0.3
Xe | 0128 0186 0.231{ 0270 0.305| 0.336 | 0.365| 0.393 | 0419 0D.500| 0.552
Yo 045 05| 058 06] 085 87; 075 0.8; 085 09! 095 1
Xo { 0887 0727 0766 0.803} 0.838 | 0.872| 0.905; 0.938|0.969 0.899 | 1.0290] 1.058

QOgee profile co-ordinates of Escape weir
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9.10.8 Escape Channel
Design discharge

Assume width of channel B
Trial Depth of channel d
Rugosity coefficient, n
Area A
Wetted Perimeter P
Hydraulic radius, R

Slope of channe] S

Discharge, Q

I

8.81ms
4.00m
1.180 m
0.018
472m?
8.36 m

A

=
0.742
1
450
0.00222

1 x4.2 x0.742%F x 0.00222%%°
0.018 : :

10.12m%/s > 8.61 m¥/s

Provide 3.00 x 1.18 (water depth) + 0.62m free boand for escape channel.

Overall size of escape channet
Inside width
Height

It

4.00m
1.80m

9.11.Penstock (Spirally Welded Steel Pipe)

The total length of penstock from fore bay transition to the feeder pipe branching
point near power house is 319.02m. IS 2002, Gr. If steel (Minimum tensile strength
410 MPa) is used for penstock shell. The penstock is designed' as a surface
- penstock supported on rocker supports preferably at 10m interval. For SHP’é the
\}elocity in penstock is preferably less than 5mis. Spirally welded Steel pipe

confirming fo IS — 3589-1981 is proposed to be used for penstock.

9.11.1 Hydraulic Design of Main Pipe

Design discharge Q
Net head H
v

i

128

7175 m¥s
118 m
5 mfsec



A = Q
v
= 7.475
5
= 1485 m’
nxd? = 1435
4
d = 1.35m .
Provide 1.4 m diameter penstock.
Select 1.40m dia penstock.
Actual area A = nx140° = 1539m?
. . ) 4
Actual velocity = Q = 7175 = 4.66mfs
A 1.538

Minimum tensile strength of IS 2002, Gr.it = 410 Nimm? (IS — 3589-1981clause 6.1)

Uttimate strength = 530 Nimm?
Yield sirength = 265 N/mm?
Tensile strength / 3 . = 136.667 N/mm’
50% of yield strength = 132.500 N/mm?
‘Permissible strength = 132500 N/mm?
Minimum handling thickness = D+5D = 4.55mm
400
Maximurn thickness of pipe required,t = Pd/2fs
Where, p | = wh
W =  Specific weight of water in kg/m’

Allowable tensile stress

!

Fs
To accommodate surge effect due to sudden closure 25% allowance in head is

taken for calculation.
h = ( FSL at forebay — Lowest C/L of

penstock at power house end ) 1.25
= (585.5 — 466.527) 1.25
= 148.7

t = 1000 x 148.7 x 1.4
2 x 13250

= 7.85mm

F_’rovide 8 mm thickness.

129




9.11.2 Hydraulic Design of Feeder Pipe
The penstock bifurcates into two feeder pipes to feed the two machines. Let Q be the

-discharge in main pipe and Q, be the discharge in feader pipe. D be the diameter of
main pipe and D, be the diameter of feeder pipe.
The ratio between Q and Q4 will be 2.

0 — -
Q D, >
2 = 14
blz,:ﬂ
D1 — (1‘42.5[] )2.’)
(2)
Diameter of feeder pipe = 1.06m
Say provide 1.1m dia feeder pipe,
Actual area A = axd2 = ox1.12= 0.95m?
4 4 :
Actual velocity : = Q = 7175= 3.78mfs
- A 2x 0.95

9.11.3 Feeder pipes
Provide 8mm thick 1100mm ID feeder pipe with [S 2002, Gr. Ii. The feeder pipes are

fully encased in concrete.

9.11.4 Y - Piece
The Y — Piece at bifurcation junction may be fabricated with 8mm IS 2002,

Gr. [I steel plates

9.12 Power House (Horizontal Francis Turbine)

9.12.1 Runner Diameter
Trial specific speed (based on economy criterion)
ns varies between 1853 & 2334
VHr YHr
Average net head / Design head with 2 machine combination working full gate
= 120.38m

Corresponding rated discharge =  6.116 m/sec
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(Hr ) Rated head
Rated out put of turbine

br

Trial specific speed ns’

Average ns’

Trial rotational speed W

For 3 pairpoles , - n
For2parpoles,  n
Maximuim gross head

Minimum gross head

Variation of head

10 % of 120.38

120.38
3000
0.95

3158
0.736

4291 MHP
1553  to
V¥120.38 V120.38
141.54 t0212.73
141.54 + 212.73

2
177.13

= 3158 KW

2334

ns (Hrf""1 _
VPro

177.13 x (120.38)%*
Y4291

1078

B0 x 50/3 = 1000 rpm

1500 rpm
FRL — TWL
585.38 — 460
125.38
MDDL - TWL
582.38 - 461.5
12088
125.38 — 120.88
4.5m
12.38

45 <12.38 , Hence select higher speed

Design rotational speed n

~ Design specificspeed  ns

It

1500 rpm

n VPr
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Hr 54
1500 x_(4281)"
{120.88)%"
24515
Hs = Hb—Hv - oHer

Turbine setiing ,

At 20 degree Celsius Hb-Hv = 9.35

For one m/c working at over loading,Her = FRL — TWL { one machine over
loading)

585.38 ~ 460.6298

= 124.75

o = ps'®

50327

1]

= 2451518
50327
= 0.165
There fore , " Hs =  9.35-0.165x 124.75
= -11.23

Hence sitfing is too fow, choose next lower speed.
Design spaed for revised rotational speed
ns ‘= nvPr
Hr *4

= 1000 x (4291)"
(120.88)>

= 16343

o =  ps'™

 B0327

= 163.43"%Y
50327

= 0.0847

Hs = 9.35-0.0847x12475
= 1129

There fore

Centre line of machine = 480.6298—1.129
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= 4395

Rock level at PH site = 4556m
Velocity ratio 8 = 00211xns?®®
= 0.0211x163.43%°
= 0.6286 ~0.63
Runner dia - Ds = 8447 6;VH,
(!
= 84.47 X 0.63 x (120.88)%5
1000
| Ds = 0.59m
C/L of machine ' = 4595
C/L of distributor = 458.5-1.4x0.59
= 45867

As per S 12800 (part 3) 1991
From fig. of Power House iayout — Horizontal Francis turbine

Machine floor level | =  458.67 ~1
= 45767
Depth of draft tube - = 45xDs+1
From C/L. distributor =  45x059+1
= 275+1
= 366
Bottom of draft tube chamber = 45867 —3.68
- = +45501m
Width of individua} tail race = 38D
= 3.8x0.59
= 23m
‘Length of draft tube chamber = 5D
- = 295m
Unit width { Unit spacing) = 4D+27
' = 4x0589+27
= 5086
Say = 5.1
Floor Level of Tail Race Pool = 4595-366-2"
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= 45584

9.12.2 POWER HOUSE BUILDING

Highest flood level at tail race exit = + 460.850 m
Yard level = +464.50m
Service bay level = +464.50m
Control room level = +468.50m
Swiich gear room level = +464.50m
Service bay width = 1.25 x unit width

' Ls = 1.25x5.1

= 812m~62m

INSIDE LENGTH OF POWER HOUSE
Inside length of power house at machine room leve!
= space of service bay + (turbine + shaft+ gear box
+ generator) 2+clearence
_ = 6.2+(2.3x0.59+2x0.59+3+2 8)2+2+3.04+1.4
: | = 2050 m

Width of power housé . = (4D + 2.7 )+ space to BFV + wall thickness
| =51+25+1 |
=8.56m,

Considering the space for approach, stair case and operating space a total thick of

10m is provided at machine floor level, | ‘

The size of machine room will be = 29.50 x 10 m

Space for controf room, battery room etc are provided in addition to the above

considéﬁng the maximum size of parts to be erected and the clearance required the
~height crane bottom from service bay is taken 7 m ,(+471.500 m)

Height of power house above crane hock level =3 m

Height of power house building from service bay = 8 m ( + 474.500 m)

913 Tail Race

8.13.1 Tail race pool _
After power generation, the tail race channel leads the water back in o the river. A

head regulating weir is provided at the outlet of tail race pool. |
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‘Provide length of tail race chamber = 15.00m

Provide a reverse bed slope of 1 in 3.50 up to the tailrace weir crest level.

Overall size of tail race pool =  15mx12.50m
9.13.2 Tail race weir
Discharge, Q = 8000
8.15x120.38
= B.118ms
Discharge at machine ful load = . 6.116 m¥s
Assume length of tail race weircrest = 3.5m
Discharge, H = { Q ¥
{(1.7C4L)
Head overcrest, H = (6,116
[1.7 x1x3.5]
=  1.02m
Say ' = 1.000m
Nomal tail-water level =  +461.000

Tail race crest leve] = 481.000-1.000 = +460.000

9.13.3 Minimum Tail water levei

Discharge at no load condition = 0.156 m%s
Head over crest | = [0.156]°
| [17Cql)
= [0.156]*°
[1.7x1x3.5)
= 0.088 m
= 0.080m

Rounded to | =

Minimum tail water level =  460.000 +0.080 = +460.090m

9.13.4 Maximum tail water level

Maximum discharge when overloading = 1.15x6.118
= 7.033m%
Head over crest = {7.033"
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[1.7C L)

= [7.033P°
[1.7 x1x3.5)
Rounded to = 112 _
Maximuom tail water level = 480.000 + 1.12
= +461.12m

9.13.5 Tail race channel :
A rectangular section of tail race channel is provided. An R.C.C box culvert of 5m

wide is provided {o cross the tail race channel.

Design discharge Q = 7.033 cumecs
Assume width b = 37m
Trial depth d = 0.99m
Area A = 3.7x099 = 3.663m°
Wetted perimeter, P = 568 '
Hydraulic mean depth, R = 0.64 -
Rugosity coefficient n _ = p.018
Slope of Channel [ = 1in 400
Actual velogity, Y = 1.x0.64%Fx 1%
| 0.018 400

= 1.967 mis < 2m/s

Permissible velocity in concrate channel is 2 m/s

Actual discharge, Q = AV = 3863x1967
I 7.21 Cumecs > 7.033

Hence provide a box section of 3.7 m wide, 1.00m water depth with a free board of
0.750m and longitudinal bed slope of 1 in 400 up to the boundary wall and open
channel with aprons in the river bed.
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HEAD LOSSES IN PENSTOCK

Different losses in penstock are calculated as follows.

Velocity in penstock v

Frictional loss

Ref :[S 11625, section 4.4.1.2

Penstock Pipe

Total length of main pipe, L

Diameter of pipe, D

Manning's roughness coefficient, n
A

Hydraulic radius R

»

Slope of energy gradient, s

Head loss hip

Feeder Pipe

Length of feeder pipe L
Velocity in feeder pipe Y
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= 466 ' mis
= 307.18 m
=14 m
= 0012 ' m2
=mx 147
4
= 1539 - m?
= AP m?
= 1539
TT%1.4
= 0.350 o om
= f\z’x n)?
= kSRz;a)
= [466%0012 7 )
(0.350%/7
-
= 1.2677791E-02
= 00126777913
= 1x S
= 307.18 x0.127
= 3901 m
=14
=3.78 mis
=nxi1t®
=4
= 0.950 m?



. @

Hydraulic radius R

Slope of energy gradient S

Head loss Hfp

Trash rack loss

By Kirschmer formuia, Trash rack
loss, Ht

Coefficient forplane flat bars Kt

Clear gap between trash rack bars
: b a

Thickness of frash rack bars , t
Limiting velocity VO
Angle of trash rack from horizontal,

Hi

Entrance loss
Entranceioss , he

For bellmouth entry Ke
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AP

0.95
Tx1.1
0.275 m
(v“
(Vxn) 2
L(R)
B73x0.012 7 )
0,275/ J
.
1.1505421E-02
0.012
Il x8
14 % 0.012
0168 m

K )"/ x ( VO?)sind

(b} x(20)
=240
= 008
= Q.01
=075 mis
= 75 57 50"

= 2 4{0.010)'/ x (0.75 *) sin 75° 57' 50"

H

{0.050)x (2 x 8.81)
0.0044 m

= KeV%/2g

=0.10

0.10 x 4.667
2x9.81

0.411 m



Gate loss

Valve loss  Hg

Coefficient , Kg

Bend loss

Bend - 1 ( vertical)
/s angle from horizontal , &

d’s angle from horizontal |, B

Deflection angle , A

Fromfig 3 , Kb for A = 21° 26' 52"

and D ratiod is
Bendloss , Hb

Bend - 2 { vertical)
u/s angle from horizontal ,

d/s angle from horizontal |, B
Deflection angle , A |

Fromfig 3, Kb for A =1°49' 32"
and r/Dratic 4 is

~ Bend Jdés , Hb

Bend - 3 { horizontal)

u/s angle from horizontal , a
d/s a-ngie from horizontal B
Deflection angle , A

From fig 3, Kb for A = 28° 30' 00"
and r/D ratio 4 is

Bend loss , Hb
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=Kg

V29

= 0.10

1k

0.10 x 4.662

2x9.81

0.0
21° 26' 52"
21¢ 26' 52"

0.04

= KbVW¥2g

0.04x4

0.111 m

667

[H

=0.0

2x 9.81

21° 2¢' 52"
19° 37 20"
1949 32"

Q4

_ Khv3/2g

0.04 x 4

0.04427

662

= 0.0

2x 981

- 28°30' 00"
- 28°30' 00"

= 0.056

_ Kbvz/2g

0.00443

0.055 x 4.662

2x9.81

0.061



Wye

u/s angle from horizontal, &
dis angle from horizontal | B
Defiection angle , A

From fig 3, Kb for A = 45° 060’ 00"
and D ratic 4 is

Bendloss , Hb

Band -4 (Feeder pipe)

Deflection angle  , A

From fig 3 , Kb for A = 45° 00 00"
and r/D ratio 4 is

Bendloss , Hb

Bend - 5 (Feeder pipe)
Deflection angle . A

From fig 3, Kb for A = 45° 00' 00"
and r/D ratio 4 is '

Bend loss , Hb

Loss in Manifold
Transition loss hm
Km

140

= 0.0
= 45° 00 00"
45° 00" 00"
= 0.084
KbV?/2g
0.084 x 4.66

2x9.81
= (.0930

45° 00" 0O

= ().084
= KbV¥2g
0.084 x3.782

2x9.81
0.06172

A

25°18' 05"
= 0.05

= KbV2/2g
0.05 x3.782

2x9.81
= D.0364

= KmV?#2¢g
=080
0.80 x 4.662

2x98.81
= 0.885




The various losses in penstock are tabulated below

item Head (m) { Item Head (m)
Frictional loss Bend loss
Penstock 3901 [Bend- 1 0.04427
Feeder pipe 0.188 [Bend -2 0.004
Trash rack loss 0.0044 |Bend-3 0.061
Entrance loss 0.111  {Wye 0.0930
Gale loss 0.111 [Bend- 4 00612
Manifold 0.885 [Bend-5 0.0364
Total 5.180 0.300.12

= 5.4805151

Total L.oss
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CHAPTER - 10

ESTIMATE
10.1 General

The main civil works include construction of trench weir, power channel ,
Forebay, penstock, powerhouse, tailrace and facilities such as roads. The
mechanical work includes the manufacture, fabrication and erection of gates. The
electromechanical work includes erection and commissioning of 2, 3 MW capacity
generating equipments, erection of EOT crane, auxiliary equipments for dewatering,
cooling etc. and construction of transmission towers and lines. |
o The estimate is prepared based on revised PWD Schedule of Rates 2012.

Total cost of Civil works comes to % 30.08 crore. Total cost of Electrical works comes
to ¥ 24.00 crore. Overall cost of the proiect comes to ¥ 54.08 crore.
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b)

2)
I
a)

v

GENERAL ABSTRACT OF ESTIMATE

Direct Charg_ oS

Works

Civil works

Electric works (including Establishment
- Charges, T&P) : .

Establishment
Civil works
Toolé and piant
Civit works

Suspense

"Receipts and Recoveries

Total Direct Charges -

‘GRAND TOTAL (Rs. lakhs)

- Civil works

Electrical works
TOTAL {Rs. lakhs)

143

Rs. lakhs

2857.58

2400.00

128.93

24.71

-3.15

5408.07

5408.07

3008.07
2400.00
5408.07
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MARIPUZHA SMALL HE SCHEME: 8MW

ABSTRACT OF CIVIL. WORKS

Preliminaries

Land

Power Plant Civil Works
Buiidings

Plantations
Miscellaneous

Communication

‘Maintenance during construction 1% of works

less A, BMand O

Speciai Tools and Plant Capital cost of Spl
T&P(p)

Capital cost of inspectionftransport vehicles{q)

Provision to be made under spl. tool and plant

Environment 8 e.co!ogy
Losse.s on stock

0.25% of work less A, Band Q
Total

Estabiishment on works @ 5%
Tools and Plants

1% on works

Suspense

Receipts and Recoveries

Resale value of special toals and plant

0.75 of 0.25p+ 0.2q

Resale value of temporary buildings {15%)

0.00

Total direct charges

144

Rs. in Lakhs

21.92
278.98
2191.98
827
3.00
26.1%
260.40

24.82

21.80

21.00

14.00
6.235
2857.58

128.423

2471

-3.15

b -3.15
3008.07



A

PRELIMINARIES

Includes expenditure on investigation such as
detailed survey for final loacation

vehicles for site investigation

conSuIiation fee (Geological survey of; India}
{1% of Civil work)

LAND
Private Land  :7.5 Ha @37.05 Lakhs per Ha

Govt. Land : 1.10Ha @1. Lakhs per Ha

Total cost of land

BUILDINGS

Buildin;;s such as dormitory for opefating personel
Temporary |

150 Sq.m @ 5500 per Sgm.

Miscellaneous @ 3% of building cost

TOTAL

Plantations: -

Plantation in colonies and along approach roads 5 kms.

Landscaping and development of area around dams and power

Totai

145

Rs. lakhs

21.92

277.875

1.10

278.98

9.00

0.27

9,27

1.00

2.00

J3.00



MISCELLANEOUS

Capital Cost

i. Water supply- purification and distribution

ii. Sewage disposal and storm water dr.ainage works
Maintenance & Services

i. Electrification

ii. Water supply purification and distn'.bution

iii. Seourity amangments

v, Fire fighting

v. Inspection vehicles 2 Jeeps for 3 years

vi: Compensation fo workmen
L]

vii. Boundary piliars and stones, distance marks and bench

TOTAL
COMMUNICATION
Access roads

Major part inciuded in component structures

Total

148

3.00

0.60

1.00
0.50
3.60
.00
10.45
5.00
1.00

26.15

260.40

260.40



A.1.1.H Special Tools &Plants

Capital cdst of special tools&plant

Capital cost of Inspection vehicles

Jeep
Pickup van (3t}

Total

X Environment and Ecoiogy:

Restoration of land in construction

T areas by levelling, filling of
borrowpits landscaping etc

2 providing green beft and preventing

soil erosion etc

3 su pp'iying firewood

measures to prevent forest fire and

4  enforcement of antipoaching laws

etc

Total

147

Nos

Nos

Rate

5.00

6.00

Amount

Rﬁ_s. lakh_s

4.00

3.00

6.00

1.00

1400 _

15.00
6.00

21.00



TOTAL ABSTRACT

Clearing the sité | 5.00
Trench Weir. | 215.00
Intakke Chamber | 49.77
Power Channel | | | 761.00
Foreba.y 256.84
D\:'erﬂow Channel | 3-7.86
Penstock _ | : 290.00
- Power house and Switch Yard .. 478.76

Tailrace Channel | 97.73

Grand Total cost | 2191.96
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Section

SL.No

2111

2112

21.2

213

214

22

221

2211

2212

MARIPUZHA SMALL HE SCHEME: 8MW {2x3.00 MW)

S CT OF ESTIMATE

Mame

PART { -CLEARING THE SITE

CIViL "WORKS

Quantity ia:e

PART Il -CONSTRUCTION OF TRENCH WEIR

Coffer dam
Excavation

Caomimon excavation s al classes of soil
including 40% ordinary scil and 80%
ordinary rock.

Excavalion in hard rock with jack hammer
driliing and spoil disposing within 5 km by
losty conveyance.

R.R masonry in CM1:5 for cofferdam

Pulling bunds before constiuction of
cofferdam and during plugging of stuice.

Dismantling of cofferdam
Excavaling & femoving temporary bunds

Bailing out water
Sub Total

Contingencies @3% of above less L &
' For rounding
Coffer dam- Total

TRENCH WEIR
Excavalion

Common excavation -in all tlasses of soil
including boulders up to 500 dm3 in size and
depositing the excavated spoil at places
pointed out by the depamtmental officers
wititin inkial leads and lifis .

Common excavalion in all classes of sail
including boulders up to 500 dm3 in size and
depositing the excavated spoil a1 places
poitited out by the depaiimental officers
including alt leads and lifts within a distanca
of 5 km.

43 cum 4278.54  MOcum

80cum  7857.68 /tOcum

90 cumn 2365.52 foum

BD cuim 2343.84  HMoOcum
90 cum B32.42  foum -

50 cum 847.02  MOcum

LE

3% 387

51000 cum 232556 Moocum

770.00 cum 82976  /0cum

149

Amount
Rs. Lakhs

5.00

1.1g

063

213

0.14

0.75

0,03

0.7}

4.57

0.12
0.01
4.76

1.18

285



Excavation in hard rock/ sheei rocks and
boulders above 500 dm3 In size by
controlied and protected blasting in wet 7 dry
condition at all eievations using modern
explosives with jack hammer stc. drilling,
conveying and depositing the excavaied
spoil in t

231

Excavation in hard rock/ sheet rocks and
5 2 1 4 boulders above 500 dm3 in size inwet / dry
condition at all elevations using modem
expiosives with jack hammer etc. driiling,
conveying and depositing the excavaled
spoit in to dump yard or any other places pol

__ _ Stacking useful rubble obtained from rock
424 pxcavation  including  all  charges
elc.complete for measuremenis

Woedging, barring, picking etc. on hard rock
223 including loose rock wherever necassary and
"=~ depositing the spoil within a distance of §

km, including alt charges as per the direction

of departmental officers.

Final foundation preparation for placing
2.2 4 ooncrete including chisel dressing wherever
required at all elevations and cleaning the
.SuUrface with compressed air and water
etc.and depositing the spoil al demp yard or

at piaces pointed oui by the deparimenial

Providing anchor bars using 25 mm dia for -

steel including drilling holes with “jack

225 hammer and grouling with cement growt
including alt tabour charges, machinery, alr,
water cost and conveyance of cement and
steel elc. complete as per the specifications
q

226 Cemeni Concrele

Cement concrete M 10 with graded

aggregates of size 40mm and 20mm faying

to lines and levels, consclidating, cunng etc.

incliding cest of alt form work, labour,

materals etc. complete (excluding cost and
. conveyance of cerent)

Ceament concrete M- 25 with 20 mm graded
agaregates for diversion weir and connecled
2262 gructures  laying to lines and  levels,
consolidating, curng etc. including cost of ali
forn work, labour, materigls etc. complete
{excluding cost and conveyance of cement}

180.00 cum

2530.00 cum

808 com

200 curn

360 sqm

890 kg

65 cum

675.00 cum

150

220078

7857.66

910.46

{10cum

f10cum

A0oum

1708285 HMOcum

2803.72

92.45

5126.42

5444 51

#i0sam

kg

flcum

f1oum

1.56

19.88

0.82

3.42

1.05

0.81

3.33

3675



Second stage concreling with cemeni
concrete M 20 with 40 mm  graded

5.5 g3 aggregates for diversion weir and connectad
strucires  laying 1o Jines . and levels,
consolidating, cuing ete. including cost of all
form work, fabour, materials eic. complele
(excluding ¢

Reinforcement for R.C.C work using tor steel
bent, tied and placed in posttion including
cost of alt matedals elc complete as per
specification

Suppiying and laying 600mm dia 45mm
thick NP2 cencrete pipe for diverting river
228 watsr from upstream side for repair and
maintenance work including all cost of
conveyance and labour etc. complele.

Back flling with sandy gravel and
228 compacting in layers including labour
chaiges etc. complete as per specification
and as directed by the deparimental officers,

‘Bupplying , Fabricting and installing metal
works for Angles.plates and flats, efc.

2210 including cosl of materials, fabrication and
fixdng charges eic. complete as per the
drawings and as diecied by the
depariment officers.

*Gabion matresses with dry rubble packing

2211 using depil. Rubble issuved (free of cosi)
including cost of materials, conveyance,
fabour charges elc. complete

EBR Masonry in CM 1:5 with deptl, Rubble

issued (free of cost) including cost of
2212 matedals, conveyance, labour chames,

watering, curing elc. complete (excluding
- «cost and conveyance of cement)

Supply of cement at siie including cost of all
2.2.13 storage arrangemends, charges for stacking

and re-sfacking if nescessery and all

conveyance charges eic. complete

Colgrouting masonry in CM 1:3 with deptl.
Rubble issued {ree of cost) including cost of
2.214 materials, conveyance, labowr charges,
watering cuting elc. complete (excluding

cost and conveyance of cement)
Sub Totaf

Contingencies £3% of above.

Add extra for rounding

TRENGH WEIR- Total

SECTION -B TOTAL

150.00 cum

640.00 Qi

3200 m

325.00 cum

125.00 OTL

145.00 cum

30.00 cum

470.00 MT

500.00 cum

3%

514586

728223

2312.00

89831.54

14223 36

8665.12

2365.52

7095.82

4218.75

203.85

foum

1ol

{1m

f1Ccum

HQTL

Shcum

floum

JIMT

fcum

172

46 65

0.74

3.20

17.78

0.97

e.71

33.35

21.08
203.95

0.23

210.30

216,00



3z

33

34

3.5

PART Il - INTAKE CHAMBER

Excavation

Commen excavation in ajt classes of soil
including boulders up to 500 dm3 in size and
dapositing the excavated spoll at places
pointed out by the depadmental officers
including all leads and lifts within a distance
of 5 km.

Excavation in hard rock/ sheet rocks and
boulders above 500 dm3 in size inwet/ dry
condition at ail slevations using modem
explosives with jack hammer etc. drilling,
conveying and depositing the excavated
speil in to dump yanrd or any other places poi

Stacking useful subble obtained from rock
excavation  including all charges
etc.complete for measurements

Wedging, baming, picking etc. on hard rock
including loose rock wherever necessary and

‘depositing the spoil within a distance of §

km, including all charges as per the direction
of deparimenta} officers.

Providing anchor bars 25mm dia fncluding
drilling holes with jack hammer and grouting

- with cement grout including =il labour

charges, machinery, air, water cost and
conveyance of cement and slegl et
complete as per the specifications and as
directed by the departmental officers.

Cement Concrete

- Cement concrete M 10 with graded

3.51

3.5.2

aggregates of size 40mm and 20mm laying
lo lines and ievels, consolidating, curing elc.

including cost of all form work, (abour,
materials efc. camplete (exciuding cost and
conveyance of cemen)

Cement concrete M 25 with 20 mm graded
aggreqates for diversion weir and connected
structures laying to lines and levels,

- consolidating, curing elc. including cost of all

farm work, labour, materals ete. complete
(excluding cost and conveyance of cement)

Second stage concreling with cement
concrete M 20 with 20 mm graded
aggregates faying to fines and levels,
conselidating, euring ete. including cost of all
form waork, labour, materials elc. complete
(excluding cost and conveyanes of coment

100.00 com

700.00 cum

315.00 cum

40.00 cum

. 600.00 Kg.

5.80 cum

17500 cum

23.00 cum

152

3829.78

7857 .66

910.46 -

17082.83

9245

5126.12

§444.51

. 7853.85

~#i0cum

H0cum

A0cum

Hacum

HKg.

foumn

feum

foum,

4.21

550

0.29

068

0.55

£.30

9.53

.70



36

3.7

38

3.9

310

3.11

312

313

Reinforcement for R.C.C werk using tor steef
bent,fied and placed in position including cost
of al matedals eic complete as per
spacification

Buckilling with earth and compacting in
layers ete. complete a5 per spacification and
as directed by the departmental officars.

Supplying and fixing deflushing pipe 300mm
iia welded steel pipe 4mm thick including
cost and conveyance of all maferial , labour
charges etc. complete.

RR Masonty in CM 1:5 with dept. Rubble
issued (iree of cost) Including cost of
malerials, conveyance, kbowr charges,
wateritg, curing etc. complate (excluding cost
and conveyance of cemeant)

Fabricating, supplying and installing intalke
gatz and hoist arrangements using approved
quality structural steel works suftable to the
opening in intake, embedded parts and guide
ways Including cost of materials, fabrication
and fransportation charges, erection charges,
peinting and mcluding design of stuctursf
members, preparation of drawings eic.
complete

Fumishing and instaling miscellanecus metal
works such as halch cover and frames,
gratings, chequered plates, ladder, and raiis,
grills, embeddad parts etc. using confractors
materials in varlous foors including cost of
materisls, conveyance, painting with primer
efc. complele as- per spedification and as
directad by the departmental officers.

Supplying and fidng best quality 300mm
sluice valve of approved make for connecting
with the desilting pipe including cost of vaive,
flanges, packing and mansportation charges,
installation and painting charges eic.
complete, ' '

Supply of cement &t sfie including cost of all
storage amangements , charges for stacking

and re-stacking if necessary and afl
conveyance charges ele, complete

Sub Tokal

Cortingencies {3% of above.

Add exixa for rounding
- Intake Chamber Total

SECTION -C TOTAL

145.00 Ot

570.00 qum

108.0¢ m

4000 cum

1.80 MT

1500.00 Kg

1 No

$0.00 MT

133

3%

728823

104052

2435.00

£3635.52

fs})]

F0cum

Am

Houm

13705266 HMT

7153

74283 .58

7095.82

48.09

H¥Kg

HE

MT

10.57

0.59

248

0.85

2.47

1.07

0.74

B.39

48.09
1.44
0.24

48.77

4877
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4.1.1

PART IV -POWER CHANNEL

Excavation

Common excavation in all classes of soil
including boulders up to 500 dm3 in size and
deposiing the excavated spoil at places
poinfed out by the departmental officers
within initial leads and lifts .

Common excavation in &l classes of sol)
including boulders up to 500 dm3 in size and
depositing the excavaled spoil at places
pointed out by the departmenta! officers
including all leads and Bfts within a distance of
5 km.

Excavation i hard rock/ shest rocks and
beulders above 500 dm3 in size by controlled
and protected blasting in wet / dry condition ai
alt elevations using modem explosives with
jack hammer efc. driling, conveying and
depositing the excavated spoil in to dump

yard or any other places pointed out by

departmentaf officers including all lead and fift
within a distance of 5 km by head load / forry
conveyance, including cost of compressed
air, jack hammer, water line etc complete.

Excavation in hard rock/ sheet rocks and

~ boulders above 500 dm3 in size in wet / dry

12

421

43

condion at ol elevations using modem
explosives with jack hammer ate. drilling,

aonveying and depesiting the excavated spail

in to dump yard or any other places pointed
out by dapartmental officers incuding all lead
and fift within a distance of 5 km by head load
4 lomy conveyance, incliding cost of
compressed air, jack hammer, water line et
campiete.

Stacking useful rubble oblained Fom rock
_excavation including afl charges efe.complate
for measurements

Wedging, baming, picking etc. on hard reck
Including loose rock wherever necessary and
depositing the spoil within a distance of 5 km,
including afl charges as per the direction of
departmerntal officers,

Chiselling in hard rock and old concreie
surface wherever necessary and depositing
the spail at the places pointed by the dept.
officers including all fead and it eto.
complete as per specifications

20520.00 cum

13680.00 sumn

2280.060 cum

22800.

11300,

- 450.

154

GG cum

00 cum

00 cum

75 sqm

2325.56

382976 HOoum

8200.78

7857 66

910.46

17082.88

1462 80

Hbeum

{10ctim

HOcum

H0eum

Afcum

1Usgm

47,72

52.39

18.70

178.15

10.29

7.68

ot



4.4

4.5

4.5.1

452

453

48

4.7

4.3
49

4.10

4

412

.

Providing anchor bars using 20 mm tor steel
including drilling holes with jack hammer and
grouting with cement grout including all labour
charges, machinery, air, water cost and
conveyance of cement and steel etfc.
complete as per the specifications and a

Cement concrete

Cement concrete M 10 with graded
aggregates of size 40mm and 20mm laying
to ines and levels, consolidating, curing ete.
incuding cost of all form work, labour,
matetials ete. complete (excluding cost and
conveyance of cement)

Reinfarced Cement concrete M 25 with 20
mm graded aggregates for R.C.C works of
bottom plate, side wall ate, of fore bay at all
elevafions, lmying fo lnes and levels,
consolidating, curing etc. including cost of all
torm worlk, labour, materials efe. com

Cement concrate M 20 with 20 mm gradad
aggregaies laying to lines and lewvels,
cansofidating, curing ete. including cost of ail
form work, labowr, materials ete. complste
(excluding cost and conveyance of cement)

Supplying and laying 160 mm PVC

perforated pipe to lines and levels including all
charges efc., complete as per specification
and as directed by the deptl, Officers

Supplying and laying 110 mm PYC pipe to
fines and levels including all charges efc.,
complete as per specification and as directed
by the depll. officers

Supplying and fiing 1607110 mm PVC
Reducer Tee including cost of al material,
iabour efc.,complete .

Supplying and fiking 160 mm PVC bend /
fennel including cost of all material, labour
elc..complete

Supplying and fixing 110 mm PVC bend /
funnel including cost of alt material, labour
efc. complete

Providing graded filter with 5 to 20mm graded
aggregates including cost of all materials,
labour charges etc. complete as per
specifications, drawings and as directed by
departmental officers.

Supply and laying good quality polythene
sheet over the gravel fiter layar

1700.00 Kg.

48000 cum

2100.00 cum

250,00 cum

H93.06 m

650.00 m

40.00 Nos

50.00 Nos

30.00 Nos

540.00 cum

3700.90 'sgm

1553

9245

5126.12

6646.37

627338

483.50

277.50

302,00

555,00

148.90

2218.92

7000

HKg.

ficum.

feum

foum

im

m

/E

‘E

feum

/1 sqm

1.57

2461

139.57

15.68

577

1.80

02

028

0.04

1188

2.58
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4,14

415

4.6

417

4.18

4.18

4.20

4.21

4.22

.. Reinforcement for R.C.C work using tor steel

benttied and placed in position including
cost of all matarals etc complete as per
specification

Back filing with uncompacted earth
conveyed from dumping yard/ bormaw pits as
per specification and as directed by the
departmental officers

DR Masonry for retaining wall with deptl.
Rubble jssued (free of cost) including cost of
vonveyance, labour charges, efc. complete

RR Masonry in CM 1:5 with deptl, Rubble
issued {free of cost} inciuding cost of
materials, conveyance, Jabour " charmges,
watefing, curing ete. complele [excluding
cost and conveyance of cement)

Supplying and fixing standard water stopper
for expansion joinls in walls during

concreting

Fumishing and instaliing gaivanised iron
sheet 2mm thick In joints and at other
iocations as per standard specification and
as per the -direction of the departmerdat
officers,

Froviding and installing hand rails using &1
pipes of S0mm and 32mm or nearest size
including cost of bending, welding, painting
ete., as per drawing and specification.

Plastering with CM 1;3, 15mm thick flnated
hard and trowel ted smooth 72 kg per 10m2
of plastering including cost of scaffolding,
curing, cost and conveyance of materisis,

- fabour efc. complete but excluding cost of .

cement as per specification and as divected
by the departmentaj officers.

“Turfing the stopes with vefiver plants

including trimiming, dressing and lead up to
200m and lift upte Sm and watering as
reduired until the turf properly takes roof and
in any ¢ase for a pericd not less than 1
morh :

Supply of cement at site including cost of alt
storage arrangements, charges for stacking
and re-stacking if nescessery snd aff
conveyance charges ets. complets

Sub Total
Confingencies @3% of sbove.
Add extra for rounding

Power Channel- Total

SECTION -D TOTAL

1377.00 cHf.

5500.00 cum

400 cum

210.00 cum

170.00 m

1000.00 kg

200.00 m

3000.00 sqm

10300 sgm

1163.00 NT

158

3%

7289.22

1230.50

1039.21

2365.52

280.54

- 104.20

803,84

2054.81

- 1052.42

055,82

738.50

JCH

10cum

foum.

foum

/m

kg

fm

Hlsgm

110 sgm

M7

160.37

677

4.16

4.97

0.49

1.04

1.81

6.16

10.84

81.81
738,50
2215
0.35
761.00

781.00
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52

53

54

55

5.5.1

5.5.2

8253

PART V -FOREBAY
Excavation

Common excavation in ail classes of soi)
including boulders up to 500 dm3 in size and
depositing the excavated spoil at plages
pointed out by the departmental officers
incfuding atf leads and liffs within a distance
of § km.

Excavation in hard rocid sheet rocks and
boulders above 500 dm3 insize inwet/dry
condition at all eievatione using modern
explosives with jack hammer etc. driliing,
conveying and depositing the excavated
spoll in to dump yard or any other places poi

Stacking useful rubble obtained from rock
excavation including all charges
etc.complete for meastirements

Wedging, baming, picking ete, on hard rock
neluding loosa rock wherever necessary
and depositing the spoll within a distance of
5 km, including =ait charges as per the
direction of departmental officers.

Providing anchor bars including drilling holes
with jack hammer and grouting with cement
greut  Jncluding all  labour charges,
machinery, air, water cost and conveyance
of cement and steel elc. complete as per the
spedifications and as  directed by the
depanimental officers.

Cearnent Congrete

Cement concrefe’ M 40 with  graded
aggregates of size 40mm and 20mm laying
1o lines and levels, consolidating, curing ete.
including cost of all form work, fabour,
materials etc. complete (excluding cost and

* ¢onveyance of cement}

Cament concrete M 25 with 20 mm gradsd
agpregates for R.C.C works of bottom plates
swie wall elc. at all elevations, faying to linas
and [evels, consofidating, curing st
including cost of alt. form work, labour,
materials ete. complete (axciuding cost an

Reinforced Cement concrete M 20 with 20
mm graded aggregates for R.C.C works of
Anchor/ Standing wall of forebay at all
clevations, laying to lines and [evels,
consoiidating, curing ete. including cost of ait
form work, labour, materiale etc. complete
{ex

3000.00 cum

2000.00 cum

900.00 cum

220.00 cum

250,00 kg

50.60 cum

1040.60 cum

80.00 cum

157

3828.75

7857.66

910.46

17082 68

9245

3126.12

544451

5083.83

f10ctm

MQcum

MOcum

Hdcum

foum

foum

feum

1148

1%.72

0.82

3.76

2.56

56.62

4,08



554

25

57

58

59

5.10

5N

512

513

Second stage concreting with cement

“concrete M 20 with 20 mm graded

aggregates laying to lines and fevels,
conselidating, curing ete. including cost of all
form ‘work, labour, materials eic. complete
(exctuding cost and conveyance of cement)

Reinfarcement for R.C.C work using tor steat
benttied and placed in position Including
cast of all materials efc complete as per
specification

Fumishing and placing copper seffing siips
in joints and at cother locations as per
drawings and specifications etc., camplste
including cost of all copper strips ete,,

RR Magonry in CM 1.5 with depti. Rubble
iesved (free of cost) including cost of
materials, fabour charges, watering, curing
ete. complete  [excluding eost - and
conveyance of cemeant)

DR Masorry for retaining wall with dept.
Rubble issued (free of cost) including cost of
cornveyance, labour charges, etc. complete

Backfifing with earth and compacting in
layers etc, complete as per specification and
as directed by the departmental officers.

Fabricating, supplying and installing Intake
gate and hoist arrangements using approved
quality structural steet works suitable to the
opening in forebay, embedded parts and
guide ways including cost of raterfals,
Tabrication and transportation charges, e

Fabricating, supplying and installing Trash -

rack metal works suitable to the trash rack
opening in forebay, embedded parts and
guideways including cost - of ‘materials,
fabrication and  transporiation charges,
erection charges, painting and including
design of structural members, preparation of
drawings elc. complete

Fumishing and instaling miscellanecus
metal works such as hatch cover and
frames, gralings, cheguered plates, ladder,
and rails, grifls, embedded paris etc, using
contractors materials in  various floors

including cost of materigls, conveyanca, .

pairting with primer et complete as per
speciiication and as directed by the
deparimentsl officers,

5.00 cum 7653.85  feum 0.38
1125.00 G, 728923 104 &2.00
700 kg 82362 kg 4.37

480 cum 238552 HMeum 11.35

320.00 cum 1039.21  Joum 333

750.00 cum 104052  fi0cum 0.78

230 MT 13705266 /MT 3.15
.00 MT 13705266 /MT 6.85
5.00 Qi 8507682 JAMT 0.43

158



5,14

5.15

5.18

517

8.1

6.1.1

512

6.2

Supplying and fixing DN 300 welded steel
pipe 4mm thick (300mm dia) including cost
and conveyance of all materlal , labour
charges etc. compiete.

Supplying and fixing best quality 200mm
sluice wvalve of approved wmake for
connecting with the desilting pipe including
cost of wvalve, flanges packing and
transportation charges, installation and
painting charges etc. complete,

Turfing the slopes with veliver plants
including trimming, dressing and lead up o
Z0n and #ift upto Sm and watering as
required until the turf properly takes root and
in any case for a peried not less than 1
month

Supply of cemant at site inchiding cost of all
storage arrangements |, charges for stacking
and rte-sfacking if necessary and all
conveyance charges els. complete
Sub Fotal
Contingencies @3% of above.
Add esdra for rounding

FOREBAY- Total

SECTION -E TOTAL

35.00'm

1.60 No

200 sgm

535 MT

3%

PART V| -OVERFLOW CHARNNEL AT FOREBAY

Excavalion

Cornmon excavation in alt classes of soff
including boulders up to 500 dm3 in size and
depositing the excavated spoil at places

pointed out by the departmental officers’

including all leads and lifts within a distance
of 5km.

Excavation in hard rock/ sheet rocks and
boulders above S00 dm3 in'size iIn wet / dry
condiion af all eievations wusing modern
explosives with Jack hammer etc. drilling,
conveying and depesiting the excavated
spoil in to durmp yard or any other places poi

Stacking usefu! rubble obfained from rock
excavation Including all charges
elc.complete for measurements

480.00 cum

310.00 cumn

146,00 eumn

159

248800 Mm
74253.89 /E

1052.42  MoOsgm

709582  HMT
24863

382876  f10cum

785766 MOcum
910,48  M0ocum

0.87

0.74

021

37.95
24863
7.46
0.75
256.84

256.84

1.76

244

213



6.3

6.4

8.5

6.5.1

8.5.2

66

a7

6.8

‘8.9

£.10

' Wedging, barring, picking ete. on hard rock

including locse rock wherever necessary
and depositing the spoil within a distange of
S km, including ail charges as per the
direction of departmental officers.

Providing anchior bers 25mm dia including
drilling heles with jack hammer and grouting
with cement grout includng a2 labour
charges, machinery, air, wafer cost andg
conveyance of cement and steel etc.
complete as per the specifications and as
directed by the departmental officers,

Cement Concrate

Cement concrete M 10 with graded
aggregates of size 40mm and 20mm laying
1o lines and fevels, consolidating, curing etc,
including cost of aff form work, labour,
matenials efc. compleie (excluding cost and
conveyance of cement}

Reinforeed Cement concrete M 25 with 20
mm graded aggregates for R.C.C works of
bottorn plate, side wall ete. of forebay at all
elevations, laying to lines and levels,
conselidating, curing ete. including cost of all
form work, labour, materials etc. comp

Rginforcement for R.C.C work using tor stee]
penttied and placed in position including
cost of all matenials elc complete as per
spacification '

Backfilling with earth and compacting in’

layers elc. complete as per specification and
as directed by the departmental officers.

R Masonry in CM 1:5 with deptl Rubble
lested {free” of cost) including cost of
melerials, conveyance, [abour charges,
walering, curing elc. complete {excluding
cost and conveyance of cement)

DR Masonry for retsining wall with depd,
Rubble isstied {free of cost) including cost of
conveyance, labour charges, etc. complele

Turfing the slopes with veliver plants
including trimming, dressing amd lead up to
200m and f. upto S5m and watering as
required umiif tha turf properly takes root and
In any case for @ period not less than 1
month '

40.00 sgm

180.00 Kg.

44,00 cum

185.00 cum

125.00 Qil

200.00 cum

75.00 cum

85.00 cum

300.00 sgm

160

1708288

92.45

512612

S444 51

7283.23

1040652

236552

1038.21

1095242

/10sqm

MKg.

feum

feum

#1 Citf

H1ocum

floum

foum

F0sqm

0.68

0.17

226

10.07

a1

a.21

177

G.B8

0.3z



- Supply of cement at site including cost of alt

storage arrangements | charges for stacking
and re-stacking If necessary and all
conveyance charges efc. complete

Sub Total
Contingencies @3% of above.
Add extra for rounding
Cverflow Channei- Total

SECTION - ¥ TOTAL

97.00 MT

3%

160 a

709582

36.68

nMT

6.88

35.68

1.10

0.08

3786

37.86



71

7112

7113

7114

7118

PART Vi -PENSTOCK

TRACK FORMATION, CONSTRUCTION OF
ANCHORS & ROCKER SUPPORT,
DRAINS, FABRICATION AND ERECTION
OF PENSTOCK, ETC.

TRACK FORMATION

Excavation

Commuon excavation in all classes of soll
inciuding boulders up to 500 dm3 in size and
depositing the excavated spoi at places
pointed out by the departmental officers
within initial leads and lifts .

Excavatlon in hard rock! sheet rocks and
boulders above 500 dm3 in size by
controlled and protected blasting in wet f dry
condition at zll elevations using modern
explosives with jack hammer efc. drilling,
conveying and depositing the excavated
spoll In o dump yard or any other places
pointed out by departinental officers
InGluding all lead and fift within a distance of
5 km by head load / lowy convevance,
including cost of compressed air, jack
hamirner, water line etc complete.

Excavation in hard rock! sheet rocks and
boulders above 500 dm3 in size inwet /dry
condition at all elevations using modem
explosives with jack hammer etc. drilling,
conveying and depositing the excavated
spbil in to dump yard oF any other places

pointed out by departmental officers

including afl lead and fift within a distance of
3 km by head load / lorry cohwveyance,
including cost of compressed air, jack
hammer, water line efc complete.

Earth woik in hard sol and depositing on
banks with initial lead up fo SOmM and iR upto
t5m including. breaking clods,watering
ramming and sectioning of spoil bank etc.
complete. For rocker support and anchors of
penstock ) .

Stacking useful rubble obtained from rock
excavation inciuding afi charges
etc.compiete for measurements

Wedging, bairing, picking ete. on hard rock
inclhuding loose rock whefever necessary
and depositing the spoil within a distance of
5 km, including all charges as per the
direction of deparimental officers.

Sub Total TRACK FORMATION

8600.00 cum

160,00 cum

3280.00 cum

240,00 cum

1550 cum

40,00 cum

1614

2325.56

8200.78

7857.66

325163

$10.45

17082L88

HOcum

H0cum

/10cum

Mdeumn

10cum

filcum

2233

131"

2577

.78

1.41

668

52.29



7z

721

722

7.23

7.2.4

728

7.28

7.31

132

CONSTRUCTION OF ANCHORS

Providing anchor bars using 25 mm dia tor
stee! including drifing hofes with jack
hammer and grouting with cement grout
inciuding alj fabour charges, machinery, air,
water cost and conveyance of cement and
steet atc. complete as per the specifications
and as directed by the departmenta! officers.

Cement concrete M 20 with 20 mm graded
aggregates  for pensfock suppor  and
connected structures laying to ines and
levels, consolidating, curing efe. including
cost of all form wark, labour, materials ete.
complete {excluding cost and conveyance of
cement)

Second stage concreting with cement

concrete M 20 with 20 mm graded

aggregates for penstock support and
connected structures laying to lines and
levels, consolidating, curing efc. including
cost of alt form work, labour, materials etc.
complete {eXciuding cost and conveyance of
cement)

Reinforcement for R.C.C work using tor steel
benttied and placed in position including
cost of all materlals etc complete as per
specification

Turfing the slopes with vetiver plants
including trimming, dressing and lead up to
200m and il upte Sm and watering as
required until the furf properly takes reot and
in~any case for a perod not less than 1
month

Supply of cement at site including cost of alf
storage arrangements, charges for stacking
and re-stackdhg f necessary and all
conveyance charges etc. complete

Sub Total COMNSTRUCTION OF ANCHORS

FABRICATION OF PENSTCOK PIPES AND
ACCESSORIES

Witrasonlc inspection of spirally welded steel
penstock pipe (IS 2002 Grade 1| Sieel) at
place of deliveryfabrication site as per
specification, approved drawings prior to
fabricaion of plates including ail expenses
for testing amangements, labowur. charges
efc. complete and as directed by the
depargnental officers.

Supplying spirally welded sieel pipe of
external dia  1.422m (56" with 8mm
thickness,of length 6m pertalning to (IS
2002 Grade I Steel) of standard tested
quaiity at the site as per specification,
approved drawings including all expences
etccomplete and as directed by the
departinental officers.

200 Kg. 8245 My

370.00 cum 877682  HMeoum

16.00 cum 5680.83 /oum

184 Qo 728823 Mol

1500 M2 83242 M0sgm

160.00 MT 709582 F1MT

923.00 MT 440.00  FIMT

123.00 MT  €4058.39 /MT

162

0.18

21.37

085

14.14

1.25

11.35

4916

0.54

78.79



7.33

734

735

T.38

7.37

a)

7.38

Fabrication of penstock using spiratly welded

pipes of 6m in length 1.422 dia making
water tight | testing the welds by dye
penetrant test as per specification including
cost. of structural steef wekls etc. complate
as per the directions of Engineer in charge.

Fabrlcation of IS 2002 Grade Il Steel Jiner
for manhele, expansion joit, sing girder ete./
penstock making water tight  testing the
welds by Dye pepefrant fest as per
specification including cost of structural
steel welds eic. complete as pei the
directions of Engineer in charge.

Loading and fransporting of penstock pipes
and s accessories including bifurcation
piece, bands, H [ siraps, rocker supports,
expansion joints, butterfly valve etc. from the
pipe dump yard nearest location of erection
inciuding loading unioading and co

Erection of penstock pipes, bends,
expansion  joinis,  bifurcationstrifurcation
pleces, rocker supports, butterfly valves,
accessofies including handling, adjusting
ard pesitioning of pipes in lines and levals,
welding  joints using confractors  own
machiner

Radlographic inspection of welds as per the
specification Including all expenses for
testing arrangements and fabour charges
elc. complete and as directed by the
depanirnental tfficers,

FleX welds carried out st site

Cutvert at penstock crossing the coun road

123.00 MT

24.00 MT

147.00

142.00 MY

S00.00 m

L3

13526.00 HAwMT

2831510 MMT

606278

31418.96  HMMT

800.00

1m

Sub Total: FABRICATION OF PENSTCOK PIPES AND ACCESSORIES

PENSTOCK

Sub Total : TRAGK FORMATION, CONSTRUCTION OF ANCHORS &

ROCKER SUPPORT, DRAINS, FABRICATION AND ERECTION OF

PENSTOCK, ETC.

Contingencies @3% of above.
Add extra for rounding

Sub Total : PENSTOCK

SECTION -G TOTAL

163

3%

278.04

15.64

23.60

8.91

4482 -

4.50

0.80

178.39

2739.84

837

1.79

250.00

250.60



H

8 PART VHI POWER HOUSE AND SEWITCH YARD

8.1

811

8111

Power Housa

Excavation

Cemmen excavation in all classes of soil
fncluding boulders up to 500 dm3 in size and
depositing the excavated spofl at places
pointed out by the departmental officers

;within initail lead and fift.

8.11.2

8113

8.1.1.4

8.1.1.5

812

813

814

Common excavation in alf classes of soll
including boolders up 10 500 dm3 in size and
depositing the excavated spoil at places
pointed cut by the departmental officers
including all leads and ffts within a distance
of 5 km.

Common excavation in shafls, faults
trenches, seams cut etc. and depositing the
spoil at places pointed out by Deptl, Officers
including all feads and lifis wilh in a distance
of 5 Kiv. .

Bxcavation- in hard rock/ sheet rocks and
boulders above 500 dm3 in size in wet f dry
condition at all elevations using modern
explosives with jack hammer etc. drifling,
convaying and depositing the excavated
spolt in fo dump yard or any other places
point

Excavation in hard rock! sheet rocks and
boulders above 500 dm3 in size by
controlled and protected blasting in wet / dry
condition at all elevations using modemn
explosives with jack hammer elo. driliing,
gonveying and depositing the excavated

spoilin t

Stacking useful rubble obtained from rock
excavation including - al chaiges
ete.complete for measurements

Wedging, bawing, picking etc. on hard rock
including lnose rock wherever necessary
and depositing the spoit within a distance of
$ km, including all charges as per the
direction of deparimental officers.

Chiseling in hard rock surface wherever
necessary and depositing the spoil at the
places pointed by the deptl officers
inchading all lead and. lift etc. complete as
per specifications

1130.00 cum

45%0.00 cum

175.00 cum

3708.00 cum

752.00 cum

1692.00 cum

50,00 cum

£0.00 cum

164

232555

4732.28

56858.35

7867.68

B200.78

91048

1708258

5851.20

/10cum

f10cum

M0curn

#10cum

10cum

/10cum

F10cum

Hteumn

253

21.34

.89

28.14

817

1.54

0.35

283



 Foundation preparation including cleaning of

8.1.% foundation using broom,compressed  air
ele. and removal of soil including
depositing the sama required for the filing
area within the PH/Switch yard premises

Providing anchor bars of 25mm dia stee! rog
incliding drilling holes with jack harmmer and
grouting with cement grout including alf
labour charges, machinery, air, water cost
and conveyance of cement and steel elc.
complete as per the specifications and as
directed by the departmental officers.

81,7 Cementconcrate

Cement concrste M20 with  graded
aggregates of gize 12mm and 8mm laying to
8.1.7.1 lines and levels, consolidating, curing etc.
including cost of all form work, iabour,
materials efe. complete for thin slabs etc..
(excluding cost and conveyance of cement)

8172 Cement Concrele M10 MSA A0mm for
laveliing course below column footing

Cement Concrete M25 MSA 20mm for

6.17.3 column footing

8.17.4 Cement Concrete M25 MSA Z0mm for
T column upte level +464 & walls . Fic

' Cement Concrete M25 MSA 20mm for
8475 .
beams, linted elc.

8178 Cement Cancrete M20 MSA_ 20 for column
" above +464.000m fe_vef

g 1 7.7 Gement Concrele M20 MBA 20 for slab &

sunshade

8178 Cement conherefe M20 MSAZ0 for mass
T concrete works

Cement concrete M20 with 20mm graded
aggregates for precast slab, consolidating,
8.1.7.8 curing, stacking etc. and transporting to site
and {aying to lines and levels after cleaning

and compacting the surface including cost of -

! .Cement concrate M20 with 12mm & 8mm
BL7ACT
gize broken stones

Cement concrefe M20 with 20mm broken

8.1.7. 11 sfone for switchyard structures, power house
yard construction works..atc..

8.1.8 walls

8.1.8  M1D MSA 40 for floor concreting works

200.00 sgm

400,00 4y

10.00 cum

124.78 cum

38.00 cum

195.00 cum

47.00 cim

51.90 cum

14.50 qum

122500 cum

20.00 sum

10.00 cum

223.00 cum

261.78 cum

17.00 cum

183

G38.76

82.45

5359.22

3467.67

5404.57

10485.30

10665.71

10485.30

8675.84

5890.62

7060,92

535822

731146

6353.41

D4BT.6Y

f10sgm

Mig

fcum

fAcum

ficum

fleum

foum

Heum

HMoumn

Houm

fleum

Fteum

Hteurn

Moum

focum

013

0.37

0.64

5.82

2.05

2045

5.01

3.36

126

7216

1.41

0.64

16.20

1866

0.53



81.10

1M

81.12

81.13

8114

81,15

8.1.18

8117

8118

8.1.18

8.1.20

2.1.21

8.1.22

8.1.24

8128

Bupplying & Fixing various size aluminium
sliding sash glass window with Smm thick
glass as per specifications

Supplying & Fixing i position aluminiurm
doors of various size as per standard
specifications

Flasering with Cement Modar 1:3, 9mm
thick for ceiling plasering

Plasering with Cement Mortar 1.4, 12mm
thick for exposed faces of brick masonry

Dadolng wall with best quality white glazed
tiles

Supplying and fixing European type white
glazed earthenware W T pan with trap

White cement washing two coats on
plastered surfaces

Painting with water proof cement paint of
approved colour ang guality, two coats

Reinforcement for RCC works bent tied and
placed in position ..etc.. complete

Chemical treatment fo the out side face of
wall with a flexible elastic water proofing and
protection

Fabrcating and installing miscellaneous
ingide metal works such as frames, Covering
ladder etc. including cost of painting

Supplying and fixing eleclrically operated
rolling shutters of approved make

Supplying and fixing relling shutter cover of )

approved make

Supplying and fixing best quality ceramic

“tiles of appraval quality

PrOVIGiNg ang g anotsea  awHvnium
hand rails over steal railing with necessary
protection works

Supplying and fixing 550 x 400 mm size
wash basin of white glazed earthem best

quality

Supplying threading, laying and [ointing
50mm neminal dla Gi pipelB class) and
specigls with clamps Including cutling and
making good the wall painting the exposed
surface of the pipe as per specification and
a8 directed by the depardmental officers

49,00 sqm

12.00 sgm
127.060 sqm
2538.98 sgm
18.00 sgm
1.00 .No
2477.00 sqm
2350,00 sqm

1200.00 Gf

310.00 sgm
75.00 Qff
24.00 sqm

5.00 m

88.00 sgm

110.00 kg

2.00 Nas

2500 m

166

228498

2644 46

2014.25

205171

1551.75

3493.24

#0786

75714

7289.23

§16.50

110.03

3083.18

553.00

7144.98

27485

3109.78

464 .37

HMagm

Hsgm
110sgm
H0sgm
f‘la_qm
=
H0agm
Mdsgm

Ha

fisqm

fkg
Asqm
ftm

10sgm
1 kg

f1E

m

1

0.32
0.26
521
(.28
0.03
175
178

B7.AT

253

8.25
0.74
.03

063

0.31

0.05

012



81.27

8128

81.28

8.1.30

8.1.31

B132

8.1.23

Supplying, threading, taying and painting

7omm nominal dia Gl pipe {B ciass}and
specials with clamps Inciuding cutting and
making good the wall painting the exposed
suface of the pipe as per specification and
as direcied by the depardmental officers

Supplying , threading, laying and painting 15
mm nomingt dia Gi pipe (B class} and
specials with clamps including culting and
making good the wall painting the exposed
surface of the pipe as per specification and
as directed by the depantmental officers

Supplying and fixing pasted type 110mm dia
PVC down water pipe including necessary
fittings such as clamps, screws ete, fixing the
pipe o the wall with iron clamps and screws
o teak wood plug embedded in CM, citting
masonry/copcrete wherever necessary,

Supplying and fixing 40 mm dia PVC pipe (&
kgisg cm) pasted type with filtings such as

Tee, band, elbow, checknuts stc, including .

alf other accessories for internal water
supply as per specification.

Supplying and fixing 20 mm dia PYC pipe
{12 ky/ sq cm) pasted type with Fitings such
s Tee, bend, elbow, checknuts efc,
including alf other accessories for internat
water supply as per specification.

Supplying and fixing lipped urinal of size 430
R 230 x 350 mm or nearest size of white
glazed earsthenwars as per specification and
as directed by the Deptl, Officers

PR masonry for retaining wall  with

deparmental rubble issued free of cost -

isefuding conveyance, labour charges efc.

RR Masonry in CM 1:5 with Deptl. Rubbie

8.1.35

4.1.26

issued {free of cosl) including cost of
matarials,conveyance, - labour - charges,
watering, curing etc. complete (excluding
coat and conveyance of cement)

Back filling with sandy gravel and
compacling in  layers Including labour
charges elc. complete as per specification
and as directed by the deparimental officers.

Supplying and filling wih ballast and
compacting In iayers etc. complete as per
specification and as  difected by the
deparmental officers.

15.00 m

23.00 m

105.00 m

100.00 m

1.00 No

800.00 cum

250,00 cum

120.00 cum

100.60 eurn

167

656.09

161.80

22122

26.92

182692

1039.21

236552

96212

w4147

HMim

fim

im

im

fm

MNE

fleum

floum

F10eum

HMeum

0.10

0.04

0.23

0.04

0,01

0.02

8.31

4.9

1.10

1.54



Back filing with uncompacted earth
§.1.37 conveyed from dumping yard as per
specification and as directed by the
deparimental officers 300.00 cum 1080  MOcurm 0.27

Supplying; stacking and spreading 40 mm

broken stone at switch yard for a thickness

of 18 om including cost of materials and

labotr charges 400.00 sqm 2556.88 HMOsqm 1.02

8.1.38  supplying, stacking and Spreading sand at
switch yard area for a thicknsss of 8 cm 400.00 sgm 156629 MOsgm 0.683

Providing M.S grills for compound gates
8140 inchuding alf labour charges for fabricating
and cost of materials and applying a coat of
iron primer etc. complete 300.00 ky 110,03 {1Kg 0.33

B.1.4% Supplying and fodng 1000 Iltr PYC slorage :
watertank of IS1 Standard - 1.0G Ng 565000 ME 0.05

Painting iron works with two coats of
8.1.42 approvad  quality colour paint over a
caat of iron primer after rubbing with emery
paper and clearing the surface including
cost of materials, labour chaiges etc. 150.00 sqm 97078  /t0sqm 0.15

Supplylng and laying non metalic floor
hardner of approved colours for floors of
B.1.43 Fower House, siore and such other places
using premixed powder cantaining selective
hard aggregates herdness 7-8 on Mob's
having abrasion reslstance less than 0.75
mg/icycle 347.00 sgm 3B60.37  HOsgm 1.37

Fabricating, . supplying and  installing
embedded pants .stop log gate, gate slot,
drafit tube, guideways including cost of
8.1.44 materials, fabrication and transportation
charges, erection charges, painting and
‘including design of structural members,
preparation o 4.80 MT 12775875 AMT 6.13

Supply, fabricatlon and erestion of roof
girders, roof trussers, gantry girders ets. at

all elevafion including painfing one cost of .
iron primner ete. complate 22.00 MT H3908,79 1 MT 2465

- Supplying and fixing & strip (50x6mm) for
laying earth mat at appropriate location. 20.00 GH 583682 MOt 1.97

Supplying and fixing standard water stopper
8147 for -expansion joints in walls during
cencreting 100.00 m 29054 r‘lm ¢.29

Supplying and ﬁ:dng copper plates including
8.1.48 bending, folding to shapes etc. for expansion
joints in walls & slabs 10000 m 576230 Mm 575
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§1.49 Furnishing and installing PVC water stops In
T construction joints at al elevation 100.00 m 173345 HMm 1.73

Roofing  with  prepainted galvanized
trapezoidal sheet with boit ,nut and bitumen

81.50 washers, including necessary overlap of

: 190mm at ends etc. complele as per _
specification 40000 sgm 6921.02  A0sgm 277

Supplying and fixing plain gaivanized ridge
8.1.51 225mm with 220G sheets o available skze

induding crank bolts & putz and washers
ele 3200 m 366923 /10m 012

Previding pre painted galvanized plain sheet

1mm thick partition works for power house

building outer walis above 5mir height

Including M.S fabrication works for fixing the

partitions etc, complete 2400 sgn  5310.79  /10sgm 0.13

8.1.52

Supplying and fixing turbo air extractor of
approved quality inciuding all cost for fixing .
at power house rooftop ete complete, 6.00 Nos 1250000 HE 075

8.1.53

- . Supply of cement at site including cost of all
B.154 siorage arrangements, charges for stacking
and restacking if nescessery and alf

conveyance charges efc. complete 850.60 MT 709582 HMT 60.24
8.1.55 For sanitary and water supply items s 2.00
B.1.568 Protective works LS 500
a
Sub total 45462
Conlingencies €3% of above less LS. 3% 497.82 13.43
Add extra for rounding 0.71
Total for FOWER HOUSE 468.76
8.2 Swilch yard LS 10,00
SECTION -H- TOTAL ' 478.76

9 TAIL RACE CHANNEL

9.1 Excavation

Comumon excavation in afl classes of sofl
: including boulders up to 500 dm3 in size and
8.1.1 depositing the excavated spoil at places
pointed cut by the deparimental officers
inchading all Teads znd ifis within a distance

of 5 km. 840.00 cum 3828796  MOcum 322
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8.2

53

2.31

9.3.2

9.4

a5

96

87

Exeavation in hard rock/ shest rocks and
boulders above 500 dm3 insize in wet / dry
condition at all elevations using modern
explosives with jack. hammer etc. driiling,
conveying and depositing the excavated
spoil in to durap yard or any other places poi

Stacking useful rubble oblained from rock
excavation inelding all charges
elc.completa for measurements

Cament concrate

Cement conorete M 10 with  graded
aggregates of size 40mm and 20mm laying
te lines and levels, consolidating, curing ete.
including cost of all form work, labour,
materials efc. complete (excluding cost and
conveyance of cement)

Reinforced Cement concrete M 25 with 20
mimn graded aggrepates for R.C.C works of
bottom plate, side wall etc. of forehay at alt
elevations, laying to lines and levels,
consclidating, curing etc. including cost of all
farm work, labour, materials ete. comp

Reinforcement for R C.C work using tor steal
benttied and placed In position including
cost of all materials etc complete as per
sPacification

Rough stone dry packing for aprons and
ievetmenis with Deptl. Rubble issued (free

of cest) including conveyance, labour
charges efc. complete.

Fumishing and instaling pve water stops in
cofstruclions joints

Supply of cement at sile including cost of alt
storage amangements , chrges for stacking
and restacking f necessary and  all
copveyance charnges etc. complete

Sub Total
Contingencies @3% of_above.
Add ex&a for rounding
Tailrace Channel- Total

SECTION 4 - TOTAL

882.00 cum

42.00 eum

480.00 cum

32500 Qil,

25.00 cum

74.00 m

220.00 QM.

170

3%

1860.00 cuim 1857686  HOcum

91048 Hicum
5126.12 Jeum
6646.37  jfoum
728923 AQ.
1150.90  fMeum
173345 /m
C 709582 MQt.
9434

13.40

0.80

2.15

31.80

23.89

0.28

1.28

15.6%

94.34
2.83
0.56
97.73

97.73



10

0.1

1041

10.1.2

10.1.3

102

103

10.4

105

106

107

0.7

" ACCESS ROAD TO POWER HOUSE

Excavation

Cammaon excavation in all classes of sofi
inciuding boulders up to 500 dm3 in size and
deposiling the excavated spoil al places
pointed out by the departmental officers
within initial leads and lifts.

Exsavation in hard rock/ sheet rocks and
boulders above 500 dm3 in size by
controled and protected blasting in wet / dry
condition at all elevations using modemn
explosives with jack hammer ete. drifling,
conveying and depositing the excavated

spaoit int

Excavation in hard rock/-sheet rocks and
boulders above 500 dm3 in size inwat / dry
condition at all elevations using modem
explosives with jack hammer elc. driffing,
conveying and depositing the excavated
spaitin to dump yard or any other places poi

Gtacking useful rubble obtained from rock
excavation including - =afl charges
ete.complete for measuraments

Backfilling with earth and compacting in
layels etc. complete as per specification and
as directed by the departmental officers.

Rough stone dry packing for pitching the

sides of the road with deptl rubbie(free of

cost) ingluding alf labour charges etc,
complata

DR Masanry for retaining wall with dept.
Rubbla issued {free of cost) including cost of
corveyance, labour charges, ete. camplete

RR Masonry in CM 1:5 with deptl. Rubble
lssued (free of cost) including cost of
materials, conveyance, labour chages,
watering, curing etc. complete (excluding
cost and conveyance of cement}

Cement concrefe

Cement conctete M 10 with graded
aggragates of size 40mm and 20mm laying
1o fines and levels, consalidating, curing etc.
inciuding cost of all form work, labour,
materials efc. complate (excluding cost and
conveyance of cemant)

530.00 cum

140.06 cum

200.00 cum

153,08 cum

780.00 cum

65.00 cum

170.00 cum

32.00 cum

20.00 cum

171

2325.56

8200.78

7857.66

91046

38418

1110.80

1038.21

236552

5126.12

F1Gcom

0eum

HOcum

110cum

H0cum

fleurn

_!1cum

Heumn

Meurnt

1.97

0.14

028

0.72

177

0.76

1.03



" Cenfent concrete M 15 with 20 mm graded

10.7.2

073

10.8

10.9

1010

¢t

10.12

1013

1014

aggregates for concrete pipe, pad and at
other locations laying to Hnes and levels,
consolidating, curing etc. including cost of aji
form work, labour, materials ete. complete
{excluding cost and conveyance of cemen

Cement concrete M 20 with 20 mm graded
aggregates laying to lines and levels,
consolldating, curing ete. including cost of all
form work, labour, materials eic. complete
(excluding cost and conveyance of cement)

Supplying 60mm graded metal {proportion of
7:3 of 80mm and 36mm by volume) and
stacking In  standard  heaps  for
measurements inciuding cost, conveyance,
tabour ete, complete

Supplying 36mm broken stone and stacking
in standard heaps for measurements
inclisding cost and conveyance of materials
and labour charges gtc. complete

Supplying 12mm hard blue granite broken
stone and stacking in standard heaps for
measurements incitding cost , conveyance,
labour charges efc. complete T

Supplying 6mim hard blus granite broken
stone and stacking in stendard heaps for
measurements including cost, sonvayance,
labour charges si¢. complete

Bectiohing up to 150mm and forming the
sutface for new roads inciuding all charges
as per the direction of the departmental

Metalling ihe roadway, 100mm spread
thickness compacted to 75mm using deptl.
broken storie {graded in the vatic of 7:3 of
B0mm and 36mm  size  respactively)
1n3/10m2 and depll. blinding material
{0.20m310m2}  bed rofiing,  ‘spreading
broken stones to temiplaie,

Metalling the roadway 100mm spread
thickness compacted to 75 mm using 36mm
departmental broken stone (1 m3/10m2} and
depl. blinding material (0. 15m3r10m2),
spreading brokeri stone to template, rolling
dry to compaction, watering profusely and
rolling unb : :

30.00 cum

2.00 cum

60.00 cum

55.00 cum

15.60 cum

5.00 cum

00.00 aqm

600.00 sgm

550.00 sqm

72

5458.13

3458.13

1364.04

1467 .22

1808.22

1462.62

268013

1113.47

1113.47

foum

{icumn

fcum

ftoum

Meum

Meum

F10sgm

H0sgm

J10sqm

0.1

0.82

0.81

0.27

0.07

0.16

0.E7

0.61



10.15

10.18

10.17

10.18

1144

Providing 20mm pre-mixed chipping carpet
over WBM surface with depantmental
broken stone after thoroughly cleaning the
base with wire brush, brass grooms and
applying & priming ceat 7.50 Kg of bitumen
per 10m2 and spreading the hot pre-mix
(forrmed 0.27m

Reinforcement for R.C.C work using tor steel
bentted and placed in position including
cost of all matenals etc complete as per
specification

Tufing ke slopes with veliver plants
including timming, dressing and lead up to
200m and iift upto 5m and watering as
required until the turf properdy lakes root and
in any case for a perdod not Jess than 4
month

Supply of cement at site including cost of ail
slorage arrangements, chaiges for stacking

.and re-stacking if nescessery and all

conveyance charges etc. complete
Sub Total
Contingencies @3% of above.
Add extra for rounding
Access Road to Power house

_ ~ SECTION -J- TOTAL
ACCESS ROAD TO WEIR SITE

Excavation

Common excavation in all classes of soil
inciuding bouldars up 1o 500 dm3 in size and
deposifing the excavated spoil at places
poinied out by the depagmental officers
within initial leads and lifts.

52000 sym  2288.35

21.00 Qi 7286.23

840.00 sgm 105242

18.50 MT 7085.82

3% 18.51

7850.00 curn - 232558

173

f18sgm

Aqd

110sgm

HMT

Hocum

1.18

i.53

0.67

1.31
18.51

0.58
0.51

19.58

19.58

18.28



11.1.2

11.1.3

1.2

1.4

NS

118

119

Excavation in hard rock/ sheet rocks and
boulders above 500 dm3 in size by
controlled and protectad blasting in wet / dry
condition at git elevations using modemn
axplosives with jack hammer eic. drifling,
conveying and depositing the excavated

spoil in t 52500 cum

Excavation in hard roci/ sheet rocks and
boulders above 500 dm2 in size in wet / dry
condition at all elevalions using modem
explosives with jack hammer atc. drilling,
conveying and depositing the excavated

spoit in to dump yard or any other piaces poi 4725.00

Stacking useful rubble obiained from rock
excavation including alf charges

efc.complete for measurements 2363.00

Backfifling with earth and compacting in
layers ete. complete as per specification and
as directed by the departmental officers. 300.00

Rough stone dry packing for pitching the
sides of the road with depti nubbie{fres of
cost} inciuding all  Jabour charges eic.
camplete : 160,00

DR Masonyy for retaining wall with dept.
Rubble issued (free of cost) including cost of
conveyance, labour charges, ate. complete  325.00

Cement concrete M 10 with graded
aggragates of size 40mm and 20mm laying

to lines and leveis, consolidating, curing elc.
including cost of all form work, labour,
materials elc. complete (excluding ¢ost and
conveyance of cement) 38.00

RR Masomry in CM 1:5 with deptl. Rubble
issued (free of cos) including cost of

-materials, conveyance, labour charges,

watering, curing et¢. complete (excluding
cost and conveyance of cement) 55.00

Cement concrete M 15 with 20 mm graded
agpregates for concrate pipe, pad and at
other locatiens laying to lines and levels,

-conseolidating, curing ete. including cost of alt

form work, labour, materials ele. complele
(excluding cost and convevance of ceman  55.00

Cement concrete M 20 with 20 mm graded
aggregates faying to fines and lavels,
consolidating, curing etc. including cost of all
form work, labour, materals etc. complete
{excluding cost and conveyance of cementy 12.00

174"

cum

cum

cum

CUm

GLHm

wum

cim

320078

7857.66

810.46

364,18

1110.80

1039.21

5126.12 -

2365.52

5458.13

5458.13

fAlcum

HMOcum

/10cum

110cumn

fteum

) ficum

Heum

Hecun

Ficum

fleum

4.31

3713

2.15

011

1.78

3.38

1.85

1.30

3.00

0.85



11.10

1N

1142

11.13

11.14

115

11,16

1147

11.18

Supplying 60mm graded metal {propartion of
7:3 of 80mm and 38mm by volume) and
slacking in standard heaps for
measarements including cost, conveyance,
labour eic. compiste 135.00

Supplying 38mm broken stone and slacking
in standard heaps for measurements
including cost and eonveyance of matsrials
and labour charges eic. complete 130.00

Seciiéning up to 150mm and forming the
surface for new roads including ali charges

as par the direction of the departmental
officers. 1400.00

Metalling the roadway, 100mm spresd
thickness compacled to 75mim using deptl.
bioken stone (graded in the ratie of 7:3 of
80mm and 36mm slze respactively)
tm3M0m2 -and deptl. blinding material
{0.20m3/10m2) bed rolling, spreading
broken stones to template, 1405.00

Metailing the roadway 100mm  spread
thickness compacted ta 75 mm using 38mm
departmentat broken stone (1 m3/10m2) and
depl. blinding materal {0.15m3/10m2),
spreading broken stone to template, rolling
dry to compaction, watering profusely and

rolling unti - 130000

Reinforcement for R.C.C wark using for stesl
benttied and placed in position including
cost of all materals etc compiete as per
specification 44.00

Providing gabion matresses for supporting
the side slopes and nver edges including a2l
cost of conveyance and malerials etc.

complete. 1200.00

Turfing the slopes with vetiver plants
including timming, dressing and fead up fo
200m and lift dpto 5m and watering as
required untit the turf properly takes root and

In any case Tor a period not less than 3
month ' 2300.00

Supply of cement at site including cost of all
storage arrangements, changes for stacking
and re-stacking i nescessery and all

convayance charges elc. compiete 37.00
| Sub Total

Contingencies @3% of above.

Add exdra for rounding

Access Road to Wier site- Totat

SECTION -K - TOTAL

175

cum 1364.04

com 146722

sqm 26013

sgm 111347

sgm 111347

Qu  7280.23

cwn 666512

sgm 1052.42

MT 708582

3% 97.58

foum

Heum

10sgm

Hi=gm

f10sqm

14

HO cum

/10sqm

Mt

1.84

1.81

0.36

1.56

.45

3.21

8.00

2.42

263
9?.38.
292
0.71s

101.05

164,66



L

12

121

214

121.2

121.3

122

2.3

12.4

125

128

1264

1262

POWER HOUSE BRIDGE

Excavation

Commeon excavation in all classes of soll
including boulders wp to 500 dm3 In size and
depositing the excavated spoil at places
pointed oult by the departmental officers
incinding alt leads and lifts within a distance
of § km.

Excavation in hard rock/ sheet mocks and
bowlders above 500 dm3 in size by
controlfed and protected blasting in wet / dry
condition at al elevations using modem
expiosives with jack hammer eic. drilling,
conveying and depositing the excavated
spoil int

Excavation in hard rock/ sheef rocks and
boulders above 500 dm3 in size  In wet / dry
condition at all elevations using modern
explosives with jack harmmer eic. drilling,
conveying and depositing the excavated
spoll in to dump yard or any other places poi

Stacking usefu! rubble obtained fram rock
excavation including ail chamges
elc.complatz for measurements

Wedging, barring, picking ete. on hard rock
including leose rock wherever necessary and
depositing the spoil within a distance of 5
km, including ai! charges as per the direclion
of deparimental officars, .

Back filling with sandy gravel and
compacting in layers including labour
charges etc. complele as per specification
and as directed by the dapartmental officers.

‘Backfilling with earth and compacting in

layers etc. complele as per specification and
as direcled by the daparlmenla! officers.

Cement boncrele .

Cement concrele M 10 with graded
aggregales of size 40mm and 20mm laying
io lines and levels, consolidating, curing elc.
fncluding cost of all form wark, labour,
materials efc. compiets (exciuding cost and
conveyante of cemant)

Boulder Cement concrete M15 with MSA 40
including 30% boulder piaces up to 150mm
size {avablable at site) but excluding cost of
cement

3B0.08 cum

114.00 cum

458.00 cum

256,50 cuhn

30,00 cum

118.00 cum

120.00 cum

55,00 com

180.00 cum

176

3828.78

§200.78

7857 .86

- 940.46

Ndcum

/t0cum

f10cum

Hbcum

17082.88 /M0cum

8831.54

1040.52

52812

3118.58

FBoum

Hlcum

Heum

floom

0.83

3.58

0.23

0.5t

1.18

012

282

5.61



Reinforced Cement concrete M 25 with 20
© mm graded aggregeles for R.C.C works of
12.8.3 bottom plate, side wail efc. of forebay at ail
elevations, laying fo fines and levels,
sonsolidating, curing etc, including cost of ali
form work, fabour, materials etc. comp 330.00 cum 544451  Houm 12.97

Cement concrete M 20 with 20 mm graded
12.6.4 acgregates Javing to flines and fevels,
consolidating, curing etc. including cost of alt
form work, isbour, materials etc. complete
{excluding cost and conveyarnice of cerment) 2100 cum £273.38 Houm 1.32

Cement concrete M 20 with 40 mm graded
aggregates laying to lines and levels,
1265 consolidating, curing efe. including cost of 4lf
form work, labour, materals efc. complete .
{exciuding cost and conveyance of cement) 210.00 m 514588  Jioum 10.81

Reinforoement for R.C.C work using tor steel
12.7 benttied and placed in position including
cost of all materials elc complete as per
specificalion : 285.00 OH 728923 /1 2077

RR Masomy in CM 1:5 with deptl, Rubble
issued (free of cosf) Including cost of
128 materisis, conveyance, labour charges,
wotering, curing etc. complete (excluding . _
cost and conveyance of cement) 24000 cum 238552 1 cum 568

Rough stone dry packing for aprons and
429 fovelments with Depil. Rubble issued (free
of cost) including conveyance, laboyr
charges ete. completa. 30.00 cum 111080 A m3 . 0.33

Supply of cement at site including cost of all
1210 Storage arangemenis , charges for stacking
and re-stacking i necessary and  all

conveyance charges etc. complete 310.00 MT 700582 MAMT 22.00
Sub Total 95.31

Conlingenciss @3% of above. 3% 95.31 . 2,85
Add extra for rounding | 0.09
Power House Bridge- Total 98.26
SECTION -L- TOTAL 98.26

13 BRIDGE AT WEIR SITE

131 Expcavation

Excavatfon in hard rock/ sheet rocks and
boulders above 500 dm3 in size in wet / dry
13.1.1 condition at all elevetions using modsm
explosives with jack hammer etc. drilling,
coaveying and deposifing the excavated
spail in to dump yard or any other places poi 80.00 cum 783766 /i0cum 0.63
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132

Wedging, barring, picking etc. on hard rock
including ioose rock wherevar necessary and
depuositing the spoil within a distance of 5 km,
inciuding sll chargas as per the direction of
departmental officers.

Providing enchor bars using 25mm dia for

' steel including drilling holes with jack

13.3

134

134.1

134.2

134.23

13.5

138

137

13.8

138

hammer and grouting with cement grout
including alf Jabour charges, machinery, air,
waler cost and conveyance of cement and
steel etc. complete as per the speciications
an

Cemeni concrete

Cement concrefe M 10 with graded
agoregates of siza 40mm and 20mm laying
tc lines and levels, consolidating, curing elc.
including cost of all forn work, fabour,
materials etc. completa (excluding cost and
conveyantce of cemant)

Reinforced Cement concrete M 25 with 20
mm graded aggregates for R.C.C works of
bottom plate, side wall ete. of forebay at all
clevations, laying to lines and levels,
consolidsling, curing ete, including cost of all
form work, labour, materisls efc. comp

Cemenl concrete M 20 with 20 mm graded
aggregates laying fo lfines and lavels,
consolidating, curing etc. including cost of all
form work, labour, materials eic. complste
(excluding cost and conveyance of cament)

Reinforcement for R.C.C work using tor steal

bent tied and placed in positfon inciuding cost
of all materisls efc complete as per
specification

RR Masonty in CM 1:5 with deptl. Rubble
issued (free of cost) including cost of
materials, conveyance, labour charges,

‘watering, curng ete. complete (exchuding

cost and conveyance of cement)

Supplying and fabricating steel bridge

Painting new iron works with iwo coats of
apptoved quality colour paint over a priming
coat of iron primer after rubbing with amery
paper, cleaning the surfaces including cost of
all materials, labour charges, etc. complets.

Supply of cement at site including cost of all
storage arrangements , charges for stacking
and re-stacking ¥ necessary end all
conveyance charges etc. complete

Sub Total
Confingencies @3% of above.
Add extra for rounding
Weir site Bridge- Toial

SECTION - M- TOTAL

30.60 cum 17082388  f10cum 0.51
480.00 kg 92.45 kg D44
8.00 cum 5126.12 Mcum 031
20500 ¢cim 544451 M oum 11.186
500 cum 509383  fcum 0.25
165.00 Gt 7286823 /10t 12.03
80.00 cum 236552 Hcoum 1.89
- 4FOMT 12775875 HMT 6.00
100.60 sgm ayQr8  fi0sgm 0.10
89.00 MT 7095.82 1IMT- 7.02
4035

3% 4035 1.00

0.16

41.51

41.51
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COST ESTFMATE OF ELECTROMECHANICAL EQUIPMENTS FDR 6 MW

(2 X 3 MW) MARIPUZHA S.HE P

28 “Power house Byard lighting and communication

. 25" Pcwercables&contmicables
'SC}_ISares : e

.sf.ﬂc.' ) - Items _ ' - ' Unft Quanhty Razel{;Rkhug;zesJ _-(Rﬁj:eog:in'
X JELECTROMECHANICAL oc UIPMENTS '
- 1_|Preliminary Bupenses . (s f 10,00
.2 [Butterfly Valve e L Wos | 3 68.00 126.00
3_ IHerizontal Francis Turb!ne-ccmglete ) Nos pl 260.00 .-400.00
4_{Electronic Governor System Nos 2 1500 3000, .
—2__Synchrenous Generator. LikV, 34w : ___ Mos.| 2 220,00} 440.00f
6 IBxdtation Syster. . - | Hos 2 15.00 30.00
7_|Gererator CT with LAVT & NG cubile . _ltes |-z | 1000 20.00
&_{Unit Contro, Protection & Metering sycterm oo ete _{Mes |2 | jeonl 32,00{
2 1s nchromzlnq pangl_w= | - N i 2,00 7.00
10 _{EOT crane complete - e | g §0:00 60.00]
1111 kY Switchgear Com Iete ip gneflwithlink = 1 ga i 30.00 30,00/
12 [Transformer Contral Protection &Matering & stem - Nos L 10,00 . 10.00
13 _|Cooling vater, Dewatering & Dralnage system - N R 25.00] -
13_[OPU, LOS'® other Mechanical Auxijaries < . . o - -, 70,00] 70.00]
15 [V ) 415V, 250 KA Auliany transformar T 1 spol 6.00
16_ 111[33kV,8MVAtransformer . 1 Nes 1007 - - sudo 90.00
17 {33 KV Circult brealer - e A Nes | 100 500 5,00/
18 133 ky CurrentTransforma- e ] ".' “Nos I . 3.000 : GSG _1.50
19 y33 k\!PotenﬂalTransrnrmer L » ' '_ Nos [ 3,00 o 030] - 150
_20 |33 kv (ighinig Aeestor o I tios. | “Eag 025" " isg
213900 Lne Isolator vaty Eath switch o] s -.2:00) 1.00 100
L2 BV keutalcr — Nos. | 1.00f. 0.5 0.50
o FSwike a:ﬁstrucmrenpdudng : i ) _ : .
£1_jconduictors insulators, dampsand hardware atc. | s 15.00 15.00
- 24, |Shiion Grovpding Svsten e s ) | 20.00 20.00
Sk Electrical Auxifisnies mciucllnq DC and AC System Ls- 25
26 LFire Protection System- s
1 27 lag conditiontng & Al Venﬁtatron System o LS
LS.

m—— .,

- _jSubtotal
31" |Eredian, testin &commlssmmn 10% LS 163.00
a2 Establ'rshmengaudltand accounts @5% . L5 . 81.50
33 ITransportation Is’tom g8 fnsurance @2%%- f LS _ i - 32,60
34: P-‘lisce!laneous S R 'I'. ) N SR 2.90
oI ITotar - ) N 1910
i ] N
‘[Power Evacuation - . : o [
- {Total power evatuatien cost cunmden’ng the proposed | ] ‘ N B -
35 jecls aisg in the region{ P.T.0 for details) ) - I - 980.00 980,00
Apportioned cost for Roiver-evacuation from . ‘ - ’ o .
IL_Maripuzha SHEP (50% ofB0) . 4 s 4 ) 430001 - asg)
Total E&M Cosy (+ 11} I PR R 2400.80
) C.V.NANDAN
o - Chief Engineer
L Projacts- Elactrica) Dasfgns
LB e - _
i
PN = S .-
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CHAPTER - 11
FINANCIAL VIABILITY

11.1. Project Cost

The Maripuzha Small HE scheme envisages an installation of 6MW with an
average annual generation of 15.31 Mu. The overall cost of the project is estimated
as ¥54.08crores {2012 schedule of rates). The cost per MVV installed capacity works
out fo be ¥ 9.01 crores. The cost of energy at the transmission end works out to be
¥6.40 /unit. In Hydro Power Schemes the cost of fuel is nil. Hence the scheme is
cheaper compared to other sources of energy.

11.2. Financial Assistance

11.2.1 MNRE grant

The Ministry of Non-Conventional and Renewable Energy (Government of
India) is providing financial assistance for the development of Small Projects i.zp to
25MW. This project can also be posed for financial assistance from MNRE,
Government of India. As per sixteenth report of study Cormmittee energy (2011 — 12}
support to new SHP projects in state is T 2.5 crore for 15 MW + T 40 lakh / Mw for
each additional MW. MNRE grant is obtained as ¥ 4.5 crore.

The sligible financial support will be released in four instalments as follows:-
1. 25% on signing of the contract agreement.

2. 30% on completion of 25% of work.

3. 35% on completion of 50% work.

4, Balance 10% on c_ompletion of the project.

11.3 Annuai Fixed Charges

For calculating annual fixed charges the following items are inciuded as per
SERC guidelines. |
11.3.1 Interest rate on Loan Capital.

An interest rate of 13% has been reckoned for | D C calculation and for the

dept for working out financial retum. interest during construction is capitalised.
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11.3.2 Depreciation
The straight-line method of depreciation has been adopted. The life of the
components of the project has been taken as per the guidelines of S E R C. Annual

Depreciation is worked out as 2.29%.

14.3.3 Source of financing

As per S E R C guidelines, debt equity ratio of 70:30 is considered for the |
same. Hence 70% of the project cost is to be met from debt for which an interest rate
of 13% is provided. Equity of 30 % of the project cost is to be met by KSE Board.
Also 15.5% of annual return on equity is considered for financial analysis as per the
guidefines. The loan repayment period is taken as12 years, Interest rate of 11% is

considered on working capital.

The cost of the project is phased as given below.

1% half year | 10%
2™ haif year 15%
3" half year 25%
4™ half year 25%
5™ half year - 25%

11.3.4 Operation and maintenance charges.

1.5% of the capital cost has been allowed for operation and maintenance

charges.
11.4. Financial analysis as per ‘SERC’ Guidelines

Financial analysis has been done as per ‘SERC’ guidelines. Accordingly, the
project is proposed to be financed in the debt equity ratio 70:30. The construction of
the project can be completed in a period of 22 years, The total cost of the project at
the time of commissioning along'with‘ls% IDC will come to 54,41 crores. Details
are given in table11 -1. An interest rate of 13% on debt and 15.5% retum on equity s

considered. Interest rate of 11% is considered on working capital.
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11.5 Pay back period
The project will pay back the capitafised cost in 11 years. The deails are given

in Table 11-2

1.6 internal Rate of Return
The project will have an IRR of 12.21%. The details are given in Table 11 - 3.

11.7 Net Present value
NPV for the project is  1.29 Crores with a discounting factor of 12%. Hence

the project is economically viable. The details are given in Table 11 — 4.

11.8 Levellised Tariff
Levellised Tariff at discounting rate of 12% for the project is T 4.92 /unit.
The details are given in Table 11- 5.
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Financial Evaluation of Maripuzha § H E Project

Name of the project Maripuzha S HE P
Installed Capacity 6.00: MW
Annual Energy 15.31 MU
Auxiliary consumption 0.50%
Total capital cost {2012- schedule of rates ) - 54.08|Rs. Cr
MNRE grant 4.50iRs. Cr
Period of construction 30imonths
Life of the project (Hydel} 35iyears
- |Assumptions
{as per CERC norms for tariff
calculalion)
Debt: Equity 70:30
Interest on loan 13%
l.oan repayment period - 12|years
Retumn on Equity 15.5%!
Depraciation rate (with life 35 years) 2.29%of capital cost
Q&M cost (base year) 1.50% ! of capitat cost
O&M cost escalation (for subsequent
years) 4%

- jAverage tariff realization @Rs5.16 .
during 2008-08escalated at 5%once in 2
years _

Working capital

(a) O&M expense for cne month

| (b) Maintenance of spares @1% of the
historical cost escalated @6% per

annuam
(¢ ) Receivable equivalent to two
months fixed charge
~ linterest on loan for WC (short term loan) 11.00%
" iDiscount rate (for amiving levelised tariff) 12% j
Tariff
Tariff on the 1st year after Commercial
Operation : 8.40 Rs/kWh
Levelised Tariff 4.92 |Rs/kWh
Pay back period {iiYears
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Table 11-2
Maripuzha SHEP
Payback period
Cash outflow Cash inflow
Average tarifl
reaiisation @Rs
(ﬁhlaa 97 increa s:j?ps!}ujs
Year | Interest | Q&M cast| TErESton| Totai O, 30%) available for| - 1ative
WC  Joutflowr ing2012-13 | Payback cash surplus
escalated at
S%once in 2
yYears
{Rs.Cr) [{Rs.Cr) (Rs.Cn) (Rs.Cr) {{Rs.Cr) {Rs.Cr)
(a) {bh (e} {d) (e) N {a)
1 514. | 0.82 0.25 | 620 867 247 247
2 4.71 0.85 024 | 580 9.10 3.30 577
3 4.28 0.88 024 | 540 9.10 3.70 9.46
4 3.85 0.92 024 | 5.01 956 455 14.01
5 3.43 0.95 023 | 482 9,58 4.94 18.95
B 3.00 0.89 0.23 | 4.22 10.03 5.81 2478
7 2.57 1.03 0.23 | 3.83 10.03 6.20 30.96
8 2.14 1.07 0.23 | 3.44 10.54 7.09 38.06 .
9 1.71 1.12 0.23 | 3.06 10.54 7.48 4553
10 | 1.28 1.16 023 | 267 11.08 8.39 53.92
11 | 0.88 1.21 0.23 | 229 11.06 8.77 62.69
12 | 043 1.26 0.23 | 1.9 11.62 9,70 72.40
13 | 0.00 1.31 023 | 154 11.62 10.08 82.48
14 | 0.00 1.36 024 | 180 12.20 10,60 93.08
15 { 0.00 1.41 0.25 | 166 1220 1054 103.61
16 | 0.00 1.47 0.26 | 1.73 12.81 11.08 114.69
17 | 0.00 1.53 027 | 180 1281 11.01 125.70.
18 | 0.00 1.59 028 | 1.87 1345 11.58 137.28
19 | 0.00 1.65 020 | 194 1345 1150 | 148.78
20 | 0.00 1,72 0.30 | 2.02 14.12 12.10 160.88
2t | 0.00 1.79 032 | 211 14.12 12 01 172.89
22 | 0.00 1.86 033 | 2.19 14.82 12.63 185.52
23 | 0.00 1.93 035 | 228 | 1482 1254 | 198,07
24 | -0.00 2.01 p.36 | 2.37 1557 13.19 211.26
25 | 0.00 2.09 038 | 2.47 1557 13.09 224.35
26 | 0.00 2.18 040 | 257 16.34 13.77 238.12
27 | 0.00 2.28 042 | 2.68 16.34 13.67 251.79
28 | 000 { 235 044 | 279 17.16 14.37 266.16
29 | 0.00 245 046 | 2.80 17.18 14.26 280.42
30 | 0.00 255 0.48 | 3.02 18.02 15.00 29542 .
31 | 0.00 2.65 050 | 3.15 18.02 14.87 310.29
32 | 000 275 | 053 | 3.28 18.92 15.84 325.93
33 | 000 2.86 055 | 342 18.92 15.50 341.43
34 | 000 298 058 | 3.56 19.87 16.31 357.74
35 | ooo | 310 0.61 3.71 19.87 16.16 373.90
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Table 11-3
Maripuzha SHEP

internal Rate of Return

Taotat Average tarff
Loan at|lLoan annual  [reslisation @Rs
lhe. . repaym Return - cost 515 . .
Year beginni ent |y ierestlon Efegre O&M |Interest exol. ER;3~97J“?I9359 Final Net
ng of |during . fciationjcost |on WC 0%)duing  |each flow
equity ROE& [2012-13 _
the  ithe Deprec {sscalatod at
Year [year ation 5%ance in 2
. years
(Rs.cry  |iRs.ony [(RscCy |(RsCh  {(Rstr) WHRsCn [{RsCr  {(RsCr) tRa. Cr) {Rs.Cr}
@i e el el e lole] o OO ®
-54.41
1 {30583 ) 329 514 | 231 | 125|082 025 | 620 8.57 247
2 13624 | 3.29 | 471 2,31 1.25 | 085§ 0.24 5.80 9.40 3.30
3 3284 ) 329 | 428 2.3 125 | 088 024 5.40 3.1¢ 3,70
4 129654 329 385 | 231 { 125|082} 024 5.01 9.56 4.55
5 26,351 329 3.43 2.31 125 | 95| D23 4,62 .56 4.94
o] 2306 | 3.20 3.00 2.31 1.25 | 0,881 023 4,22 10.03 5,84
7 {1977 320 ) 257 | 231 | 125 | 1.03]| 023 3.83 10.03 . 5.20
g 1647 | 329 | 2.13 231 1.25 1 1071 023 344 10,54 7.09
g 13.18 { 3.29 1.7 2.31 125 | 112 023 306 10.54 7.48
10 | 98 | 329 ) 128 | 231 | .25 | 116 023 257 11.08 8.39
11 659 | 329 | D88 2.31 1.25 1 1.21 1 0.23 2.29 11.08 8,77
12 ] 3.20 | 329 | 0.43 2.31 125 | 1.261 023 1.9% 11.62 9,70
13 2.5% 125 | 1311 023 1.54 §1.62 10.08
14 2.3 125 1 1,36 | 024 180 12.20 10.60
18 . 2.3 125 | 1.41] 0.25 1.66 12,20 10.54
36 231 125 | 147} 026 173 12.81 11.08
17 2.31 1251 155 0.27 1.80 12.81 11,01
i8 231 | 125 | 159} 028 1.87 13.45 11.58
19 231 [ 1251165 029 | 1.94 13.45 11,50
20 2.31 1251 1.72 ] 030 2.02 1442 12.10
21 2.31 125 | 1.79 | 0.32 2.1 1412 12.01
22 2.31 125 | 1.86 | (.33 219 14.82 12.63
23 231 {1251 193] 035 | 228 14.82 12,54
24 231 125 {201} 03 | 237-{ 1557 13.19
25 2.31 1.25 {2091 0.38 247 15.57 13.09
26 2311125 218 040 | 257 16.34 13.77
27 231 | 125 {226 042 | 268 16.34 13.67
28 2.39 125 1 2351 044 279 17.16 14,37
29 2.3% 125 | 245 | 0.46 2.80 1716 14,26
30 231 {1251 2551 0.48 3.02 18.02 16500
31 2.31 125 2656 050 | 315 18.02 14.87
32 2.31 1251275} 0.53 3.28 18.92 15.64
33 2,31 12512851 0.55 3.42 18.92 18.50
34 2.31 1251288 | 0.58 3.56 18.87 16.31
35 2.31 125 | 3101 0.61 3.7% 18.87 16.16
Internal Rate of Retum 12.21%
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Table i1-4
MaripuzhaSHEP

188

NET PRESENT VALUE
Average
Total Fanii
Loti:. at | e annu{al gfgﬁ:’g
Bl . COE . . .
O L vt L v Il ] ISR g Wi it
of-the the year equity ROE& during 2043
Year Depreciafduing
tion [13 escalated
at §%once in
JRs.Co {Rs, Cry (Rs.Cn  {(ReCry j{Rs.C¥) (Rs.C {Rs.Ci} [R=.Cn) {Rs. G} {Re.Ct}
@ ) ) 0 e} 0 @ o [T ® K !
' : S
1| 3953 | 329 [ 514 [231] 125 082 | 025 | 620 8.67 2.47 2.20
2| 2824 | 329 | 4711231] 1.25 | 085 | 024 | 580 9.0 3,30 2,63
3 | 3294 | 320 | 42872311 125 { 088 | 024 | 540 2.1 3.70 263
4 | 2985 | 329 | 385{231] 1.25{ 092 | 024 | 5.01 2.56 4,55 2.89
51 2835 | 329 {343{231} 125 | 095 023 | 462 9,56 4.94 2.80
6 1 2306 | 320 [300[231} 1251089 | 023 ] 422 ] 1003 5.81 294
7 1 1977 ] 329 | 257{231| 125103 ] 023 | 383 | 10.03 .20 2 81
8| 1647 | 320 | 21422311 125 | 1.07 | 023 | 344 | 10.54 7.09 2.86
o | 1318 | 320 [ 1714231125 [1.12] 023 | 306 | 10.54 7.48 2.70
t0] 988 | 320 }128[231) 125 [ 116 ] 023 | 267 | 11.08 8.39 270
111 650 | 329 [086)231] 1251121} 023 | 229 | 11.08 877 252
12 320 | 320 {043]231] 125 [ 126} 023 | 1.9 14.62 8.70 249
137 000 [ 329 Jooof231) 125 | 131 ] 023 { 154 | 1162 | 1008 ] 231
14 2311125 { 138 ] 024 | 180 | 4220 | 1060| 217
15 ' 231 125 1141 | 025 | 188 | 1220 | 1054 182
16 2311 125 [ 147 | 026 | 1.73 | 12.81 1108 | 181
17 231 125 | 153 | 027 | 180 | 12.81 | 11.01 1.60
18 231} 1251159} 028 | 187 | 1348 | 1158 | 1.51
19 2311 125 [ 165 ] 0.29 | 1.94 1345 | 11.50 1.34
20 2310 125 V172 ) 030 | 202 14,42 | 12.10 1.25
21 2311 125§ 1.79 | 0.32 | 211 1442 | 12.01 1.11
| 22 231 1257186 033 | 219 ] 1482 | 12683 104
23 2311 125|193 | 035 | 228 | 14.82 | 1254 | 083
24 |. 231 125 {2011 036 | 237 | 4557 | 1348 087
25 231} 125 [ 200 038 | 247 | 1587 | 13.09! 077
26 2311 125 1 218 | 040 1 257 | 16.3¢ | 1377 ! 072
27 | 231} 125|228 | 042 { 268 16,34 | 1367 | 064
28 231 1251235 044 | 279 17.48 | 1437 0860
29 231 125 | 245} 048 | 280 1 1746 | 14261 053
30 2311 125} 255 048 | 302 | 1802 | 1500( 0.50
31 231|125 | 285 050 | 315 | 18.02 | 1487 ] 044
32 23111251275 ] 053 | 328 | 16892 | 1564 ] 042
33 2311 125 | 28BS | 055 { 2342 { 18.92 | 1550} 037
34 231|125 [ 208 ] 058 { 356 | 18.87 | 1631 [ 035
35 231{ 125 { 310 | 081 | 3.71 18.8¢7 | 1816 | 0.31
SUM 55.69
NET PRESENT VALUE = 1.25 CRORES




Table 11-6
MARIPUZHA 8§ H E PROJECT

Yearly Tariff & Levelised Tarif

Lot::at Loan Tota | Nat
Year begnﬂz\;ng ﬁf::;”‘ir: Interest 0’:1:;% Pepreciation 22‘;‘ :’?&% a:g:?l Anczs:tai :::_ge;
Yaar year
{Rs.Cr} {Rs. Cr) {Ra.Cr) | {Re.Cr) {Rs.Cr} (Rs.Cp } (RsCr) | (RsLn) {RskWh}
@ &) fe) { fe} 0 () {h) {d}g:)ﬂf) ki @
_ +grh)
t ] 1§ 3953 ) 329 514 | 2231 1.25 082 | 025 | 975 | 975 £.40
1} 2 | 2824 | 320 | 471 | 231 125 0.85 | 024 | 935 | 9835 | 614
1 | 3 ) 3284 320 428 | 2.3 1.25 0.88 | 024 | 896 | 896 5.88
1 | 4 [ 2065 | 320 | 385 | 231 1,25 092 | 024 | 856 | 858 5.62
1 | 5 | 2635 | 328 | 343 | 231 1.25 085 | 023 | 817 | 847 5.35
t | 6 | 2308 | 320 200 | 221 | 125 099 | 023 | 778 | 7.78 5.10
1} 7 {1977 | 328 | 257 | 231 125 103} 023 | 738 | 739 485
1 | 8 | 1647 | 329 214 | 2.3 1.25 107 ] o023 | 7o0 | 700 459
1 { 9 | 1398 [ 329 171 | 2.3 125 142 ] 023 | 861 | 661 434
1 | 10 | 988 3.29 128 | 231 125 146 1 023 { 623 | 623 4.09
1 |11} ess | 320 | pes | 23 125 [ 121 | 023 | 584 | 584 | 386
1 {12 | 329 329 | 043 | 231 125 126 | 023 | 546 | 546 1.59
R EE 2.31 1.25 31 | 023 | 509 | 509 3.34
1 | 14 231 1.25 138 | 024 | 515 | 515 138
1115 2.31 125 141 025 | 521 | 521 3.42
1| 16 231 125 |- 147 | o025 | 528 [ 528 3.47
1.1 17, 231 125 153 | 027 | 535 | 535 3.51
1 { 18 239 1.25 159 | 028 | 542 | 542 | 3.5
1| 19 2.31 1.25 185 | 029 | 550 | 550 3.61
1] 20 231 1.25 172 | 030 | 558 | 558 3.68
t | 21 2.31 1.25 178 | 032 | 566 | 586 3.
11 22 231 | 125 186 | 033 | 574 | 574 3.77
1 23 2.31 1.25 193 | 035 | 583 | 533 3,83
1 1 24 231 1.25 201 | 036 | 593 | 5.03 3.80
1|28 231 125 | 209 | 038 | 602 | 602 | 395
1 | 28 231 | 125 218 | 040 | €13 | 613 492
1 | 27 2.31 1.26 226 | 042 | 623 | 823 400
1 | 28 231 125 | 2351 044 | 634 | 6.34 4,16
1 | 29 ] 2,31 125 245 | 046 | 646 | 648 | 424
1 | 30 2.3 1.25 255 | 048 | 658 | 658 432
+ | 31 231 1.25 285 | 050 | 670 { 670 4.40
1 | 32 231 126 | 275 ] o053 | 683 | 683 | 448
1 ] 33 231 1.25 288 | 055 | 897 | 897 457
1 | 34 2.31 125 208 | 058 | 711 | 7.41 467
1 | 35 2.31 1.25 310 | 081 | 726 | 7.2 a77
Levelised taniff {at discounting rate- 129} (RsfkVih) 4,92
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Tabie 12-6

MaripuzhaSEHEP
Depreciation
P Depreciation Annual
SiNo |items :‘,:::: ::slt.g;‘hs) factor {As per [depreciation
1. : : CERC nomms}  [(Rs. Lakhs)
Weir, Intake chamber,
: Power channel, Forabay
1 {& over flow channel 50 1320.47 1.80% 23,77
2 |Penstock 35 290.00 2.57% 746
Power house & Switch
3 . |yard : 35 A78.76 ~ 257% 12.31
4 {Tall race channel 35 97.73 2.57% 2 51
5 |Buildings 50 9.27 1.80% 0.17
6 {Roads & Bridges 50 260.40 1.80% 4.69
8 [Other iterns 50 24.88 1.80% 0.45
Total 222111 50.90
Weighted average
depreciation - 2.29%
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CHAPTER - 12
CONSTRUCTION

12.1General

The main civil works include construction of trench weir , power channel, penstock,
powerhouse, tailrace and facilities such as roads. The mechanical work includes the
manufacture, fabrication and erection of gates. trash rack and intaks, butterfly valve for
penstock stop log gate for power house etc. The electromechanical work includes
~erection and- commissioning of 2, 3.0 MW capacity generating equipments, erection cf

EOT crane, auxiliary equipments for dewatering, cooling etc. and construction of

transmission towers and lines

12.2 Communication Facilities

Power House road and bridge
The length of power house road is 165m and the formation width is 5.50m. This

road crosses Iruvanjipuzha between Ch. 101 and Ch. 126. A 25m long bridge is required
fo cross the river. Bore hole No. 2 was drilled up to a depth of 23.95m and shows no rock
deposits. A multiple box type bridge with a bottom raft and cutoff wall is provided. Initial
100m length of road is passing through tribal colony in a convenient location so as to
avoid any interference to inh'abitants.

Weir site road and bridge
Thé'length of weir site road is 334m and consists of one steel bridge of span 10m

and two culverts of span 5m-and 4m respectively. The steel bridge is proposed to abut on
two large boulders situated in the upstream side of Pottankayam. The stability of structure
on these boulders shall be ascertained before censtruction. 1 in 10 gradient is adopted for-
the road. The maximum excavatioh depth for this road is 16m. Gabion retaining walls are
provided to retain the soil. The excavation aotivities' shall be arranged during non
monsoon period to minimize the saturated soil pressure. The stability analysis of this
excavation slopes shall be determined. An alternate location for access road to weir site is
available near the suspension bridge site at Mainavalavu. But the length of bridge and
road will be more and this alignment will be costlier than the abov.e.
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 12.3 Availability of Construction Materials

12.3.1 Rubble
The Surface rock deposits can be seen between Ch. 568m to 625m in Power

Channel. Even though the rock level in Forebay and Power House is more or less same
as the foundation level, the core drilling log shows the presence of large boulders. Rubbie
for the project is manufactured from the department fubbfe excavated and stacked in the
dumping yard. Provision for stacking rubble at dumping yard is provided.
12.3.2 Broken sfone _
Broken stone can be procured from Mukkam which is about 20km from site.

12.3.3 Sand

~ Sand can be collected from Areacode which is about 35 km from site.
12.3.4 Cement and steel '

Cement and steel required for the scheme is proposed to be supplied by the
contractor. The cement and reinforcement steel can be procured in bulk from
Thiruvambadi (15km).

12.3.5 Penstock piates o

IS 2002 Grade-2 Steel is used for fabricating penstock shells. Thé'p!ate of 8mm is
~ required for fabFicating penstock pipe. IS 2002 sheéts are manufactured by SAIL and
sourced from SAIL yard at Thripunithara (257 Km). The penstock plates are to be
supplied by the contractor. Since cost of IS 2002 plates are not availabie in SOR, the cost

of TMT steel is taken instead.
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CONVEYANCE STATEMENT

Head Head
sl Lorry load Lorry load
No- Materiais Unit Conveyance Conveyance | Conve | Conveyance in | Conve

: in km yance Rs. yance
inm in Rs,
From To Ptain | Hilt . Plain- Hiil Hill
1 | Cement MT Thiruvambady Projéct site 8 7 100 346 | 54.05 | 53.80
2 | 8and M3 Areakode Praject site 28 7 100 582 | 12880 | 123.05
3_| Tor steel MT Thiruvambady | Project site 8 7 100 348 | 54051 59.80
4 | Structural steel MT Kozhikode Project site 42 7 100 582 | 56.35| 58.80
TMT steel for Thripunithura : :
5 | penstock MT SAlLyard Project site | 250 7 2038 | 96.35 -
8 IMS. rod MT Thiruvambady | Project site 8 7 100 346 | 54.051 59.80
7 | Rubble M2 Mukkam Project site 13 7 100 342.00 | 12880 | 12305
8 | 36mm metal M2 Mukkarn Projectsite | 18 | 7 | 100 | 342.00 | 128.80 | 123.05
9 | 40mm metal M° Mukkam Project site | 13 7 100 | 342.00 | 128.80 | 123.05
10 | 20mm metal M3 Mukkam Project site | 13 7 100 342.00 | 128.80 | 123.05
11 | 12mm metal e Mukdkam Project site 13 7 100 342.00 | 12880 | 123.05
{12 | 6 mm metal M3 Mukkam Project site 13 7 100 34200} 128.80 | 123.05
13 | 60 mm metai M3 Mukkam Project site 13 7 100 342,00 | 128.80 | 123.05
1000
14 | Bricks 19x9x9 MNos. Feroke Project site 46 7 100 1070.00 | 15285 | 163.30
1000
156 '| Paving tiles Nos. Feroke Project site | 46 7 100 [ 1070.00 | 152.95 | 163.30
' 1000 _
16 | Flooring tiles Nos. Kozhikode Project site 42 7 100 894.00 | 152.95 | 163.30
17 | 32mm G.I. Sheet MT Kozhikode Project site 42 100 £8200| 58.35| 59.80
G.l. Pipe, G.i ' : ' "
1§ | slrip MT Kozhikode Projact site 42 7 100 58200 5635] B9.80
19 | Welded mesh MT Kozhikode Project site 42 100 58200 5635 59.80
20 | Asphalt/bitumen MT Ambalamugal | Praject site | 217 7 100 1807.00 | 56.35] 5980
* | Copper sealing
21 | strip MT Kozhlkode Project site 42 7 100 58200 | 58.35| 58.8C
Asphalted
22 i wgoden slab | MT Kozhikode Project site 42 7 100 58200 56,35 | 59.80
Aluminium sheet ' _
23 | 3 mm thick MT Kozhikode Project site 42 7 100 582001 5835 59.80
- | Gravel/Blasted _
24 | rubble M3 Local Project site 5.1 100 250.70 | 123.05
23 | Red earth M2 Local Project site 5 | 100 250.70 | 123.05
26 | Asphaitfelt MT Kozhikode Project site 42 100 582001 56.35| 54.8C
Steel pipe 4 mm :
27 | thiek MT Kozhikods Project site 42 7 100 ; 582.0Q0! 568.35| 59.80
28 | Timber M? Kozhikode Project site | 42 7 100 582,00 | 56.35] 59.80
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12.4 Project implementation
The construction activities are proposed to execute through contract agencies.

KSEB has sufficient know how and expertise for successful implementation of

hydroelectric projects.

12.4.1 Construction phases
The implementation of Maripuzha S.H.E.P is divided into the following three

phases.
Phase — |
Phase - | involves construction of access roads and bridges to various project
cormponents. '
Phase—II
This 'phase involves the construction of major hydraulic structures, penstock and
power house building.
Civil work consist of construction of Trench weir, Diversion weir, Intake channel, Intake
chamber, Feeder conduit, Feeder channel, , Power channel, Forebay, Escape channel,
Power house, Tail race chamber, Tail race channel, Switch yard, Retaining walls,
| Compound walls and Miscelianeous CD waorks.
Mechanical work consists of Fabrication and erection of steel penstock & accessories,
Trash racks, Intake gates, Stop log gates and hoisting arrangements.
~ Phase - i _
 The final phase consists of Electro Mechanical works and Transmission line work.
The E&M package consists of ;supply and erection of EOT crane, butterfly valves,
turbines, synchrqnizing generators, governors, pressure relies valves, draft tubes,
protection and metering, switch yard equipments, cabiing, fire protection, lighting, |
co_mmission’ing and performance testing. '
* The transmission line work consists of erecting 33kv single circuit line between Maripuzha
power house site to Anakkampoyll power house site and double circuit line between
Anakkampoyil power house to Neliipoyil where the existing Chembukadavu -

Thambalamanna 33kv line passes.
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12.5 Resource utilization _
This project is designed to utilize the optimum usage of availabie resources so as to

save cost, time and environment. The power house building is planned as a composite
siructure of RCC and Steel. RCC structure is proposed up to 4m from service bay level
and steel structure is proposed above this level for speedy construction. The penstock
diameters are so chosen to avoid material wastage at the maximum extent. The curves in
RCC power channel is of same radius at ail bend points for enabling the reuse of curved

shuttering.

12.6 Time frame
- The best time to start the construction activiies at Maripuzha is December

‘onwards, The first phase is assumed to be starting from March 2015. The time lag
between first and second phase is arranged to occur during the monsoon of 20135, Since
major structures will be ready before 2016 monsooh, the heavy rain will not affect the
remaining work. The project is scheduled fo be finished by September 2016. Test running
and performance testing can be completed in October and the plant will be ready for

commercial operation by June 2017,

12.7 Consfruction program
A detalled construction program for Maripuzha S.H.E.P is prepared with monthly

and half yearly cash flow statements covering all major activities in different stages of
project implementation. The 1DC is calculated based on this cash flow statement. The

. construction program bar chart is shown overieaf.
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ABSTRACT

Mearipuzha Small Hydro Electric Profect envisages diverting waters from
fruvanjipuzha river, of Chalivar Basin, by constructing a french weir in Maripuzha to
generate 2X 2500 KW of electricity, wiilizing a gross head of [25.25 m, Preliminary stage
geotechnical investigation of the project site was carvied owt, involving feasibility
assessment of the componeni site, and logging of exploratory drill cores.

charnockite of Archaean age is the principal rock type at the project site, with E-W
trending foliation. The site falls in the Seismic Zone ~IIT of the Seismic Zoning Map of India
and marked by E-W trending lineaments.

The project site is in general marred by thick overburden material