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Chapter |
ENERGY AND POWER: TheCritical Infrastructure

1.1 INTRODUCTION

Energy hasaways been adeciding factor in the progress of mankind. Economic statusof countries
isoften assessed interms of their per capitaenergy consumption. Of dl formsof energy, dectricity

hasthe highest verstility and convenience of use. Per capitadectricity consumptionin Indiais334
kWh/year. Thisisvery smal compared to industrialised countrieswhich amountsto nearly 10000
kWh/year. The figure for Kerda is only 278 kWh/year which is even lower than the nationa

average. (Source: Economic Review 1999). Shortage of dectricity hasbeen amgor congtraint
for theindudtrid advancement and hence the overal development of Kerda.

Power isthe rate of flow of energy. In common parlance, the term energy is used to denote dl
formsof energy. The term power isusudly used in the context of generation and consumption of
electric power (eg. power cut, power shortage, etc.). Electricity can be generated from various
sources. So far we have been successful in generating € ectric power from the following sources:

1. Fuds(Fossl fudsaswel as biomass)

2. Howing or faling stream of water

3. Oceantides

4. OceanWaves

5. Ocean Temperature Differences (between the surface and the bottom)

6. Winds

7. Solar radiation

8. Geothermd energy

9. Atomic nucle

These energy resources have been broadly classfied into:
a. Conventiona

b. Non conventiona



ern Ghat s vol.l

Conventiond technologies to tap energy include fossil fuelled therma plants, atomic reactor and
large hydro eectric projects.  All others, including smal hydro schemes and biomass based
systems, are usudly termed non conventiond.

Fossl fuels meet a greater proportion of globa energy requirement than any other source.
Principd foss| fuels are cod, natura gas, petroleum and its derivetives. However, dl these are
finite and non renewable.

Biomass (including firewood and agroresidue) are more difficult to handle and process, but they are
renewable.

Energy contained in flowing or falling streams can be tapped dther by soring weter in high level

reservoirsusing large dams, or by run of theriver projects. Thelatter ismore eco-friendly Snceit
does not result in large scale deforestation or inundation. However, thistechnique will not help to
tap dl the energy available during flood seasons.

Ocean tides and waves have enormous power within them. The OTEC (Ocean Temperature
Energy Conversion) aso have enormous potential. They are quite clean and highly promising. But
these technologies are not yet mature.

Another resource with a good dedl of potentia for generating eectricity iswind power. Wind
mechines with hundreds or even thousands of kilowett capacities are readily available, dmost off
theshdf. Indiahasmorethan 2000MW of ingaled capacity in wind farms, mostly in Tamil Nadu.

Hot water and steam escape from surface vents at many places on earth due to geotherma
phenomena.  Such natura sources are being used to generate power in favourably endowed
places.

In nuclear power plants, the heat energy produced by controlled atomic fission is used for
producing steam. The energy of steam is used for rotating turbines to generate power.

Solar energy can bedirectly converted into eectricity using photovoltaic cdls. Alternatively, solar
therma energy can be harnessed directly to power Rankine Cycle Power Plants to generate
dectriaty.
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All these sources have their own advantages and disadvantages.

Fossl fuds are the most widdly used sources. Its technology is the best developed one.
Ecologica hazards and non-renewability arethe main drawbacks. Evenif air and water pollution
can be brought within reasonable limits, nothing can be done to reduce the emission of CO,, which

is a Green House Gas.

Hydro energy has so many advanteges|like cleanliness, easy availability, abundanceetc. But large
hydro power plants could be problematic owing to inundation of huge areas of land/forest.

Wave and Tidd, as well as OTEC energy sources have very low accessibility. They are site

specific. The technology is too young and expensive.

Wind power isafast emerging technology. Infavourablelocations, it is quite economical. But the
locations are to be carefully chosen. 1solated units may not be profitable. Inlarge numbers, they
are often cheaper than conventiona power plants. Even though theinitia cost israther high, the
recurring cost is negligible. Their mgor limitations are their low dependability and high dte
specificity.

Solar energy, though geographicaly and climatically conditioned, is the most abundant source of
energy. Thetota amount of solar energy fdling on the surface of the earth is 16,000 timesthe total
energy used by the humans. However, the harnessing of solar energy <till poses severd problems.
More technologica developments are needed to reduce the cost, especialy for photovoltaic
sysems. Inthefind andyds, the Sunisthe only source of truly renewable energy.

Geotherma stations are highly location specific. But wherever geothermal energy isavailablein
plenty, they are very economical.

Therewasatime when nuclear energy was expected to providethe answer to dl our futureenergy
needs. But today only afew believe so. They are now bogged down with amost unsolvable
problemslikeecological hazards, safety, waste management and cost. Only very few countriesare
actively pursuing that option. It seems to be a dead-end now.

T



1.2 WORLD SCENARIO OF POWER CONSUMPTION

Indugtridisation and the quest for better qudlity of life haveincreased dragticaly the consumption of
eectricd energy during the latter hdf of this century. It has been estimated that total ectricity
consumption of the world in 1997 was 13, 673,975 MU". Low and middle income countries
account for the consumption of 3,977,263 MU, which is 29% of the total consumption, whereas
the industridlised countries account for 9,696,712 MU, which is 71% of total consumption
(Source: Human Devel opment Report, 2000).

Also, the pattern of World energy use and Trends in energy use has been given in Table 1.1 and
1.2 respectively.

Tablel.1

World Energy Use (Million Tons of Oil Equivalent)
Coa 2122 22%
Oil 2940 30%
Natural Gas 2173 23%
Nuclear 579 6%
Renewable™ 1833 19%
Tota 9647 100%

(Source: Sate of the World, 1999, Lester Brown, World Watch Institute, New York)

"MU = Million Units or Million kilo Watt hour (kwh)

" Renewables- Biomass, Hydro, Wind, Geothermal, Solar



Tablel.2
Trendsin World Wide Energy Use

Source Average Annud growth rate

Wind Power (90-97) 25.7%

Solar Photovoltaic (90-97) 16.8%
Geotherma Power (90-96) 3%

Natural Gas (90-97) 2.1%

Hydro electric Power (90-96) 1.6%

Oil (90-97) 1.4%

Codl (90-97) 1.2%

Nuclear Power (90-97) 0.6%

1.3 NATIONAL SCENARIO

(Source: Sate of the World, 1999, Lester Brown, World Watch Institute, New York)

Indiaconsumesonly 3.25% of world=stota energy production even though we have one sixth of
the world population. Our per capita consumption is only 19.36% of world per capita

consumption of eectricity.

Aspointed out earlier, every available source that is eco-friendly and economicaly viable hasto
be tapped to meet the growing energy needs. In this context the renewable sources have an
important role to play, epecidly in the long run. The estimated potential of various non
conventiona energy resourcesin Indiaare givenin Table 1.3.

Tablel.3
Estimated Renewable Ener gy Potential of India (MW)

SHP (up to 3 MW) 10,000 MW Energy form waste-1700 MW
Bio mass power 19,000 MW Ocean Energy Power -50,000 MW
Wind Power 20,000MW | Solar Power - 20 MW/km’




(Source: Citizen=s Fifth Report and TERI Data Book 2000)

Power generation in India from various sources as per Citizen=s Fifth Report (1998-99) are
givenin Table 1.4, Also, identified reservesof different energy resourcesin our country isgiven
in Table 1.5 (TERI DaiaBook -2000, Citizen=s Fifth Report- 99). Tota energy demand was
413,490 MU and supply account for only 365,900 MU. This shows adeficit of 47,500 MU
whichis8.8% of thedemand. InIndia, 42.37% of total population isableto access electricity.
While the percentage of accessihility of rurd aress is only 30.4%, the urban accessibility is
75.78%. Our annud growth rate in eectricity consumption is 8.35%.(TERI Data Book, >99).
The power consumption pattern of our nation isgiven in detail in Tade 1.6 (TERY Data Book-
2000).

Tablel.4
Existing Power Production in Indiaason 31 March 1999
Therma 67,560 MW
Nuclear 2,225 MW
Hydro 22,443 MW
Wind 1,025 MW
Totd 93,253 MW

(Source: Citizern=s Fifth Report -1999)

Tablel.5
I dentified reserves of different energy resourcesin India

Untapped Hydro 84,000 MW @ 60% PLF
Cod Resarve 79,106.19 million tonnes
Lignite 29,355 million tonnes
Crudeoil 746 million tonnes

Naturd gas 692 hillion cum.

Uranium 6700 tonnes

10:



Thorium

3,63,000 tonnes

(Source: TERI Data Book 2000, Citizer—s Fifth Report - 1999)
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Tablel.6
Power Consumption Pattern in India (connected load, MW)

Domestic 55,600,0MW | 31.73%
Indugtrid (LT & MT) 25,400 MW 14.5%
Indudrid  (HT., EHT) 32000 MW | 18.23%
Commercia 13.000 MW 7.4%
[rrigation 42,200 MW 24%
Public Liahtina & Water Supply 3.060 MW 1.75%
Railway traction 2,150 MW 1.22%
Miscdllaneous 1,950 MW 1.11%

Tota 1,75,000 MW 100%

(Source: TERI Data Book 2000)

.4 STATE SCENARIO

Thesupply and demand for eectricity in Kerdahave been estimated varioudy. Accordingtothe
Fifteenth Power Survey, the requirement as on 1999- 2000, isfor a peak demand of 2,763 MW
of power and 13617 MU of energy. The present ingtalled capacity is only 2343 MW, which
causes a deficit of 420 MW. The effective availability is il less. There are 21 generating
gations; hydro(16), thermal (3) and wind farm (1). Tota per capitaconsumption of dectricity in
Kerdais 278 kWh per year. The detailed power consumption pattern of our dateisgivenin

Table 1.7 (Economic Review-99).
Tablel.7

Power Consumption Pattern in Kerala
Domedtic 45 N9%Ah
Indiigtrial (HT FHT) 20 449
Industria (1 T 6.3%
Commercial R BROA
Irrigation 3.85%
B nic linhtinn 1 5204
Water ainnlv 2 27%
Riilk Qinnlv 1 ’K0A

12:




(Source: Economic Review >99)

It has been established provisondly that, by 2002 AD, Kerda will be able to generate only
1938.8 MW from large and medium Hydd sources. The baance will have to come from

thermd, smdl hydd or other renewable sources. Inview of the environmenta impact of therma
power plants, aswdl astheir high cods, aslarge as possible ashare hasto come from renewable
sources.It isafact that smal hydel schemes being the most developed and proven technology,

represents the best bet, to the extent that it is available.

Fortunatdly, Kerdla has a significant potentia for smal hydro power generation in the 41 west
flowing and 3 east flowing rivers. ANERT has identified and published aligt of 182 possblesites
located a various river basins of our state. Some of the dtes identified under this programme
(WGSHP) aredsnincluded intheligt. Thelist isgiven as Annexure 2 dong with this report.

-G
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Chapter 11

SMALL HYDRO PROJECTS: Conceptsand Status

21CLASSIFICATION

The Centrd Electricity Authority hasissued guideines on how various hydro power stations
should be classified (see Table 2.1).

Table2.1

Classfication of Small Hydro

Smadl Hydro Projects

Has individua units with capacity from 1000/
2000kW and total capacity limited to 15000 kW.

Mini Hydro Projects

Hasindividua units with cgpacity from 100 kW to
1000 kW and totd capacity less than 2000 KW

Micro Hydro Projects

Has individua units with capacity upto100 kW and
schemeitsdf hastota capacity of 100 kW

2.2 ADVANTAGESOF SMALL HYDRO PROJECTS (SHP)

< Suitability for de- centralised development and hence mulltiple initiatives,
< Utilization of loca technology and locd applications

< Development of loca economy. Canimprove materia and culturd life of loca resdents.
< Low cog, easy maintenance and better religbility.

< Reduced tranamission loss.

< Mature technology and small investment risk compared to other renewable energy

Sources.

< Little environmenta impact during construction, probably some positive impact on

environmen.

< Short gestation period, practically no resettlement, submergence or deforestation

problems.



es in the Western Ghat s vol.|

Above dl, they are usudly located in rurd areas, hence can be considered an important rura
energy source. They could play asignificant rolein rurd economic development.

2.3 FACTORSFOR SHP DEVELOPMENT

Based on the experiences from various countries, the basic requirement for SHP devel opment
can be summarised as.

< Sugtainable SHP sites, with reasonable access.

< Nearnessto load centres or the grid.

< Necessary funds and support.

< Loca Expertise to gppropriate the technology as per loca requirements.

< Preferentid policies from central and local government.

It has been observed that policy, funding and expertise are decisive factorsto stimulate SHP
development.

2.4 BASIC PHILOSOPHY

The amdl/mini hydro stations don=t envisage largereservoir storage. They userun off weter for
generating power. Only a smdl diverson weir and an intake pond are usually required. The
maximum size of the pond need not be more than one day=sinflow during lean period. Thepond
normally occupiestheriver bed and avery smal areafrom banks. The average requirement of
pond area is about 0.2-0.4 ha. per MW as compared to 10-15 ha. per MW in case of large
storage ations.

The SHPsrun asbase load stations during monsoon period, with suitable pondage design, they
can be made to run as peak |oad stations during summer season. So they alway's contribute to
pesk load. The large capacity utilisation during monsoon period, in fact, helps us to preserve
water in the exiding large dams, for summer. In effect, they areindirect tools for interbasin
water transfer through the process of local conservation.

15:
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Treatment of catchment areawhich leadsto increased subsoil retention of monsoon precipitation
has a direct impact on its economics.

Panning for large number of units smultaneoudy, offers the possibility of standardization and
Ameass production@which could lead to substantia reduction in project costs.

2.5 SHP SCENARIO

Theworld=sfirst smdl hydro plant wasingdled in USA in 1882. Thefirg dationinIndia witha
capacity 139 kW, wasingtaled at Darjedlingin 1897. Thiswasfollowed by two 200 kW plants
in Smlain 1908 and later by severd other ingtdlations. In India, the estimated tota capacity of
small hydro projectsis about 10,000 MW from 5000 to 6000 potential Sites. At present, 216
plants with an ingalled capacity of 155.38 MW (as on 31-3-98) are under operation and 208
schemesare under congtruction with ingtalled capacity of 230.4 MW. According to estimates, it
has been provisonaly found that, Keralahasamaximum potentid of 1000 MW. Thefirst Hydel
systemin Kerdawasamini hyde station of 450 kW capacity which wasingtdled and operated
in Munnar in 1905. It was in the private sector and later on it was closed down. At present,
there is a private station with a capacity 2x250 kW at Vaguvaraiin Munnar. ANERT has
ingtalled 2x10 kW plants one each at Sugandhagiri and Pookkott in Wayanad district. Recently,
apower gation of 5 MW has been commissioned in Maniyar, under private sector. According
to the latest reports, 4 plants with 3.5 MW have been ingtaled and 30 plants with a tota

capacity of 156.35 MW are under congtruction. This includes 18 projects (installed capecity
102.35 MW) being undertaken with Chineese collaboration. A few stand aone micro hydel

gationsof very smal capacity (kiloWatt range) have been recently commissioned in Kannur and
Idukki districts.

-G

16:



Chapter |11
SHP DEVELOPMENT: A Cost Reduction Approach

Itisafact that the SHP potentid of Kerda has been barely touched so far. Different estimates
have been made about the totd potential of various amdl hydd locations in Kerda Hydd

engineers with a conventiond outlook have dways been arguing that the smal hydro isfar more
codly than thelarge schemes. Thereisonly potentidly truein thisargument. Presently, we don=t
take into account the socia cost of big dams. Also we have not fully explored the possibilities of

cost reductionin the case of SHPs. Considerable scope existsfor reducing the cost of the SHPs.
One method is to achieve cost reduction through standardisation.

As per the Panchayati Rgj legidation, the Panchayats have been granted the power to pursue
smdl hydd projects. This opens up a mgor possibility for the Locd Sdf Government (LSG)
indtitutions to take the initiative and to conduct studies on the feasibility of smal hydd projects
anddsoto implement them. However, if such efforts are scattered and unco-ordinated, nogain
can be made from the economics of scale or number. It wasfdt that thereisadistinct possibility
for cost reduction if a farly large number of amilar units could be planned smultaneoudy.
Therefore, IRTC prepared aproject proposal for studying thisin depth, which was approved and
funded under the Kerda Research Programmeon Loca Leve Development (KRPLLD) scheme
of the Centre for Development Studies (CDS).

3.10BJECTIVES

The objectives of the study are;

< To assessthetechnicad and economica feasbility of 30-40 Sites in the western ghats.

< Tocary out preliminary optimization studies to assess the energy potentid and the optimal
economic level exploitation.

< To standardize turbo generator units for various heads and Szes.

< Toprepareaprdiminary report which would define fundamenta technica concepts. Alsoto
propose a methodology which can be used for studying the small hydel potentia dong with
the relative benefits and cost for proposed programmes.

3.2PROJECT METHODOLOGY
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To begin with, enquiries were made with dl the 14 didtrict panchayaths of our state regarding
ther interest for participating in a preiminary survey to identify the smdl hydd stesin their
digtricts as part of the Western Ghats Small Hydd Programme (WGSHP). Only five district
panchayathsviz., Maappuram, Palakkad, Trissur, |dukki and Pathanamthittaresponded, in spite
of persond follow up. A detailed plan wasworked out for theidentification of potentid Steswith
the help of locd residents. Maximum people=s participation was ensured by involving theloca
panchayats a every sage. Initidly 156 Steswereidentified. After a prdiminary screening 108
steswere short listed. All the Steswere visited by the project team and 31 sites were finalised
for detailed study.

The sites were sdected based on the following fadtors:
< avalability of flow for meximum period,

< acesshility tothedte,

<  nearnessto power grid,

< lessecologica impact, and

< easeof civil congruction and penstock erection

The preliminary data collection with the help of local volunteers started from March 1997
onwards. Thismainly included measurement of flow and collection of physical and topographica
information. Thisstudy lasted for 52 weeks. Detailed investigationswere made during 1997-99
for the preparation of drawings, design and estimate of the engineering structures proposed in the
scheme, and for the preparation of feasibility report. These are detailed below.

3.2.1 Reconnaissance survey

Before starting thetopographical survey the project areawas thoroughly explored, whichgavean
overdl idea of the site and its principd features. Possible instrument stations were located for
theodolite surveying and atopograhica survey was conducted for obtaining topographica details
of the site. The possibke locations for diversion structure and power house were identified and
the details were taken using tacheometric survey.

18:
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3.2.2 Catchmentarea

Topographicd survey sheetsto ascale of 1:50,000 are availablefromthe Survey of India. The
catchment of each site was located using the toposheet. The total area covered under each site
was measured. The topography of each catchment area was studied in detail. Maximum flood
discharge at each site during the period 1997-99 was measured.

3.2.3 Topographical Survey

Tacheometric survey was conducted at al project sites for the preparation of contour map. A

trandt theodolite having a stadia tel escope was used for the purpose. Thereduced levels of the
temporary bench mark wasfixed to be +500.000 metres. Theinstrument wasfixed at astation
and sighted to the levelling aff held at suitable points . The horizontd angles, verticd angle and
stadiareadings were noted. A number of instrument ationswere located such that enough data
were collected to prepare the contour map. We entered these collected datainto acomputer for
computerised calculation. These dataand computed reduced levels of |ocated pointswere used
for the preparation of contour map.

3.24 Contour map

Contour map isadrawing which showsthe devationa details of aplace. The data collected by
survey were used to calculate the horizontal distance, vertical distance and the reduced leve of
various points on the ground. The survey details were plotted on a sheet of paper a a scale of
1:500. Theundulationson the Site, thelocation of thefalsand other topographica festureswere
identified from the map. The location of the welr, the dignment of penstock and the location of
power house were aso determined using this contour map prepared.

3.25 River flow data

Observations were made continuoudy for aperiod of 12 months within the time span of March
1997to March 1999. Thewater level observationsweretaken every week. A suitablelocation
for guaging dtation was identified such thet the flow at that point was identicd to that a the
waterfal. The crosssectiond details of the point were noted for caculating stream discharge. A

19:
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measuring gauge was fixed & this point to measure the flow level. The pesk flow was dso
recorded. Using the collected data, the weekly discharge hydrograph of each Stewas prepared.
The sarvices of local volunteers were utilised to the maximum possible extent for this activity.

3.2.6 Flow duration curves

The flow duraion curve was obtained by plotting discharge againgt percentage flow of
exceedance. The power corresponding to 40% flow of exceedence has been noted for each Site.

Itisgivenin Table 3.1 asanindicator of the power potentia of theste. Thistabledso givesa
clear picture regarding location, head, type of flow and standardised head of various Stes.

Discharges corresponding to various percentages of exceedence (from 20% to 90%) are
reproduced in Table 3.2. Thedetermination of two crucid parameters, the economic potential

and choice of ingtaled capacity isamuch more complex task. Thisisdiscussed in sections 3.4
and 3.7 below.

Table3.1
The physical features of the selected sites
Power at
Standa| 40% flow of

S. Location Act.| rdised| exceedance | Nature of
No. Name of site District (Panchayat) Head| Head (kw) flow

1 | Adianpara Malappuram | Chaliar 17.62 20 360 Perennial
2 | Mayampully Malappuram Chaliar 23.46 20 360 Perennial
3 | Aruvikka Anchuruli | Idukki Kanchiar 21.31 20 300 Seasonal
4 [ Adakkakundu Malappuram | Kalikavu 29.39 33 25 Seasonal
5 | Chakkimali Idukki Arakkulam 32.54 33 20 Seasonal
6 | Nellikkappara Pathanamthitta | Aruvappulam 32.54 33 40 Seasonal
7 | Upputhodu kuthu 1dukki Mariyapuram 33.13 33 450 Perenial
8 | Urumpallu Idukki Arakkulam 36.48 33 330 Seasonal
9 | Madatharuvi Pathanamthitta| Ranni 41.38 43 550 Seasonal
10 | Kallimali kuthu Idukki Rajakkad 42.39 43 80 Seasonal
11 | Gandhismarakapadi | Idukki Kanjikuzhi 42,98 43 80 Seasonal
12 | Pathinaramkandam Idukki V athikkudi 4513 43 160 Perennial
13 | Thekkum thoni Idukki kanjikuzhi 49.00 50 525 Perennial
14 | Chengara Pathanamthitta | Konni 50.96 50 60 Seasonal

20
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15 | Murrikkasseri kuthu | Idukki Vathikudi 54.22 50 190 Perennial
16 | Manpilavu Pathanamthitta | Chittar 73.00 90 90 Seasonal
17 | Mukkali Palakkad Agdli 82.00 90 350 Seasonal
18 | Elapilly Idukki Arakkulam 84.17 90 450 Seasonal
19 | Idukki-Vdara Idukki Adimali 84.93 90 3400 Seasonal
20 | Thrissur-Vdara Thrissur Athirapilly 87.78 90 1400 Seasonal
21 | Poomda Idukki Velliamattom 88.00 90 200 Perennial
22 | Kakandy Pal akkad Agdi 95.23 90 240 Perennial
23 | Véllachattapara Palakkad Alanallur 124.08 125 700 Seasonal
24 | Kozhival kuthu Idukki Munnar 127.80 125 7500 Perennial
25 | Pamble | dukki Kanjikuzhi 13664 140 800 Perennial
26 | Vattompara Idukki Kanjikuzhi 140.74 140 800 Perennial
27 | Chembukatty Palakkad Adimdli 14210 140 1500 Seasonal
28 | Thendillam Palakkad Kizhakkanchery | 149.86 140 750 Seasonal
29 | Panamkudantha Pathanamthitta iNarayanamoozh 15320 140 200 Seasonal
30 | Keezhar kuthu Idukki Kanjikuzhi 183.80 180 5400 Perennial
31 | Attala Pal akkad Karimba 210.00 190 3400 Perennial
Table3.2
Flow Discharge data of selected sites
q Discharge in cumecs for various Percentage flow of exceedence
No. Name of site 20 30 40 50 60 70 80 90
1 | Adianpara 11 8 24 1 07 04 0.062 | 0.045
2 | Mayampully 11 8 24 1 07 04 | 0062 | 0045
3 | Aruvikkal Anchuruli 3 23 1.85 11 06 02 0.06 0.015
4 | Adakkakundu 03 0.25 0.1 0.09 0.06 0.03 | 0.009 0
5 | Chakkimali 013 [ 012 | 007 | 002 | 0.009 | 0.004 | 0.002 0
6 | Nelikkapara 0.36 03 015 | 012 0.02 0.01 | 0.004 0
7 | Upputhodukuthu 26 21 18 038 0.06 | 0033 | 0.027 | 0.017
8 Urumpallu 244 1.76 14 0.54 0.12 0.05 0.04 0.014
9 | Madatharuvi 3 24 145 | 0.28 01 0.04 0 0

21
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10 [ Kalimaikuthu 14 [ 072 024 ] 007 | 004 [ 003 [ 0015 ©
11 | Gandhismarapaci 045 | 032 | 026 | 014 | 0095 | 0011 | 0004 | O
12 | Pathinaramkandam 06 | 053 | 05 | 044 | 038 | 025 | 016 | 015
13 | Thekkumthoni 244 | 176 | 14 | 053 | 008 | 0012 | 0.002 0
14 | Chengara 021 | 019 | 015 | 0065 | 0008 | O 0 0
15 | Murrikkasserikuthu 06 | 053 | 05 | 044 | 038 | 025 | 016 | 015
16 | Manpilavu 09 | 036 | 024 | 016 | 0055 | 002 0 0
17 | Mukkali 071 | 065 | 052 | 042 | 015 | 0099 | 004 0
18 | Elapilly 113 | 099 | 066 | 022 | 0064 | 0027 | 0.012 0
19 | Idukki-Vdara 107 | 752 | 502 | 118 | 069 | 013 | 0004 | O
20 | Thrissur-Vaara 254 | 227 | 204 | 15 02 01 0.02 0
21 | Poomala 141 | 129 | 03 | 018 | 0063 | 0035 | 0.022 | 0012
22 | Kalkandy 16 | 078 | 035 | 029 | 023 | 016 | 012 | 0001
23 | Vellachattapara 225 | 15 | 073 | 05 009 | 006 | 0.009 0
24 | Kozhival kuthu 13 10 8 3 12 075 | 06 0.35
25 | Pamble 358 | 245 | 076 | 043 | 025 | 007 | 004 | 0024
26 | Vattompara 358 | 245 | 076 | 043 | 025 | 007 | 004 | 358
27 | Chembukatty 5 3 | 147 | o5 02 002 | 001 | 0009
28 | Thendillam 24 | 14 | 07 | 033 | 011 | 004 0 0
29 | Panamkudantha 062 | 0524 | 02 | 011 | 004 | 0009 | O 0
30 | Keezhar kuthu 7 6 4 1 048 | 036 | 01 0.02
31 | Attaa 365 | 305 | 25 1 06 018 | 014 | 01

3.2.7 Flood flow determination

There are various empirica methods for cal culating maximum flood discharge. The caculations
were done using Dicken=sformula, Inglis Formula, Ryve=sformulaand a so the Nowab Jung
Bahadur Formula. Out of these the Dicken=sFormulaissaid to bethemost suitablefor Wetern
Ghat region and has been used in this project for the structura design.

3.2.8 Use of pondage to meet peak load

In smdler sreamsthe flow is highly variable. In severd cases, the flow thins out considerably

22



es in the Western Ghat s vol.|

during the lean season. A pondage system which stores the inflow during off pesk hours and
helpsto generate useful power during peek hour ssuggested. But afew of thestreamsrundry in
summer and hence cannot contribute even to peak capacity during thelean season. Still they can
be used for energy contribution during monsoon period. As the monsoon fades out, the inflow
decreases, and themachineswill not be ableto work continuoudy. But gtill they canwork either
at part load, or at full load for reduced periods, taking advantage of the pondage. If we follow
the latter mode, each unit will be ddivering full load whenever itisworking. Whenthepond leve
fdls below the draw down leve, the machine can be shut down until the pond fills up again.

3.3 POWER POTENTIAL

The power potentia P of asitein Wettsis given by the formula
P=hgQH
where, h = Efficiency of turbogenerator system
g=r (dendty of water in kg/m?) x g (acceleration dueto gravity in m/sec?)
Q = Discharge in cumecs (m?¥/sec)
H = Head in meters.
h - can be taken to be, say 75% or 0.75
g = 1000 kg/n® x 9.81m/sec? = 9810 kg/n/sec? fi 10,000 kg/n/sec?
Therefore, power P (W) = 0.75 x 10,000 (kg/nt/sec?) x Q (m?/sec) x H (m)
OrP =75QH (kW)
34 SELECTION OF UNIT SIZE

For optimization of unit Sze, the following parameters were assumed.

Reate of return on investment - 15%
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Loan repayment period - 10 years

Average O&M cost - 2.5% of capita cost
Reaulting sandard annual cost - 25%

(Thiscongstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loanand
repayment of loan in 10 annud instaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - 3.0, 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cogt in relaion to Site specific conditions. Only ranges could be indicated. Each
combination of tariff and capita cost selected above, will demand aminimum annud generation
per KW ingdled if the proposd isto be profitable. This can betaken to be the bresk even plant
capacity factor (PCF) for the site under the specified conditions.

Lower the cos/MW and higher the price for energy, the larger will be the economicdly viable
ingtalled capacity and the quantity of energy that can be economically extracted from agiven ste.

Asan example, let the capital cost of Pamble (SiteNo.25) beRs. 3.5 croresMW. Theannua
rateis 25%. Let the unit rate of tariff offered by K.SE.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capecity,

per Mega Watt annual cog, at therate of 25% on investment = Rs. 3.5 Croresx 0.25

per Mega Wait revenue = 1000 KW x Rs. 25 x X
Equating the two, we get 3,50,00,000 x 0.2.5 =X x1000x 2.5
X =3,500 hrs.

It follows that, any combination of machines, that can work at full capacity for over 3500 hours,
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can deliver a profit, if the overal project cost isbdow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better in terms of Plant Capacity Factor, which is defined as the ratio of
the actua amount of energy obtained, to the maximum energy that can be obtained fromthe given
ingtaled capacity, during an year.

ie, PCF = Ingalled capacity x Actua working hours/Ingtalled capacity x 365x24.
In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%

That is, a maximum capecity, which yields a PCF of 40% under the given flow conditions, is
economicaly viable for this site.

From the Flow Duration Curve and Chart for the Pamble Site (reproduced asFig 3.1 and Table
3.1 respectively), itisseenthat acapacity of about 750 kW can be maintained for almost 40% of
the time. The corresponding dischargein 0.714 n¥/s.

Theyidd from this machine will const of two parts;

1. Whenthemachineisworking at full cgpacity continuoudy, during theflood season, when the
flow exceeds 0.714 n¥/s.  From the graph and chart, this occours for about 39.35% of the
time, or for about 3447 hours. The energy output for this dur ation is 2.585 MU.

2. Energy can dso begenerated at full capacity, by making use of the pondage, for afew hours
aday, even when the inflow islessthan 0.714n¥/s. The tota contribution from this mode of
operation is equa to the energy potentid of the totd discharge below the 0.714 cumec limit.
Thisiscaculated and indicated in the flow datachart (Table 3.3) and isseen to be 0.870 MU.

Thusthe total energy yield from the 750 kW machine will be 3.455 MU. Thisworksout to a
PCF of 3.455 x 10° / (750 x 8760) = 0.525 or 52.5%.

Since this PCF is higher than the bresk even vaue, we can check the feasihility for ill higher
capacities, following asimilar procedure.

:25:



es in the Western Ghat s vol.|

For aningtalled capacity of 1000 kW, which corresponds to about 37.5% flow of exceedence
from the chart, the total energy yied isthe sum of:

(2) 1000 kW x (0.375x 8760) = 3.285 MU at continuous operation, and (2) 1.085 MU, which
is the cumulative energy potentia, as obtained from the Chart (Table 3.3)

Tota Yield = 3.285 + 1.085 = 4.37 MU.
The plant capacity factor, corresponding to thisyield isgiven by :

PCF = 4.37 x 10° / (1000 x 8760) =0. 5 or 50%.

Similarly, For 2.5 MW, (for 30% flow of exceedence)

PCF = (8610000/ 2500 x 8760) x 100 = 39.3%

This PCF is gpproximately equal to the bresk even vaue of 40%.

So 2.5 MW will be the optimum choice for the Site, if the overall project cost isbelow Rs. 3.5
croresMW and tariff isRs. 2.5 per kilo Watt hour.

The units selected can be one of the following combinations:

(AIMW x 2+ 05MW x 1) or MW x1+05MW x 1) or (IMW x 1+ 0.5MW x 3) or even
(0.5MW x 5).

The lagt is very unlikely as the cost per MW will go up significantly as the number of units
increases too much. The second option has limited manoeuvrability to take advantage of the
pondage, when the inflow falls. The choice between 1% or 39 optionswill depend on the total
picture that emerges from the entire family of Stes

Similarly, maximum possible capacities for four different combinations of tariffs and investrrent
cogts can be caculated as indicated bel ow:

The combinations consdered are;

Tariffs (per Unit) - Rs. 2.5 and 3.0 (Two cases)
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Investment cost (Rs.in Crores per MW) - 3.0, 3.5 (Two cases)
Break even PCF for Rs. 2.5/unit and Rs. 3 Crores

per magawdt is - 34%
Break even PCF for Rs. 3/ unit and Rs. 3 Crores

per megawatt is - 28.5%
Break even PCF for Rs. 3/ unit and Rs. 3.5 Crores

per megawett is - 33.3%

The maximum possible economicdly viable capacity for dl these four cases areshownin Table
34

Table3.4
Economically Viable Maximum Capacity at Different Costsand Tariff
Rs.3.0 CroressMW Rs.3.5 CroresMW
Rs.2.5/Unit 4MW 2.5 MW
Rs.3.00/ Unit 5.5. MW AMW

3.5 STANDARDISATION ASA MEANS FOR COST REDUCTION

35.1. The caefor gandar disation

One reason for the comparatively high cost of smdl hydro equipment isthat theturbines, usualy
one of akind, require atigh cost for design and development. If we can choosealarge number
of turbines of identica specifications (head and discharge), the development cost as well as
fabrication cost can be reduced considerably. Naturdly, we may not get exactly identical Sites.
So some deviation in head and flow rate may have to be conceded by making a compromise
between the saving in cost as a result of andardisation and the loss in revenue as a result of

lower energy generetion.

In this project, we have tried to strike a balance between these two and to evolve a new
gpproach to cost reduction through standardisation.
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3.5.2. Categorisation of Stesaccording to head

Theeffective head available a these 31 Sitesvaried from 17.62m a Adianparato 210m at Attila

Tentatively, these 31 sitesare clubbed into 9 head groups: 20m (3), 33m (5), 43m (4), 50m (3),
90m (7), 125m (2), 140m (5), 180m (2).Thisisindicated in Table3.1. Usng the concept of
economic return, the minimum number of hours that a unit should run in an year (or the bresk
even plant capacity factor) was worked out for every Ste (pageno.19). Onthebasisof this
criterion, the maximum ingtdled capacity of each Ste was findised. The turbine szes were
sdected judicioudy. For every dte, a combination of given turbine unit szes. - 0.25MW,
0.5MW, IMW, 1.5MW, 2MW, 5SMW were chosen to satisfy capacity requirement.

From budgetary quotations obtained, it is clear that a cost reduction of &t leat 15% or aboveis
possible if we order for multiple units (ie, say 4 units of the same turbine, a atime). We can
make use of this favourable Situation by sdection of convenient Szed units which add up to the
total requirement for each site. Needlesstosay, thismethodology hasto be carefully applied by
treeting the entire family of dtes as part of asngle system.

3.6 CIVIL WORKS

Each siterequires adiverson weir and an intake structure. The height of thewelr is so adjusted
asto create a pond with a capacity to hold, as far as possible, one full day=sinflow duringlean
months. This stored water will be fully utilized to operate the turbine a full load for about 3to 4
hours, during the peak load time. The machine is shut down for the rest of the day. When the
inflow islarger during monsoon andat times during occasional showers between monsoons, the
machines can be operated intwo or more spdllsof threeto four hourseach, or even continuoudly.
Thus, through ajudicious mix of continuous and intermittent operation, one can extract maximum
energy from any given Ste. Feasible dam height, areaof submergence etc., too will haveto be
consdered while findising the pondage.

3.7 DESIGN CONSIDERATIONS FOR CIVIL WORKS

The important civil engineering works required for the project are a weir, intake structure,
penstock and a power house. A weir is congtructed to have a small storage and to divert the
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water from stream to the intake. The intake structure takes water from the weir and leads it to
the penstock. The penstock is a pressure pipe which carries water to the turbine. It can be
made of sted, cagt iron, plagtics (Poly Vinyl Chloride, High Density Poly Ethylene) and concrete.

A power houseisrequired for the purpose of housing the electro mechanica equipment. It can
very well beasmadl building of one or two rooms.

3.7.1 Design of Wer

Sability Analysis: A gravity dam is a structure which is designed in such away that its own

weight resststheexterrd forces. Theprdiminary andysisof al gravity damscan bemadeessily
by isolating atypica cross section of the dam of unit width. This section is assumed to behave
independently of the adjoining sections. In other words, the dam is considered to be made up of
a number of cantilevers of unit width each, which act independently of each other. This

assumption of independent functioning of each section disregardsthe beam actioninthedam asa
whole.

The gtability of dam can be andysed in the following steps.

1. Congder unit length of dam.

2. Work out the magnitude and direction of al vertica forces acting on the dam and their
dgebracsumi.e, S V.

w

Similarly work out dl the horizonta forces and their dgebraic sumi.e, SH.
4. Determine the leverarm of dl these forces about the toe.

5. Determinethe momentsof al theseforces about the toe and find out the algebraic sum of all
these momentsi.e,, S M.

6. Find out the location of the resultant force by determining its distance from toe.
X=SM/S V.

7. Find out the eccentricity (E) of the resultant (R) using E=B/2-x. It must be less than B/6
inorder to ensure that no tension is developed anywhere in the dam.

8. Determinethe verticd dress at the toe and the hed using p=S V/B) x (1" 6e/B).
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9. Deeminethe maximum norma stresses. They should not exceed maximum available vaues.

10. Determine the factor of safety agangt over turning as equa to S (dabilisng
moment)/S (Over turning momen).

11. Determinethefector of safety againgt diding, usng diding factor: nx S V/S H. Siding factor
must be grester than unity.

3.7.2 Penstock

Itislaid below theweir. Theimportant parameter in penstock designisthe economic diameter of
the pen stock. Economic diameter isthe diameter for which the annud cost, which includesthe
cost of power lost duetofriction and chargesfor amortization of congtruction cost, maintenance,
operation, etc. is the minimum. Empirica formulas for economic diameter of pengtocks are
recommended by various authors based on data of existing penstocks (by regression method),
among which, following empirical formulais recommendable for mini- hydros,

Ds=C1CoQ0>Hy 0%

in which;

D, - Economic diameter (m)

Q, - Dedgndischarge of the penstock or plant (Cms)
H, - Desgn head of the plant (m)

C, - Cofficient taking into consideration the energy cost in the area; 1.2 for areas where
energy cost islow, 1.3 for areas 3where energy cost medium and 1.4 for areas where
energy cost high or exigts no dternative source

C, - Cosfficient taking into account themateria of penstocks; 1 for stedl penstocks, 1.05-1.1
for wood-stave pipes and 0.9-0.95 for pladtic pipes (for smal minkhydros)

-G
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Chapter 1V
CONCLUS ONSAND RECOMMENDATIONS

41RESULTS

The results pertaining to the 31t Sites are presented in Part |1 of thethisreport. Table4.1and
Table 4.2 show the summary of results and the results of standardisation. The following
conclusions are based on those results.

Table4.1
Economically viable proposed unit size

Installed Capacity
SH Tariff for Rs.3.5
No. Name of site (Rs./Unit) croressMW Proposed Unit size
250 1MW 05MW x 2
1 | Adianpara 3.00 1.75 MW IMW x 1+ 0.5MWx1+ 0.25MWx1
250 1MW 05MW x 2
2 Mayampully 3.00 1.75 MW IMW x 1+ 0.5MWx1+ 0.25MWx1
250 550 kw 500 kW x 1+ 50 kW x 1
3 | Aruvikka Anchuruli 3.00 650 kW 500 kW x1+100 kW x 1+ 50 kWx1
250 100 kW 100 kW x 1
4 | Adakkukundu 3.00 125 kW 100kW x 1+ 25 kW x 1
250 40 kw 50 kW x 1
5 | Chakkimali 3.00 50 kW 50 kW x 1
250 100 KW 100 kW x 1
6 Nellikkappara 3.00 125 kw 100kW x 1+ 25 kW x 1
250 750 kw 500 kW x 1+ 250 kWx1
7 | Upputhodukuthu 3.00 1MW 500 kW x 2
250 450 KW 250 kW x 2
8 | Urumpalu 3.00 70 kW 500 kKW x 1+ 250 kwix1




250 75 kW 50kwW x 1+ 25 kwx1l
9 | Madatharuvi 3.00 150 kW 100kW x1+50kwW x 1
250 200 kW 100 kW x 2
10 Kallimalikuthu 3.00 450 kwW 250 kW x 2
250 150 kW 100kW x 1 +50 kW x 1
11 | Gandhismarakappadi 3.00 250 kw 100 kW x 2 +50KW x 1
250 350 kw 250 kW x 1+ 100 kKW x 1
12 | Pathinaramkandam 3.00 450 kW 250 kW x 2
250 1MW 500 kW x 2
13 | Thekkumthoni 3.00 15MW 1MW x1+05MW x 1
250 90 kW 50 kW x 2
14 | Chengara 3.00 100 kW 50 kKW x 2
250 550 kw 500 kW x 1+ 50 kW x 1
15 | Murikkasseri kuthu 3.00 650 kW 500 KW x 1+ 100 KW x 1 + 50kWx1
250 250 kw 250 kW x 1
16 | Manpilavu 3.00 400 kW 250 KW x 1+ 100 kW x 1
250 650 kW 500 kW x 1+ 100 kW x 1 + 50kWx1
17 | Mukkali 3.00 750k W 500kW x 1+ 250 kW x 1
250 850 kw 500 kKW x1 + 250 kW x1 + 100kWx 1
18 | Elappilly 3.00 1MW 500 kW x 1+ 250 kW x 2
250 7 MW 5MWx1 +1MWXx2
19 | ldukki - Vaara 3.00 10 MW 5MWx1+2MW x2+1IMWx1
250 25 MW IMWx2+05MWx1
20 | Thrissur - Vdara 3.00 3 MW 1MW x3
250 850 kW 500 kWx1 + 250 kWx1 + 100 kWx 1
21 | Poomala- Njandirukki 350 1.1 MW 500 kW x 2+ 100 kW x 1
2.50. 950 kw 500 kW x 1+ 250 kW x 2
22 | Kakandi 350 125 MW 500 kW x 2+ 250 kW x 1
250 2MW 1MW x1+500kW x 2
23 | Vellachattappara 3.50 2.75 MW 2MW x 1+ 500 kW x 1+ 250kW x 1




250 13 MW 5MWx2+1MWx3
24 | Kozhivakuthu 3.50 16 MW 5MWx3+1MWx1
250 25MW 1MW x2+05MW x 1
25 | Pamble 350 4 MW 2MWXx1+1MWXx2
250 25 MW 1MW x 2+ 05MW x 1
26 | Vattompara 3.50 4 MW 2MWx1+1MW x 2
250 AMW 2MWXx1+1MWXx2
27 | Chembukatty 350 6 MW 2MW x 3
250 2MW 1MW x 1+500kW x 2
28 | Thendillam 3.50 3MW 2MWx1+1MWx1
250 450 KW 250 kW x 2
29 | Panamkudantha 3.50 650 kW 500 kW x 1 + 100 kW x 1+ 50kW x 1
250 10.5 MW 5MW x 2+ 500 kW x 1
30 | Keezharkuthu 350 13 MW 5MWx2+1MW x3
250 6 MW 2MWx 3
31 | Attaa 350 7.5 MW 5MW x 1+ 2 MW x1 +500kW x 1
Table4.2
Total number of unitsfor the combination of Rs. 2.5/ Unit and Rs. 3.5 Cr / MW
No. of units Head in meters
size MW
20 33 43 50 90 125 140 | 180
0.025 1
0.05 1 1 2 g 1
0.10 2 4 3
0.25 3 1 1 4 2
0.50 5 1 3 5 2 4 1
1 5 4 7
2 1 3
5 1 2 2




4.2 CONCLUSIONS

< The present project is an attempt to use standardisation as amethod of cost reduction in
Smdl Hydd Projects. This has been brought out by examining alimited sample of 31 Sites.
These Steshave beenidentified with the help of loca residents after ingpecting 156 possible
locationsin 5 didricts. Theresultsshow that asufficiently large number of unitsarerequired
S0 asto warrant atempts at standardisation. This demandsthat alarge number of Stesare
taken up for implementation in a co-ordinated manner.

< A mog important finding o the study isthat the economical Sze and yield from agiven ste
could go up sgnificantly (by as much as 50% or even more) if the permissble tariff is
increased from Rs.2.50/kWh to Rs.3.0/lkWh. This shows the importance of having an
enlightened policyin this regard.

< Thissampleis by no means exhaudtive, even within the chosen didtricts. We are sure that
many more Stes can beidentified by conducting an exhaustive search of al the 14 didricts.
However, such an investigation was outside the scope of the present work, and has not
been attempted. Ye this is something which has to be done. The digtrict panchayaths
should take this up on a priority basis.

< Theimplementation of these projects should be undertaken on aco- ordinated basis. Only
then can wetake advantage of the possibilitiesof standardisation. Projectsinvolving unitsof
agiven size should be taken up together, or in sequence, so that orders can be placed for
equipment of identical pecifications, in alarge number.

< Thisnaurdly precludes assigning possible project sites to Independent Power Producers
(IPP) on afirst comefirst served basis. On theother hand, there should be aconcerted and
co-ordinated effort on the part of adesignated Noda Agency, which should prepare the
Detailed Project Reports (DPRS) and assign specific projects according to apredetermined
schedule of implementation. Too many members contesting among themselves, often
working at cross purposes, and competing for the most promising Sites, isa Situationto be
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avoided, at dl costs.

4.3 RECOMMENDATIONS

Even though the study did not address the specific issue of management, in view of the experience
we gained through the interaction with various agencies and stake holders, the fallowing
recommendations have been formulated.

< Grama Panchayat should be encouraged to conduct/commission feashility studies of
potential SHP stes within their area.

< Projectsup to 100 kW could be undertaken by the grama panchayats for implementation.
Bigger projects may be taken up by Jlla Panchayats.

< The procedure for granting clearances should be smplified and decentralised.

< ThePower Plant and Didtribution System for stand aone systems should be managed by a
loca beneficiary committee. Grid connected systems should be managed by Small Hydel
Companies formed at the didtrict level.

< For grid connected systems, the power has to be sold to the State Electricity Board at an
agreed tariff rate. The guideines on pricing, prescribed by MNES can befollowed. For
the stand alone system, the power is distributed according to the needs of the locdlity and
the tariff for power consumption can be fixed on a Acogt plus@basis.

< Thecapitd for the project may beraised from Bank Loans, Shares, Donation, etc. Equity
can be collected from beneficiaries, including Locd Salf Government Inditutions (L SGIs).

< SHPdeveopment offersan excelent industriad opportunity. Thiscan be usefully integrated
with the planning for the industrid sector. It is desireble and viable to form aconsortium of
dready existing public sector technicd unitsin the Sate, that have so far shown initigtivein
such projects. Turbine, eectricd equipment including dternators and transformersand even
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penstocks can be locally manufactured. Thiswill have a sdutary effect on our economy.

The formulation of a master planfor harnessing the Small Hydro Potentid of the Sateis
necessary, if advantage is to be taken of the benefits of standardization. A sequentid
programme to take up the various stes can then be worked out. This should be the
responshility of the designated noda agency. Implementation can be done by NGOs - in
the case of micro hydro projects, or digtrict power companiesin the case of mini and small
hydro projects. Loca Sdlf Government Ingtitutions (L SGls)can extend financia support.

Theroleof the government and the KSEB should bethat of facilitators, The KSEB should
be obliged to purchase any power produced by any enterprise a a pre-fixed price. This
price can befixed by state government and revised from timeto timein accordance with the
guidelines of the MNES. The importance of offering areasonable purchase price, and its
impact on enhancing the economicaly exploitable potentid is clearly brought out by the
sudy. Itisseen that evenwithinthislimited sample, if the purchase priceisraised by 20%
(from Rs.2.50 to Rs.3.00 per kWh), the economic potentia goes up by 35% (from 62.405
MW to 84.15 MW)

-G
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VOLUME II: SITE SPECIFIC DETAILS
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Adianpara
Arwvikkd Anchurdli
Mayamgilly
Adakkakundu
Chekkimdli
Nellikkapara
Upputhodukuthu
Urumpelu
Madatharuvi
Kdlimdi

Gandhi Smarakappady
Pethinaramkandam
Thekkumthoni
Chengaa
Murikkasseri
Manpilavu
Mukkdli
Elaopilly
Vdara(ldukki)
Vdara(Thrissur)
Poomda
Kakandy
Védlachatapara
Kazhivakuthu
Pamble
Vatompara
Chembukatty
Thendillam
Panamkudartha
Keezharkuthu
Atida

Annexure-B
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List of Identified Small Hydel Sites of Our State

Sl o ' No. qua— Category Energy
N District Rivers of city MU
0. sites | (Mw) | Small | Mini | Micro MU)
Chandragiri
1 |K d ) ’ 7 5.15 1 6 0 17.93
asarego Kariangode
Kariangode,
2 | Kannur Kuppam, 31 | 47.05 9 22 0 136.28
Valapattanam
3 | Kozhikkode Chaliyar, Mane, | 34 | 15400 17 | 17 | o 386.15
Kuttiadi
4 | Wynad Chaliyar, Kabani| 13 | 20.65 4 9 0 68.37
5 | Maappuram Chdiyar 27 | 27.86 4 22 1 81.42
Bharatapuzha,
6 | Palakkad Chalakudi 24 | 3912 9 10 5 100.21
7 | Thrissur Chalakud; 12 | 4230 | 6 6 0 120.65
K eecheri
8 | Eranakulam Periyar 4 12.60 3 1 0 117.74
Manimala,
9 | Kottayam Pamba, 4 11.65 2 2 0 35.54
Meenacha
10 | Idukki Muvatupuzhe, | o, | 16389 | 35 | 48 | 1 631.14
Periyar
: Pamba,
11 | Pathanamthitta Pallickalaar 28 | 4855 14 14 0 243.95
12 | Alappuzha - 0 0.00 0 0 0 0.00
Kallada,
13 | Kdlam Ailarakode 7 5.80 3 4 0 69.33
Karamana,
14 | Thiruvananthapuram | Neyyar, 10 7.33 2 7 1 39.63
Vamanapuram
Total 285 | 585.95 | 109 168 8 2048.34
1. Just identified 128 | 4. Detailed Investigation Done 32 | 7. Chinese Co-op. Schemes

33:




A Co-ordinated Project for Participatory Development of Small & Mini Hydel Resources in the Western Ghat s vol.l
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2. Preliminary Investigation Done 39 | 5. Allotted/Agreement Signed 12 | 8. Under Construction

3. Feasibility Survey Done 6. To be Done by KSEB 9. Commissioned
39 6

Total - 285

1. ADI ANPARA

District : Malappuram
Panchayath . Chaliyar
Head ;20 m.

Flow . Perennial

Suggested
Capacity . 1000k W/1750kW

34:
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11 GENERAL

111 Thesdte

Adianpara is a scenic water fdl located in the B ward of Chdiyar Grama Panchayath in
Malappuram didrict. The steisat adistance of 10 km from Nilambur. There is bus routefrom
Nilambur to Namboorippady which ismotorablethrough out theyear. Fromthereaso busesare
availableto Muttiel except in monsoon season. Jeep services are avail able through out the year.
FromMuttid thereisonly 1 kmtothesteand amotorableroad reachesvery near thesite. The
nearest 11 KV lineisabout 1.75 km away from Ste.

Thewater fal islocated a 76° 12' 15"E longitudeand 11° 21' 5" N | atitude. The catchment area
measured from toposheet is28.50 sq.km Thefdl isStuated at an elevation of 360mfromMSL,
in Kanjirgopuzha stream which beginsat an devation of 1442m from MSL. It isflowing dmost
in amoderate dope after thefdl and joinsthe Chdiyar river which drainsinto the Arabian sea.
Thereisanather fal on the upstream sde of thisfal whichiscaled Mayampilly. Thelocation map
of thesteisshownin Fig.No. 1.1.

1.1.2 Topography

Thedteisstuated in the Nilambur forest which isvery dense. Theland is having moderate dope
in thisarea. Thereisno possibility of land dide. The chancesfor soil eroson are very less. Both

Sdesof the stream and its upstream have sheet rocky surface. Thereisagorge of 25 mwideon

the upstream sde of the fdl. The dte is perennid. Number of rainy days exceeds50% inits
catchment.

12 FIELD INVESTIGATION

1.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographical detalls of the site. Thereis
one main fal which gives atota head of 20m. The possible location for diverdon structure and
power housewereidentified and the detail swere taken using tacheometric method of surveying.
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1.2.2 Catchment area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India The
catchment of Adianpara site was located using the toposheet. It isshownin Fig.No.1.2. The
total areaof catchment is measured and it comesto nearly 28.50 sq km. Thecatchment areais
having dmaost moderate dope but some portions are very steep. Maximum flood discharge
measured at this ste during 1998 is about 20 cumec

1.2.3 Contour map

The survey details were plotted on a sheet of paper at ascae of 1:200 (AnnexureA.1). The
undulations of the Site, the location of the falls and other topographica features were identified
from the contour map. Thelocation of thewelr, the dignment of the penstock and location of the
power house were adso determined using this and marked in the above map, dong with the

contours of the area.

124 Rive flow data

For aperiod of 12 months (December 97 to December 98) the water level observations were
taken every week. A suitablelocation wasidentified on the upstream of thefall, wherethewhole
water is flowing through that point, and the cross sectiond details of that point were noted for
caculating thestream discharge. A measuring gauge wasfixed at that point to measure the pesk
flow. Using the collected deta (Table 1.1) the weekly discharge hydrograph of the site was
plotted. Itisgivenin Fig. No. 1.3

1.25 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
theflow duration curvewasplotted (Fig. No. 1.4). Thesame curveaso functionsas percentage
flow of exceedence graph. This river flow data is recdculated in tabular form, giving the
corregponding energy potentia inweekly and cumulaivemodeisgivenin Table 1.2. Thesedaa
are used for caculating energy potential and sdlection of unit Szesin section 1.4.

1.2.6 Peak flow deter mination

There are variousempirica methodsfor ca culating the maximum flood discharge. Thedifferent
vaues obtained are shownin Table 1.3. The vaue obtained from Dicken=sformula whichis

Integrated Rural Technology Centre, Palakkad 12



WGSHP - Final Repart (ol 11) Adianpara

commonly used for Western Ghats region has been used for the structural design of diversion
structure.

Tablel1.3
Peak Flow Deter mination
Dicken=s | Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Peak flow in
cumecs 307.96 | 543.04 90.90 826.45

13 SALIENT DESGN FEATURES

A detailed design of Civil, Electrical and Mechanica work has not been carried out in thisreport
as it does not come under the purview of the project. But a typica section of the proposed
diversgon structure is given here. The gtability andysis of the section and economic diameter of
the penstock was carried out as part of preiminary design. The cgpability and number of units,
type and specification of turbineand generator and it=s cost have been estimated after consulting
various agencies.

1.3.1 Power potential of the project

From the flow duration curve the discharge corresponding to 98% is only 0.02 cubic metre per
second. A discharge of 0.02 cubic metre per second can produce only about 3 kW. However it
seen that much higher flows are available during 50% of thetime. In order to tgp thefull potential

of the Site, with ahead of 20 metre, the project is designed to generate higher output with lower
dependability. Thissite can be designed asarun of theriver project to produce 150 kW with a
dependability of 50%, or 360 kW with a dependability of 40%.

The output power was computed using the formula, P=10x Qx HXx h
Where, P = Power output in kW
Q = Discharge in cumec
H = Head in metres
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Referringtotable 1.2, h = Overdl efficiency (Hereit is assumed as 0.75).
For 50% exceedence, Q=1n?/s, P=10x 1.00x 20 x 0.75 = 150 kW.
For 40% exceedence, Q=2.4n#/s, P=10x 2.4 x20x 0.75=360kW.

For 30% exceedence, Q=7n¥/s, P=10x 7x 20 x 0.75=1110 kW.

1.3.2 Energy potential

Atthissite, sufficient flow isthere so that we can obtain 17000kW power output for about 30% of
thetime. The output reduces to 360kW if wetake the percentage flow of exceedence as 40%.
The energy input corresponding to 30% exceedence will be (30/100* 1000 * 365* 24) =
2.69 MU. Theflow after 30% time can be utilized by providing asmal pondage. The quantity
of water available from 30% to 100% time is calculated to be 228481358, Energy obtained
from this water is calculated to be 0.952 MU.

Tota amount of energy produced =2.69 MU + 0.952 MU = 3.64 MU.

It may be noted that, this much amount of energy can be generated for the particular year of
measurement. If higher flows are avallable during any year, it will enable higher production and
viceversa

1.3.3 Pondage requirement

A plot of surface area Vs devetion is given in Fig.No.1.5. The areas corresponding to each
elevation is used to find the volume of water that can be stored in each eevation and the details
aeshownin Table 1.4.. From this information, a capacity eevation curve of the pondage is
prepared and isgivenin Fig.No. 1.6.
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Tablel.4
Pondage Area Details
9. No. | Eevaion(m) Area(n?) | Capacity (n¥) | Energy (KWh)
1 295.5 0 0 0
2 296 259.6 103.84 4
3 298 786.4 1149.84 48
4 299 2220.6 2653.34 111
5 300 3345.4 5436.34 227

As the terrain is suitable for storing only 5400 n3, it follows that, a full storage, the energy
capacity isonly about 227 kWh. If asingle 250 kW machineisingdled, it can be operated for
only one hour at full capacity (during pesk time). Fortunately, since pondage becomes critical
only during leen morths, thiskind of operation practice is acceptable. Hence, aweir height of
4.5m, to create a pondage of 5400 n¥ is suggested.

1.4 SELECTION PLANT CAPACITY AND UNIT SIZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan Repayment period - 10 years

Average O/M cost - 2.5% of cepita cost
Resulting standard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingtd ments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
tune the cogt in reation to Site gpecific conditions. Only ranges could beindicated. If the project
is to be economically viable, each combination of tariff and capital cost sdected above will
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demand aminimum annual generation per KW ingaled. This can be taken tobethebresk even
Pant Capacity Factor (PCF) for the Site under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
from a given site.

Let the capital cost of Adianparabe Rs.3.5 croresMW. The annud rate is 25%. Let the unit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.
If X be the number of hours of operation at full load capacity,
per Mega Watt annual cog, at the rate of 25% on investment = Rs. 3.5 Crores x 0.25
per Mega Wit revenue = 1000 kW x Rs. 25 x X
Equating the two, we get 3,50,00,000x 0.25 = X x 1000x 2.5
X =3,500 hrs.
Thismeansthat, any combination of machines, that can work at full capacity for over 3500 hours

can deliver a profit, if the overal project cost isbelow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actua amount of energy obtained during an year to the maximum energy that can be obtained
from the given ingtdled cgpacity during the same year, to the actud amount of energy obtained.

In this case, for the vaue of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicdly vigble for thissite.

Similarly, break even PCF for Rs.3.00 per kWh and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%.

Now we shal check various capacities of turbine sizewhich are suitable for these two conditions.
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a.Tariff: Rs.2.50/KWh and break even PCF of 40%

For an installed capacity of 1000 kW, which corresponds to about 30.7% flow of exceedence
from the chart, the total energy yied isthe sum of:

1000 kW x (0.307 x 8760) = 2.69 MU at continuous operation for 30.7% time of an year, and
0.952 MU, whichisthe cumulative energy potentia from 30.7% to 100% time as obtained from
the Chart (Table 1.2).

So totd yield = 2.69 MU + 0.952 MU = 3.642 MU.
The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF = 3.642 x 108/ (1000 x 8760) = 41.5%

This PCF is very near to the break even value of 40%. Hence installed capacity of
1000kW is acceptable.

b. Tariff: Rs.3.00/lkWh and break even PCF of 33.3%

Corresponding to an installed capecity of 1.75 MW (for 19 % flow of exceedence)

PCF = (5310000 / 1750 x 8760) x 100 = 34.6%

This PCF is very near to the bresk even value of 33.3%.

Therefore, 1.75 MW will be the optimum choice for the site, if the overall project cost is

below Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.

Tablel.5
Economically Viable Maximum Capacity at Different Costsand Tar iff

Installed Capacity for
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 1MW

Rs.3.00/ Unit 1.75 MW

The units selected can be one of the following combinations:
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For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (IMW x 1) or (0.5 MW x 2)

For Rs.3.5 CroreMW and Rs.3.0/Unit we can opt ( IMWx1 + 0.5 MWx 1+0.25MWx1) or
(L5MW x 1+ 0.25MW x 1)

We have restricted oursaves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

15 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Works required for the project are a diversion weir, an intake
structure, a penstock and a power house. A welir is constructed to have asmall storage and to
divert the water from stream to the intake. For this project only adiverson welr is proposed,
which alows the excess water to flow over the weir to the downstream. The intake structure
takeswater from the weir and leadsiit to the penstock. The penstock made of sted! is proposed
inthisgte. A power house is congructed for the purpose of housing the eectro mechanica
equipment. A smadl building of one or two rooms will suffice.

151 Werr

A Gabion weir has been proposed on the Kanjirgppuzha stream, a a bed level of +495.500
metres. The base width of the weir at bed leve is 7.5 m. The structureis4.50 mhighhaving a
length of 60 m at the top with a central broad crested free over fal type spill way. The cross
sectiond details of the proposed diversion steisshownin Fig. No. 1.7.

152 Intake Structure, Penstock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the stedl penstock for 1000kW
ingaled capacity, is caculated as 1.9 m and the penstock can carry a maximum flow of
6.67cumec. The possible aignment for the penstock is located on the left bank of the stream.
The longitudina section of the proposed penstock line was drawn from the contour map and
caculated the length, which comesto 147m (Fig. No. 1.8).
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A surface power houseis proposed on theleft bank of the stream. The dope at the proposed site
ismoderate but increases up the hill towards north east direction. The power houseisof Sze9m
X 8m to accommodate 1000 kW, generator and standardised turbine.

16 ELECTRICAL AND MECHANICAL EQUIPMENTS

Theéectricity generated would be connected to the exigting power grid system at Nilambur by a
300m transmissionline. A standardised turbinefor 20m grosshead isproposed for thisparticular
site. Theturbine shdl be complete with governor, control equipment and safety devices. The
generator would be synchronous with a brushless excitation system shdl be rated to generate
11kV, with three phases, 50 cycles per second and shdl be suitable for coupling with turbine
described above. The generator shall have voltage regulation equipment, parald operation
equipment etc.

17 ENVIRONMENTAL IMPACTS

A small hydro project hasbeen proposed at Adianpara. The project could generate either 1000
kW or 1750 kW of hydro power depending on the permitted tariff. Some preiminary
environmenta impact andysishave been carried out. They areland, water and socio- economica
environmenta impacts.

1.7.1. Environmental impact on land

Tota area of caicchment is about 28.5 square kilometres of land in Kanjirgppuzha. The upper
catchment isrocky and with little vegetation cover. Theforest in thissector issemi ever greenand
deciduous. The land at left bank of stream is owned by private persons and the right bank is
forest land. Stream sections are mostly rocky large sized boulders are plenty.

The most sgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land.

1.7.2 Environmental impact on water
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TheKanjirgppuzha, which drainsto Chdiyar river isthe stream of thisfadl. Itisa3rd order, structuraly
controlled stream. Thediverson structurewill create apond of area0.3345ha. No forest land will be
submerged. Above dl, this accounts for only 0.3345 halMW. This diverson structure which dso
acts as acheck dam can increasethe height of water tableleve &t thesite. Theimpounded weater will
aso change soil moisture regime in adjacent forest land.

1.7.3 Socio-economic impact

The construction phase would create employment opportunitiesfor aperiod of 18 months. The pesk
labour strength is 100 skilled and 100 unskilled Iabour. It requiresonly minimum land acquisition for
congruction. The acquisition does not need any rehabilitation.

1.8 CONCLUSON

The environmental impact of this smal hydd project is negligible. No serious adverse impact &
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

Theeconomic size of installed capacity depends upon the permissibletariff aswell asthe capitd codt.
Itwasfound that the project isfinancidly viablefor aninstalled capacity of 1000kW at a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtdled capacity of 1750kW would become economicaly viable.

Cost effective methods of construction, like the use of gabion welirs, can be used to reduce the capita

costs. A methodology for implementing the project with amaximum of peoples= participation should
adso bedevised. Therole of the Grama Panchayath in this effort is crucidl.

_g_
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2. ARUVI KKAL ANCHURULI

District . ldukKi
Panchayath : Kanjiar
Head :20m.

Flow . Seasonal
Suggested

Capacity : 550 kW / 650kW
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21 GENERAL

211 Thesdte

The Aruvikka Anchuruli weter fal islocated in the 3rd ward of Kanjiyar Grama Panchayath in
Idukki digtrict. The Ste is at a distance of 7 km. from Kattgppana There is bus route from
Kattappanato Kakkattukkada. From Kakkattukkadajunction, itispossibleto reachthesite by
traveling a distance of 2km through the Anchuruli reservoir road. The nearest 11 KV lineis
about 500m away from the site.

Thewater fal islocated a 77° 4' 17" Elongitudeand 9° 45' 29" N latitude. The catchment area
measured from topo sheet is 0.625 sq.km. The fdls are Stuated at an devation of 300m from

MSL inKanjiyar treesmwhich beginsa an eevation of 860mfromMSL. Thestreamisflowing

through moderate dopes. After the fal, the stream joinsto Kattappanayar which is draining to
the Idukki reservoir. Location of the Steisshownin Fig.No.2.1.

2.1.2 Topography

Thedte isStuated outside the forest area. Both Sides of the Site are owned by private persons.
Thereisno possibility of land dide and the chancesfor soil erosion are negligible. Thebed of the
dream is hard rock. The dte is perennid and number of rainy days exceeds 50% in its
catchment.

22 FIELD INVESTIGATION

2.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographica details of the site. Thereis
onemain fal which givesatota head of 20m. The possible location for diverson structure and
power housewere identified and the detail swere taken using tacheometric method of surveying.

2.2.2 Catchment area
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Topographica survey sheetsto ascale of 1:50,000 are available from the Survey of India. The
catchment of Aruvikkal Anchuruli was located using the toposheet. 1t is shown in the Fig.No.
2.2. Thetotd areaof catchment is measured from the toposheet and it comesto nearly 0.625
sg.km. The catchment areais having dmost moderate dope but some portions are very steep.
Maximum flood discharge measured at this Ste during 1998 is about 5 cumec

2.2.3 Contour map

The survey details were plotted on a sheet of paper a ascale of 1:250. Undulations of the site,
the location of the falls and other topographica festures were identified from the contour map.
Location of the weir, aignment of the penstock and location of the power house were dso
determined using this and the prepared contour map has been shownin Annexure A.2.

2.24 River flow data

For aperiod of 12 months (December 97 to December 98) the water level observations were
taken every week. A suitable location was located on the upstream of thefdl, wherethewhole
water isflowing through that point, cross sectiond details of that point were noted for caculating
the stream discharge. Wefixed ameasuring gauge at that point to measure the pesk flow. Using
the collected data (Table 2.1) the weekly discharge hydrograph of the site is prepared. The
graphisshownin Fig. No. 2.3.

225 Flow duration curve

Using weekly discharge hydrograph, percentage flow of exceedence was calculated. Fromthis
flow duration curve was calculated (Fig.2.4.). Thesamecurve aso functionsas percentage flow
of exceedence graph. Theriver flow detaisreca culated in tabular form, giving the corresponding
energy potentia in weekly and cumulative modeisgivenin Table 2.2. These data are used for
cdculating energy potentid and selection of unit Szesin section 2.4.

2.2.6 Peak flow determination

There are various empirica methods for caculating the maximum flood discharge. The different
values obtained are shown in Table 2.3 The vaue obtained by Dicken=sformula whichis
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commonly used in western ghats region has been used for the structural design of diverson

gructure.
Table 2.3
Peak Flow Deter mination
Dickeres | Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Peak flowincumecs | 18.28 23.15 7.38 34.64

23 SALIENT DES GN FEATURES

A detailed design of Civil, Electricad & Mechanica work hasnot been carried out in thisreport as
it does not come under the purview of the project. But atypical section of the proposed diverson
dructure is given here.  The dtability andyss of the section and economic diameter of the
penstock was carried out as part of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=scost have been estimated, after consulting various
agencies.

2.3.1 Power potential of the project

From the flow duration curve the discharge corresponding to 98% is only 0.01 cubic metre per
second. A discharge of 0.01 cubic metre per second can produce only about 1.5 kW. However
it seen that much higher flows are available during 50% of the time. In order to tap the full
potentid of the Site, with a head of 20 metre, the project is designed to generate higher output
with lower dependability. This Ste can be designed as a run of the river project which can
produce 275 kKW with a dependability of 40%.

The output power was computed using the formula, P=10x Q x H x h
Where, P = Power output in kW
Q = Dischargein cumec
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H = Head in metres
h = Ovedl efficiency (Hereit is assumed as 0.75)

For 50% exceedence P=10x1.3x20x0.75=195.00 kW.
For 40% exceedence P=10x1.85x20x0.75= 275.00 kW.
For 30% exceedence P=10x2.3x20x0.75=355.00 kW.
2.3.2 Energy potential

At this Ste, sufficient flow is there so that we can obtain 275kW power output for 40% of the
time (146 days). The output reduces to 90kW if we take the percentage flow of exceedanceas
60% (219 days). Theenergy input corresponding to 40% flow of exceedance will be (40/100
* 275* 365* 24) =0.9636 MU. Theflow after 40% time can be utilized by providing asmall
pondage. The quantity of water availablefrom 40% to 100% timeiscal culated to be 10371715
n?. Energy obtained from this water is 0.432 MU.

So, total amount of energy produced = 0.432 MU + 0.9636 MU = 1.4 MU.

It may be noted that , this much amount of energy can be generated for the particular year of
measurement. | f higher flows are available during any year, it will enable higher production and
viceversa

2.3.3 Pondage reguirement

A plot of surface area Vs, devationisgivenin Fig.No.2.5. The areas corresponding to each
eevation is usad to find the volume of weter that can be stored in each eevation and the details
aeshownin Table 2.4 From this information a capacity-€eevation curve of the pondage is
prepared and is shown in Fig.No.2.6.
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Table2.4
Pondage Area Details
Sl. No. | Eevaion(m) Area (n?) Capacity (n?) | Energy (KWh)

1 497.50 0.000 0.000 0

2 498.00 145.313 36.330 2

3 499.00 439.063 328.518 14

4 500.00 698.438 897.270 37

5 501.00 810.938 1651.958 69

6 502.00 1281.25 2698.050 112

As the tarain is not suitable for storage the structure proposed at this siteis only for diverting
water. Theterainissuitablefor storing only 1280 m3, it followsthat, &t full storage, the energy
cgpacity isonly about 112 kWh. If asingle 100 kW machineisingaled, it can be operated for
only one hour at full capacity (during peek time). Fortunatdly, pondage becomes critica only
during lean months, thiskind of operation practiceis acceptable. Hence, aweir height of 4m, to
create a pondage of 1280 ¥ is suggested.

2.4 SELECTION OF PLANT CAPACITY AND UNIT SIZES

For optimization of plant capecity, the following parameters were assumed.
Rate of return on investment - 15%
Loan Repayment period - 10 years
Average O/M cost - 2.5% of capita cost
Resulting standard annud cost - 25%

(Thiscongstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and

repayment of loan in 10 annud ingtaments)
Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
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tune the cost in relation to Site specific conditions. Only ranges could be indicated if the project
has to be economically viable. Each combination of tariff and capita cost selected above will
demand aminimum annua generation per kW ingtdled. This can betaken to be the bresk even
Pant Capacity Factor (PCF) for the site under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

froma given site.

Let the capitd cost of Aruvikka Anchuruli be Rs.3.5 croresMW. Theannud rateis 25%. Let
the unit rate of tariff offered by K.SEE.B be Rs. 2.5/kWh.
If X be the number of hours of operation at full load capacity,
per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per MegaWaett revenue = 1000 KW x Rs. 25 x X
Equating the two, we get 3,50,00,000 x 0.2.5 = X x 1000 x 2.5
X =3,500 hrs.

Thismeans, any combination of machines, that canwork at full capacity for over 3500 hours can
deliver aprofit, if the overdl project cost isbelow Rs. 3.5 croresdMW and tariff isRs. 2.5 per
kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , which isdefined astheratio of
actua amount of energy obtained during an year to the maximum energy that can be obtained
from the given ingtalled capacity during the same year, to the actua amount of energy obtained.
In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%

That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thissite

Similarly, break even PCF for Rs.3 per unit and Rs. 3.5 Crores per Mega Waitt for X=2916
hoursis 33.3%.

Now we shdl check various capacities of turbine size which are suitable for thistwo conditions.
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a. Tariff : Rs.2.50/kWh and break even PCF of 40%

For an ingtaled capacity of 550 kW, which corresponds to about 8% flow of exceedence from
the chart, the total energy yidd s,

550 kW x (0.08 x 8760) = 0.3854 at continuous operation for 8% time of an year, and
1.53MU, which isthe cumulative energy potential from 8% to 100% time as obtained from the
Chart (Table 2.3).

So total yield = 1.53MU + 0.3854MU = 1.92 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF=1.92x 108/ (550 x 8760) = 40 %

This PCF is equal to the break even value of 40%.Hence installed capacity of 550 kW is
acceptable.

Therefore, 550 kW will be the optimum choice for the Site, if the overal project cogt is below
Rs. 3.5 croresMW and tariff isRs. 2.5 per kilo Watt hour.

b.Tariff : Rs.3.00/ kWh and break even PCF of 33%

Corresponding to an instaled capacity of 650 kW (for 4% flow of exceedence)
PCF = (1950000 / 650 x 8760) x 100 = 34.25%
This PCF is very near to the break even vaue of 33%.

Therefore, 650 k W will bethe optimum choicefor thedte, if theoverdl project costisbelow Rs.
3.5 croresMW and tariff isRs. 3.0 per kilo Watt hour.

Table2.5
Economically Viable Maximum Capacity at Different Costsand Tariff
Tariff Unit sizefor
Rs.3.5 CroresMW
Rs.2.5/Unit 550 kW
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Rs.3.00/ Unit 650 kW
The units selected can be one of the following combinations:

For Rs.3.5 CroressMW and Rs.2.5/Unit; we can opt: (0.5MW x 1 + 0.05 MW x 1)

For Rs.3.5 CroredMW and Rs.3.0/Unit we can opt: (0.5 MW x 1+ 0.1IMW x 1+ 0.05MW X
1).

We have redtricted oursalves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

25 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diverson weir, an intake
structure, a penstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the intake. For this project only a diversion weir is proposed,
which alows the excess weater to flow over the wair to the downstream. Theintake structure
takeswater from theweir and leadsit to the penstock. The penstock made of sted! is proposed
inthisgte. A power house is congtructed for the purpose of housing the eectro mechanica
equipment. It isusudly asmal building of Sze 7.5m x 10m.

251 Wer

A concrete weir has been proposed on the Kattappanayar, at abed level of +296.000m. The
base width of thewer & bed leve is2.5m. Thediverson sructureis4m high having alength of
18m at the top with a central broad crested free over fall type spill way. The cross sectiond
details of the existing ground and typica section of the proposed diversion site are shown in
Fig.No.2.7.

2.5.2 Intake Sructure, Pengock and Power house

A simple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trashrack isprovided a theintake mouth, The penstock entrance startsfromthe
wall of intake box near the structure. The economic diameter of the penstock is calculated as
1.5m. The penstock can carry amaximum flow of 3.67 cumec with avelocity of 2.0 metre per
second. The possible dignment for the penstock islocated on the right bank of the stream. The
longitudinal section of the proposed penstock line was drawn from the contour map and the
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length was cal culated, which comesto 158m (Fig.No.2.8).

A surface power houseis proposed on the right bank of the stream. The dope at the proposed
siteisgentle but increases up the hill towards south direction. The power houseisof Sze 10mx
7.5m, to accommodate 550 kW generator and standardised turbine.

2.6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtdled capacity of 550 kW. The
electricity generated would be connected to the exigting power grid sysem by a 500m
transmission line. A standardised turbine for 20m gross head is proposed for this particular Site.
The turbine shdl be complete with governor, control equipment and safety devices. The
generator would be synchronouswith abrush less excitation system and rated to generate 11kV,
three phases, 50 Hz. It isasuitablefor coupling with turbine described above. The generator shall
have voltage regulation equipment, parale operation equipment etc.

2.7 ENVIRONMENTAL IMPACTS

A smadl hydro project has been proposed a Aruvikka Anchuruli (Idukki Dist). Theproject ams
to generates about 550 kW or 650kW of hydro power from afdl having ahead of 20m. Some
preliminary environmental impact andys's have been carried out. They are land, water and
S0ci0-economical environmenta impacts.
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2.7.1 Environmental impact on land

Totd area of catchment is about 0.625 sq. kilometres of land in Kaanchiyar stream.  The upper
catchment isrocky and with little vegetation cover. Thesiteissituated out of forest. Theareaon both

the banks of the stream is owned by private persons. There is no possibility of land dide and the
chancesfor soil erosonisnegligible. The bed of the stream ishard rock. The most Significant thingis
that, due to impoundment, no forest land will be submerged. The construction of weir, penstock,

power house, tailrace and temporary road will not take away any forest land. So no forest clearance
is required for the project.

2.7.2 Environmental impact on water

The Aruvikka Anchuruli, which drainsto ldukki reservoir isthe basins of thisfdl. Itisa3rd order,
structurally controlled stream. The diversion structure will creste a pond of area 0.128 hectare. No
forest land will be submerged. Above dl, this accounts for only 0.2327 halMW. This diverson
structure which aso acts as a check dam can increase the height of water tableleve a the ste. The
impounded water will aso change soil moisture regime in adjacent forest land.

2.7.3 Socic-economic impact

The congtruction phase would creste employment opportunities for aperiod of 18 months. The peak
labour strength is 100 skilled and 100 unskilled labour. 1t require only minimum land acquisition for
congtruction. The acquisition does rot need any rehabilitation.

2.8 CONCLUSION

The environmenta impact of this smdl hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameegre area.

The economic sze of ingtaled capacity depends upon the permissibletariff aswell asthe capita cost.
It wasfound that the project isfinancialy viable for an ingtaled capacity of 550kW at a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alterndivdy, if thetariff is
raised to Rs.3.00 per unit, an ingtalled capacity of 650kW would become economically vigble.
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Cost effective methods of congtruction, like the use of gabion weirs, can be used to reduce the capita
cogs. A methodology for implementing the project withamaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayat in this effort is crucidl.

_(;_

3. NMAYAMPI LLY

District . Malappuram
Panchayath . Chaliyar
Head : 20 m.

Flow . Perennial
Suggested

Capacity : 850 kW/ 1MW
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31 GENERAL

3.1.1Thedte

Mayampilly is a scenic water fal located in the 1 ward of Chaliyar Grama Panchayath in
Maappuram didrict. The Site at adistance of 15 km from Nilambur. There is bus route from
Nilambur to Namboorippady which is motorable through out the year. From there dso buses
areavailableto Multtiye except in monsoon season. Jeep service are available through out the
year. From Muttiyel thereisonly 1 km to siteand amotorableroad exissnear tothe ste. The
nearet 11 KV lineisabout 3 km away from site.

Thewater fal islocated at 76° 11' 30" E longitude and 11° 21' 39" N latitude. The catchment
areameasured from toposheet is 27 sg.km. Thefdlsare situated at an eevation of 400m. from
MSL, in Kanjirgppuzha stream which is begins at an eevation of 2000m. from MSL. It is
flowing dmost in amoderate dope after thefall and joinsthe Chadliyar river which drainsinto
the Arabian sea. There is another fal on the downstream sde of the fdl which is cdled
Adianpara. Location map of the Steis shown in Fig. No.3.1

3.1.2 Topography

The dte is Stuated in the Nilambur forest which is very dense. The land is having moderate
dope in this area. Thereisno possbility of land dide and the chances for soil eroson isvery
less. Both Sdes of the stream and its upstream have sheet rocky surface. Upstream side of the
fdl isdmost in adevated terrain and lot of boulders are available & Ste. Thesteisperennid
and hasgood rainfal inthecatchment. Thesiteisperennid and number of rainy daysexceeds
50% in its catchment.

32 FIELD INVESTIGATION

3.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographical detailsof thesite. Thetotd
head of the site was found to be 20 m. A possible location for diversion structure and power
house are identified and the details were taken usng tacheometric method of surveying.
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3.22 Catchment area

Topographica survey sheetsto ascade of 1:50,000 are available from the Survey of India. The
catchment of Mayampilly site was located using the toposhest. It is showninFig.No.3.2. The
areais measured and its comes to 27 sq. km. The catchment area having almost moderate
dope but some portionsare very steep. Maximum flood discharge measured a thissiteduring
1998 is about 20 cumec.

3.2.3 Contour map

The survey detailswere plotted on a sheet of paper at ascae of 1:200. The undulations of the
gte, the location of the fals and other topographicd features were identified from the contour
map. Thelocation of the welir, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A3

3.24 River flow data

For aperiod of 12 months (December 97 to December 98)the water level observationswere
taken every week. A suitable location was located on the downstream of the fdl, where the
whole water is flowing through that point, cross sectiond details of that point were noted for
cdculaing the stream discharge. A measuring gauge wasfixed at that point to messure the pesk
flow. Using the collected data (Table 3.1) the weekly discharge hydrograph of the Site is
prepared. The grgph isshownin Fig.No. 3.3.

3.25 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedence was caculated. From
this, the flow duration curve was plotted (Fig. No. 3.4). The same curve aso functions as
percentageflow of exceedence graph. Thisriver flow dataisrecadculated in tabular form, giving
the corrosponding energy potentid inweekly and cumulativemodeisgiveninTable3.2. Thee
data are used for caculaing energy potential and sdection of unit Szesin section 3.4.

3.2.6 Peak flow determination

Therearevariousempiricd methodsfor caculaing the maximum flood discharge. Thedifferent
values obtained are shown in Table 3.3 The vaue obtained by Dicken=sformula, whichis

Integrated Rural Technology Centre, Palakkad 2



WGSHP - Final Repart (Val 11) Mayampilly

commonly used in western ghats region has been usad for the structura design of diverson

gtructure.
Table3.3
Peak Flow Deter mination
Dicken=s | Ingli=s | Ryve=s Nawab Jung
Parameters method formula | foomula | Bahadur formula
Pesk flow incumecs | 307.96 | 543.04 | 90.90 826.45

33 SALIENT DESGN FEATURES

A detailed design of Civil, Electrical and Mechanical work has not been carried out in this
report as it does not come under the purview of the project. But, a typical section of the
proposed diverson structure is given here. The stability andysis of the section and economic
diameter of the penstock was carried out as part of preliminary design. The capability and
number of units, type and specification of turbine, generator and it=s cost have been estimated
after conaulting various agencies.

3.3.1 Power potential of the project

From the flow duration curve the discharge corresponding to 98% exceedence is only 0.02
cubic metre per second. A discharge of 0.02 cubic metre per second can produce only about 3
kW. However it seen that much higher flows are available during 50% of thetime. In order to
tap the full potentid of the Ste, with a head of 20 metre, the project is designed to generate
higher output with lower dependability. This Site can be designed asarun of the river project
which can produce 150 kW with a dependability of 50%.

The output power was computed using the formula, P=10x Q x H x h
Where; P = Power output in kW
Q = Discharge in cumec
H = Head in metres
h = Overdl efficiency (Hereit is assumed as 0.75)

For 50% exceedence, Q=1n/s, P=10x 1.00x 20 x 0.75 = 150 kW.

For 40% exceedence, Q=2.4n+/s, P=10x 2.4 x 20x 0.75 =360 kW.

Integrated Rural Technology Centre, Palakkad .3



WGSHP - Final Repart (Val 11) Mayampilly

For 30% exceedence, Q=7nt/s, P=10x 7x 20 x 0.75 = 1110 kW.

3.3.2 Energy potential

At thissite, sufficient flow isthere so that we can obtain 1000kW power output for 30.7% of
the time (112 days). The output reduces to 360kW if we take the percentage flow of
exceedence as 40% (183 days). The energy input corresponding to 30.7% time will be
(30.7/2100 * 1000 * 365 * 24) = 2.69 MU. The flow after 50% time can be utilized by
providing a smdl pondage. The quantity d water available from 30% to 100% time is
calculated to be 22848135n#. Energy obtained from thiswater is caculated to be 0.952 MU.

Tota amount of energy produced =269 MU +0.952MU =3.64 MU.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any yesr, it will enable higher production and vice versa

3.3.3 Pondage requirement

From the contour map aplot of surface area Vs, devaionisdravninFig.No.3.5. Theareas
corresponding to each evation is used to find the volume of water that can be stored in each
eevation and the detailsis shown in T able 3.4. From thisinformation capacity elevation curve
of the pondage is prepared and is shown in Fig.N0.3.6.

Table3.4
Pondage Area Details
Sl. No. Elevation (m) Area(n?) | Capacity (n¥) | Energy (kWh)
1 497 0 0
2 498 238.00 119.00 5
3 499 283.80 379.90 16
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As the tarrain is suitable for storing only 380 n?, it follows that, at full storage, the energy
capacity isonly about 280 kWh. If asingle 250 kW machineisingaled, it can be operated for
only one hour a full capacity during pesk time. Fortunately, pondage becomes critica only
during lean months, thiskid of operation practiceis acceptable. Hence, aweir height of 2m, to
create a pondage of 380 n¥ is suggested.

Astheterrainis not suitable for storage the structure proposed at this siteisonly for diverting
water.

3.4 SELECTION OF PLANT CAPACITY AND UNIT SIZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting sandard annua cost - 25%

(Thiscondsts of 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan
and repayment of loan in 10 annud ingtaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufaciurerswere not in aposition to quote exact figures, no attempt was madeto fine
tune the codt in reation to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capital cost salected above, will demand aminimum annua generation
per kKW ingtalled. Thiscan betaken to bethe break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically

viable installed capacity and the quantity of energy that can be economically extracted
froma given site.

Let the capita cost of Mayampilly be Rs.3.5 croresMW. Theannud rateis25%. Let the unit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hoursof operation &t full load capacity,
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per MegaWatt annua cogt, at therate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wait revenue = 1000 KW x Rs. 25 x X
Equating thetwo, we get 3,50,00,000x 0.25 = X x1000x 2.5

X =3,500 hrs.

This means that, any combination of machines, that can work at full capacity for over 3500
hours can deliver a profit, if the overdl project cost isbelow Rs. 3.5 croresMW and tariff is
Rs. 2.5 per kilo Waitt hour.

This can be explained better in terms of Plant Capacity Factor , whichisdefined astheratio
of actua amount of energy obtained to the maximum energy that can be abtained fromthe given
ingtdled capacity during an year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicdly vigble for thisste,

Similarly, bresk even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%.

Now we shall check various capacities of turbineszewhich are suitablefor thistwo conditions.
a. Tariff: Rs.2.50/lkWh and break even PCF of 40%

For aningtalled capacity of 1000 kW, which correspondsto about 30.7% flow of exceedence
from the chart, the total energy yidd isthe sum of:

1000 kW x (0.307 x 8760) = 2.69 MU at continuous operation for 30.7% time of an year,
and 0.952 MU, which isthe cumulative energy potentia from 30.7% to 100% time asobtained
from the Chart (Table 3.3).

Totd yield =2.69 MU + 0.952 MU = 3.642 MU.
The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF = 3.642 x 108/ (1000 x 8760) = 41.5%

This PCF is very near to the bresk even value of 40%.
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This PCF is very near to the break even value of 40%.Hence installed capacity of
1000kW is acceptable.

So 1 MW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/kWh and break even PCF of 33%
Corresponding to an ingtaled capacity 1.75 MW, (for 19 % flow of exceedence)
PCF = (5310000 / 1750 x 8760) x 100 = 34.6%

This PCF is very near to the break even value of 33.3%. Henceinstalled capacity of
1000kW is acceptable.

Therefore, 1.75 MW will bethe optimum choicefor thesite, if the overall project costis
below Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.

Table3.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit szefor
Rs.3.5 CroressMW

Rs.2.5Unit 1MW

Rs.3.00/ Unit 1.75 MW

The units selected can be one of the following combinations:
For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt (IMW x 1) or (0.5 MW x 2)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (1MW + 0.25 MW x 3) or (1.5MW x
1+0.25MW x 1)

We have redtricted oursalves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

35 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Works required for the project are adiverson weir, an intake
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structure, apenstock and apower house. A weir iscongtructed to have asmdl storage and to
divert the water from stream to the intake. For this project only adiversion weir is proposed,
which alows the excess water to flow over the weir to the downstream. Theintake structure
takes water fromtheweir and lead it to the penstock. The penstock made of sted is proposed
inthisgte. A power house is congtructed for the purpose of housing the electro mechanical

equipment. Itisusudly asmdl building of 9ze 9mx 7m.

351 Wer at Mayampilly

A concrete weir has been proposed on the Kanjirgppuzha stream, at abed leve of +597.000
metres. Thebasewidth of theweir at bed leve is2m. The concrete structureis2m high having
alength of 8.2m at the top with acentra broad crested free over fal type spill way. The cross
sectional details of the proposed diverson siteand atypical section of the structure are shown
inFig.No. 3.7.

35.2 Intake Structure, Pensgock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
streambed. A trashrack isprovided at theintake mouth, the penstock entrance startsfromthe
wall of intake box near the structure. The economic diameter of the penstock iscaculated as
1.9m. The penstock is designed for amaximum flow of 6.67 cumec with avelocity of 2.35
metre per second. The possible dignment for the penstock is located on the left bank of the
stream. The longitudina section of the proposed penstock line was drawn from contour map
and caculated the length, which comesto 71m (Fig. No. 3.8).

A surface power houseis proposed on the left bank of the stream. The dope at the proposed
steismoderate but increasesup the hill towards north direction. The power houseisof Sze9m
X 7m, to accommodate 1000kW, generator and standardised turbine.

36 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtaled capacity of 1000 kW. The
electricity generated would be connected to the existing power grid system at Mayampilli by a
2km transmission line. A standardised turbine for 20m gross head is proposed for this
paticular Ste. The turbine shdl be complete with governor, control equipment and safety
devices. The generator would be synchronouswith abrushless excitation sysem shdl berated
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to generate 1000kW, 11kV three phases, and 50 Hz . It will be suitable for coupling with
turbine described above. The generator shal have voltage regulation equipment, parald
operation equipment etc.

3.7 ENVIRONMENTAL IMPACTS

A smadll hydro project has been proposed at Mayampilly (Mdappuram Digt.). Theprojectams
to generates about 1000 kW of hydro power from a fal having a head of 20 m. Some
preliminary environmenta impact andyss have been carried out. They are land, water and
socio-economica environmentd impacts.

3.7.1 Environmental impact on land

Totd areaof catchment is about 27 square kilometres of land in Kanjirgppuzha. The upper
caichment is rocky and with little vegetation cover. The forest in this sector is semi evergreen
and deciduous. Theland onleft bank of stream isowned by private personsand theright bank
isforest land. Stream sections are mostly rocky and large sized boulders are plenty.

Themost significant thing isthat, due to impoundment, no forest land will be submerged. The
congruction of welr, penstock, power house, tailrace and temporary road will not take away
any forest land.

3.7.2 Environmental impact on water

Integrated Rural Technology Centre, Palakkad .10



WGSHP - Final Repor t (Vol. 1) Mayampilly

TheKanjirgppuzha, which drainsto Chdiyar river isthe stream of thisfdl. Itisa3rd order, sructuraly
controlled stream. Thediversion structure will creste apond of area 0.0283 hectare. No forest land
will be submerged. Aboveal, thisaccountsfor only 0.0283ha/MW. Thisdiverson structure which
aso actsasacheck dam can increase the height of weter tableleve at theste. Theimpounded water
will aso change soil moisture regime in adjacent forest land.

3.7.3 Socioeconomic impact

The construction phase would create employment oppartunitiesfor aperiod of 18 months. The peak
labour strength is 100 skilled and 100 unskilled labour. It requires only minimum land acquisition for
congruction. The acquisition does not need any rehabilitation.

38 CONCLUSON

The environmenta impact of the smal hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

Theeconomic sizeof ingtaled capacity depends upon the permissibletariff aswell asthecapita cost.
It wasfound that the project isfinancidly viable for an ingtalled capacity of 850kW at a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, aningaled capacity of 1000kW would become economicaly viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
costs. A methodology for implementing the project with amaximum of peoples= participation should
adso bedevised. Therole of the Grama Panchayat in this effort is crucid.

_g_
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4. ADAKKAKUNDU

District . Malappuram
Panchayath : Kalikavu
Head : 33 m.

Flow . Seasonal
Suggested

Capacity : 100 KW / 125 kW
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4.1 GENERAL
411 Thedte

Adakkakundu water fdl is stuated in the 7" ward of Kdikavu Grama Panchayath in
Maappuram digtrict. The Steisat adistance of 25 km. from Nilambur. Thereisbusroutefrom
Nilambur to Kdikavu. Fromthere, Jeep servicesareavailable to Adakkakundu. Theroad ends
nearly 500m beforethe site. The nearest 11 KV lineisabout 3 km away from site.

Thewater fall islocated at 76° 21'20" E longitudeand 11° 10' 33" N latitude. The catchment area
measured from topo sheet is 6.78 sg.km Thefdl issituated a an elevation of 100m from MSL
in Adakkakundu stream which begins a an devation of 1000m from MSL. After the fal, the
stream joins to the Kottapuzha and findly drains to Chaliyar. The location mep of the Ste is
shown inFig.No.4.1

4.1.2 Topography

Topography of any site meansthe description of geographic detailsof thesite. Thesteisstuated
inprivateland. Theland ishaving moderatedopeinthisarea. Thereisno possibility of land dide
and the chances for soil eroson are negligible. The bed of the stream isrocky and boulders are
avallableat theste. Thedteisaseasona onewhilethe number of rainy daysexceeds50%in its
catchment.

4.2 FIELD INVESTIGATION
4.2.1 Reconnaissance survey
A topographica survey was conducted for obtaining topographica details of the site. Thetota

head of the dte was found to be 33 m. A possible location for diverson structure and power
house are identified and the details were taken using tacheometric method of surveying.

4.2 .2 Catchment area

Thecatchment of Adakkakundu fal (Chempuzha) waslocated using thetoposheet. Itisshownin
Fig.No. 4.2. Theareais measured and it comes t0 6.78 sq km. The catchment area having
amost moderate d ope but some portionsare very steep. The upstream portion of the catchment
area is the part of western ghats and the area nearby the site is mainly cultivated lands. The
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possibility of land dide exigts a the upstream side of the catchment.

4.2.3 Contour map

The tacheometric survey details were plotted on a sheet of paper at a scde of 1:200. The
undulations on the site, the location of the falls and other topographical features were identified
from the contour map. Thelocation of thewelr, the alignment of the penstock and location of the
power house were dso determined using this and the prepared contour map has been shownin
Annexure A 4.

424 River flow data

For aperiod of 12 months (November 97 to November 98) the water level observations were
taken every week. A suitable location was located on the upstream of the fal, where the whole
water isflowing through that point, cross sectiona detailsof that point were noted for calculating
the stream discharge. A measuring gauge was fixed a that point to measure thepesk flow. Using
the collected data (Table 4.1) the weekly discharge hydrograph of the site is prepared. The
graphisshownin Fig. No. 4.3.

4.25 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. Fromthis
theflow duration curvewas plotted (Fig. No. 4.4). Thesamecurvea so functionsas percentage
flow of exceedence grgph. This river flow data is recadculaed in tabular form, giving the
corresponding energy potential inweekly and cumulativemodeisgiveninT able4.2. Thesedaa
are used for cdculating energy potentid and Sdection of unit Szesin section 4.4.

The flow duration curve for the year 1998 is shown in Fig.4.4. The curve was obtained by
plotting discharge againgt  percentage exceedence. The detailsare givenin Table4.2.

426 Peak flow determination

There are various empirical methods for cdculating the maximum flood discharge. The different
values obtained are shown in Table 4.3 The vaue obtained by Dicken=sformula whichis
commonly used in western ghats region has been used for the structurd design of diverson
dructure,
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Table4.3
Peak Flow Deter mination
Dicken=s | Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Peak flow in
cumecs 108.12 | 198.99 | 3585 282.65

43 SALIENT DESGN FEATURES

A detailed design of Civil, Electricad and Mechanica work has not been carried out in thisreport
as it does not come under the purview of the project. But atypical section of the proposed
diverson structure is given here. The gtability andysis of the section and economic diameter of
the penstock was carried out as part of preiminary design. The cgpability and number of units,
type and specification of turbine, generator and it=s cost have been estimated, after consulting

various agencies.

4.3.1 Power potential of the project

From the flow duration curve the discharge corresponding to 86% exceedence is only 0.005
cubic metre per second. A discharge of 0.02 cubic metre per second can produce only about
1.25 kW. However it seen that much higher flows are available during 50% of thetime. In
order to tap the full potentia of the dte, with a head of 33 metre, the project is designed to
generate higher output with lower dependability. This Ste can be designed asarun of theriver
project which can produce 25 kW with a dependability of 40%.

The output power was computed using the formula, P=10x Q xH x h
Where, P = Power output in kW
Q = Discharge in cumec
H = Head in metres
h = Efficiency taken as0.75
For 50% exceedence P=10x0.01x33x0.75=25.00 KW.

For 40% exceedence P=10x0.14x 33x 0.75=35.00 kW.
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For 30% exceedence P=10x0.26 x 33x0.75= 65.00 kW.

4.3.2 Energy potential

At thissite, sufficient flow isthere so that we can obtain 25kW power output for 50% of thetime
(182 days). Power input corresponding to 50% time will be (50/100 * 25 * 365 * 24) =
0.11M U. Theflow after 50% time can be utilized by providing a small pondage.

The quantity of water available from 50% to 100% time is calculated to be 500774 m?. Energy
obtained from this water is calculated to be 0.034 MU.

Tota amount of energy produced =011 MU +003MU =0.14MU.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

4.3.3 Pondage requirement

From the contour map aplot of surface area Vs, eevation isdrawn in Fig.No.4.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each
eevation and thedetailsisshownin T able4.4. From thisinformation capacity eevation curve of
the pondage is prepared and is shown in Fig.No.4.6.
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Tabled.4
Pondage Area Details
Sl. No. | Eevation(m) Area (n?) Capacity (m? Energy (kWh)

1 496.5 0 0 0
2 497 33.20 16.60 1
3 498 116.40 91.40 6
4 499 252.40 275.80 19
5 500 473.80 638.90 44
6 501 687.20 1219.40 84
7 502 909.00 2017.50 139
8 503 1163.80 3053.90 210

Asthetearainisauitablefor storing 3050 m?, it followsthet, at full storage, the energy capacity is
only about 200 kWh. If asingle 200 kW machine isingdled, it can be operated for only one
hour a full capacity (during pesk time). Fortunatdly, pondage becomes critical only during lean
months, thiskid of operation practice is acceptable. Hence, awelr height of 6.5 m, to createa
storage of 3050 m®issuggested. Astheterrainisnot suitablefor storage the structure proposed
a thisdteisonly for diverting water.

44 SELECTION OF PLANT CAPACITY AND UNIT SZES
For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

L oan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(Thiscongstsof 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was madeto fine
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tune the codt in relation to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capital cost selected above, will demand aminimum annual generation
per KW ingtaled. This can be taken to be the bresk even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
fromagiven site.

Let the capital cost of Adakkakundu be Rs.3.5 croressMW. The annua rate is 25%. Let the
unit rate of tariff offered by K.SE.B be Rs. 2.5/kWh.
If X be the number of hours of operation at full load capacity,
per Mega Watt annual cogt, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wait revenue =1000 kW x Rs. 25 x X
Equating the two, we get  3,50,00,000x 0.25 = X x 1000x 2.5
X =3,500 hrs.
It means that, any combination of machines, that can work at full cgpacity for over 3500 hours

can deliver aprofit, if the overal project cost isbeow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actua amount of energy obtained during an year to the maximum energy that can be obtained
from the given ingtdled capacity during an year.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%

That is, amaximum capacity, which yields a PCF of 40% is economicaly viable for this Ste.

Similarly, bresk even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt for X=2916
hoursis 33.3%

Now we shd| check various capacities of turbine sizewhich are suitable for these two conditions.
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a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aningtaled capacity of 50 kW, which correspondsto about 38.5% flow of exceedencefrom
the chart, the total energy yidd is the sum of: 50 kW x (0.385 x 8760) = 0.169 MU a
continuous operation for 38.5% time of an year, and 0.066M U, which isthe cumulative energy
potential from 38.5% to 100% time as obtained from the Chart (Table 4.3)

So totd yield = 0.169MU + 0.066U = 0.235 MU.

The Plant Capacity Factor, corresponding to thisyidd isgiven by :

PCF = 0.235 x 108/ (50 x 8760) = 53.65 %

For acapacity of 100 kW, Total yield = ( 100*0.195* 8760) + 207006

ie, 0.171 + 0.207 = 0.378 MU.

PCF = 0.378 x 108/ (100 x 8760) = 43.15 %

This PCF is gpproximately equa to the break even value of 40% for a capacity of 100 kW.

S0 100 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00(kWh and break even PCF of 33.3%

Smilarly, for 125 kW (for 13.5 % flow of exceedence)
PCF = (393000 / 125 x 8760) x 100 = 35.8%
This PCF is very near to the bresk even value of 33% for a capacity of 125 kW.

Smilarly, 125 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 crores/MW and tariff is Rs. 3.0 per kilo Watt hour.

Table4.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit szefor
Rs.3.5 CroressMW
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Rs.2.5/Unit 100 kW

Rs.3.00/ Unit 125 kwW
The units selected can be one of the following combinations:

For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (0.IMW x 1)
For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt (0.1 MW x 1 + 0.025MW x 1).

Among these two categories, the second one seemsto be less viable sinceit is bulky with units.
We have redtricted oursdlves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

45 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diverson weir, an intake
structure, apenstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the intake. For this project, only adiversion weir is proposed,
which alows the excess water to flow over the weir to the downstream. The intake structure
takeswater from theweir and lead it to the penstock. The penstock made of stedl isproposedin
this gte. A power house is congtructed for the purpose of housing the dectro mechanica
equipment. A smal building of one or two rooms will suffice.

451 Wer at Adakkakundu

A Gabionweir hasbeen proposed at the site at abed level of +495.500 metres. The basewidth
of theweir & bed level is6.5m. Thediverson structureis6.50 m high having alength of 29 m. at
the top with a central broad crested free over fal type spill way. The cross sectiond details of

the proposed diversion sSte and a typica section of the proposed weir structure is shown in

Fig.No. 4.7.

45.2 Intake Structure, Penstock and Power house

A smple box type, direct intake Structure of reinforced cement concrete is provided on the
siream bed. A trash rack isprovided at the intake mouth, the penstock entrance starts from the
wall of intake box near the structure. The economic diameter of the penstock is calculated as
0.2m. The penstock can carry amaximum flow of .0404 cumec with avelocity of 1.3 metre per
second. The possible dignment for the penstock is located on the left bank of the stream. The
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longitudina section of the proposed penstock line was drawn from contour map and cal culated
the length, which comesto 147m (Fig. No. 4.8).

A surface power houseis proposed on the left bank of the stream. The d ope at the proposed Site
ismoderate but increases up the hill towards north east direction. The power houseisof Sze8m
X 4.5m, to accommodate a 100 kW generator and standardised turbine.

46 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an indaled capacity of 100 kW. The
electricity generated would be connected to the existing power grid system at Adakkakundu by a
3km. transmissionline. A standardised turbinefor 33m grosshead isproposed for this particular
site. Theturbine shdl be complete with governor, control equipment and safety devices. The
generator would be synchronouswith abrushless excitation system shdl berated to generate 100
kW, 11kV three phases, 50Hz and shall be suitable for coupling with turbine described above.
The generator shall have voltage regulation equipment, paralld operation equipment etc.

4.7 ENVIRONMENTAL IMPACTS

A micro hydel project has been proposed at Adakkakundu (Malappuram Dist.). The project
ams to generates about 100 KW of hydro power from a fal having a heed of 33 m. Some
preliminary environmenta impact analysis have been carried out. They are land, water, socio-
€conomic environmenta impacts

4.7.1 Environmental impact on land
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Totd area of catchment is aout 6.78 square kilometres of land in Chempuzha which joins to

Vdiyapuzhathen Kottgpuzhaand findly drainsinto Chdiar. Thesteisstuatedin privateland. The
land is having moderate dopein thisarea. Thereisno possibility of land dide and the chances for soil

eroson isexisgs. The bed of the stream isrocky and boulders are available at nearby the site. The
mogt Sgnificant thing isthat, due to impoundment, no forest land will be submerged. The condruction

of weir, penstock, power house, tailrace and temporary road will not take away any forest land.

4.7.2 Environmental impact on water

The Chempuzha which drains to Vaiyapuzha is the stream of thisfdl. It isa3rd order, structuraly
controlled stream. The Storage structurewill create apond of area0.116 hectare. No forest land will
be submerged. Above dl, this accounts for only 1.16 hadlMW. This diversion structure which also
acts as a check dam can increasethe height of water tablelevel at theste. Theimpounded water will
aso change soil moisture regime in adjacent forest land.

4.7.3 Socio-economic impact

The construction phase would creste employment opportunitiesfor aperiod of 12 months. It require
only minimum land acquisition for congtruction. The acquisition does not need any rehailitation

48 CONCLUSON

The ewvironmenta impact of smdl hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area. The economic
Szeof ingtaled cagpacity depends upon the permissible tariff aswell asthe capital cost. It wasfound
that the project isfinancidly viable for an instaled capacity of 100kW at a project cost of Rs. 3.5
Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alterndively, if thetariff israised to
Rs.3.00 per unit, an ingtdled capacity of 125kW would become economicaly vigble.

Codt effectivemethods of congtruction, likethe use of gabionweirs, can be used to reducethe capita
cods. A methodology for implementing the project with amaximum of peoples= participation should
adso bedevised. Therole of the Grama Panchayat in this effort is crucid.

_(;_
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5. CHAKKI MALI

District . ldukKi
Panchayath . Arakkulam
Head : 33 m.

Flow . Seasonal
Suggested

Capacity . 40 kW / 50 kKW
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5.1 GENERAL
5.1.1 Thedte

Chakkimali water fal isstuated in 1 Xth ward of Arakkulam GramaPanchayathin Idukki district.

To reech this Ste, we have to travel nearly 18km distance from Moolamattom to Kulamavu.
Two kilometre away from Kulamavu there is a boat sation. After 20 minutes journey from
Nellikkapparaboet station, wewill reach Peranikkadavu. From Peranikkadavu aforest footpath
of onekilometre retch exissswhich leadstothesite. From Moolamattom to Urumpadllu, thereis
another route to reech the site. That jeepable route istoo long as compared to the early said
route.

The water fdl is located at 76° 56' 45" E longitude and & 47' 13" N latitude. The catchment
areameasured from topo sheet is 1.5 sq. km Thefdlsare Situated at an eevation of 720m from
MSL in Chakkimdi thodu which begins a an eevation of 940m from MSL. After the fal the
sream drainsto Idukki reservoir. Thefdl Stuated just 150m away from reservoir. No existing
supply lines are available near by thissite. The location map of the siteisshown in Fig.No.5.1

5.1.2 Topography

Topography of any site means the description of the geographicd details of the ste. Theland is
having steep dopesin thisarea. There is no posshility of land dide and the possibility of soil
erosonisnegligible. The stream bed isrocky and availability of bouldersareless. The number
of rainy days exceeds 50% in its catchment.

52 FIELD INVESTIGATION
5.2.1 Reconnaissance survey

Before garting the topographica survey we walked through the project area, which gave an

overdl ideaof the steandits principa festures. Possibleinstrument stations were located for the
theodolite surveying and conducted atopographica survey for obtaining topographica details of
the Ste. There is one main fal which gives a totd head of 33m. The possible location for

diverson structure and power house are identified and the details are taken using tacheometric
method of surveying.
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5.22 Catchment area

Topographica survey sheetsto ascae of 1:50,000 are available from the Survey of India The
catchment of Chakkimai water fal was located usng the toposheet. It is shown in the
Fig.No.5.2 and it is measured the areawhich comes to nearly 1.5 sq.km. The catchment area
having dmaost moderate dope but some portions are very steep. Maximum flood discharge
measured a this Ste during 1998 is about 1 cumec.

523 Contour map

The tacheometric survey details were plotted on a sheet of paper a a scale of 1:200. The
undulations of the Site, the location of the falls and other topographica features were identified
from the contour map. Thelocation of theweir, the dignment of the penstock and | ocation of the
power house were also determined using this and the prepared contour map hasbeen shownin

Annexure A.5.

5.24 River flow data

For aperiod of 12 months (January 98 to January 99) the water level observations were taken
every week. A suitable location was located on the upstream side of the fal, where thewhole
water isflowing through that point, cross sectional details of that point were noted for calculating
the siream discharge. Wefixed ameasuring gauge at that point to measurethe pegk flow. Using
the collected data (Table 5.1) the weekly discharge hydrograph of the site is prepared. The
graphisshownin Fig. No. 5.3.

5.25 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
theflow duration curvewas plotted (Fig. No. 5.4). Thesamecurveaso functionsas percentage
flow of exceedence grgph. This river flow daa is recdculated in tabular form, giving the
corregponding energy potentia inweekly and cumulaivemodeisgivenin Table5.2. Thesedaa
are used for caculaing energy potentia and sdlection of unit Szesin section 5.4.

526 Peak flow determination
There are various empirica methods for caculating the maximum flood discharge. The different
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values obtained are shown in Table 5.3 The vaue obtained by Dicken=sformula whichis
commonly used in western ghats region has been used for the structurdl design of diverson
structure.

Table5.3
Peak Flow Deter mination

Dickeres | Ingi=s | Ryve=s Nawab Jung
Parameters method foormula | formula Bahadur formula

Peak flowincumec | 35.24 53.48 13.23 113.15

53 SALIENT DESIGN FEATURES

A detailed design of Civil, Electrical and Mechanica work has not been carried out in thisreport
as it does not come under the purview of the project. But, atypica section of the proposed
diverson gructure is given here. The stability analyss of the section and economic diameter of
the penstock was carried out as part of preiminary design. The cgpability and number of units,
type and specification of turbine, generator and it=s cost have been estimated, after consulting
various agencies.

5.3.1 Power potential of the project

From the flow duration curve, the discharge corresponding to 80% of exceedence is only

0.002cubic metre per second. A discharge of 0.002 cubic metre per second can produce only
about 0.5W. In order to tap the full potential of the site, with ahead of 33 metre, the project is
designed to generate higher output with lower dependability. ThisSte can be designed asarun
of the river project which can produce 15 kW with a dependability of 40%.

The output power was computed using the formula, P=10x Qx Hx h
Where; P = Power output in kW

Q = Discharge in cumec
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H = Head in metres

h = Overd| eficiency (hereit isassumed as 0.75)
For 40% exceedence P=10x0.07x 33x 0.75 = 15.00 kW.
For 30% exceedence P=25kW.

5.3.2 Energy potential

Atthisgte, sufficient flow isthere so that we can obtain 25kW power output for 30% of thetime
(110 days). The output reducesto 5kW if we take the percentage flow of exceedence as 50%
(183 days). Theenergy input corresponding to 30% flow of exceedencewill be (30/200 x 25 x
365x 24) =0.066 MU. Theflow after 30% time can be utilized by providing asmdl pondage.
The quantity of water available from 30% to 100% time is ca culated to be 575165m?. Energy
obtained from this water is 0.04 MU.

Tota amount of energy produced =0.066 MU + 0.04 MU =0.106 MU.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

5.3.3 Pondagerequirement
From the contour map a plot of surface areavs. eevation is drawn in Fig.No.5.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each

eevaionandthedealsisshownin Table5.4. Fromthisinformation, acapacity eevation curve
of the pondage is prepared and is shown in Fig.No.5.6.

Table5.4
Pondage Area Details
S.No. | Elevation (m) | Area(m?) | Capacity (n?) | Energy (kWh)

1 499.5 0 0

2 500 15.72 7.86 1

3 501 166.00 98.72 7

4 502 258.72 311.08 21

5 503 466.4 673.64 46
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6 504 891.44 1352.53 100
7 505 1306.8 2451.68 169

Astheterrainis suitablefor storing 2450 m?, it followsthat, at full storage, theenergy capacity is
only about 169 KWh. If asingle 150 kW machineisingaled, it can be operated for only one
hour at full capacity during pesk time. Fortunately, pondage becomes critica only during lean
months, thiskid of operation practice is acceptable. Hence, aweir height of 5.5 m, to create a
storage of 2450 n? is suggested.

Astheterrain is not suitable for storage the structure proposed at this siteis only for diverting
water.

54 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of cepita cost
Resulting stlandard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75%loanand
repayment of loan in 10 annud ingtaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a postion to quote exact figures, no attempt was madeto fine
tune the codt in reldion to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capitd cost selected above, will demand aminimum annua generation
per kW ingtalled. This can be taken to be the bresk even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

Integrated Rural Technology Centre, Palakkad 55



WGSHP - Final Repart (Mol 11) Chakkimali

froma given site.

Let the capital cost of Chakkimali be Rs.3.5 croredMW. The annud rateis 25%. Let the unit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.
If X be the number of hours of operation at full load capacity,
per MegaWatt annual cogt, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per MegaWatt revenue = 1000 KW x Rs. 25 x X
Equating the two, we get  3,50,00,000x 0.25 = X x 1000 x 2.5
X =3,500 hrs.

Thismeansthat, any combination of machines, that can work at full cgpacity for over 3500 hours
can deliver a profit, if the overal project cost isbeow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy theat can be obtained from the given
ingalled cagpacity during an yesar, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicdly vigble for thisste.

Similarly, break even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%

Now we shdl check various capacities of turbine szewhich aresuitablefor thistwo conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For an installed capacity of 40 kW, which corresponds to about 19.23% flow of exceedence
from the chart, the total energy yield isthe sum of;
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40 KW x (0.19 x 8760) = 0.067 at continuous operation for 19.23% time of an year, and
0.073MU, whichisthe cumuletive energy potentia from 19.23% to 100% time as obtained from
the Chart (Table 5.3).

Tota yield = 0.067MU + 0.073MU = 0.14 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF = 0.14 x 108/ (40 x 8760) = 39.9 %

This PCF isequd to the break even vaue of 40%.

So 40 kW will be the optimum choice for the site, if the overall project cost is below
Rs. 3.5 croresMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%

Similarly, For 50 KW (for 4% flow of exceedence)

PCF = (156000 / 50 x 8760) x 100 = 35.6%

This PCF is very near to the break even vaue of 33%.

Smilarly, 50 kw will be the optimum choicefor thesite, if the overall project costisbelow
Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.

Table5.5
Economically Viable Maximum Capacity at Different Costsand Tariff
Tariff Unit size for Rs.3.5 CroresMW
Rs.2.5/Unit 40 kW
Rs.3.00/ Unit 50 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (0.025MW x 1 + 0.015 MW x 1)
For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt ( 0.05MW x 1).

Among these two categories, the second one seemsto belessviable snceit isbulky with units.

We have redtricted oursdves to the more redistic combination of Rs.3.5 CroresMW of
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investment cost and two tariff choices of Rs.2.5/Unit and Rs.3.0/Unit.

55 CIVIL ENGINEERING WORKS
The important Civil Engineering Works required for the project are a storage dructure, a

penstock and a power house. A weir is constructed to have asmall storage and to divert the
water from stream to the intake. The excess water during monsoon is allows to flow over the
weir to the downstream. The intake structure takes water from the weir and leads it to the
penstock. The penstock made of stedl isproposedinthissite. A power houseisconstructed for
the purpose of housing the eectro mechanicd equipment. Itisusudly asmdl building of 3.5m x
5m.

55.1 Waeir at Chakkimali

A concrete overflow weir has been proposed on the Chakkimai stream, at a bed level of
+499.000 metres. The base width of the weir a bed level is 4.25m. Thediverson structureis
5.5m high having alength of 33.25m at the top with a central broad crested free over fal type
oill way. The cross sectiond details of the proposed diverson site and typica section of the
Storage structure are shown in Fig.No. 5.7.

5.5.2 Intake Structure, Penstock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the Sructure. The economic diameter of the penstock is caculated as
0.36m . The penstock is designed for amaximum flow of 0.1616 cumec with avelocity of 1.6
metre per second. The possible dignment for the penstock is located on the left bank of the
sream. Thelongitudina section of the proposed penstock line was drawn from contour map and
calculated the length, which comesto 105m (Fig. No. 5.8).

A surface power houseis proposed on the left bank of the stream. The dope at the proposed site
ismoderate but increases up the hill towards|eft bank of the streem. The power houseisof sze
3.5m x 5m to accommodate 40 kW generator and standardised turbine.
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56 ELECTRICAL AND MECHANICAL EQUIPMENTS
The power house proposed in the schemewill have aningaled capacity of 40kW. Thesystemis

designed as stand a one system and the energy generated shal be given to the near by houses by
a separate transmission line. A standardised turbine for 33m gross head is proposed for this
particular site. The turbine shdl be complete with governor, control equipment and safety
devices. Thegenerator would be synchronouswith abrushlessexcitation sysem shdl berated to
generate 40kW 11kV three phases, 50Hz and shdl be suitable for coupling with turbine
described above. The generator shall have voltage regulation equipment, paradld operation
equipment etc.

5.7 ENVIRONMENTAL IMPACTS
A micro hydd project has been proposed at Chakkimali (Idukki Dist.). The project amsto

generates about 40 kW of hydro power from afdl having ahead of 33 m. Some preliminary
environmenta impact andyss have been caried out. They ae land, water and socio-
economica environmenta impacts.

5.7.1. Environmental impact on land

The catchment areameasured from topo sheet comesto be 1.5 sg. km  After thefal thestream
drainsto Idukki reservoir. Thefdl isjust 150m. away from reservoir. Thisareais an isolated
onebecause of reservoir. No gridlinesareavailableinthissite. Themost gnificant thing is that,
due to impoundment, no forest land will be submerged. The congtruction of weir, penstock,
power house, tailrace and temporary road will not take away any forest land.
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5.7.2 Water environmental impact on water

The Chakkimdithodu, which drainsto Idukki reservoir isthebasin of thisfdl. Thediverson sructure
will create apond of area0.1307 hectare. No forest land will be submerged. Aboveadl, thisaccounts
for only 3.27 hadlMW. Thisdiverson structurewhich aso actsasacheck dam canincreasetheheight
of weter tebleleve & thesite. Theimpounded water will aso change soil moisture regimein adjacent
forest land.

5.7.3 Socioeconomic impact

The construction phase would creste employment opportunitiesfor aperiod of 6 months. It requires
only minimum land acquistion for congtruction. The acquisition does not need any rehabilitation.

5.8 CONCLUSION

The environmental impact of smdl hyde project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be amerge area.

Theeconomic size of installed capacity depends upon the permissibletariff aswell asthe capitd cost.
Itwasfoundthat the project isfinancidly viablefor aningdled capacity of 40kW at aproject cost of
Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if the tariff is
raised to Rs.3.00 per unit, an ingalled capacity of 50kW would become economicaly vigble.

Cod effective methods of construction, like the use of gabion weirs, can be used to reducethe capital
costs. A methodology for implementing the project with amaximum of peoples= participation should
aso bedevised. Therole of the Grama Panchayat in this effort is crucial.

_C_

Integrated Rural Technology Centre, Pal akkad 510



WGSHP - Final Report (Val.Il) Chakkimali

6. NELLI KKAPPARA

District . Pathanamthitta
Panchayath . Aruvappulam
Head : 33m.

Flow . Seasonal
Suggested

Capacity . 100 KW/ 125 kW
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6.1 GENERAL

6.1.1 TheSite

The Ndlikkapparawater fal islocated in the X" ward of Aruvappulam GramaPanchayathin
Pathanamthitta district. The Steis a a distance of 17 km from Konni. Bus services are not
avalableto the ste. Thereis an unmetalled road to the Site. Jeep services are available from
Konni town except monsoon season. During rainy season there is another route to reach the
gte. From Konni to Kummannore, bus services are available. From there, jeep servicesare
avalableto theste. The nearest 11KV transformer is about 12 km. away from the Site.

Thewater fal islocated at 76° 59' 3" E longitudeand 9° 12 21" N latitude. The catchment area
measured from topo sheet is 0.50 sg.km The fals are Situated a an devation of 260m from
MSL in Kokkathodu stresm which is beginning a an eevation of 940m from MSL. The
stream flows through steep dopes. After thefal, the stream joinsto the Achankovil Aar near
Konni. The location map of the siteis shownin Fig.No.6.1.

6.1.2 Topography

The steisdtuated outside of theforest. Both sides of the stream is owned by private persons.
Thelandishaving mediumdopeinthisarea. Thereisno possbility of land dideand the chance
of soil eroson is aso negligible. The stream bed is rocky and boulders are available near to
ste. The number of rainy days exceeds 50% in its catchment.

6.2 FIELD INVESTIGATION

6.2.1 Reconnaissance Survey

A topographica survey was conducted for obtaining topographicd detailsof theste. Thereis
two fdls which gives atotd head of 33m. The possible location for diverson structure and
power house wereidentified and the detail s are taken using tacheometric method of surveying.

6.2.2 Catchment Area
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The catchment of Nelikkappara ste was located usng the toposheet. It is shown in
Fig.N0.6.2 The totd area of catchment is measured and it comesto 0.5 sg. km. The
catchment area having dmaost moderate dope but some portions are very steep.

6.2.3 Contour Map

The survey details were plotted on a sheet of paper at ascae of 1:200. The undulations of the
site, the location of the fals and other topographicd features were identified from the contour
map. The location of the weir, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.6.

6.24 Rive Flow Data

For aperiod of 12 months (January 1998 to January 1999) the water level observationswere
taken every week. A suitable location wasidentified near the upstream side of thefdl, where
the whole water isflowing through that point, cross sectiona details of the point was noted for
cdculaing the stream discharge. Wefixed ameasuring gauge at that point to measurethe peak
flow. Using the collected deta (T able 6.1) the weekly discharge hydrograph of the site was
prepared. The graph isshown in Fig. No. 6.3.

6.2.5 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedence was caculated. From
this, the flow duration curve was plotted (Fig. No. 6.4). The same curve aso functions as
percentage flow of exceedencegraph. Thisriver flow dataisreca culated in tabular form, giving
the corresponding energy potentid in weekly and cumulativemodeisgiveninT able 6.2. Thee
data are used for caculating energy potentid and sdection of unit Szesin section 6.4.

6.2.6 Peak Flow Deter mination

Therearevariousempirical methodsfor calculating the maximum flood discherge. Thediffeat
values obtained are shown in Table 6.3 The vaue obtained by Dicken=s formula, whichis
commonly used in western ghats region has been used for the structurd design of diversion

gtructure.

Table6.3
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Peak Flow Deter mination

Dicker=s Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Peak flow in
cumecs 15.46 18.63 6.36 21.92

6.3 SALIENT DESIGN FEATURES

A detailed design of Civil, Electricd and Mechanica work has not been carried out in this
report asit does not come under the purview of the project. But, atypica section of the
proposed diverson sructureis given here. The gability analys's of the section and economic
diameter of the penstock was carried out as part of preliminary design. The capability and
number of units, type and specification of turbine, generator and it=s cost have been estimated

after consulting various agencies.

6.3.1 Power Patential of the Project
From the flow duration curve the discharge corresponding to 80% exceedence is only 0.006
cubic metre per second. A discharge of 0.006 cubic metre per second can produce only about
2KW. Inorder to tap thefull potentia of the site, with ahead of 33m., the project isdesigned
to generate higher output with lower dependability. This Ste can be designed as arun of the
river project which can produce 43kW with a dependability of 40%.
The output power was computed using the formula, P=10x Qx HXx h
Where, P = Power output in kW
Q = Discharge in cumec
H = Head in metres

h = Efficiency teken as 0.75

For 50% exceedence P=10x0.12x 33x 0.75=30 kW.

For 40% exceedence P=10x0.18x 33x 0.75=44.5 kW.
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For 30% exceedence P=10x0.3x33x0.75 =75 kW.

6.3.2 Energy Potential

At this site, sufficient flow is there so that we can obtain 75 kW power output for 30% of the
time (110 days). The output reducesto 25kW if wetake the prcentage flow of exceedenceas
60%. The energy input corresponding to 30% flow of exceedencewill be (30/200x 75 x 365
x 24) =0.197 MU. Theflow after 30% time can be utilised by providing asmal pondage. The
quantity of water available from 30% to 1009 time is cdculated to be 1634170n¥. Energy
obtained from this weter is 0.112 MU.

Tota amount of energy produced =0.197 MU +0.112MU = 0.309 MU.

It may be noted that , this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

6.3.3 Pondage Requirement

From the contour map aplot of surfaceareaVs. devationisdrawninFig. No. 6.5. The areas
correponding to each devation is used to find the volume of water that can be stored in eech

elevation and the detailsisshownin T able6.4. From thisinformation capecity evation curve
of the pondage is prepared and is shown in Fig.No. 6.6

Table6.4
Pondage ar ea details
Sl. No. | Elevdion(m) | Area(n¥) | Capacity (n¥) | Energy (kWh)

1 147.50 0 0

2 148 8.00 2.00 0.1

3 149 52.00 32.00 2

4 150 133.00 124.50 9

5 151 330.00 353.00 24

6 152 562.00 802.00 55

Astheterrain issuitable for storing 802n#, it followsthat, at full storage, theenergy capacity is
only about 55kWh. If asngle 50 kW machineisingaled, it can be operated for only one hour
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at full capacity (during pesk time). Fortunately, pondage becomes critica only during lean
months, thiskind of operation practiceisacceptable. Hence, aweir height of 4.5m, to create
astorage of 802 n¥ is suggested.

Astheterrain is not suitable for storage the structure proposed at thissiteis only for diverting
water.

64 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capital cost
Resulting sandard annua cost - 25%

(Thisconsists of 2.5% O & M cogts, 15% return on 25% equity, 15% interest on75%loan
and repayment of loan in 10 annud ingtadments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in aposition to quote exact figures, no attempt was madetofine
tune the cost in relation to site specific conditions. Only ranges could be indicated. Each

combination of tariff and capita cost selected above, will demand aminimum annua generation

per KW ingtalled. This can be taken to be the break evenplant capacity factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viableinstalled capacity and the quantity of energy that can be economically extracted
froma given site.

Let the capital cost of Nellikkapparabe Rs.3.5 croresMW. The annud rateis 25%. Let the
unit rate of tariff offered by K.SE.B be Rs. 2.5/kWh.
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If X be the number of hours of operation at full load capacity,
per Mega Watt annua cogt, at the rate of 25% on investment = Rs. 3.5 Crores x 0.25

per Mega Wt revenue = 1000 KW x Rs. 25 x X
Equating the two, we get  3,50,00,000x 0.25 = X x 1000 x 2.5
X =3,500 hrs.

It followsthat, any combination of machines, that can work at full capacity for over 3500 hours
can ddliver aprofit, if the overdl project cost isbelow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better interms of Plant Capacity Factor , whichisdefined astheratio
of actua amount of energy obtained to the maximum energy that can be obtained from thegiven
installed capacity during an year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%.

That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thisSte.
Similarly, bresk even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%.

Now we shal check various capacities of turbine sizewhich are suitablefor thistwo conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For an ingtdled capacity of 100kW, which corresponds to about 11.5% flow of exceedence
from the chart, thetotal energy yidd isthe sum of:

100 kW x (0.115x 8760) = 0.10MU at continuous operation for 11.5% time of an year, and
0.26MU, which isthe cumulative energy potential from 11.5% to 100% time as obtained from
the Chart (Table 6.3).

Totd yield = 0.1MU + 0.26MU = 0.36MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF =0.36 x 1(° / (550 x 8760) = 41 %
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This PCF isequd to the bresk even vaue of 40%.
S0 100 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croredMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/kWh and break even PCF of 33.3%

Similarly, For 125 kW (for 5% flow of exceedence)

PCF = (3750000 / 125 x 8760) x100 = 34.25%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 125 kW will be the optimum choice for the site, if the overall project cost is

below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table6.5
Economically Viable Maximum Capacity at Different Costsand Tar iff

Selected Units for
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 100 kW
Rs.3.00/ Unit 125 kW

The units selected can be one of the following combinations:
For Rs.3.5 Crores/MW and Rs.2.5/Unit we can opt (0.IMW x 1) or (0.05 MW x 2)
For Rs.3.5 CroredMW and Rs.3.0/Unit we can opt ( 0.1 MW x 1 + 0.025MW x 1)

Among these two categories, the second one seemsto belessviable sinceit isbulky with units.

We have restricted oursdlves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs.2.5/Unit and Rs.3.0/Unit.

6.5 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Works required for the project are adiversion weir, anintake

Integrated Rural Technology Centre, Palakkad .8



WGSHP - Final Report (Mol 11) Ndlikkappara

structure, apenstock and apower house. A weir is constructed to have asmall storageand to
divert the water from stream to the intake. For this project only adiverson weir is proposed,
which alows the excess water to flow over the weir to the downstream. Theintake structure
takeswater from theweir and leadsit to the penstock. The penstock made of stedl is proposed
inthisgte. A power houseis congtructed for the purpose of housing the el ectro mechanica
equipment. It isusudly asmal building of dimensons 10m x 5.5m.

6.5.1 Wer at Ndlikkappara

A concrete weir has been proposed on the Kokkathodu stream, at a bed level of +147.50
metres. The base width of the weir a bed leve is 3.7m. The diverson structure is 2.8m high
having alength of 19.75m at the top with a centra broad crested free over fal type spill way.
The cross sectiond details of the proposed diversion ste and typicd section of diverson
dructure are shown in Fig.No. 6.7.

6.5.2 Intake Structure, Pensock and Power House

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trashrack isprovided attheintake mouth, the penstock entrance startsfromthe
wall of intake box near the structure. The economic diameter of the penstock is calculated as
0.54m. The penstock can carry amaximum flow of 0.404 cumec with avelocity of 1.76 metre
per second. Thepossibledignment for the penstock islocated on the right bank of the stream.

The longitudina section of the proposed penstock line was drawn from contour map and
calculated the length, which comes to 141m (Fig. No. 6.8).

A surface power houseis proposed on theright bank of the stream. The dope at the proposed
steismoderate. The power house proposed at thissteis 10m x 5.5m, to accommodate 100
kW generator and standardised turbine.
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6.6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingalled capacity of 100 kW. The dectricity
generated would be supplied to the near by houses by a separate distribution system A standardised
turbine for 33m gross head is proposed for this particular Ste. The turbine shall be complete with
governor, control equipment and safety devices. The generator would be synchronous with a
brushlessexcitation system shall berated to generate a 11kV, three phases, 50Hz shall be suitablefor
coupling with turbine described above. The generator shdl have voltage regul aion equipment, parald
operation equipment etc.

6.7 ENVIRONMENTAL IMPACTS

A smadl hydro project has been proposed at Nélikkappara (PathanamthittaDist.) The project amsto
generates about 100kW of hydro power from a fdl having a head of 33m. Some prdiminary
environmental impact analysis have been carried out. They are land, water and socio- economical
environmenta impacts.

6.7.1 Environmental Impact on Land

Total area of catchment is about 0.5 sguare kilometres of land a Kokkathodu. The stream flows
through steep dopes. After thefal, the stream joins to the Achankovil Aar near to Konni.

The dte is Stuated out Side of forest. Both the banks of the stream are private land. One side is
rubber plantation and other is habitation. The land is having medium dopesinthisarea. Thereisno
possibility of land dide and the chances of soil eroson are dso negligible. The stream bed is rocky
and bouldersareavailable near to site. The number of rainy days exceeds more than 50 % of thetime.

The mogt sgnificant thing is thet, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not teke away any
forest land.

6.72 Environmental Impact on Water

The Kokkathodu which joins Achankovil Aar is the stream of thisfal. It isa3rd order, structuraly
controlled stream.  The diversion structure will create a pond of area 0.056 hectare. No forest land
will besubmerged. Aboveadl, thisaccountsfor only 0.56 hadMW. Thisdiverson structurewhich dso
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acts as acheck dam can increasethe height of water tebleleve at thesite. Theimpounded water will
aso change soil moisture regime in adjacent forest land.

6.7.3 Socio-economic Impact

The congtruction phase would creste employment opportunities for a period of twelve months. It
requires only minimum land acquistion for condruction. The acquistion does not need any
rehabilitation.

6.8 CONCLUSON

Theenvironmenta impact of small hyde project isnegligible. No serious adverse effect isanticipated.
Moreover, deforestation owing to the inundation will be a merge area

The economic sze of ingtaled capacity depends upon the permissibletariff aswell asthe capita cost.

It wasfound that the project isfinancialy viable for an installed capacity of 100kW at a project cost
of Rs. 3.5 Croresper MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an installed capacity of 125kW would become economicaly viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
costs. A methodology for implementing the project with amaximum of peoples= participationshould
aso be devised. Therole of the Grama Panchayat in this effort is crucidl.

_(;_
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/. UPPUTHODU KUTHU

District . ldukKki
Panchayath : Mariyapuram
Head : 33 m.

Flow . Perennial
Suggested

Capacity : 750 KW/ 1 MW
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7.1 GENERAL

711 TheSte

Upputhodukuthu water fal is situated in the 11" ward of Mariygpuram Grama Panchayath in
Idukki digtrict. The dteisat adistance of nearly 6km. from Karimban which is one of themain
junction in Kothamangalam Kumadli route. Thereisbusroute from Karimban to Murikkassery.
To reach the Ste we have to get down at Chali city in thisroute. From there we haveto travel
nearly 1km distance to reach the sSte through a motorable unmetaled road going to
Koomankandam. The nearest 11KV transformer isjust 100 m. away from the Site.

Thewater fall islocated at 77° 0' 10" E longitude and 9° 53' 0" N latitude. The catchment area
measured from topo sheet is 15 50 km. Thefdlsaresituated at an eevation of 560m from MSL
in Upputhodu stream which begins a an eevation of 900m from MSL. It is flowing dmost
draight through the fern shaped caichment area.  After the fdl, the stream joins to the
Ponnazhikuthu which then drains into Periyar river. The location map of the Ste is shown in
Fig.No.7.1.

7.1.2 Topography

Thedgteisgtuated out Sdetheforest. Both banks of this stream isrubber plantation. Theland
is having moderate dopes in this area. There is no possibility of land dide in this area and
possibility of soil erosonis negligible. Thedtegetsheavy rainfal morethan haf of theyear. The
sdes of the stream is mainly of loose earth.

7.2 FIELD INVESTIGATION

7.2.1 Reconnaissance Survey

A topographica survey was conducted for obtaining topographica details of thesite. Thereis
one main fal which givesatota head of 33m. The possiblelocation for diversion structure and
power house wereidentified and the detail swere taken using tacheometric method of surveying.

7.2.2 Catchment Area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India The
catchment of Upputhodukuthu was located using the toposheet. It isshownintheFig.No. 7.2
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and measured the area which comes nearly 15 sq.km. The catchment area having dmost
moderae dopes but some portions are very steep.

7.2.3 Contour Map

The survey details were plotted on a sheet of paper a ascae of 1:200. The undulations of the
site, the location of the falls and other topographicd festures were identified from the contour
map. The location of the weir, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A7

7.24 River Flow Data

For aperiod of 12 months (April 1998 to April 1999) thewater level observationsweretaken
every week. A suitable location wasidentified on the upstream side of the fal, where the whole
water isflowing through that point, cross sectiond details of the point were noted for caculeating
the stream discharge . Wefixed ameasuring gauge a that point to measure the pesk flow. Using
the collected data (T able 7.1) the weekly discharge hydrograph of the site was prepared. The
graphisshownin Fig. No. 7.3.

7.25 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. Fromthis,
theflow duration curvewasplotted (Fig. No. 7.4). Thesame curveaso functionsas percentage
flow of exceedence graph. This river flow data is recdculated in tabular form giving the
corresponding energy potentia inweekly and cumulaivemodeisgivenin Table 7.2. Thesedaa
are used for caculating energy potentid and selection of unit Szesin section 7.4.

7.26 Peak Flow Determination

There are various empirical methodsfor calculating the maximum flood discharge. Thedifferent
values obtained are shown in Table 7.3. The value obtained by Dicken=sformula whichis
commonly used in western ghats region has been used for the structurd design.
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Table7.3
Peak Flow Deter mination
Dicken=s Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Pesk flow in
cumecs 198.17 366.08 61.43 533.78

7.3 SALIENT DESGN FEATURES

A detailed design of Civil, Electrica and Mechanica work has not been carried out inthisreport
asit does not come under the purview of the project. But atypica section of the proposed
diverson structure is given here. The gability analysis of the section and economic diameter of
the penstock was carried out as part of preliminary desgn. The capability and number of units,
type and specification of turbine, generator and its cost have been estimated after consulting
various agencies.

7.3.1 Power Patential of the Project

From theflow duration curvethe discharge corresponding to 90% exceedenceisonly 0.02 cubic
metre per second. A discharge of 0.02 cubic metre per second can produce only about 5kW. In
order to tap the full potentia of the Ste, with a head of 33 metre, the project is designed to
generate higher output with lower dependability. This site can be designed as arun of the river
project which can produce 450 kW with a dependability of 40%.Thisis done because by 60%
time, the power drastically reducesto 15kW.

The output power was computed usng theformula, P=10xQ x H x h
Where, P = Power output in kW
Q = Dischargein cumec

H = Head in metres
h = Overdl efficiency (Hereit is assumed as 0.75)

For 50% exceedence P=10x1x33x0.75 =250kW.
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For 40% exceedence P=10x1.82 x33x0.75=450kW.
For 30% exceedence P=10x216x33x0.75=535kW.
7.3.2 Energy Potential

Atthissite, sufficient flow isthere so that we can obtain 500kW power output for 30% time (110
days) whichdrasticaly reducesto 20 kW by 60%time. The energy input corresponding to 30%
timewill be (30/2100 x 500 x 365 x 24) = 1.314 MU. Theflow after 30% time can be utilized
by providing a smdl pondage. The quantity of water available from 30% to 100% time is
caculated to be 11998022 . Energy obtained from thiswater iscalculated to be 0.825 MU.

Tota amount of energy produced =1314MU +0.825MU = 2139 MU.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa.

7.3.3 Pondage Requirement

From the contour map a plot of surface area Vs, devation is drawn in Fig.No.7.5. The areas
corresponding to each eevation is used to find the volume of water that can be stored in each
elevation and thedetails areshownin T able7.4. From thisinformation capacity elevation curve
of the pondage is prepared and is shown in Fig.No. 7.6.

Table7.4
Pondage Area Details
Sl. No. Elevation(m) Area(n¥) | Capacity (n¥) Energy (kWh)

1 497.50 0 0 0

2 498 28.00 7.00 0.48

3 499 203.00 122.50 8

4 500 390.00 419.10 29

5 501 662.00 945.00 65

6 502 796.00 1674.00 115

Astheterrainis suitable for storing 1674, it followsthat, at full Sorage, theenergy capecity is
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only about 115kWh. If asingle 100 kW machineisingalled, it can be operated for only one hour
at full capacity (during pesk time). Fortunately, pondage becomes critica only during lean

months, thiskid of operation practice is acceptable. Hence, aweir height of 4.5 m, to create a
storage of 1674m? is suggested.

Astheterrain is not suitable for sorage the structure proposed at this Site is only for diverting
water.

1A SELECTION OF PLANT CAPACITY UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capital cost
Resulting stlandard annua cost - 25%

(Thisconsistsof 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was madeto fine
tune the cogt in relaion to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capita cost selected above, will demand aminimum annud generation
per KW inddled. Thiscan betaken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

froma given site.
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Let the capitd cost of Upputhodukuthu be Rs.3.5 croresMW. Theannud rateis25%. Letthe
unit rate of tariff offered by K.SE.B be Rs. 2.5/kWh.
If X be the number of hours of operation at full load capacity,
per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wett revenue = 1000 kW x Rs. 2.5 x X
Equating the two, we get  3,50,00,000 x 0.25 = X x1000x 2.5
X =3,500 hrs.
Thismeansthat, any combination of machines, that can work at full capacity for over 3500 hours

can ddiver aprofit, if the overdl project cost isbelow Rs. 3.5 croressMW and tariff isRs. 2.5
per kilo Watt hour.

This can beexplained better interms of Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
instaled capacity during the same year, to the actua amount of energy obtained.

In this case, for the vaue of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly viable for thissite.

Similarly, break even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%.

Now we shd| check various capacities of turbine size which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/lkWh and break even PCF of 40%

For aningtalled capacity of 750 kW, which correspondsto about 15% flow of exceedencefrom

the chart, the total energy yidd isthe sum of: 750 kW x (0.15 x 8760) = 0.986 at continuous
operation for 15% time of an year, and 1.67MU, which isthe cumulative energy potentia from

15% to 100% time as obtained from the Chart (T able7.3).
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Totd yidd = 0.986MU + 1.67 MU = 2.67 MU.

The plant capacity factor, corresponding to thisyield is given by :
PCF = 2.67 x 10°/ (550 x 8760) = 40.6 %

This PCF is equal to the break even value of 40%.

So 750 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/kWh and break even PCF of 33.3%
Similarly, For 1000 kW (for 5% flow of exceedence)

PCF = (2860000 / 1000 x 8760) x 100 = 32.6%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 1000 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.

Table7.5
Economically Viable Maximum Capacity at Different Costsand Tar iff

Tariff Units size for
Rs.3.5 CroressMW

Rs.2.5/Unit 750 kW

Rs.3.00/ Unit 1000 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt (0.5MW x 1 + 0.256MW x 1)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (0.5MWx2) or (0.5MWx1+0.25 x 2).

Integrated Rural Technology Centre, Palakkad 7



WGSHP - Final Report (Mol 11) Upputhodu kuth

Among these two categories, the second one seemsto be lessviable since it is bulky with units.

We have redtricted oursdves to the more redistic combination of Rs. 3.5 CroressMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

75 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diverson welr, intake
structure, penstock and a power house. A welir is constructed to have a smal storage and to
divert the water from stream to the intake. For this project only a diverson weir is proposed,
which alows the excess water to flow over the wer to the downstream. The intake structure
takes water from the weir and leads it to the penstock. The penstock made of stedl is proposed
inthisdte. A power house is congtructed for the purpose of housing the eectro mechanica
equipment. Itisusudly asmal building of 7m x 5m.

751 War at Upputhodukuthu

A concreteweir has been proposed on the Upputhodu stream, at abed level of +497.75metres.
The base width of thewelr a bed leve is6.2 m. Thediverson structureis 2.00m high having a
length of 15.50m at the top with a centra board crested free over fall type spill way. The cross
sectional details of the proposed diversion Site and typical section of the diversion structures are
shownin Fig.No.7.7.

7.5.2 Intake Structur e, Penstock and Power House

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack isprovided on theintake mouth, the penstock entrance startsfrom the
wall of intake box near the structure. The economic diameter of the penstock is calculated as
1.3m. The pengtock can carry amaximum flow of 3.03 cumec withavelocity of 2.28 metre per
second. The possible dignment for the penstock islocated on the right bank of the stream. The
longitudinal section of the proposed penstock line was drawn from contour map and calculated
the length, which comes to 147m (Fig.No.7.8).
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A surface power house is proposed on the right bank of the stream. The dope at the proposed siteis
moderate. The power house is of size 7m x 5m, to accommodate 750 kW generator and
standardised turbine.

76 ELECTRICAL AND MECHANICAL EQUIPM ENTS

The power house proposed in the scheme will have an ingtalled capacity of 750 kW. The eectricity
generated would be connected to the existing power grid system at Chdicity by alkm transmission
line. A standardised turbine for 33m gross head is proposed for thisparticular Site. Theturbineshall

be complete with governor, control equipment and safety devices. The generator would be

synchronouswith abrushless excitation system shall berated to generate 750kW,11kV three phases,
50Hz and shdl be suitable for coupling with turbine described above. The generator shdl havevoltage
regulation equipment, parale operation equipment etc.

7.7 ENVIRONMENTAL IMPACTS

A smdl hydro project has been proposed a Upputhodukuthu (Idukki Dist). The projedt amsto
generates about 750 kW of hydro power from a fal having a head of 33m. Some preliminary
environmenta impact analysis have been carried out. They are land, water and socio- economica
environmenta impacts.

7.7.1 Environmental Impact on Land

Totd areaof catchment isabout 15 squarekilometres of land at Upputhodu. After thefal, thestream

joinsto the Ponnazhikuthu then drainsinto Periyar river. Thedteisstuated out of forest. Both banks
of this stream is rubber plantation. The bnd is having moderate dope in this area. There is no

possihbility of land didein thisareaand chances of soil erosonisaso negligible. The Ste gets heavy
rainfall morethan hdf of theyear. Thesdesof the sreamismainly of loose soil. Themost Sgnificant
thing is that, due to impoundment, no forest land will be submerged. The condruction of weir,

penstock, power house, tailrace and temporary road will not take away any forest land.

7.7.2 Environmental |mpact on Water

The Upputhodu kuthu which findly drains to Periyar river is the sream of thisfdl. Thediverson
structurewill create apond of area0.0796 hectare. No forest land will be submerged. Aboveal, this
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accounts for only 0.105 halMW. This diverson dructure which aso acts as a check dam can
increase the height of water tablelevd a theste. Theimpounded water will aso change soil moisture
regime in adjacent forest land.

7.7.3 Socio-economic Impact

The congtruction phase would create employment opportunities for aperiod of eighteen months. It
require only minimum land acquisition for condruction. The acquidtion does not need any
rehabilitation.

78 CONCLUSON

Theenvironmental impact of smal hydd projectisnegligible. No seriousadverseimpactsanticipated
Moreover, deforestation owing to the inundation will be a meagre area

The economic size of installed capacity depends upon the permissibletariff aswell asthe capitd codt.
It wasfound that the project isfinancialy viable for an ingaled capacity of 750kW at a project cost
of Rs. 3.5 Croresper MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtaled capacity of 1000kW would become economicaly viable.

Cod effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capital
cogts. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayat in this effort is crucial.

'C‘
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8. URUMPALLU

District . ldukKi
Panchayath . Arakkulam
Head : 33 m.

Flow . Seasonal
Suggested

Capacity . 450 kW/ 750 kW
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81 GENERAL

811 TheSte

Urumpallu water fdl is stuated in the IXth ward of Aarakkulam Grama Panchayath in Idukki
digrict. To reach this Ste we have to travel 18km from Moolamattom to Kulamavu. Two
kilometres away from Kulamavu there is a boat sation. This route is amotorable, unmetalled
road. After 20 minutesjourney from Nellikkapparaboat station we will reach Peraanikkadavu.
From Peraanikkadavu there exists athree kilometre long forest footpath which leadsto the site.
Alsothereisanother routeto reach the site. That isfrom Moolamattom to Urumpaluwhichisa

lengthy jespable route.

Thewater fal islocated at 76°56' 17" E longitudeand 9° 46' 27" N latitude. The catchment area
measured from topo sheet is 0.75 sq. km Thefdls are Stuated a an eevation of 760m from
MSL, in Urumpalu sream which begins at an devation of 1100mfromMSL. After thefdl the
stream drains to Idukki reservoir. The location map of the Steisshownin Fig.No. 8.1

8.1.2 Topography

Theleft bank of the stream is owned by private person and theright bank isforest. Thelandis
having steep dopesinthisarea. Thereisno possihilitiesof land dide et thisSite but the chances of
s0il erosion exigts. The siteis perennid and number of rainy days exceeds 50% in its catchment.

82 FIELD INVESTIGATION

8.2.1 Reconnaissance Survey

A topographica survey was conducted for obtaining topographical details of the ste. Thereare
two fdls which gives a totd head of 33m. The possible location for diverson structure and
power house wereidentified and the detail swere taken using tacheometric method of surveying.

8.2.2 Catchment Area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Urumpallu Site was located using the toposheet. It isshownin Fig.No.8.2. The
total areaof catchment is measured and it comes to nearly 0.75 sg.km. The catchment areais
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having amost moderate dope but some portions are very steep.

823 Contour Map

The survey details were plotted on a sheet of paper at ascale of 1:200. The undulations of the
site, the location of the fals and other topographica features were identified from the contour
map. The locaion of the welr, the dignment of the penstock and location of the power house
were d o determined using thisand the prepared contour map has been shownin AnnexureA.
8.

8.24 River Flow Data

For aperiod of 12 months (January 1998 to January 1999) the water level observations were
taken every week. A suitablelocation wasidentified on the upstream of thefall, wherethewhole
water is flowing throughthat point, cross sectiond details of the point were noted for calculaing
the stream discharge. Wefixed ameasuring gauge a this point to measure the pesk flow. Using
the collected data (Table 8.1) the weekly discharge hydrograph of the site is prepared. The
graphisshownin Fig. No. 8.3.

8.25 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
theflow duration curvewasplotted (Fig. No. 8.4). Thesame curveadso functionsas percentage
flow of exceedence grgph. This river flow data is recadculaed in tabular form, giving the
corresponding energy potentia inweekly and cumulaivemodeisgivenin Table 8.2. Thesedaa
are used for caculating energy potentiad and selection of unit sizesin section 8.4.

8.2.6 Peak Flow Determination

There are various empirica methods for caculating the maximum flood discharge. The different
vaues obtained are shown in Table 8.3 The vaue obtained by Dicken=sformula, which is
commonly used in western ghats region has been used for the sructural design of diversion
sructure.

Table8.3

Peak Flow Deter mination
[ | | | [ |
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Parameters Dickeres | Ingli=s Ryve=s Nawab Jung
method | formua | formula Bahadur formula
Peak flowin
cumecs 20.95 27.63 8.34 41.22

83 SALIENT DESGN FEATURES

A detailed design of Civil, Electrica and Mechanica work has not been carried out in thisreport
as it does not come under the purview of the project. But, atypica section of the proposed
diverson structure is given here. The gtability andysis of the section and economic diameter of
the penstock was carried out as part of preiminary design. The capability and number of units,
type and specification of turbine, generator and its cost have been estimated after consulting
various agencies.

8.3.1 Power Patential of the Project

The discharge corresponding to 90% of exceedenceis only 0.014 cubic metre per second. A
discharge of 0.014 cubic metre per second can produce only about 3kW. However it seenthat
much higher flows are available during 40% of thetimewith adischarge of 1.41m%s. In order to
tap the full potentid of the site, with a head of 33m, the project is designed to generate higher
output with lower dependability. This Ste can be designed asa run of theriver project which
can produce 290 kW with a dependability of 40%.

The output power was computed using the formula, P=10x Q xH x h
Where, P = Power output in kW

Q = Dischargein cumec
H = Head in metres

h = Overdl eficiency (Hereit is assumed as 0.75)

For 50% exceedence P=10x054x 33x0.75=135kW.
For 40% exceedence P=10x1.18x 33x 0.75= 290 kW.
For 30% exceedence P=10x1.18x 33x0.75= 325kW.
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8.3.2 Energy Potential

At this ste, sufficient flow is there so that we can obtain 350kW power output for 25% of the
time (92days). The output reduces to 30kW if we take the percentage flow of exceedence as
60% (219 days). The energy input corresponding to 25% time will be (25/100 * 350 * 365 *
24) =0.767 MU. Theflow after 25% time can be utilized by providing a smal pondage. The
quantity of water available from 25% to 100% time is caculated to be 10265270 n¥. Energy
obtained from thiswater is 0.71 MU.

Tota amount of energy produced =0.767 MU + 0.71MU =148 MU.

It may be noted that, this much amount of energy can be generated for the particular yeer. If
higher flows are available during any year, it will enable higher production and vice versa.

8.3.3 Pondage Requirement

From the contour map aplot of surface areaVs. devetionisdrawnin Fig. No. 8.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each
eevaion and thedetailsisshownin T able 8.4. Fromthisinformation capecity eevation curve of
the pondage is prepared and is shown in Fig.No.8.6.

Table8.4
Pondage ar ea details
Sl. No. | Elevaion(m) Area(n?) | Capacity (n¥) | Energy (KWh)

1 1325 0 0 0

2 133 38.52 9.63 0.66

3 134 150.20 103.99 7

4 135 410.60 384.39 26

5 136 580.00 879.99 61

6 137 728.72 1534.35 105

Astheterrainis suitable for storing 1500, it followsthet, at full storage, the energy capacity is
only about 105kWh. If asingle 100 kW machineisingaled, it can be operated for only one hour
a full capacity (during pesk time). Fortunately, pondage becomes critical only during lean

months, thiskid of operation practice is acceptable. Hence, aweir height of 4.5 m, to createa
storage of 1500ms is suggested.
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Asthe terrain is not suitable for storage the structure proposed at this Site is only for diverting
water.

84 ELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan Repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annual ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cogt in reaion to site specific conditions. Only ranges could be indicated. Each

combination of tariff and capitd cost sdlected above, will demand aminimum annua generation
per kW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
site under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
froma given site.

Let the capital cost of Urumpallu be Rs.3.5 croresMW. The annud rate is 25%. Let the unit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,

per Mega Watt annua cost, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25

Integrated Rural Technology Centre, Palakkad 86



WGSHP - Final Report (Mol 11) Urumpallu

per MegaWaett revenue 1000 kW x Rs. 2.5 x X

Equating the two, we get  3,50,00,000x 0.25 = X x 1000 x 2.5

X =3,500 hrs.

Thismeansthat, any combination of machines, that can work at full cgpacity for over 3500 hours
can ddiver aprofit, if the overdl project cost isbelow Rs. 3.5 croressMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , which isdefined astheratio of
actual amount of energy obtained to the maximum energy that can be obtained from the given
instaled capacity during the same year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicdly viable for this Ste.

Similarly, break even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%

Now we shal check various capacities of turbine size which are suitablefor this two conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aninstalled capacity of 450 kW, which correspondsto about 23% flow of exceedencefrom
the chart, the total energy yield isthe sum of:

450 kW x (0.23 x 8760) = 0.91MU at continuous operation for 23% time of an year, and
0.77MU, whichisthe cumulative energy potentia from 23% to 100% time as obtained from the
Chart (Table 8.3).

Tota yield = 1.53MU + 0.77/MU = 1.68 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
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PCF=1.68x 108/ (550 x 8760) = 42.6 %
This PCF isequa to the break even value of 40%.

So 450 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00kWh and break even PCF of 33.3%

Similarly, For 750 kW (for 16% flow of exceedence)

PCF = (2150000 / 750 x 8760) x 100 = 32.7%

This PCF is very near to the break even vaue of 33%.

Smilarly, 750 kW will be the optimum choice for the site, if the overall project cost is

below Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.

Table8.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit sizefor
Rs.3.5 CroressMW

Rs.2.5/Unit 450 kW

Rs.3.00/ Unit 750 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt ( 0.25 MW x 2)
For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt (0.50 MW x 1+ 0.25x 1)

Among these two categories, the second one seemsto be less viade dnceit isbulky with units.

We have redtricted oursaves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs.2.5/Unit and Rs.3.0/Unit.

85 CIVIL ENGINEERING WORKS
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Theimportant Civil Engineering Works required for the project are adiverson weir, an intake
structure, apenstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from streamto the intake. For this project only adiversion weir is proposed,
which dlows the excess water to flow over the weir to the downstream. The intake structure
takeswater from the weir and leadsit to the penstock. The penstock made of sted! is proposed
inthisste. A power house is congtructed for the purpose of housing the eectro mechanica
equipment.

85.1 War at Urumpallu

A gabion weir has been proposed on the Urumpallu stream, at a bed level of +132.5 metres.
The base width of theweir a bedleve is5m. Thegabion structureis4.10m high having alength
of 14.50m at the top with a central board crested free over fall type spill way. The cross
sectiond details of the proposed diversion site and typica section of diversion structure are
sownin Fig.No. 8.7..

85.2 Intake Structure, Pengock and Power House

A simple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trashrack isprovided at the intake mouth, the penstock entrance starts fromthe
wall of intake box near the gabion. The economic diameter of the pengtock is caculated as
1.03m. The penstock can carry amaximum flow of 1.818 cumec with avelocity of 2.20 metre
per second. The possible dignment for the penstock islocated on theright bank of the stream.
Thelongitudina section of the proposed penstock linewas drawn from the contour map and was
calculated the length, which came to be 110m (Fig.No.8.8).

A surface power houseis proposed on theright bank of the stream. Thedope at the proposed
Steismoderate but increases up the hill towards south. The power houseis of Sze 10m x 6.5m
to accommodate 450 kW generator and standardised turbine.

86 ELECTRICAL AND MECHANICAL EQUIPMENTS

Thepower house proposed in the schemewill haveaningalled capacity of 450kW. Thesystem
isdesigned as stand d one system and the energy generated would be givento the near by houses
by a separate transmisson line. A standardised turbine for 33m gross head is proposed for this
particular Ste. The turbine shdl be complete with governor, control equipment and safety
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devices. Thegenerator would be synchronouswith abrushlessexcitation sysem shdl berated to
generate 450kW, 11kV three phases, 50Hz and shal be suitable for coupling with turbine
described above. The generator shall have voltage regulation equipment, pardld operation
equipment etc.

8.7 Environmental |mpacts

A smal hydro project has been proposed a Urumpallu (Idukki Dist.) The project ams to
generates about 450 kW of hydro power from afdl having ahead of 33m. Some priminary
environmenta impact analysis have been caried out. They are land, water and socio-
economica environmenta impacts.

8.7.1. Environmental Impact on Land

The catchment area measured from topo sheet comes to be 0.75 sq. km- After the fdl the
Urumpdlu stream drainsto Idukki reservoir. Thelandishaving seep dopesinthisarea Thereis
no possibilities of land dide but chances of soil eroson exigsalittle. The Sdes of the stream has
loose earth. The Siteis perennia and number of rainy days exceeds 50% in its catchment. The
most sgnificant thing is thet, due to impoundment, no forest land will be submerged. The
construction of weir, penstock, power house, tailrace and temporary road will not tekeaway any
forest land. So no forest clearanceis required for this project.

8.7.2 Environmental |mpact on Water

The Urumpallu stream, which drainsto Idukki reservoir isthe stream of thisfdl. The diverson
sructure will create apond of area0.073 hectare. No forest land will be submerged. Aboveadl,
this accounts for only 0.162 ha/MW. This diversion structure which also acts as a check dam
can increase theheight of weter tableleve at thesite. Theimpounded water will dso change soil
moisture regime in adjacent forest land.
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8.7.3 Socio-economic impact

The condiruction phase would create employment opportunities for aperiod of oneyear. It require
only minimum land acquisition for congtruction. The acquigition does not need any rehabilitation.

88 CONCLUSON

The environmental impact of smdl hyde project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be amerge area.

Theeconomic size of ingtalled capacity depends upon the permissibletariff aswell asthe capital codt.
It wasfound that the project isfinancidly viable for an ingtalled capacity of 450kW at a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alterndivdy, if thetariff is
raised to Rs.3.00 per unit, an ingtalled capacity of 750kW would become economically vigble.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
cogts. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayat in this effort is crucidl.

_C_
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9. NMADATHARUVI

District . Pathanamthitta
Panchayath . Ranni
Head : 50 m.

Flow . Seasonal
Suggested

Capacity . 75 kW/ 150 kW
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9.1 GENERAL

9.1.1 Thedte

Madatharuvi water fdl is Stuated in 9th ward of Ranni Grama Panchayath in Pathanamthitta
Didrict. The gte is a disance of 7 km from Ranni. There is a bus route from Ranni to
Mandamaruthy. From Mandamaruthy, thereisno busservicetotheste. Thereisaroad leading
to a private rubber plantation through the upstiream side of the fdl. There is another way to
reach the down stream side of the site. From Ranni to Chdlakkad, bus services are available.
From there jeep services are available to Madatharuvi. The stream is seasona and the head
comes near to 50m. The nearest 11kV transformer is about 0.5km from the site.

Thewater fal islocated at 76° 48' 53" E longitudeand 9° 25' 30" N latitude. The catchment area
measured from topo sheet is4.31sg. km Thefdlsare Situated a an devation of 80m from MSL
in Madatharuvi stream which is begins a an devation of 287 m. from MSL. The stream falls
through moderate d ope on the upstream side and gentle after thefdl. Thedtecontainstwo small
fdlsand onemoderate. After thefdl, the stream joins the Pampariver. The upstream of thefall
isrubber plantation. (Fig. 9.1).

9.1.2 Topography

Thesteisstuated in privateland. One sideisowned by Rubber Board and other side by private
persons. Theland ishaving moderate dopeinthisarea. Thereisno land dide occurred in this
area on past time and the possibility dso very less. The chances of soil eroson are negligible.
Thebed of the stream isrocky and the bouldersare availablein plenty at thesite. The number of
rainy days exceeds 50% in its catchment.

92 FIELD INVESTIGATION

9.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographica details of the site. The
possible location for diversion structure and power house were identified and the details were
taken using tacheometric method of surveying. Thereis 3 main falswhich givesatotal head of
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50m.

9.2.2 Catchment area

Topographical survey sheetsto ascale of 1:50,000 are available from the Survey of India. The
catchment of Madatharuvi Site was located using the toposheet. Itisshownin Fig.No.9.2. The
total area of catchment is measured and it comesto nearly 4.31sq.km. Thecatchment areais
having amost moderate dope but some portions are very steep.

9.23 Contour map

The survey details were plotted on a sheet of paper a ascae of 1:400. The undulations of the
site, the location of the fals and other topographica feetures were identified from the contour
map. The location of the weir, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.9.

9.24 River flow data

For aperiod of 12 months (January 1998 to January 1999) the water level observations were
taken every week. A suitablelocation wasidentified on the downstream of thefall, where the
whole water is flowing through that point, cross sectiona details of the point were noted for the
caculating stream discharge. Wefixed ameasuring gauge at that point to measure the pesk flow.
Using the collected data(T able 9.1) theweekly discharge hydrograph of the sitewas prepared.
The graphisshownin Fig. 9.3.

9.25 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedencewas calculated. Fromthis,
theflow duration curvewasplotted (Fig. No. 9.4). Thesame curveaso functionsas percentage
flow of exceedence graph. This river flow data is recdculated in tabular form, giving the
correponding energy potentia inweekly and cumulaivemodeisgivenin Table9.2. Thesedaa
are used for calculaing energy potentia and selection of unit Szesin section 9.4.

9.26 Peak flow determination
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There are various empirical methods for calculating the maximum flood discherge. The different
values obtained are shown in Table 9.3 The vaue obtained by Dicken=sformula whichis
commonly used in western gheats region has been used for the structurd design of diverson

structure.
Table9.3
Peak Flow Deter mination
Dicken=s | Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Peak flow in
Cumecs 77.81 138.29 26.76 196.75

93 SALIENT DESGN FEATURES

A detailed design of Civil, Electrical, and Mechanica work has not been carried out in thisreport
as it does not come under the purview of the project. But, atypica section of the proposed
diverson structure is given here. The stability andysis of the section and economic diameter of
the penstock was carried out as part of prdiminary design. The capability and number of units,
type and specification of turbine, generator and it=s cost have been estimated, after consulting
various agencies.

9.3.1 Power potential of the project

From the flow duration curvethe discharge corresponding to 70% isonly 0.001 cubic metre per
second. A discharge of 0.001cubic metre per second can produce only about 0.325 kKW.
However it seen that much higher flows are available during 50% of thetime. In order totap the
full potentia of thesite, withahead of 43 metre, the project isdesigned to generate higher output
with lower dependability. This Site can be designed as a run of the river project which can
produce 75 KW with a dependability of 24% (88 days).

The output power was computed using theformula, P=10x Q x H x h
Where P = Power output in kW

Q = Discharge in cumec
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H = Head in metres

h = Efficiency taken as 0.75

For 24% exceedence P=10x0.215x43x0.75=75kW.
For 50% exceedence P=10x0.054x43x 0.75=17 kKW.
For 40% exceedence P=10x0.102x 43x 0.75= 35 kW.
For 30% exceedence P=10x0.192x 43x 0.75 =60 kW.

9.3.2 Energy potential

Atthisgte, sufficient flow isthere so that we can obtain 75 kW power output for 24% of thetime
(88days) which dragticaly reduces to 15kW by 60% time. The energy input corresponding to
24% time will be (24/100 x 75 x 365 x 24) =0.1577 MU. Theflow after 24% time will be
efficiently utilized by providing asmal pondage. The quantity of water available from 24% to
100% time is caculated to be 1335701, Energy obtained from this water is caculated to be
0.12MU

Tota amount of energy produced =0.1577 MU +0.12MU = 0.277 MU.

It may be noted that, thismuch amount of energy can generated for the particular year. If higher
flows are available during any year, it will enable higher production and vice versa

9.3.3 Pondage reguirement

From the contour map a plot of surface areaVs. devation is drawn in Fig.No.9.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each
elevation and the details are shown in Table 9.4. From this information a capacity elevation
curve of the pondage is prepared and is shown in Fig.N0.9.6.
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Table9.4
Pondage Area Details
Sl. No. | Hevaion(m) | Area(n¥) | Capacity (m®) | Energy (KWh)
1 98.50 0 0 0
2 99 4.0625 2.60 0.27
3 100 141.875 189.40 20

Astheterrain is suitable for storing 1900, it followsthat, a full torage, theenergy capacity is
only about 140kWh. If asingle 100 kW machineisingtalled, it can be operated for only one hour

a full capacity (during peek time). Fortunately, pondage becomes critical only during lean

months, thiskid of operation practice is acceptable. Hence, aweir height of 1.5 m, to creste a
storage of 190n? is siggested.

Astheterrain is not suitable for storage the structure proposed at this Steis only for diverting
water.

94 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost

Resulting standard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annua ingta ments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cogt in rdaion to Ste specific conditions. Only ranges could be indicated. Each
combination of tariff and capita cost seected above, will demand aminimum annua generation
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per KW ingtalled. This can be taken to be the bresk even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
from a given site.

Let the capitdl cost of Madatharuvi be Rs.3.5 croresMW. Theannud rateis25%. Let the unit
rate of tariff offered by K.S.E.B be Rs.2.5/kWh.

If X be the number of hours of operation at full load capacity,

per Mega Watt annual cogt, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wait revenue = 1000 KW x Rs. 25 x X
Equating the two, weget 3,50,00,000x 0.25 = X x1000x 2.5

X =3,500 hrs.

It follows that, any combination of machines, that can work at full capacity for over 3500 hours
canddiver aprofit, if the overdl project cost isbelow Rs.3.5 croresMW and tariff isRs. 2.5 per
kilo Watt hour.

Thiscan be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingalled capacity during an year, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%

That is, amaximum cagpacity, which yields a PCF of 40% iseconomically viable for thisste.

Similarly, break even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%.

Now we shall check various capacities of turbine sze which are suitable for this two conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%.
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For aningtalled capacity of 75 kW, which corresponds to about 24% flow of exceedence from
the chart, the total energy yield isthe sum of:

75kW x (0.24 x 8760) = 0.1577 at continuous operation for 24% time of an year, and
0.12MU, whichisthe cumuletive energy potentid from 24% to 100% time as obtained from the
Chart (Table 3.3).

Totd yield = 0.1577MU + 0.12MU = 0.278 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF=0.278 x 1/ (75 x 8760) = 42.3%
This PCF isequa to the bresk even value of 40%.

So 75 kW will bethe optimum choicefor the site, if the overall project cost isbelow Rs.3.5
croresMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/lkWh and break even PCF of 33.3%
Similarly, For 150 kW (for 19% flow of exceedence)

PCF = (430000 / 150 x 8760) x 100 = 32.72%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 150 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table9.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Unit sizesfor
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 75 kW

Rs.3.00/ Unit 150 kW
Theunits sdlected can be one of the following combinations:

For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt (0.025 MW x 3) or (0.05 MW x 1 +
0.025 MW x 1)
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For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt ( 0.025 MW x 2 + 0.05MW x 2) or
(0.IMW x 1 + 0.05 MW x 1).

Among these two categories, the second one seemsto be less viable since it is bulky with units.
We have redtricted oursdves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

95 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Works required for the project are adiverson weir, an intake
structure, apenstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the intake. For this project only adiverson weir is proposed,
which alows the excess water to flow over the welr to the downstream. The intake Structure
takeswater from the weir and leadsit to the penstock. The penstock made of sted is proposed
inthisste. A power house is congtructed for the purpose of housing the eectro mechanica
equipment. It isusudly asmadl building of 6m x 5m.

95.1Waer at Madatharuvi

A gabion has been proposed on the Madatharuvi stream, at abed level of +98.000metres. The
base width of theweir & bed leve is5.2m. Thediverson sructureis 1.5m high having alength
of 10m at the top with a central broad crested free over fal type spill way. The cross sectiond

details of the proposed diversion siteisshown in Fig. 9.7.

9.5.2 Intake Sructure, Pengock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack isprovided on theintake mouth, the penstock entrance startsfrom the
wall of intake box near the gabion. The economic diameter of the penstock is calculated as
0.41m and the thickness of the penstock is found as 6mm. The penstock is designed for a
meaximum flow of 0.233 cumec with ave ocity of 1.77 metre per second. The possible dignment
for the penstock is located on the left bank of the stream. The longitudina section of the
proposed penstock line was drawn from the contour map and the length was ca culated, which
comesto 249m (Fig. No. 9.8).

A surface power houseis proposed on the left bank of the stream. The dope at the proposed site

Integrated Rural Technology Centre, Palakkad 9.8



WGSHP - Final Report (Mol 11) Madathar uvi

ismoderate but increases up the hill towards north east direction. The power houseisof Sze6m
X 5m, to accommodate 75kW, generator and standardised turbine.

9.6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtdled capacity of 75 kW. The
electricity generated would be connected to the existing power grid systlem at Mandamaruthi by a
500mtransmissionline. A standardised turbinefor 50m grosshead is proposed for this particular
Ste. Theturbine shal be complete with governor, control equipment and safety devices. The
generator would be synchronous with a brushless excitation system shdl be rated to generate
75kW, 11kV three phases, 50 Hz and shdl be suitable for coupling with turbine described

above. The generator shall have voltage regul ation equipment, parallel operation equipment etc.

9.7 ENVIRONMENTAL IMPACTS

A small hydro project has been proposed at Madatharuvi (Pathanamthitta Dist.). The project
ams to generates about 75 kW of hydro power from a fal having a head of 43 m. Some
preliminary environmenta impact analyss have been carried out. They are land, water and
S0Cio-economica environmenta impacts.

9.7.1 Environmental impact on land

The catchment areameasured from toposheet comesto be4.31sg. km Thestreamfdlsthrough
moderate dope on the upstream side and gentle after the fdl. The Ste containstwo smal fdls
and one moderate fall. After thefall, the stream joins to the Pampariver. The upstream side of
the fal is rubber plantation. The site is Stuated in private land One Side is owned by Rubber
Board and other side by private persons. Theland ishaving moderate dopeinthisarea. There
isno land dide occurred in this area on past time and the possibility aso very less. The chances
of soil erosion is negligible. The bed of the stream is rocky and the boulders are availablein
plenty a the site. The number of rainy days exceeds 50% in its catchment.
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The mogt sgnificant thing is thet, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary oad will not take away any
forest land. So no forest clearance is required for the project.

9.7.2 Environmental impact on water

The Kanjirgppuzha, which drainsto Pampariver isthe stream of thisfdl. The diverson structurewill
creste apond of area0.0142ha No forest land will be submerged. Aboveadl, thisaccountsfor only
0.19 halMW. This diverson structure which aso acts as a check dam can increase the height of
water table level at the Ste. The impounded water will dso change soil moisture regime in adjacent
forest land.

9.7.3 Socioeconomic impact

The congtruction phase would creste employment opportunitiesfor aperiod of 18 months. The pesk
labour strength is 100 skilled and 200 unskilled labour. 1t requires only minimum land acquisition for
condruction. The acquisition does not need any rehabilitation.

98 CONCLUSON

The environmental impact of that smdl hydd project is negligible. No serious adverse impect is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area. The economic
size of ingtalled capacity depends upon the permissible tariff aswell asthe capita cost. It wasfound
that the project isfinancidly viablefor an ingtalled capacity of 75 kW a a project cost of Rs. 3.5
Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff israised to
Rs.3.00 per unit, an ingtalled capacity of 150kW would become economically viable.

Cost effective methods of construction, likethe use of gabion weirs, can be used to reduce the capital
cogs. A methodology for implementing the project with amaximum of peoples= participation should
also be devised. Therole of the Grama Panchayat in this effort is crucid.

_(;_
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10. KALLI MALI

District . ldukKi
Panchayath . Rajakkad
Head 43 m.

Flow . Seasonal
Suggested

Capacity . 200 KW/ 450 kW
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10.1 GENERAL
10.1.1 Thesdte

Kdlimdi weter fdl is Stuated in the 3rd ward of Rgjakkad Grama Panchayath in Idukki digtrict.
The Steis at a distance of 3.5 km from Rgjakkad. Thereisabus route from Rgakkad to
Ambalakkavaa stop (2km from Rgakkad) on the Rgakkad-Adimai main road. From
Ambad akavala 1.5km motorableroad exists up to the upstream of thefal. 11kV transformer isat
1.5km. away from the Site.

The water fal islocated at 77° 5' 26" E longitude and @ 6'42" N latitude. The catchment area
measured from topo sheet is 4.75 sg.km. The falls are Stuated at an devation of 920m from
MSL in Kdlimdi stream which is beginning at an eevation of 1060 from MSL. The upstream
sdeof thefal ispaddy field. The stream fdls vertically and flows through steep doped terrain
and drainsto the Ponmudi reservoir. The location map of the siteis shown in Fig .10.1.

10.1.2 Taopography

The steis Situated outside the forest area. Theland is having gentle dope at the upstream side
and steep dopes towards downstream. Possibility for land dide and soil erosion is negligible
The bed of the gream is rocky on the upstream side of the fal. The number of rainy days
exceeds 50% in its catchment.

10.2 FIELDINVESTIGATION
10.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographical detailsof theste. Thereis
one main fal which givesatota head of 50m. The possible location for diversion structure and
power housewereidentified and the detail s were taken using tacheometric method of surveying.

10.2.2 Catchment area

Topographica survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Kalimali was located using the toposheet. It is shown in the Fig.No.10.2. The
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tota areaof catchment ishaving dmost moderate dope but some portionsare very steep and its
areafound to be 4.75 sq.km.

10.2.3 Contour map

The survey details were plotted on a sheet of paper at ascale of 1:200. The undulations of the
site, the location of the falls and other topographica features were identified from the contour
map. The locaion of the welr, the dignment of the penstock and location of the power house
were d 0 determined using this and the prepared contour map has been shownin Annexure A
10.

10.2.4 River flow data

For aperiod of 12 months (March 1997 to April 1998) thewater level observationsweretaken
every week. A suitable location was identified on the downstream of the fdl, where the whole
water is flowing through that point, cross sectiond details of the point were noted for the
caculating sream discharge. Wefixed ameasuring gauge a that point to measure the pesk flow.

Using the collected data (Table 10.1) the weekly discharge hydrograph of the Ste was
prepared. The graphisshownin Fig. 10.3.

10.25 Flow duration curve

Using weekly discharge hydro graph, percentageflow of exceedencewascaculated. Fromthis,
the flow duration curve was plotted (Fig. No. 10.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow datais recaculated in tabular form, giving
the corresponding energy potentia inweekly and cumulativemodeisgivenin Table 10.2. These
data are used for caculaing energy potentia and sdection of unit Szesin section 10.4.

10.2.6 Peak flow determination

There are various empirical methodsfor caculaing the maximum flood discharge. Thedifferent
vaues obtained are shown in Table 10.3 The vaue obtained by Dicken=s formula, which is
commonly used in western ghats region has been used for the structurdl design of diverson
structure.

Table10.3
Peak Flow Deter mination
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K allimali

Dicken=s | Ingli=s | Ryve=s Nawab Jung
Parameters method | fomula | formula Bahadur formula
Peak flow in
cumecs 83.6 150.1 2854 213.32

10.3 SALIENT DESGN FEATURES
A detailed design of Civil, Electrical, and Mechanica work has not been carried out in thisreport
as it does not come under the purview of the project. But atypica section of the proposed
diverson structure is given here. The gtability andysis of the section and economic diameter of
the penstock was carried out as part of preiminary design. The cgpability and number of units,
type and specification of turbine, generator and it=s cost have been etimated, after consulting

various agencies.

10.3.1 Power potential of the project

The discharge corresponding to 80% exceedence is only 0.015 cubic metre per second. A

discharge of 0.015 cubic metre per second can produce only about 5 kW. In order to tap the
full potentid of the Site, with ahead of 43 metre, the project isdesigned to generate higher output
with lower dependability. The Ste can be designed as a run of the river project, which can

produce 300 kW for with a dependability of 25%.

The output power was computed using the formula, P=10x Q xH x h

Where

For 50% exceedence
For 40% exceedence

For 30% exceedence

10.3.2 Ener gy potential

P = Power output in KW

Q = Dischargein cumec

H = Head in metres

h = Efficiency taken as 0.75

P=10x0.075x 43x 0.75 = 24 kKW

P=10x0.245x43x 0.75 =75 kW

P=10x0.73x43x 0.75 = 235 kW

Integrated Rural Technology Centre, Palakkad
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At this Ste, sufficient flow is there so that we can obtain 300kW power output for 25% of the
time (91days). The output reduces to 16kW if we take the percentage flow of exceedence as
60% (219 days). The energy input corresponding to 25% flow of exceedence will be
(25/200* 300* 365* 24) = 0.657 MU. The flow after 25% time can be utilized by providing a
smdl pondage. The quantity of water available from 25% to 100% time is calculated to be
3734640 m®. Energy obtained from this water is calculated to be 0.334 MU.

Tota amount of energy produced =0.657 MU +0.334 MU =0.991 MU.

It may be noted that, this much amount of energy can be generated for the particular yeer. If
higher flows are available during any year, it will enable higher production and vice versa

10.3.3 Pondagerequirement

From the contour map aplot of surface areaVs. devationisdrawnin Fig.No. 10.5. The aress
corresponding to each eevation is used to find the volume of water that can be stored in each
eevaion and thedetailsareshownin Table10.4. From thisinformation capacity elevation curve
of the pondage is prepared and is shown in Fig.No.10.6.

K allimali

Table10.4
Pondage Area Details
Sl. No. | Hevaion(m) | Area(n¥) | Capacity (nF) | Energy (kWh)
1 495.50 0 0 0
2 496 3.48 0.87 0.07
3 497 13.00 9.11 1
4 498 44.00 37.61 8
5 499 259.92 189.57 17

Integrated Rural Technology Centre, Palakkad
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Astheterrain is suitable for soring 190ms, it followstheat, a full Sorage, the energy capecity is
only about 15kWh. If asingle 15 kW machineisingtaled, it can be operated for only one hour at
full capacity (during pesk time). Fortunately, pondage becomes critical only during lean months,
thiskid of operation practiceisacceptable. Hence, aweir height of 3.5 m, to create astorage of
190n? is suggested.

104 SELECTION OF PLANT CAPACITY AND UNIT SZES
For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(Thisconsistsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingadments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cogt in reldion to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capita cost sdected above, will demand aminimum annua generation

per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
site under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

from a given site.

Let the capital cost of Kalimali kuthu be Rs.3.5 croresMW. The annud rateis 25%. Let the
unit rete of tariff offered by K.SE.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,

per Mega Watt annual cogt, at the rate of 25% oninvestment = Rs. 3.5 Croresx 0.25
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per Mega Wett revenue = 1000 kW x Rs. 25 x X
Equating thetwo, weget 3,50,00,000x 0.25 = X x1000x 25
X =3,500 hrs.

It follows that, any combination of machines, that can work at full capacity for over 3500 hours
can ddliver a profit, if the overdl project cost isbelow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

Thiscan be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingalled capacity during an year, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thisste.

Similarly, break even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%

Now we shdl check various capacities of turbine Sze which are suitable for thistwo conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%.

For aningtaled capacity of 300 kW, which correspondsto about 24% flow of exceedencefrom
the chart, thetotal energy yield isthe sum of:

200 KW x (0.3x 8760) = 0.526 at continuous operation for 30% time of an year, and
0.203MU, whichisthe cumulative energy potentia from 30% to 100% time as obtained from the
Chart (Table 10.3).

Tota yield = 0.526MU + 0.203MU = 0.73 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF =0.73 x 108/ (200 x 8760) = 41.7 %

This PCF isequd to the bresk even vaue of 40%.
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So 200 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5croresyMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%

Similarly, For 450 kW (for 21% flow of exceedence)
PCF = (1300000 / 450 x 8760) x 100 = 32.9%

This PCF is very near to the break even vaue of 33%.

Smilarly, 450 kw will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 crores/MW and tariff is Rs. 3.0 per kilo Watt hour.

Table10.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit szefor
Rs.3.5 CroressMW

Rs.2.5/Unit 200 kW

Rs.3.00/ Unit 450 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroredMW and Rs.2.5/Unit we can opt (0.05MW x 4) or (0.1 MW x 2)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt ( 0.20 MW x 2 + 0.05MW x 1) or
(0.250MW x 2)

Among these two categories, the second one seemsto belessvidble snceit is bulky with units.
We have regtricted oursdlves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.
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105 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Works required for the project are a diversion weir, an intake
structure, apenstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the inteke. For this project only a diverson weir is proposed,
which alows the excess water to flow over the weir to the downstream. The intake structure
takeswater from theweir and lead it to the penstock. The penstock made of stedl isproposedin
thisste. A power house is congtructed for the purpose of housing the eectro mechanica
eguipment. It isusudly asmdl building of 6m x 3.5m.

10.5.1 Waer at Kallimali

A concrete weir has been proposed on the Kalimali stream, at abed level of +496.000metres.
The base width of the weir at bed level is 3.5m. The Structure is 1.5m high having alength of
11.25m at the top with a central broad crested free over fdl type spill way. The cross sectiond
details of the proposed diversion steand atypica section of the structureare shownin Fig. No.
10.7.

10.5.2 Intake Structure, Pengock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the structure. The economic diameter of the penstock is caculated as
0.63 m. The penstock can carry amaximum flow of 0.62 cumec with avelocity of 2 metre per
second. The possible dignment for the penstock is located on the | eft bank of the stream. The
longitudina section of the proposed penstock line was drawn from the contour map and the
length was calculated, which comes to 127.5m (Fig.No.10.10). A surface power house is
proposed on theleft bank of the stream. The dopeat the proposed Siteismoderate but increases
up the hill towards north east direction. The power house is of Sze 6 m x 35 m, to

accommodate 200 kW, generator and standardised turbine.

10.6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtdled capacity of 200kW. A

gandardised turbine for 50m gross head is proposed for this particular Site. Theturbine shal be
complete with governor, control equipment and safety devices. The generator would be
synchronous with a brushless excitation system shall be rated to generate 200kW, 11kV three
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phases, 50 Hz and shdl be suitable for coupling with turbine described above. The generator
shdl have voltage regulaion equipment, parallel operation equipment etc.

10.7 ENVIRONMENTAL IMPACTS

A small hydro project has been proposed at Kalimalikkuthu (Idukki Dist.). The project amsto
generates about 200 kW of hydro power from afal having ahead of 43 m. Some preiminary
environmental impact analyss have been carried out. They are land, water and socio-
economica environmenta impacts.

10.7.1 Environmental impact on land

The catchment area measured from topo sheet comesto be 4.75 sg. km The upstream side of
thefdl is paddy fiedd. The stream fals verticaly and flows through stegp dopes. After thefal,
the stream joins to the Ponmudi reservoir. The Ste is Stuated out Sde the forest. The land is
having gentle dope at the upstream side and steep dopes towards down stream. Possibility for
land dide and soil eroson isnegligible. The bed of the stream isrocky on the upstream side of
thefal. The number of rainy days exceeds 50% in its catchment.

The mogt sgnificant thing is thet, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house will not take away any forest land. So no forest
clearanceisrequired for the project.

10.7.2 Environmental impact on water

The Kalimdi, which drains to Ponmudi Reservair is the sream of this fdl. The diverson
structurewill create apond of area0.026 hectare. No forest land will be submerged. Abovedl,
this accounts for only 0.13 ha/MW.

Integrated Rural Technology Centre, Palakkad 1.10



WGSHP - Final Report (Val.Il) Kallimali

10.7.3 Socio-economic impact

The congtruction phasewould creste employment opportunitiesfor aperiod of 12 months. It requires
only minimum land acquisition for congtruction. The acquisition does not need any rehabilitation.

10.8 CONCLUSION

The environmental impact of the smal hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be amerge area.

The economic size of ingtalled capacity depends upon the permissibletariff aswell asthe capital cost.
It wasfound that the project isfinancidly viable for an ingtalled capacity of 200kW at a project cost
of Rs. 3.5 Croresper MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an instaled capacity of 450kW would become economicaly viable.

Codt effectivemethods of congtruction, likethe use of gabionweirs, can be used to reducethe capita
cods. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayat in this effort is crucidl.

_(;_
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11. GANDH SVARAKAPPADY

District . ldukKi
Panchayath . Kanjikkuzhy
Head 43 m.

Flow . Seasonal
Suggested

Capacity . 150 kW/ 250 kW
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11.1 GENERAL
11.1.1 Thesdte

Idukki digtrict is blessed with amember of water fals. Most of them are potentid sitesfor small
hydropower generation. The Gandhi Smarakappady water fal isinthe4thward of Kanjikkuzhy
Grama Panchayath in Idukki digrict. The gdte is a a digance of nearly 1.5 km from
Chdachuvadu which is nearly 16 km. away from Cheruthony in Kumali- K othamangaam route.
The nearest 11KV lineisjust 1km from the site.

Thewater fall islocated at 76° 57" 37" Elongitude and ° 55' 0" N latitude. The catchment area
measured from toposheet is 1.13 sg.km. The fdls are Stuated at an elevation of 480m from

mean sealevel (MSL) in Gandhi Smarakppady stream which begins at an devation of 700m

from MSL. After thefdl, the stream joinsto the Churulythodu and then draining to the Periyar
river. Thelocation map of the Steisshownin Fig.No.11.1.

11.1.2 Topography

The dteis Stuated out Sde the forest. The land is having steep dopes inthisarea. Fromthe
previous higtory of Ste, it isclear that thereis no possibility of land dide and the chancesfor soil
eroson isnegligible. The bed of the stream isrocky, thereis agross head of 43m. The number
of rainy days exceeds 50% in its catchment.

112 FIELD INVESTIGATION
11.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographical detalls of the site. Thereis
one main fal which givesatota head of 50m. The possible location for diversion structure and
power house wereidentified and the detail sweretaken using tacheometric method of surveying.

11.2.2 Catchment area

Topographicd survey sheetsto ascae of 1:50,000 are available from the Survey of India The
catchment of Gandhi Smarakappady waslocated using thetoposheet. ItisshownintheFig No.
11.2 and the areameasured comesto nearly 1.13 sg.km. The catchment areaiishaving amost
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moderate dopes but some portions are very steep. Maximum flood discharge measured at this
site during 1998 is about 3.10 cumec

11.2.3 Contour map

The survey details were plotted on a sheet of paper at ascale of 1:200. The undulations of the
Ste, the location of the falls and other topographica festures were identified from the contour
map. The prepared contour nap is shown in Annexure A.11. The location of the weir,
alignment of the penstock and location of the power house were determined using this contour

map.

11.2.4 River flow data

For a period of 12 months (December 1997 - December 1998) the water level observations
were teken in every week. A auitable location was identified on the upstream side of the fdll,
where the whole water is flowing through that point, cross sectiond details of the point were
noted for caculating the stream discharge. We fixed a measuring gauge at this point to measure
the pesk flow. Using the collected data (Table 11.1) the weekly discharge hydrograph of the
Steisprepared by plotting number of weeks againgt discharge. The graphisshownin Fig. No.
11.3.

11.2.5 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No.11.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow datais recdculated intabular form, giving
the corresponding energy potentid inweekly and cumulaivemodeisgiveninTable 11.2. Thee
data are used for caculaing energy potential and sdection of unit Szesin section 11.4.

11.2.6 Peak flow determination

Therearevariousempirica methodsfor caculating the maximum flood discharge. Thedifferent
vaues obtained are shown in Table 11.3 The value obtained by Dicken=s formula, whichis
commonly used in western ghats region has been used for the structurd design of diverson
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structure.

Table11.3
Peak Flow Deter mination

Dickers Indi=s Ryve=s Nawab Jung
Parameters method fomula fomula Bahadur formula

Pesk flow in
CcuUmecs 2840 40.76 10.93 60.23

11.3SALIENT DES GN FEATURES
Desgn of any hydel projects means adetailed design of Civil works dong with Electricd and

Mechanica ingalation works. Usudly for asmal hydro scheme, the design isless complicated
andeasy. A detailed design of Civil, Electrica, and Mechanica work hasnot beencarriedoutin
this report as it does not come under the purview of the project. A typica section of the
proposed diverson sructure is given here. The stability andysis of the section and economic
diameter of the penstock was carried out as part of preiminary desgn. The capability and
number of units, type and specification of turbine, generator and its cost have been estimated,
after consulting various agencies.

11.3.1 Power potential of the project

The discharge corresponding to 80% exceedence is only 0.005 cubic metre per second. A
discharge of 0.005 cubic metre per second can produce only about 2 kW. In order to tap the
full potentid of the dte, with ahead of 43 metre, the project isdesigned to generate higher out put
with lower dependability. This Site can be designed as arun of the river project which can
produce 50 kW with adependability of 50 % and 100 kW with adependability of 30 %. Sowe
can use two 50kW machinesfor the site.

The output power was computed using theformula, P=10xQxH x h

Where, P = Power output in kW

Q = Dischargein cumec
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H = Head in metres

h = Efficency taken as 0.75

For 50% exceedence P=10x0.144 x 50 x 0.75 = 50.00 kW.
For 40% exceedence P=10x0.257x50x 0.75 =80 kW.
For 30% exceedence P=10x0.373 x50 x 0.75= 120 kW.
11.3.2 Energy potential

At this Ste, sufficient flow is there so that we can obtain 200kW power output for 30% of the
time (110 days) which reduces to 50kW by 50% time (183 days). The energy input
corresponding to 30% time will be (30/100 x 100 x 365 x 24) = 0.263 MU. The energy input
corresponding to 50% time will be ((50-30)/200 x 50 x 365 x 24) =0.088MU. Theflow after
50% time can be utilized by providing asmall pondage. The quantity of water availablefrom 40%
to 100% timeiscalculated to be 796547m2. Energy obtained from thisweter isca culated to be
0.0714 MU.

Tota amount of energy produced =0.263 MU + 0.088 MU + 0.0714MU= 0.4224 M U.
It may be noted that , this much amount of energy can be generated for the particular year. If

higher flows are available during any yesr, it will enable higher production and vice versa

11.3.3 Pondagerequirement

From the contour map aplot of surface areaV's. devaionisdrawninFig.No. 11.5. The areas
corresponding to each eevation is used to find the volume of water that can be stored in each
eevation and the details are shown in Table 11.4. From thisinformation a cgpacity eevation
curve of the pondage is prepared and is shown in Fig.No.11.6.
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Tablel11.4
Pondage Area Details
S.No. | Hevaion(m) | Area(nf) | Capadty(m’) | Energy (KWh)

1 499 0 0
2 500 57.00 28.60 3
3 501 140.00 127.80 11
4 502 223.00 308,50 28
5 503 329.00 384.30 34

Astheterrain is suitable for storing 385m?®, it follows thet, at full storage, theenergy capacity is
only about 34kWh. If asingle 34 kW machineisingtalled, it can be operated for only one hour a
full capacity (during pesk time). Fortunately, pondage becomes critical only during lean months,
this kid of operation practice is acceptable. Hence, aweir height of 4m, to creste a storage of
385 m® is suggested.

114 SELECTION OF PLANT CAPACITY AND UNIT SZE
For optimization of plant cgpacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capital cost
Resulting standard annua cost - 25%

(Thiscongstsof 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingdments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
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tune the cost in relation to Ste specific onditions. Only ranges could be indicated. Each
combination of tariff and capita cost slected above, will demand aminimum annua generation
per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
site under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
from a given site.

Let the capital cost of Gandhi Smarakappadi be Rs.3.5 croresMW. The annua rate is 25%.
Let the unit rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,
per MegaWatt annual cogt, at therate of 25% oninvestment = Rs. 3.5 Croresx 0.25

per MegaWatt revenue = 1000 kW x Rs. 25 x X
Equating the two, we get  3,50,00,000x 0.25 = X x 1000 x 2.5
X =3,500 hrs.

It follows that, any combination of machines, that can work at full capacity for over 3500 hours
can deliver aprofit, if the overdl project cost isbeow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , which isdefined astheratio of
actual amount of energy obtained to the maximum energy that can be obtained from the given
ingtdled capacity during an year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, a maximum capecity, which yields a PCF of 40% is economicaly viable for this Ste.

Similarly, break even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%.

Now we shal check various capacities of turbine sze which are suitable for this two conditions.
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a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aningtaled capacity of 550 kW, which corresponds to about 8% flow of exceedence from
the chart, the total energy yield isthe sum of:

150 kW x (0.2 x 8760) = 0.263 MU at continuous operation for 20% time of an year, and
0.28MU, whichisthe cumulative energy potentia from 20% to 100% time as obtained from the
Chart (Table 11.3).

Total yield = 0.263MU + 0.28MU = 0.543 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF =0.543 x 1P / (150 x 8760) = 41.3 %

This PCF is equd to the break even vaue of 40%.

So 150 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 40%
Similarly, For 250 kW (for 15% flow of exceedence)
PCF = (700000/250 x 8760) x 100 = 32%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 250 kw will be the optimum choice for the site, if the overall project cog is
below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table11.5
Economically Viable Maximum Capacity at Different Costsand Tariff
Tariff Unit szefor
Rs.3.5 CroresMW
Rs2.5Unit 150 kw
Rs3.00/ Unit 250kwW
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Theunits selected can be one of the following combinations.

For Rs.3.5 CroreMW and Rs.2.5/Unit we can opt (0.IMW x 1 + .05MW x 1)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt ( 0.IMW x 2+ 0.05 MW x 1)

Among these two categories, the second one seems to be less viablesnceitisbulky with units.

We have restricted oursaves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

115 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering sructuresrequired for the project areadiverson weir, an intake
structure, apenstock and apower house. For thisproject whichisdesigned asarun off theriver
system, only adiversonweir isproposed. Thisalowsthe excesswater to flow over thewer to
the downstream. Theintake structure takes water from the weir and leadsit to the penstock. A
penstock made of stedl isproposed for thissite. A power houseis congtructed for the purpose of
housing the eectro mechanica equipment. It isusualy asmal building of one or two rooms.

11.5.1 War at Gandhi Smarakappady

A concrete weir has been proposed on the Gandhi Smarakappady stream, at a bed level of

+499.000 metres. Thediverson structureis2m high having alength of 9.70m a thetop with a
central broad crested free over fal type spill way. The cross sectiond details of the proposed
diverson site and atypical section of the structure isshown in Fig.No. 11.7.

11.5.2 Intake Structure, Pengock and Power house

A smple box type, drect intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack isprovided on theintake mouth, the penstock entrance startsfrom the
wall of intake box near the structure. The economic diameter of the penstock is caculated as
0.55m. The penstock can with stand a maximum flow of 0.465 cumec with aveocity of 1.95
metre per second. The possible dignment for the penstock isdecided to be ontheright bank of
the stream. Thelongitudinal section of the proposed penstock linewas drawn from the contour
map and the length was calculated, which camesto 113m. Itisshownin Fig. No. 11.8.
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A surface power house is proposed on the right bank of the stream. The dope at the proposed
steisgentle. The power house of sze 10m x 6m s proposed to accommodate two numbers of
150 kW generator and standardised turbine.

11.6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an indaled capacity of 150 kW. The
electricity generated would be connected to theexisting power grid system at Chelachuvadu by a
300mtransmissonline. A standardised turbinefor 43m grosshead is proposed for this particular
dte. Theturbine shal be complete with governor, control equipment and safety devices. The
generator would be synchronouswith abrushlessexcitation system shall berated to generate 150
kW, 11 kV three phases having a frequency of 50 Hz and will be suitable for coupling with
turbine described above. The generator shdl have voltage regulation equipment dong with
pardld operation equipment .

11.7 ENVIRONMENTAL IMPACTS
A smadll hydro project has been proposed at Gandhi Smarakappadi (Idukki Dist). The project
ams to generates about 150 kW of hydro power from afdl having a heed of 43m. Some

preliminary environmentd impact analysis have been carried out. They are land, water and
socio-economica environmenta impacts.

11.7.1 Environmental impact on land

Total areaof catchment isabout 1.13 square kilometres of land in Gandhi Smarakppedy stream.

Thefdlsarestuated in Gandhi Smarakppady stream which isbeginning a an eevation of 700m
fromMSL. After thefdl, the sream joinsto the Churulythodu and findly draining to the Periyar
river.

The dte is Stuated out Side of forest. The land is having steep dope in thisarea. From the
previous higory of dite, it isdear that thereisno possibility of land dide and the chances for sail
erogon is negligible. The bed of the stream is rocky. There is an overdl head of 43m. The
number of rainy days exceeds 50% in its catchment.
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The mogt sgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearanceis required for the project.

11.7.2 Environmental impact on water

The Gandhi Smarakppady stream, which drainsto Periyar river isthe stream of thisfall. Itisa3rd
order, sructuraly controlled stream. Thediversion structurewill create apond of area0.033 hectare.
No forest land will be submerged. Above dl, this accounts for only 0.22 halMW. This diverson
structure which aso acts as a check dam can increase the height of water tableleve a the ste. The
impounded water will dso change soil moisture regime in adjacent forest land.

11.7.3 Socio-economic impact

The congtruction phase would create employment opportunitiesfor aperiod of 12 months. It requires
only minimum land acquisition for congtruction. The acquisition does not need any rehabilitation.

11.8 CONCLUS ON

The environmental impact of the smdl hyde project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will beameagre area. The economic
szeof indaled capacity depends upon the permissible tariff aswell asthe capitd cogt. It was found
that the project isfinancidly viable for an installed capacity of 150kW at a project cost of Rs. 3.5
Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff israised to
Rs.3.00 per unit, an ingtdled capacity of 250kW would become economicaly viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
costs. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayat in this effort is crucidl.

_C_
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12. PATH NARAMKANDAM

District :ldukKki
Panchayath ‘Vathikudi
Head . 43 m.

Flow . Perennial
Suggested

Capacity . 350 kW/ 450 kW
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12.1 GENERAL
12.1.1 TheSte

Idukki digtrict is blessed with a number of water fals. Most of them are potentid stesfor small

hydro power generation. The Pathinaramkandam water fdl is stuated in the It ward of

Vathikudi Grama Panchayath in Idukki district. The dte is a a distance of 2.50 km from

Murikkassery. Bus services as well as jegp sarvices are available to Murikkassery from
Karimban. From Murikkassery, thereis ajegpable road to Pathinaramkandom. The sreamiis
perennid and it is St uated outside of forest. The head available is about 43 m.

Thewater fal islocated a 76° 59' 33" E longitude and 9°54' 30" N latitude. The catchment area
measured from topo sheet is 15.56 sq. km Thefdls are Stuated at an eevation of 560 m from
MSL in Murikkassery thodu whichisbeginning & an devation of 900 mfromMSL. Thisisonly
onemainfal inthestream. The upstream sdeof fal hasmoderate dopeand it continues after the
fdl dso. There is another fdl on the upstream sde of the stream which is known as
Murikkasserikuthu. After thefdl, the stream joinsthe Periyar river. Thelocation map of thesite
isshoanin Fig.No.12.1.

12.1.2 Topography

Topography of any site means the description of the geographical details of the Ste. Thesteis
Stuated outsde the forest area. The land is having moderate dope in this area. There is no
possbility of land dideinthisareaand the possibility of soil erosonisnegligible. The bed of the
streamisrocky and boulders are availablenear thesite. The number of rainy daysexceeds50%
in its cachment.

122 FIELD INVESTIGATION

12.2.1 Reconnaissance Survey

A topographical survey was conducted for obtaining topographica details of the Ste. Thereis
one main fal which gives atota head of 43m. The possible location for diversion structure and
power housewereidentified and the detail s were taken using tacheometric method of surveying.
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12.2.2 Catchment Area

Topographica survey sheetsto ascae of 1:50,000 are available fromthe Survey of India The
catchment of Pethinaramkandom was located using the toposheet. It isshownin Fig.No. 12.2
and its areawas found to be 15.56 sg.km. The catchment area has moderate slopes.

12.2.3 Contour Map

The survey details were plotted on a sheet of paper to ascae of 1:500. The undulations of the
site, the location of the fals and other topographica festures were identified from the contour
map. The locaion of the welr, the dignment of the penstock and location of the power house
were aso determined using this contour map. The prepared contour map has been shown in

Annexure A.12.

12.2.4 River Flow Data

For aperiod of 12 months (January 1998 to January 1999) the water level observations were
takenin every week. A suitable locationwasidentified on the upstream side of thefal, where
the whole water isflowing through thet point. Cross sectiond details of the areawere measured
for caculating the stream discharge. We fixed a measuring gauge a that point to measure the
peek flow. Using the collected data (T able 12.1) the weekly discharge hydrograph of the site
was prepared. Thegraphisshownin Fig. No. 12.3.

12.25 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedencewas cdculated. Fromths
the flow duration curve was plotted (Fig. No. 12.4). The same curve dso functions as
percentage flow of exceedence graph. Thisriver flow dataisreca culated in tabular form, giving
the corresponding energy potentid in weekly and cumulative modeisgiveninTable 12.2. These
data are used for caculaing energy potentia and sdection of unit Szesin section 12.4.

12.2.6 Peak Flow Determination

There are various empirica methods for caculating the maximum flood discharge. The different
vaues obtained are shown in Table 12.3 The vaue obtained by Dicken=s formula, which is
commonly used in western ghats region has been used for the Sructura design.

Integrated Rural Technology Centre, Palakkad 12



WGSHP - Final Report (Mol 11) Pathinaramkandam

Table12.3
Peak Flow Deter mination
Dicken=s | Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Pesk flow incumecs | 20372 | 375.67 62.96 548.94

123 DESGN OF SMALL HYDEL PROJECT
A detailed design of Civil, Electrical, and Mechanica work has not been carried out in thisreport

as it does not come under the purview of the project, but a typica section of the proposed
diverson gructureis given here. The sability analyss of the section and economic diameter of
the penstock was carried out as part of preiminary design. The cgpability and number of units,
type and specification of turbine, generator and it=s cost have been estimated, after consulting
various agencies.

12.3.1 Power Potential of the Project

From the flow duration curve the discharge corresponding to 100%isonly 0.10 cubic metre per
second. A discharge of 0.10 cubic metre per second can produce only about 35 kW. However
it seen that much higher flows are available during 50% of the time. In order to tap the full

potentid of the Site, with a head of 43 metre, the project is designed to generate higher output
with lower dependability. This Site can be designed as a run of the river project which can
produce 150 kW with a dependability of 48%.

The output power was computed using theformula P=10x Qx Hx e
Where, P = Power output in kW
Q = Discharge in cumec
H = Head in metres
e= Effi ciency taken as 0.75
For 50% exceedence P=10x0.44x43x0.75 ~ 150 kW.

For 40% exceedence P=10x0.51x43x0.75 ~ 165 kW.
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For 30% exceedence P=10x0.54x43x0.75 ~ 175kW.

12.3.2 Energy Potential

At this Ste, sufficient flow is there so that we can obtain 150kW power output for 48% of the
time (175 days). Theenergy input corresponding to 48% time can becalculated to be (48/100 x
150 x 365 x 24) =0.631 MU. Theflow after 50% time can be utilized by providing a small
pondage. The quantity of water available from 50% to 100% time is caculated to be
3878928n+. Energy obtained from thiswater is caculated to be 0.35 MU.

Tota amount of energy produced = 0.631 MU +0.35 MU = 0.981 MU.

It may be noted that , this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

12.3.3 Pondage Reguirement

From the contour map aplot of surface areaVs. devationisdrawnin Fig.No. 12.5. Theareas
corresponding to each devation is used to find the volume of water that can be stored in each
elevation and the details are shown in Table 12.4. From thisinformation a capacity elevation
curve of the pondage is prepared and is shown in Fig.N0.12.6.

Table12.4
Pondage Area Details
Sl. No. | Eevaion(m) Area(n¥) | Capacity (n¥) Energy (KWh)
1 600.25 0 0 0
2 601 183.60 68.85 6
3 602 388.80 355.05 32
4 603 718.60 908.75 81

Astheterain is suitable for storing 900n®, it followsthat, at full storage, theenergy capacity is
only about 80 kWh. If asingle 80 kW machineisingaled, it can be operated for only one hour
a full capacity (during pesk time). Fortunately, pondage becomes critical only during lean

months, this kid of operation practice is acceptable. Hence, a weir height of 3m, to cregte a
storage of 900m?® is suggested.
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124 SELECTION OF PLANT CAPACITY AND UNIT SZE
For optimization of plant capacity, the following parameters were assumed.

Rate of return on invesment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capital cost
Resulting stlandard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingtaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cogt in relation © Site pecific conditions. Only ranges could be indicated. Each
combination of tariff and capita cost selected above, will demand aminimum annua generation
per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

froma given site.

Let the capital cost of Pathinaramkandam be Rs.3.5 croressMW. Theannua rateis 25%. Let
the unit rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,
per Mega Watt annua cog, at the rate of 25% oninvestment =Rs. 3.5 Crores x 0.25

per Mega Wett revenue = 1000 KW x Rs. 25 x X
Equating the two, we get  3,50,00,000x 0.25 = X x 1000 x 2.5
X =3,500 hrs.

It follows that, any combination of machines, that can work a full capacity for over 3500 hours

Integrated Rural Technology Centre, Palakkad 15



WGSHP - Final Report (Mol 11) Pathinaramkandam

can deliver a profit, if the overal project cost isbeow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , which isdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingtdled capacity during an year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, a maximum capacity, which yields a PCF of 40% is economicaly viable for this Ste.

Similarly, break even PCF for Rs.3.0 per unit and Rs.3.5 Crores per Mega Watt where X=2916
hoursis 33.3%.

Now we shall check various capacities of turbine size which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aningtdled capacity of 350 kW, which correspondsto about 5% flow of exceedence from
the chart, thetotal energy yieldisthe sum of 350 kW x (0.05 x 8760) = 0.153MU at continuous
operation for 5% timeof anyear, and 1.16MU, whichisthe cumulative energy potentia from 5%
to 100% time as obtained from the Chart (Table 12.3).

Totd yield = 0.153MU + 1.16MU = 1.313 MU.

The Pant Cpacity Fctor, corresponding to thisyield is given by :

PCF = 1.313x 108/ (350 x 8760) = 42.8 %

This PCF isequd to the break even value of 40%.

So 350 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 40%
Similarly, For 450 kW (for 4% flow of exceedence)

PCF = (1388000 / 450 x 8760) x 100 = 35.2%
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This PCF is very near to the bresk even vaue of 33%.

Smilarly, 450 kW will be the optimum choice for the site, if the overall project costis
below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Tablel12.5
Economically Viable Maximum Capacity at Different Costsand Tariff
Tariff Unit size for
Rs.3.5 CroressMW
Rs.2.5/Unit 350 kW
Rs.3.00/ Unit 450 kw

The units selected can be one of the following combinations:

For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt (0.25MW x 1 + 0.1 MW x 1)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (0.25 MW x 2)

Among these two categories, the second one seemsto be lessviable snceit isbulky withunits,

We have redtricted oursdves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

125 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are adiversion weir, an intake
structure, apenstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the inteke. For this project only a diverson weir is proposed,
which dlows the excess water to flow over the weir to the downstream. The intake structure
takeswater from theweir and leads it to the penstock. The penstock made of stedl is proposed
inthisste. A power house is congtructed for the purpose of housing the eectro mechanica
equipment. It isusudly asmadl building of 9m x 6m.

12.5.1 War at Pathinaramkandam

A gabionweir hasbeen proposed on the Murikkasseri thodu, at abed level of +600.000 metres.
The diverson sructure is 1.20 m high having alength of 6.40 m at the top with acentral broad
crested free over fdl type spill way. Thetypica section of proposed structureis shown in Fig.
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No. 12.7.

12.5.2 Intake Structure, Pensock and Power House

A simple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock iscal culated as 0.80
m. It is designed for a flow of 1.08 cumec with a velocity of 2.15 metre per second. The
possible adignment for the penstock is located on the left bank of the stream. The longitudina

section of the proposed penstock line was drawn from the contour map and the length was
calculated, which camesto 188 m (Fig. No. 12.8).

A surface power houseis proposed on theleft bank of stream. The dopeat the proposed siteis
moderate but it increases in the south-east direction.

126 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingdled capacity of 350 kW. The
electricity generated would be connected to the existing power grid system at Pathinaramkandam
by an1km transmissonline. A standardised turbine for 50 m gross head is proposed for this
paticular ste. The turbine shdl be complete with governor, control equipment and safety
devices. Thegenerator would be synchronouswith abrushless excitation sysem shdl berated to
generate 350kW, 11kV three phases, 50Hz and shall be suitable for coupling with turbine
described above. The generator shall have voltage regulation equipment, parald operation
equipment etc.

12.7 ENVIRONMENTAL IMPACTS

A small hydro Project has been proposed at Pathinaramkandam (Idukki Dist). The project aims
to generate about 350 kW of hydro power from afal having ahead of 43 m. Some preliminary
environmenta impact analysis have been carried out. They areland, water and socio- economicd
environmenta impacts.

12.7.1. Environmental Impact on Land
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Tota area of catchment is about 15.56 square kilometres of land in Murikkasserythodu. The Steis
Stuated out Sdethe forest. Theland ishaving amoderate dopeinthisarea Thereisno possihility of
land dide in thisareaand the possibility of soil eroson aso negligible. Both banksof theland is
owned by private persons. Stream sections are mostly rocky, large Sized bouldersare available. The
mogt Sgnificant thing isthat, due to impoundment, no forest land will be submerged. The condruction
of weir, penstock, power house, tailrace and temporary road will not take away any forest land. Sono
forest clearance is required for the project.

12.7.2 Environmental Impact on Water

The Murikkasserythodu which drainsto Periyar river isthe stream of thisfal. Thediversion ructure
will createapond of area0.0718 hectare. No forest land will be submerged. Aboveadl, thisaccounts
for only 0.205 halMW. So no forest clearance is required.

12.7.3 Socio-economic Impact

The construction phase would create employment opportunitiesfor aperiod of 12 months. It requires
only minimum land acquisition for congtruction. The acquisition does not need any rehabilitation.

128 CONCLUSON

The environmental impact of this smal hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be amerge area.

The economic size of ingtalled capacity depends upon the permissibletariff aswell asthe capita codt.
It was found that the project isfinancidly viablefor an installed capacity of 350kW &t aproject cost
of Rs. 3.5 Croresper MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an installed capacity of 450kW would become economicaly vidble.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
costs. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Parchayat in this effort is crucid.

_(;_
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13. THEKKUMIHONI

District . 1dukki
Panchayath : Kanjikuzhi
Head : 50 m.

Flow . Perennial
Suggested

Capacity . IMW/ 1.5MW
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13.1 GENERAL
13.1.1 TheSite

Thekkumthoni water fdl is Situated in the 9th ward of Kanjikkuzhi Grama Panchayath in |dukki

Didrict. Thesteisadistance of 3km from Venmani. Thereisabusroute from Chelachuvaduto
Venmani. Jeep sarvicesare aso availablein the Chelachuvadu- Venmani route from Kanjikkuzhi.
TheChelachuvaduisamain junctionin Kothamangdam- Idukki route. From Venmani thereisa
motorable road to Thekkumthoni ste. The stream is perennia and the head available is about
50m. Thereisno power supply to the site. The nearest 11kV lineisabout 7 km from the site.

Thewater fall islocated at 76°51' 55" E longitude and 9° 57' 26" N latitude. The catchment area
measured from topo sheet is 22.25 5. km. The fdls are Stuated a an eevation of 360m fro

MSL, in Thekkuthoni stream which is begins at an eevation of 1192mfromMSL. Thereistwo

fdls which gives a totd head of 50m. The upstream sde of the fdl is moderate dope and it

continuous after fdl dso. After the fdl, the stream joins the Kdiar puzha which drains to

Moovattupuzha.

13.1.2 Topography

The Site is Stuated outside the forest area. But one Side are the stream is owned by private
persons The forest is very thick. The land is having steep dope in this area. There is no
possihbility of land didesin this area and the posshility of soil eroson are negligible. The bed of
the stream isrocky and boulders are availablein plenty a Ste. The Steis perennia and number
of rainy days exceeds 50% in its catchment.

132 FIELD INVESTIGATION
13.2.1 Reconnaissance Survey

Before garting the topographica survey we walked through the project area, which gave an
overdl ideaof the steandits principa festures. Possbleinstrument stations were located for the
theodolite surveying and a topographica survey was conducted for obtaining topographica

detallsof theste. Thereistwo manfalswhich givesatota head of 50m. The possblelocation
for diverson gtructure and power house were identified and the details were taken usng

tacheometric method of surveying.
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13.2.2 Catchment Area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Thekkuthoni was located using the toposheet. It is shown in the Fig.No. 13.2.
From the shapeitisidentified asafan shaped catchment and itsarealisfound to be 22 25 sq.km.
The catchment area having almost moderate dope but some portions are very steep.

13.2.3 Contour Map

The survey details were plotted on a sheet of paper at ascale of 1:500. The undulations of the
site, the location of the fals and other topographica features were identified from the contour
map. The location of the welr, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.13.

13.2.4 River Flow Data

For aperiod of 12 months (December 97 to December 98) the water level observations were
taken in every week. A suitable location was identified on the upstream of the fall, where the
whole weter is flowing through that point, cross sectiona details of the point were noted for
cdculating the stream discharge. We fixed ameasuring gauge a this point to measure the pesk
flow. Using the collected data (Table 13.1) the weekly discharge hydrograph of the Site is
prepared. The graph isshown in Fig. No. 13.3.

13.25 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 13.4). The same curve dso functions as
percentageflow of exceedence graph. Thisriver flow dataisrecaculated in tabular form, giving
the corresponding energy potentid inweekly and cumulaivemodeisgiveninTable 13.2. Thee
data are used for calculating energy potential and selection of unit Szesin section 13.4.

13.2.6 Peak Flow Determination
There are various empirical methods for cdculating the maximum flood discharge. The different
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vaues obtained are shown in Table 13.3 The vaue obtained by Dicken=s formula, which is
commonly used in western ghats region has been used for the structural design of diverson

gructure.
Table13.3
Peak Flow Deter mination
Dicken=s | Ingli=s | Ryve=s Nawab Jung
Parameters method formula | formula Bahadur formula
Peak flow incumecs | 266.36 | 47895 | 79.9 717.38

133 SALIENT DESIGN FEATURES
A detailed design of Civil, Electricd & Mechanica work hasnot been carried out in thisreport as

it does not come under the purview of the project, but atypica section of theproposed diversion
dructure is given here.  The dtability andyss of the section and economic diameter of the
penstock was carried out as part of preliminary design. The capability and number of units, type
and specification of turbine, generator andit=s cost have been estimated, after consulting various

agencies.

13.3.1 Power Potential of the Project

The discharge corresponding to 70% exceedence is only 0.017 cubic metre per second. A

dischargeof 0.017 cubic metre per second can produce only about 6 kW. However it seen that
much higher flows are available during 50% of thetime. In order to tap the full potentia of the
site, with a head of 50metre, the project is designed to generate higher output with lower

dependability. Moreover, hydrodlectric scheme are usually used as peak load station as the
Thermal and other types of power plants are not easily shut down or Start up. This Site can be
designed as a peak load station which can produce 500 kW for 3 hours duration of peak |oad
with a dependability of 40%.
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The output power was computed using the formula, P=10x Q xH X h
Where, P = Power output in kW
Q = Dischargein cumec
H = Head in metres

h = Efficiency taken as 0.75

For 50% exceedence P=10x0.53x50x 0.75= 200 kW.
For 40% exceedence P=10x1.4x50x0.75 =525kW
For 30% exceedence P=10x1.77x50x 0.75 =665 kW
13.3.2 Energy Potential

At this Ste, sufficient flow is there so that we can obtain 500kW power output for 40% of the
time (146 days) which reducesto 8kW by 70% time (256 days). The energy input corresponding
to 40% time will be (40/200* 500* 365* 24) = 1.75MU. Theflow after 50% time can be
utilized by providing asmdl pondage. The quantity of water availablefrom 40%to 100%timeis
cdculated to be 4632410 m?. Energy obtained from thiswater isca culated to be 0.484MU MU.

Totad amount of energy produced =1.75 MU + 0484 MU = 2.236 MU.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are avalable during any year, it will enable higher production and vice versa

13.3.3 Pondage Requirement

From the contour map a plot of surface areaVs. elevationisdrawn in Fig.No. 13.5. The areas
corresponding to each eevation is used to find the volume of water that can be stored in each
eevation and the detailsis shown in T able 13.4. From thisinformation cagpacity eevation curve
of the pondage is prepared and is shown in Fig.N0.13.6.
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Table13.4
Pondage Area Details
Sl. No. | Elevation(m) Area (n?) Capacity () Energy (kWh)
1 476.50 0 0 0
2 477 97.50 24.375 3
3 478 385.00 265.625 28
4 479 1968.75 1442.50 150
5 480 3061.25 3957.60 412
6 481 3836.25 7406.25 771
7 482 4797.5 11723.00 1221
8 483 6647.50 17445.75 1817

Asthetearain is suitable for storing 17450n7, it followsthat, at full storage, theenergy capecity
isonly about 1800 kWh. If asingle 1800 kW machineisingaled, it can be operated for only one
hour at full capacity (during pesk time). Fortunately, pondage becomes critica only during lean
months, this kid of operation practice is acceptable. Hence, aweir height of 6.5m, to create a
storage of 17450n? is suggested.

134 SELECTION OF PLANT CAPACITY AND UNIT SZE

For optimization of plant capacity, the following parameters were assumed.
Rate of return on investment - 15%
Loan repayment period - 10vyears
Average O/M cost - 2.5% of capitd cost
Resulting standard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)
Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs 3.5 (Two cases)

Integrated Rural Technology Centre, Palakkad 15



WGSHP - Final Report (Mol 11) Thekkumthaoni

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
tune the codt in relation to Ste specific conditions. Only ranges could be indicated. Each
combination of tariff and capital cost selected above, will demand aminimum annual generation
per KW ingdled. This can be taken to be the bresk even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

froma given site.

Let the capitd cost of Thekkumthoni be Rs.3.5 croressMW. The annud rateis 25%. Let the
unit rate of tariff offered by K.SE.B be Rs. 2.5/kWh.
If X be the number of hours of operation at full load capecity,
per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wait revenue = 1000 KW x Rs. 25 x X
Equating the two, we get  3,50,00,000x 0.25 = X x 1000x 2.5
X =3,500 hrs.

It follows that, any combination of machines, that can work at full cgpacity for over 3500 hours
can deliver a profit, if the overal project cost isbeow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

Thiscan be explained better interms of Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingtdled capacity during an year, to the actua amount of energy obtained.

Inthis case, for thevalue of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly viable for thissite.

Similarly, break even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%
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Now we shdl check various capacities of turbine size which are suitable for thistwo conditions.

a. Tariff: Rs.2.5/kWh and break even PCF of 40%

For an installed capacity of 1000 kW, which corresponds to about 20% flow of exceedence
from the chart, the total erergy yidd isthe sum of:

1000 kW x (0.20x 8760) = 1.75 at continuous operation for 20% time of an year, and 1.8MU,
which is the cumulative energy potentid from 20% to 100% time as obtained from the Chart
(Table13.3).

Total yield = 1.75MU + 1.88MU = 355 M U.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF = 3.55 x 10%/ (1000 x 8760) = 40.5 %
This PCF isequd to the break even value of 40%.

S0 1000 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/kWh and break even PCF of 33.3%

Similarly, for 1500 kW (for 15% flow of exceedence)
PCF = (4240000/1500 x 8760) x 100 = 32.25%
This PCF is very near to the break even vaue of 33%.

Smilarly, 1500 kw will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.
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Table13.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit size for
Rs.3.5 CroressMW

Rs.2.5/Unit 1000 kW

Rs.3.00/ Unit 1500 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (0.5MW x 2)
For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (IMW x 1+ 0.5 MW x 1).

Among these two categories, the second one seemsto be lessviable sinceit is bulky with units.

We have redtricted oursalves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

13.5CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Worksrequired for the project areaweir, an intake structure, a
penstock and a power house. A welir is constructed to have a small storage and to divert the
water from stream to theintake. For this project an overflow weir isto be constructed, which

alows the excess weter to flow over the weir to the downstream. The intake Structure takes
water from theweir and leads it to the penstock. The penstock is a pressure pipe which carries
water to the turbine. The penstock made of stedl is proposed in this Ste. A power house is
congructed for the purpose of housing the eectro mechanica equipment. It isusudly asmdl

building of 7mx 4.5m.

13.5.1 War at Thekkumthoni

A concrete weir has been proposed on the Thekkuthoni stream, at a bed level of +476.500
metres. The base width of the weir a bed leve is 5.55m. The structure is 2m high having a
length of 1.50m at the top with acentra broad crested free over fal type spil | way. The cross
sectiond details of the proposed diverson steisshownin Fig. No. 13.7.
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13.5.2 Intake Structure, Pengock and Power House

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trashrack isprovided at theintake mouth, the penstock entrance startsfrom the
wall of intake box near the structure. The economic diameter of the penstock is caculated as
1.14m. The penstock is designed for a maximum flow of 2.67 cumec with a velocity of 1.38
metre per second. The possible dignment for the penstock is located on the right bank of the
stream. Thelongitudina section of the proposed penstock line was drawn from the contour map
and the length was calculated, which came to 216m (Fig. No. 13.8).

13.6ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtaled capacity of 1000kW. The
electricity generated would be connected to the existing power grid system at Kanjikkuzhi by a
300m transmissonline. A standardised turbinefor 50m grossheed is proposed for this particular
Ste. Theturbine shal be complete with governor, control equipment and safety devices. The
generator would be synchronous with a brushless excitation system shal be rated to generate
1000kW, 11kV three phases, 50Hz and shadl be suitable for coupling with turbine described
above. The generator shal have voltage regulation equipment, parallel operation equipment etc.

13.7 ENVIRONMENTAL IMPACTS

A smadl hydro project has been proposed at Thekkumthoni (Idukki Dist). The project amsto
generates about 1000 kW of hydro power from afdl having ahead of 50 m. Some preliminary
environmenta impact andysishave been carried out. They areland, water and socio- economica
environmental impacts.

13.7.1 Environmental Impact on Land

The catchment area measured from topo sheet comesto be 22.25 sq. kmr ThefdlsareStuated
in Thekkuthoni stream. Thereistwo falswhich givesatota head of 50m. The upstream side of
the fdl is moderate dope and it continuous after fal dso. After the fall, the stream joinsto the
Kdiar puzhawhich drains to Moovattupuzha
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Thegteisgtuated inforest. But one sde of the stream isowned by private persons Theforestisvery
thick. Theland ishaving steeply doping in thisarea. Thereis no posshility of land didesin thisarea
and the possibility of soil erosionisadso very lessandisnegligible. Thebed of thestreamisrocky and
bouldersare avalablein plenty a Ste. The steisperennia and number of rainy daysexceeds50%in
its catchment.

The mogt sgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearance is required for the project.

13.7.2 Environmental Impact on Water

The Thekkumthoni stream which drainsto Moovattupuzha isthe stream of thisfdl. It isa3rd order,
structuraly controlled stream. Thediversion sructurewill create apond of area0.6647ha. No forest
land will be submerged. Aboveal, thisaccountsfor only 0.6647ha/MW thisdiverson structurewhich
also actsasacheck dam canincreasethe height of water tablelevd at theste. Theimpounded water
will dso change soil moisture regime in adjacent forest land.

13.7.3 Socio-economic Impact

The congtruction phase would creste employment opportunitiesfor aperiod of 18 months. The pesk
[abour strength is 100 skilled and 50 unskilled labour. 1t requires only minimum land acquigtion for
congtruction. The acquisition does not need any rehabilitation.

138 CONCLUSON

The environmentd impact of the smal hydd project is negligible. No serious adverse impect is
anticipated. Moreover, deforestation owing to the inundation will be a meagre area.

Theeconomic size of installed capacity depends upon the permissibletariff aswell asthe capitd cost.
Itwasfoundthat the project isfinancidly viablefor aninstaled capacity of 1000kW at aproject cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an installed capacity of 1500kW would become economically viable.

Cod effectivemethods of congtruction, likethe use of gabion weirs, can be used to reduce the capital
costs. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayat in this effort is crucidl.

_C_

Integrated Rural Technology Centre, Pal akkad 110



WGSHP - Final Report (Val.Il) Thekkumthoni

14. CHENGARA

District : Pathanamthitta
Panchayath . Konni
Head : 50 m.

Flow . Seasonal
Suggested

Capacity : 90 kW/ 100 kW
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141 GENERAL
14.1.1 Thesdte

The Chengara water fdl is Stuated in the 10th ward of Konni Grama Panchayath in
Pathanamthitta digtrict. The Siteis a a distance of 10 km from Pathanamthitta. There is bus
sarvice from Pethanamthitta to Chengara occasiondly. The dte is only about 400m from
Chengara junction. We can reach there by walking 400 m. through a rubber plantation. The
plantation is owned by R.P.G. Enterprises, Harrisons Maaydam Ltd. The nearest 11kV
transformer is about 0.50km from the Site.

The water fdl islocated at 76° 40' 47" E longitude and & 16' 18" N latitude. The catchment
area measured from topo sheet is 0.88 sg. km Thefdls are Stuated at an eevation of 60 m
above M SL in Chengarathodu whichisbeginning at an eevation of 160m. aboveMSL. After
the fdl, the stream joins the Achankovil Aar. The location map of the site is shown in Fig
No.14.1.

14.1.2 Taopography

Thesteisdgtuated in private land is having medium dopesin thisarea. The possibility for land
dide and chances of s0il erosion arenegligible. The bed of the streamisrocky in thisareaand
the boulders are available near the ste. The number of rainy days exceeds 50% on its
catchment.

14.2 FIELD INVESTIGATION
14.2.1 Reconnaissance survey

A topographicd survey was conducted for obtaining topographical detailsof theste. Thereis
onemainfal which givesatota head of 50m. The possiblelocation for diversion sructureand
power house wereidentified and the detail swere taken using tacheometric method of Surveying.

14.2.2 Catchment area
Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
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catchment of Chengarawaslocated using the toposhest. Itisshowninthe Fig.No.14.2andthe
areafound to be 0.88 sg.km. The catchment areais having dmost moderate dope but some

portions are very steep.

14.2.3 Contour map

The survey details were plotted on asheet of paper at ascaleof 1:200. The undulationsof the
site, the location of the fals and other topographica features were identified from the contour
map. The location of the welr, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.14.

14.2.4 River flow data

For a period of 12 months (February 1998 to February 1999) the water level observations
weretakeninevery week. A suitable location wasidentified on the upstream of thefal, where
the whole water isflowing through that point, cross sectiond details of the point were noted for
cdculaing the stream discharge . Wefixed ameasuring gauge at that point to measurethe pesk
flow. Using the collected data (T able 14.1) the weekly discharge hydrograph of the Sitewas
prepared. The graphisshownin Fig. No. 14.3.

14.25 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedence was calculated. From
this, the flow duration curve was plotted (Fig. No. 14.4). The same curve aso functions as
percentageflow of exceedence graph. Thisriver flow dataisrecd culated in tabular form, giving
the corresponding energy potentia in weekly and cumulative mode is given in Table 14.2.
These dataare used for caculating energy potentid and sdection of unit Sizesin section 14.4.

14.2.6 Peak flow determination

Therearevariousempirica methodsfor ca culating the maximum flood discharge. Thedifferent
values obtained are shown in Table 14.3 The vaue obtained by Dicken=sformula whichis
commonly used in western ghats region has bee used for the structurd design.

Table14.3
Peak Flow Deter mination

Parameters Dicken=s | Ingli=s | Ryve=s Nawab Jung
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method formula formula Bahadur formula

Peak flow in
cUMeCs 2352 32.05 9.24 47.67

143 SALIENT DESGN FEATURES

A detailed design of Civil, Electrical, and Mechanica work hasnot been carried out in thisreport
as it does not come under the purview of the project, but a typical section of the proposed
diverson gtructure is given here. The stability analysis of the section and economic diameter of
the penstock was carried out as part of preliminary design. The cgpability and number of units,
type and specification of turbine, generator and it=s cost have been estimated, after consulting
various agencies.

14.3.1 Power potential of the project
The discharge corresponding to 60% exceedence is only 0.008cubic metre per second. A
discharge of 0.008 cubic metre per second can produce only about 3kW. Inorder to tap the
full potentid of the Site, with ahead of 50metre, the project can be designed to generate higher
output with lower dependability. Thissiteisdesigned asapesk |oad station which can produce
50kW with a dependability of 40%.
The output power was computed using the formula, P=10x Q xH x h
Where, P = Power output in kW
Q = Discharge in cumec
H = Head in metres

h = Efficiency taken as0.75

For 50% exceedence P=10x0.07x50x 0.75= 26 KW.
For 40% exceedence P=10x0.16 x 50 x 0.75 = 60 KW.
For 30% exceedence P=10x0.2x50x 0.75 =75 kW.
14.3.2 Ener gy potential

At this site, sufficient flow is there so that we can obtain 50kW power output for 40% of the
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time (146 days) which reduces to 3kW by 60% time (219 days). The energy input
corresponding to 40% time will be (40/100* 50 * 365* 24) =0.175MU. Theflow after
50% time can be utilized by providing asmal pondage. The quantity of water available from
40% to 100% timeis calcul ated to be 414015m?3. Energy obtained from thiswater isca culated
to be 0.0858 MU.

Totd amount of energy produced =0.175MU + 0.0858 MU =0.261 M U.

It may be noted that, this much amount of energy can generated for the particular year. If higher
flows are available during any year, it will enable higher production and vice versa

14.3.3 Pondage requirement

From the contour map aplot of surfaceareaVVs. devationisdrawnin Fig.No. 14.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each

élevation and the details are shown in Table 14.4. From thisinformation a capacity devation
curve of the pondage is prepared and is shown in Fig.No.14.6.

Tablel14.4
Pondage Area Details
Sl. No. | Elevaion(m) Area (n¥?) | Capacity(m3) | Energy (KWh)
1 199 0 0
2 200 58.20 29.10 3
3 201 330.48 484.44 50
4 202 586.64 943.00 98
5 203 963.38 1718.01 179
6 204 1464.80 2832.10 295
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Astheterrainissuitable for storing2830mg, it followsthat, at full Storage, theenergy capacity is
only about 300 kWh. If a single 300 kW machineisingalled, it can be operated for only one
hour at full capacity (during peek time). Fortunately, pondage becomes critical only during lean
months, this kid of operation practice is acceptable. Hence, awer height of 5m, to create a
storage of 2830 is suggested.

144 SELECTION OF PLANT CAPACITY AND UNIT SZE

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capitd cost
Resulting standard annua cost - 25%

(Thisconsistsof 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturerswere not in aposition to quote exact figures, no atempt wasmadetofinetune
the cost in relaion to Ste pecific conditions. Only ranges could beindicated. Each combination
of tariff and capita cost sdlected above, will demand a minimum annuad generation per KW
ingtaled. Thiscan betakento bethe bresk even plant capacity factor (PCF) for the ste under the
pecified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viableinstalled capacity and the quantity of energy that can be economically extracted from

agiven site.

Let the capita cost of Chengarabe Rs.3.5 croressMW. Theannud rateis25%. Let the unit rate
of tariff offered by K.S.E.B be Rs. 2.5/kWh.
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If X be the number of hours of operation at full load capacity,

per Mega Watt annual cogt, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wit revenue = 1000 kW x Rs. 25 x X
Equeting the two, we get 3,50,00,000 x 0.2.5 =X x 1000 x 2.5

X =3,500 hrs.

It followsthat, any combination of machines, that can work at full cgpacity for over 3500 hours
can deliver aprofit, if the overdl project cost isbelow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

This can beexplained better interms of Plant Capacity Factor , whichisdefined astheratio of
actua amount of energy obtained to the maximum energy that can be obtained from the given
ingtaled capacity during an year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thissite.

Smilarly, break even PCF for Rs.3/ unit and Rs. 3.5 Crores per Mega Watt where X=2916
hours is 33.3%

Now we shdl check various capecities of turbine sze which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/lkWh and break even PCF of 40%

For aningtalled capacity of 90 kW, which correspondsto about 11% flow of exceedencefrom
the chart, the totd energy yield isthe sum of:

90 kW x (0.11 x 8760) = 0.0867 at continuous operation for 11% time of an year, and
0.25MU, whichisthe cumulative energy potentia from 11% to 100% time as obtained from the
Chart (Table 14.3).

Total yield = 0.087MU + 0.25MU = 0.332 MU.
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The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF = 0.332 x 10%/(90 x 8760) = 42.11 %

This PCF isequd to the break even vaue of 40%.

S0 90 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croressMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%

Similarly, for 200kW (for 2% flow of exceedence)

PCF = (340000 / 100 x 8760) x 100 = 36.96%

This PCF is not near to the bresk even vaue of 33%.

Smilarly, 100 kW will be the optimum choice for the site, if the overall project cost is

below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table14.5
Economically Viable Maximum Capacity at Different Costs and Tariff

Unit sizefor
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 90 kw

Rs.3.00/ Unit 100 kW

The units selected can be one of the following combinations:

For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt (0.05MW x 2)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt ( 0.05 MW x 2)

Among these two categories, the second one seemsto belessviable snceit isbulky with units.

We have restricted oursalves to the more redistic combination of Rs.3.5 CroressMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.
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145 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Worksrequired for the project areaweir, anintake structure, a
penstock and apower house. A welir is constructed to have a small storage and to divert the
water from stream to theintake. For this project an overflow weir isto be congtructed, which

alows the excess water to flow over the weir to the downstream. The intake structure takes
water fromtheweir and leadsit to the penstock. The penstock made of stedl isproposed inthis
ste. A power house is congtructed for the purpose of housing the eectro mechanicd

equipment. Itisusualy asmal building of one or two rooms.

14.5.1 War at Chengara

A gabion weir has been proposed on the Chengara stream, at a bed level of +199.100
metres. The base width of thewelr & bed level is2.65 m. The Sructureis 5m high having a
length of 22.50m at the top with a central broad crested free over fal type spill way. The
cross sectiona detailsof the proposed diversion siteand typica section are showninFig.No.
14.7.

14.5.2 Intake Structure, Pengock and Power house

A smplebox type, direct intake structure of reinforced cement concreteis provided on the
stream bed. A trashrack isprovided at theintake mouth, the penstock entrance startsfrom
thewadll of intake box near the structure. The economic diameter of the penstock iscd culated
as 0.41m. The pengtock is designed for a maximum flow of 0.24 cumec with a velocity of
1.82 metre per second. The possible dignment for the penstock islocated on the left bank of
the stream.  The longitudina section of the proposed penstock line was drawn from the
contour map and the length was cal culated which cameto 154m(Fig. No. 14.8). A surface
power house is proposed on the left bank of the stream. The dope & the proposed siteis
moderate but increases up the hill towards north east direction. The power houseis of Sze
5m*4m, to accommodate 90kW, generator and standardised turbine.

146 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingdled capecity of 90 kW. A

standardised turbinefor 50m gross head is proposed for this particular site. Theturbine shal be
complete with governor, control equipment and safety devices. The generator would be
synchronous with a brushless excitation system shall be rated to generate 90 kW, 11kV three
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phases, 50Hz and shdl be suitable for coupling with turbine described above. The generator
shdl have voltage regulation equipment, parallel operation equipment etc.

147 ENVIRONMENTAL IMPACTS
A smadl hydro project has been proposed at Chengara(PathanamthittaDist). Theproject amsto

generates about 90KW of hydro power from a fal having a gross head of 50 m. Some
priminary environmenta impact andysis have been carried out. They areland, water and socio-
economica environmenta impacts.

14.7.1 Environmental impact on land

Totd area of catchment is about 0.88 square kilometres of land at Chengarathodu. The siteis
Stuated in privateland owned by Harrison Maaydam Ltd. and ishaving medium dopesinthis
aea. The posshility for land dide and chances of soil eroson are negligible. The bed of the
sream isrocky in this area and the boulders are | available near the Ste. The number of rainy
days exceeds 50% on its catchment. After thefall, the stream joinsto the Achankovil Aar near
to Konni.

The most significant thing isthat, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away
any forest land. So no forest clearanceis required for the project.

14.7.2 Environmental impact on water
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The Chengarathodu which joins Achankovil Aaristhestream of thisfall. Itisa3rd order, Sructurdly
controlled stream. The diversion structure will create awater spread area of 0.1465 hectare. No
forest land will be submerged. Aboveal, thisaccountsfor only 1.63ha/MW. Thisdiversion structure
which aso actsasacheck dam can increase the height of weter tableleve at theste. Theimpounded
water will also change soil moisture regime in adjacent forest land.

14.7.3  Socio-economic impact

The congtruction phase would create employment opportunities for aperiod of nearly 12 months. It
requires only minimum land acquisition for congtruction. The acquistion does not need any
rehabilitation.

14.8 CONCLUSION

The environmental impact of the smdl hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be amerge area

The economic size of installed capacity depends upon the permissibletariff aswell asthe capitd cost.
Itwasfoundthat theprojectisfinancidly viablefor aningtaled capacity of 90kW at aproject cost of
Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if the tariff is
raised to Rs.3.00 per unit, an ingtalled capacity of 1200kW would become economically viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
costs. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayath in this effort is crucid

_C_
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15. MJRI KKASSERI

District 1dukki
Panchayath ‘Vathikkudi
Head : 50 m.

Flow . Perennial
Suggested

Capacity : 550 KW/ 650 kW
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151 GENERAL
15.1.1 TheSte

Idukki Digtrict isblessed with anumber of waterfdls. Mogt of them are promising stesfor smal
hydd programme. Murikkassery water fal is a good one in 3 ward of Vathikkudi Grama
Panchayath in Idukki Didrict. The Steisat adistance of 1 km before Murikkassery towninthe
Murikkassery - Karimban route. Bus service as well as jegp sarvices are available from
Karimban to Murikkassery. The stream is perennid and it is Stuated outside the forest. The
head available is about 50m.

Thewater fall islocated at 77° 0' 13" E longitudeand 9° 54' 19" N latitude. The catchment area
measured from toposheet is 12 sq. km. - Thefdlsare Stuated at an eevation of 680mfromMean

Sealeve (MSL) inMurikkasseri streamwhichisbeginning at an eevation of 900m. Thisisone
of the main fadlsin the sreem. The upstream side of fal has gentle dope and it continues after

the fdl dso. There is another fdl on the downdream sde which is known as
Pathinaramkandom. Thereisaculvert onthe upstream sde of thefal. After thefdl, the stream

joinsthe Periyar river (Fig.15.1)

15.1.2 Topography of the Ste

From thetopography itisinferred thet the Siteissituated in privateland. Thelandishaving gentle
dopeinthisarea The posshility of soil erosion are negligible. The bed of the stream is rocky
and boulders are available in plenty at the Ste. The flow get through out the year. The siteis
perennid and number of rainy days exceeds 50% in its catchment.

152 FIELD INVESTIGATION
15.2.1 Reconnaissance Survey

A topographica survey was conducted for obtaining topographica details of the Ste. Thereis
one main fal which givesatotal head of 50m The possible location for diversion structure and
power house were identified. The details were taken using tacheometric method of surveying.

15.2.2 Catchment Area
Topographica survey sheetsto ascde of 1:50,000 are available from the Survey of India. The
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catchment of Murikkasseri was located using the toposhest. It is shown in the Fig.No.15.2.
From the shape its catchment isidentified as fan shaped and its areawas found to be 12 sq.km.
The catchment areais having an dmost moderate dope but some portions are very steep.

15.2.3 Contour Map

The survey details were plotted on a sheet of paper at ascale of 1:200. The undulations of the
gte, the location of the fals and other topographica features were identified from the contour
map. The location of the welr, the dignment of the penstock and locetion of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.15.

15.2 4 River Flow Data

The water level observations were taken every week for a period of 12 months (January 98 to
January 99). A suitablelocation wasidentified on the upstream of thefal, wherethewhole water
isflowing through that point. Cross sectiond details of the point were noted for caculating the
stream discharge. We fixed ameasuring gauge at that point to measurethe peek flow. Usingthe
collected data (Table 15.1) the weekly discharge hydrograph of the site was prepared. The
grgphisshownin Fig. No. 15.3

15.25 Flow Duration Curve

Using weekly discharge hydrograph, percentageflow of exceedencewascaculated. Fromthis,
the flow duration curve was plotted (Fig. No. 15.4). The same curve dso functions as
percentage flow of exceedence graph. Thisriver flow detaisrecalculated in tabular form, giving
the corresponding energy potentia inweekly and cumulative modeisgivenin Table 15.2. Thee
data are used for caculaing energy potentia and sdection of unit Szesin section 15.4.

Integrated Rural Technology Centre, Palakkad 12



WGSHP - Final Repart (Val 11) Murikkaesti

15.2.6 Peak Flow Determination

There are various empiricd methods for cd culating the maximum flood discharge. Thedifferent
values obtained are shown in Table 15.3. Thevaue obtained by Dicken=s formula, whichis
commonly used in western gheats region has been used for the structurd design of diverson

gructure.
Table15.3
Peak Flow Deter mination
Dicken=s | Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Peak flow in
cumecs 167.63 | 311.86 52.94 449.62

153 SALIENT DESGN FEATURES
Design of any hyde projects means a detailed design of Civil works dong with Electricd and

Mechanica ingdlationworks. Usudly for asmall hydro scheme, the design isless complicated
and easy. It has not been carried out in thisreport asit is does not come under the purview of
the project. A typica section of the proposed diversion structure is given here. The stability
andyss of the section and economic diameter of the penstock was carried out as part of
preliminary design. The cgpability and number of units, type and specification of turbine,
generator and it=s cost have been estimated, after consulting various agencies.

15.3.1 Power Potential of the Project

The discharge corresponding to 98% exceedence is only 0.12 cubic metre per second. A
discharge of 0.12cubic metre per second can produce only about 45kW. However it seen that
much higher flows are available during 50% of thetime. In order to tap the full potentid of the
site, with a head of 50 metre, the project is designed to generate higher output with lower
dependability. Thissite can bedesigned asarun of theriver project scheme which can produce
150kW with a dependability of 50%.

The output power was computed using the formula, P=10x Q x H x h

Where P = Power output in kW
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Q = Discharge in cumec
H = Head in metres

h = Efficiency taken as 0.75

For 50% exceedence P=10x0.45x50x 0.75= 150 kW.
For 40% exceedence P=10x0.51x50x 0.75= 190 kW.
For 30% exceedence P=10x0.54 x 50 x 0.75= 200 kW.
15.3.2 Energy Potential

At this ste, sufficient flow is there so that we can obtain 150kW power output for 50% of the
time (183 days) which drasticaly reduces to 60kW by 80% time (292 days). The energy input
corresponding to 50% timewill be (50/100* 150* 365* 24)/ =0.723 MU. Theflow after
50% time can be utilized by providing asmal pondage. The quantity of water availablefrom 50%
to 100% time is caculated to be 3130474 m?. Energy obtained from thiswater is cdculated to
be 0.33 MU.

Total amount of energy produced = 0.723 MU + 0.33MU = 1.05MU.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are avallable during any year, it will enable higher production and vice versa

15.3.3 Pondage Requirement

Thedteisvery near tothemainroad. Sothesorageisnot feesblefor theste. Astheterrainis
not suitablefor storage the Structure proposed & thissiteisonly for diverting water. Hereweare
proposing arun of the river syssem without any pondage.

154 SELECTION OF PLANT CAPACITY AND UNIT SZE
For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%
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(Thiscongstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the codt in rdaion to Site specific conditions. Only ranges could be indicated. Each
combination of tariff and capita cost selected above, will demand aminimum annua generation

per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
site under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
from a given site.

L et the capita cost of Murikkasseri be Rs.3.5 croresMW. Theannud rateis25%. Let theunit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.
If X be the number of hours of operation at full load capacity,

per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25

per Mega Wit revenue = 1000 KW x Rs. 25 x X
Equating the two, weget 3,50,00,000x 0.25 = X x1000x 2.5
X =3,500 hrs.

It follows that, any combination of machines, that can work at full cgpacity for over 3500 hours
can ddiver aprdfit, if the overal project cost isbelow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

This can beexplained better interms of Plant Capacity Factor , whichisdefined astheratio of
actual amount of energy obtained to the maximum energy that can be obtained from the given
installed capacity during an year, to the actud amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
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That is, amaximum capacity, which yields a PCF of 40% is economicdly vidble for this Ste.

Similarly, break even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Wait where
X=2916 hoursis 33.3%

Now we shdl check various capecities of turbine size which are suitable for thistwo conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aningtaled capacity of 550 kW, which corresponds to about 8% flow of exceedence from
the chart, the total energy yield isthe sum of:

550 kW x (0.08 x 8760) = 0.3854 at continuous operation for 8% time of an year, and
1.53MU, which is the cumulative energy potentia from 8% to 100% time as obtained from the
Chart (Table 15.3).

Tota yield = 1.53MU + 0.3854MU = 1.92 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF = 1.92 x 108/ (550 x 8760) = 40 %

This PCF is equa to the break even value of 40%.

So 550 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%
Similarly, for 650 kW (for 4% flow of exceedence)

PCF = (1950000/650 x 8760) x 100 = 34.25%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 650 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 crores/MW and tariff is Rs. 3.0 per kilo Watt hour.
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Table15.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Unit sizefor Rs.3.5
Tariff CroressMW

Rs.2.5/Unit 550 kW

Rs.3.00/ Unit 650 kW

The units selected can be one of the following combinations:

For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt (0.5MW x 1 + 0.05 MW x 1)

For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt ( 0.5 MW x 1 + 0.IMW x 1 + 0.05 x1)
Among these two categories, the second one seemsto be less viable sinceitisbulky with units

We have redtricted oursdlves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs.2.5/Unit and Rs. 3.0/Unit.

155 CIVIL ENGINEERING WORKS

The important structures required for the project are a diverson weir, an intake structure, a
penstock and a power house. A welr is constructed to have a small storage and to divert the
water from stream to theintake. For thisproject only adiversonwelr isproposed, which alows
the excesswater to flow over theweir to thedownstream. Theintake structuretakeswater from
theweir and leadsit to the penstock. A penstock made of stedl isproposed inthissite. A power
houseis constructed for the purpose of housing the el ectro mechanica equipment. Itisusudly a
gmdl building of 12.5m x 6.5m.

155.1 Wer at Murikkassri

A concrete weir has been proposed at the Murikkasseri stream, at a bed level of +697.500
metres. The base width of the weir at bed leve is5.55m. The structure is 2.00m high having a
length of 5m at the top with a central broad crested free over fal type spill way. The cross
sectiond details of the proposed diversion siteis shown in Fig.No. 15.6.

15.5.2 Intake Structure, Pensock and Power House
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A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack isprovided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
0.65m and the thickness of the penstock is found as 6 mm. The penstock can withstand a
maximum flow of 0.46 cumec with avelocity of 1.39 metres per second. Thepossibledignment
for the penstock can be made on the left bank of the stresm. The longitudind section of the
proposed penstock line was drawn from the contour map and the length was ca culated, which
cameto around 147m (Fig. No. 15.7).

A surface power houseis proposed on theleft bank of stream. The dopeat the proposed Siteis
moderate increasing upwards in the east direction. The power houseisof sze 12.5m* 6.5mto
accommodate one 550 kW generator and standardised turbine.

156 ELECTRICAL AND MECHANICAL EQUIPMENTS
The power house proposed in the scheme will have an ingtdled capacity of 550 kW. The

electricity generated would be connected to the existing power grid system at Murikkassery by a
500m transmissionline. A standardised turbinefor 50m grosshead is proposed for this particular
site. The turbine shall be complete with governor, control equipment and safety devices. The
generator would be synchronouswith abrushless excitation system and shal berated to generate
550kW, 11kV three phases with a frequency of 50Hz and shal be suitable for coupling with
turbine as described above. The generator shall have voltage regulation equipment, parale
operation equipment etc.
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157 ENVIRONMENTAL IMPACTS
A smdl hydro project has been proposed at Murikkasseri (Idukki Dist). The project ams to

generates about 550 kW d hydro power from afdl having a head of 50 m. Some preiminary
environmenta impact andysis have been carried out. They are land, water and socio-economical
environmenta impacts.

15.7.1 Environmental Impact on Land

The catchment area measured from toposheet comes to be 12 sq. km.: The fdls are Stuated in
Murikkesseri stream. Thisisone of the main falsin the sream. The upstream side of fdl has gentle
dopeandit continues after t hefdl dso. Thereisanother fal onthe downstream sdewhichisknown
as Pathinaramkandom. Thereisaculvert on the upstream side of the fdl. After thefdl, the Stream
joinsto the Periyar river.

The mogt sgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearance is required for the project.

15.7.2 Environmental Impact on Water

The Murikkasseri stream which drains to Periyar river is the stream of thisfdl. It is a 3rd order,

sructurally controlled stream. Thediversion structurewill create apond of area 1.0125 hectare. No
forest land will besubmerged. Aboveadl, thisaccountsfor only 0.34ha/MW. Thisdiverson structure
which aso actsasacheck dam can increasethe height of weter tableleve at theste. Theimpounded

water will aso change soil moisture regime in adjacent forest land.

15.7.3 Socio-economic I mpact

The congtruction phase would create employment opportunitiesfor aperiod of 18 months. The peak
labour strength is 50 skilled and 25 unskilled labour. 1t require only minimum land acquisition for
congruction. The acquisition does not need any rehabilitation.

158 CONCLUSON
The environmental impact of smal hydd project is negligible. No serious adverse impact is
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anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

Theeconomic size of installed capacity depends upon the permissibletariff aswell asthe capitd codt.
It was found that the project isfinancidly viable for an ingtaled capacity of 550kW at a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an installed capacity of 650kW would become economicaly viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reduce the capita

costs. A methodology for implementing the project with amaximum of peoples= participation should
aso bedevised. Therole of the Grama Panchayat in this effort is crucial.

_C_

16. NANPI LAVU

District . Pathanamthitta
Panchayath . Chittar
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Head : 50 m.

Flow . Seasonal

Suggested
Capacity . 250 KW/ 400 kW
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16.1 GENERAL
16.1.1 Thesdte

Monpilavu water fal is Stuated in the 6th ward of Chittar Grama Panchayath in Pethanamthitta
Didrict. The gteis a a distance of 10km from Chittar. There is a bus route from Chittar to
Vyattupuzha. From there jeep service are available to Monpilavu. Jeep service will get from

Chittar dso. Thefdl is100m away from mainroad. The 11 kV transformer isabout 1 km from

Ste.

Thewater fal islocated at 76° 56' 47" E longitude and 9 17' 57" N latitude. The catchment area
measured from toposheet is 3.25 sg. km The fdls are Stuated a an eevation of 200m from

MSL, in Meenthaaruvi stream which isbeginsat an eevation of 700m from MSL. The stream

flows through steeply doping on the upstream sde of thefdl and it containstwo fdls. After that
the sream is flowing through gentle dope.  After the fal, the stream joins the Pampa river

(Fig.16.1)

16.1.2 Taopography

The dte is Stuated in Chittar reserved orest. But one Sde of the fdl is owned by private
persons. The forest isvery thick. Theland is having moderate dopein thisarea. Thereisno
possihility of land dideisvery less. The chances of soil eroson are negligible. The bed of the
stream isrocky in this area. Boulders are available in plenty at site. The number of rainy days
exceeds 50% in its catchment.

16.2 FIELD INVESTIGATION

16.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographical details of the site. Thereis
two straight fal which givesatota head of 50m. Thepossiblelocationfor diverson sructure and
power housewereidentified and the detail swere taken using tacheometric method of surveying.

16.2.2 Catchment area

The survey details were plotted on a sheet of paper at a scale of 1:200. The catchment of
Manpilavu was located using the toposheet. It isshownintheFig.No. 16.2. Fromthe shapeit
isidentified asafern shaped catchment and itsareawas found to be 3.50 sg. km. T hecatchment
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areais having dmost moderate dope but some portions are very steep.

16.2.3 Contour map

The survey details were plotted on a sheet of paper a ascde of 1:200. The undulations of the
site, the location of the fals and other topographica festures were identified from the contour
map. The location of the weir, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.16.

16.2.4 River flow data

For aperiod of 12 months (March 98 to March 99) the water level observations were taken
every week. A suitablelocation wasidentified on the upstream of thefdl, where the whole weter
is flowing through that point, cross sectiona details of the point were noted for calculating the
stream discharge. Wefixed ameasuring gauge a that point to measure the pesk flow. Usingthe
collected data (T able 16.1) theweekly discharge hydrograph of the siteis prepared. Thegraph
isshownin Fig. No. 16.3.

16.2.5 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 16.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow dataisreca culated intabular form, giving
the corrosponding energy potentia inweekly and cumulativemodeisgivenin Table 16.2. These
data are used for caculating energy potentiad and sdection of unit Szesin section 16.4.

16.2.6 Peak flow deter mination

There are various empirica methods for cdculating the maximum flood discharge. The different
values obtained are shown in Table 16.3. The value obtained by Dicken=sformula which is
commonly used in western ghats region  has been used for the structurd design of diverson
sructure.

Table16.3
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Peak Flow Deter mination

Dickern=s Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Pesk flow in
cumecs 62.93 108.20 2216 154.79

16.3 SALIENT DESGN FEATURES
A detailed design of Civil, Electrical, and Mechanica work hasnot been carried out in thisreport

as it does not come under the purview of the project, but a typica section of the proposed
diverdon dructure is given here. The stability andyds of the section and economic diameter of
the penstock was carried out as part of preiminary design. The capability and number of units,
type and specification of turbine, generator and it=s cost have been estimated, after consulting
various agencies.

16.3.1 Power potential of the project

The discharge corresponding to 76% exceedence is only 0.002 cubic metre per second. A

discharge of 0.002cubic metre per second can produce only about 2 kW. However it seen that
much higher flows are available during 50% of thetime. In order to tap the full potentia of the
site, with a head of 50metre, the project is designed to generate higher output with lower

dependability. This Site can be designed as apeak | oad station which can produce 60 kW with
a dependability of 50%.

The output power was computed using the formula, P=10x Q xH x h
Where, P = Power output in kW
Q = Dischargein cumec
H = Head in metres
h = Efficiency taken as 0.75

For 50% exceedence P=10x0.167x50x 0.75 =60 kW.
For 40% exceedence P=10x0.24x50x 0.75 = 90 kW.
For 30% exceedence P=10x0.39x 50 x0.75 = 145 kW.
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16.3.2 Ener gy potential

At this Ste, sufficient flow is there so that we can obtain 200kW power output for 35% of the
time (128 days) which reducesto 8kW by 70% time (256 days). The energy input corresponding
to 35% time will be (35/100 x 100 x 365 x 24) = 0.307 MU. Theflow after 35% time can be
utilized by providingasmal pondage. The quantity of water availablefrom 35%to 100%timeis
caculated to be 1629936 n’. Energy obtained from this water is calculated to be 0.17MU.

Tota amount of energy produced = 0.307 MU + 0.17 MU = 0.477 MU.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

16.3.3 Pondage requirement

From the contour map aplot of surface areaV's. eevationisdrawnin Fig.No. 16.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each
elevation and thedetailsisshownin Table16.4. From thisinformation capacity elevation curve
of the pondage is prepared and is shown in Fig.N0.16.6.

Manpilaa

Table16.4
Pondage Area Details
Sl. No. | Elevaion(m) Area(n?) | Capacity (n¥) | Energy (kWh)

1 294.5 0 0 0

2 295 3.08 0.77 0.08

3 296 15.8 10.21 1

4 297 86.4 196.01 20

5 298 183.00 196.01 20

Astheterain is suitable for storing 19607, it followsthet, a full torage, theenergy capacity is
only about 20 kWh. If asingle 20 kW machineisingalled, it can be operated for only one hour
a full capacity (during peek time). Fortunately, pondage becomes critical only during lean
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months, this kid of operation practice is acceptable. Hence, aweir height of 3.5m, to create a
storage of 196n? is suggested.

164 SELECTION OF PLANT CAPACITY AND UNIT SZES
For optimization of plant cgpacity, the following parameters were assumed.

Rate of return on investment - 15%

L oan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(Thiscongstsof 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingtaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
tune the codt in relation to Ste specific conditions. Only ranges could be indicated. Each
combination of tariff and capital cost selected above, will demand aminimum annual generation

per KW ingtalled. This can be taken to be the bresk even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

froma given site.

Let the capital cost of Manpilavu be Rs.3.5 croressMW. The annud rate is 25%. Let the unit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,

per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25

per Mega Wait revenue = 1000 KW x Rs. 25 x X
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Equating the two, we get  3,50,00,000 x 0.25 = X x1000x 2.5

X =3,500 hrs.

It follows that, any combination of machines, that can work at full capacity for over 3500 hours
can deliver aprofit, if the overdl project cost isbeow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Wait hour.

Thiscan be explained better interms of Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingaled cgpacity during an year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thisste.

Similarly, bresk even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Wait where
X=2916 hoursis 33.3%

Now we shal check various capacities of turbine size which are suitable for this two conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aningtalled capacity of 250 kW, which correspondsto about 25% flow of exceedencefrom
the chart, thetotal energy yield isthe sum of:

250 kW x (0.25 x 8760) = 0.5475 at continuous operation for 25% time of an year, and
0.314MU, whichisthe cumulative energy potential from 25% to 100% time as obtained from the
Chart (Table 16.3).

Tota yield = 0.5475MU + 0.314MU = 0.8615MU.
The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF = 0.8615 x 108/ (250 x 8760) = 39.33 %
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This PCF isequa to the bresk even value of 40%.

So 250 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%
Similarly, for 400 kW (for 19.5% flow of exceedence)
PCF = (1168000 / 400 x 8760) x 100 = 33.3%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 400 kw will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table16.5
Economically ViableMaximum Capacity at Different Costsand Tariff

Unit size for
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 250 kw

Rs.3.00/ Unit 400 kW

The units selected can be one of the following combinations:

For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (0.25MW x 1)

For Rs.3.5 CroredMW and Rs.3.0/Unit we can opt ( 0.1 MW x 1 + 0.25MW x 1)
Among these two categories, the second one seemsto be less vigble sinceit is bulky with units.

We have restricted oursalves to the more redistic combination of Rs. 3.5 Crores/ MW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

165 CIVIL ENGINEERING WORKS
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The important Civil Engineering Works required for the project are a diverson weir, an intake
structure, a penstock and a power house. A weir is congtructed to have asmall storage and to
divert the water from stream to the intake. For this project only a diverson weir is proposed,
which dlows the excess water to flow over the weir to the downstream. The intake structure
takes water from the weir and leadsit to the penstock. The penstock made of sted! is proposed
inthisdte. A power house is congtructed for the purpose of housing the eectro mechanica

equipment. Itisusudly asmadl building of 10m x 6.5m..

16.5.1 Wer at Manpilavu

A concrete weir has been proposed on the Meenthalaruvi stream, at abed leve of +294.750
meires. The structure is 3.5m high having a length of 2.95m at the top with a centra broad
crested free over fal type spill way. The cross sectiond details of the proposed diverson siteis
shownin Fig. No. 16.7.

16.5.2 Intake Structure, Penstock and Power House

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack isprovided at the intake mouth, t he penstock entrance startsfrom the
wall of intake box near the gabion. The economic diameter of the penstock is calculated as 0.63
m. The penstock is designed for amaximum flow of 0.667 cumec with avelocity of 0.85 metre
per second. The possible ai gnment for the penstock islocated on theright bank of the stream.
The longitudina section of the proposed penstock line was drawn from contour map and the
length was calculated, which came to 216m (Fig. No. 16.8).

A surface power house is proposed on the right bank of the stream. The dope at the proposed
siteisgentle. The power houseis of size 10m x 6.5m, to accommodate 250 kW, generator and
standardised turbine.
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16.6 ELECTRICAL AND MECHANICAL EQUIPMENTS
The power house proposed in the scheme will have an ingtaled capacity of 250 kW. The dectricity

generated would be connected to the existing power grid system at Manpilavu by a300m transmission
line. A standardised turbine for 50m gross head is proposed for this particular site. The turbine shall
be complete with governor, control equipment and safety devices. The generator would be
synchronous with abrushless excitation system shdl berated to generate 250kW, 11KV three phases,
50Hz and shdl be suitablefor coupling with turbine described above. The generator shdll havevoltage
regulation equipment, pardld operation equipment etc.

16.7 ENVIRONMENTAL IMPACTS

A smadll hydro project has been proposed at Manpilavu (Pathanamthitta Dist.). The project aimsto
generates about 250 kW of hydro power from afal having a head of 50 m. Some preiminary
environmental impact analys's have been carried out. They are land, water and socio-economical
environmenta impacts.

16.7.1 Environmental impact on land

The catchment area measured from toposheet comes to be 3.25 sg. km. The stream flows through
steep dopes on the upstream sde of the fal and it containstwo fals. After that the stream isflowing
through gentle dope. After thefall, the stream joinsto the Pampariver. Thedteisstuated in Chittar
reserved forest. But one side of thefdl is owned by private persons. Theforest isvery thick. The
landishaving moderate dopeinthisarea. Thereisno possibility of land dideisvery less. thechances
for soil erosionisvery lessand it isnegligible. The bed of the stream isrocky in this area. Boulders
are avalablein plenty at Site. The number of rainy days exceeds 50% in its catchment.

The nogt sgnificant thing is thet, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearance is required for the project.

16.7.2 Environmental impact on water

The Meenthdaruvi stream which drains to Pampa river is the stream of this fdl. It isa 3rd order,
sructurdly controlled stream. The diversion structure will creste a pond of area0.0183hectare. No
forest land will be submerged. Above dl, this accounts for only 0.073 hadMW. This diverson
sructure which aso acts as a check dam can increase the height of water tableleve a theSte. The
impounded water will aso change soil moisture regime in adjacent forest land.
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16.7.3 Socio-economic impact

The congruction phasewould creste employment opportunitiesfor aperiod of nearly 10 months. The
pesk |abour strength is 25 skilled and 50 unskilled Iabour. It requiresonly minimum land acquisition
for congtruction. The acquisition does not need any rehabilitation.

16.8 CONCLUSON
The environmenta impact of this smal hydd project is negligible. No regions adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

Theeconomic sizeof ingtalled capacity depends upon the permissibletariff aswell asthe capital codt.
It wasfound thet the project isfinancidly viable for an installed capacity of 250kW &t a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtaled capacity of 400kW would become economicaly vigble.

Cod effective methodsof congtruction, like the use of gabion weirs, can be used to reduce the capita
cods. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayat in this effort is crucidl.

_(;_
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17. MJUKKALI

District . Palakkad
Panchayath : Agali

Head : 90 m.

Flow . Seasonal
Suggested

Capacity . 650 KW/ 750 kW
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17.1 GENERAL
17.1.1 TheSte

Paakkad digtrict has quite a number of water fals. Most of them are potentia sites for small
hydro power generation. Mukkadi water fdl is Stuated in the 13th ward of Agdi Grama
Panchayath in Pdakkad Didtrict. The dite is a distance of 2 km before Mukkai on the way to
Mannarkkad- Mukkadli road. There is a bus route from Mannarkkad to Aanakkatti through
Mukkadi. The dte is aout 16 km away from Mannarkkad. The dite is owned by forest
department and it can be seen from the main road.

Thewater fall islocated at 75° 32' 26" E longitude and 11° 2' 36" N latitude. The catchment area
measured from topo sheet is 2.75 sq. km Thefdls are Stuated at an eevation of 320m from

MSL, in mukkai stream which is beginning a an devation 700m. After thefdl the stream flows
through steeply doping terrain and joinsthe Nellipuzhariver which isdrainsto the Bharathgpuzha
(Fig 17.2).

17.1.2 Topography

The steisstuated in Mannarkkad reserved forest. The forestisvery thick. Thelandishaving
moderatedopeinthisarea. Thereisno possbilitiesfor land didesin thisareaand the chances of
s0il eroson arenegligible. Thebed of streamisrocky and bouldersare availablein plenty &t Site.
Thedteis perennia and number of rainy days exceeds 50% in its catchmen.

17.2 FIELD INVESTIGATION
17.2.1 Reconnaissance Survey
A topographica survey was conducted for obtaining topographical detailsof theste. Totd heed

of thefdl is90m. The possible location for diversion Sructure and power housewereidentified
and the details were taken using tacheometric method of surveying.
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17.2.2 Catchment Area

Topographicd survey sheetsto ascae of 1: 50,000 are available from the Survey of India. The
catchment of Mukkali was located using the toposheet. 1t isshown in theFig.No. 17.2. From
the shape it is identified as a fan shagped catchment and it is measured which comes to nearly
2.7550.km. The catchment area is having amost moderate dope but some portio ns are very
steep. Maximum flood discharge measured at this Site during 1998 is about 2 cumec.

17.2.3 Contour Map

The survey details were plotted on a sheet of paper a ascae of 1:250. The undulations of the
gte, the location of the fals and other topographical features were identified from the contour
map. The location of the weir, the alignment of the penstock and location of the power house
were dso determined using this and the prepared contour map has been shown in Annexure
A.l7.

17.2.4 River Flow Data

For aperiod of 12 months (December 97 to December 98) the water level observations were
taken every week. A suitablelocation wasidentified on the upstream of thefall, wherethewhole
water is flowing through that point, cross sectiond detall sof the point were noted for calculating
the stream discharge. We fixed ameasuring gauge at this point to measure the pesk flow. Using
the collected data (Table 17.1) the weekly discharge hydrograph of the siteis prepared. The
graphisshownin Fig. No. 17.3.

17.25 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 17.4). The same curve dso functions as
percentage flow of exceedence graph. Thisriver flow dataisrecdculaed in tabular form, giving
the corresponding energy potentid inweekly and cumulaivemodeisgiveninTable 17.2. Thee
data are used for caculaing energy potential and sdection of unit Szesin section 17.4.

17.2.6 Peak Flow Deter mination

There are various empirica methods for caculating the maximum flood discharge. The different
values obtained are shown in Table 17.3. Thevaue obtained by Dicken=s formula, whichis
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commonly used in western ghats region has been used for the structurd design of diverson

gructure.
Table17.3
Peak Flow Deter mination
Dicken=s Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Pesk flow in
cumecs 55.52 93.28 19.82 134.03

17.3 SALIENT DESGN FEATURES
A detailed design of Civil, Electrical & Mechanica work hasnot been carried out inthisreport as

it does not come under the purview of the project, but atypica section of the proposed diversion
dructure is given here. The gability andyss of the section and economic diameter of the
penstock was carried out as part of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=s cost have been estimated, after consulting various
agencies.

17.3.1 Power Potential of the Project

The discharge corresponding to 80% exceedence is only 0.05 cubic metre per second. A

discharge of 0 .05 cubic metre per second can produce only about 35 kW. However it seenthat
much higher flows are available during 40% of thetime. In order to tap the full potentia of the
Site, with a head of 90 metre, the project is designed to generate higher output with lower

dependability. This Ste can be desgned asarun of the river project, which can produce 350
kW with a dependability of 40%.

The output power was computed using the formula, P=10x Q xH x h

Where; P = Power output in kW
Q = Dischargein cumec
H = Head in metres

h = Efficency taken as 0.75
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For 50% exceedence P=10x0.42x90x 0.75 = 285 kW.
For 40% exceedence P=10x0.52 x 90 x 0.75 = 350 kW.
For 30% exceedence P=10x0.65x 90 x 0.75 = 445 kW.

17.3.2 Energy Potential

At this ste, sufficient flow is there so that we can obtain 350kW power output for 40% of the
time (146 days) which reduces to 27kW by 80% time (292 days). The energy input

corresponding to 40% time will be (40/100 * 350 * 365 * 24) = 1.226 MU. The flow after
50% time can be utilized by providing asmdl pondage. The quantity of water available from
40% to 100% time is calculated to be 1349900 n¥. Energy obtained from this water is
calculated to be 0.256 MU.

Tota amount of energy produced = 1.226 MU + 0.256 MU =1.48 MU.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are avalable during any year, it will enable higher production and vice versa.

17.3.3 Pondage Requirement

From the contour map aplot of surface areaVs. devetionisdrawnin Fig.No. 17.5. The aress
corresponding to each devation is used to find the volume of water that can be stored in each
devation and thedetallsareshownin Table17.4. Fromthisinformation, acgpacity Vseevation
curve of the pondage is prepared and is shown in Fig.No.17.6.

Mukkali

Tablel7.4
Pondage Area Details
S. No. | Elevation (m) Area () Capecity (n?) | Enerav (KWh)
1 499.50 0 0 0
2 500 86.80 21.70 4
3 501 192.40 161.30 30
4 502 294.00 404.50 76
5 503 365.60 734.25 138
6 504 433.00 1133.55 213
7 505 499.80 1599.95 300
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Astheterainissuitablefor storing 1600m?3, it followsthat, at full storage, theenergy capacity is
only about 300 kWh. If asingle 300 kW machine is ingalled, it can be operated for only one
hour a full cgpacity (during pesk time). Fortunately, pondage becomes critical only during lean
months, thiskid of operation practice is acceptable. Hence, aweir height of 5.5m, to create a
storage of 1600m? is suggested.

174 SELECTION OF PLANT CAPACITY AND UNIT SZES
For optimization of plant capecity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capital cost
Resulting stlandard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annua instaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the codt in relation to dte gecific conditions. Only ranges could be indicated. Each

combination of tariff and capitd cost sdlected above, will demand aminimum annua generation
per kW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.
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Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
from a given site.

Let the capital cost of Mukkdi be Rs.3.5 croressMW. Theannual rateis25%. Lettheunit rate
of tariff offered by K.SE.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,
per MegaWatt annua cogt, a the rate of 25% on investment =Rs. 3.5 Croresx 0.25
per Mega Waett revenue =1000 kW x Rs. 2.5 x X

Equating the two, we get  3,50,00,000 x 0.25= X x 1000 x 2.5
X =3,500 hrs.

It follows that, any combination of machines, that can work at full capacity for over 3500 hours
can ddliver aprofit, if the overdl project cost isbdow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

This can beexplained better interms of Plant Capacity Factor , whichisdefined astheratio of
actuad amount of energy obtained to the maximum energy that can be obtained from the given
installed capacity during an year, to the actud amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capecity, which yields a PCF of 40% is economicaly viable for this site.

Similarly, bresk even PCF for Rs.3.0 per unit and Rs. 3.5 Crores per Mega Watt where
X=2916 hoursis 33.3%

Now we shal check various capacities of turbine size which are suitable for this two conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aningtaled capacity of 650 kW, which corresponds to about 8% flow of exceedence from
the chart, the tota energy yield isthe sum of.

650kW x (0.09x 8760) = 0.512 at continuous operation for 8% timeof an year, and 1.76MU,
which is the cumulative energy potentia from 9% to 100% time as abtained from the Chart
(Table17.3).
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Totd yield = 1.76MU + 0.512MU = 2.272 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF = 2.272 x 108/ (650 x 8760) = 39.9 %

This PCF is equd to the break even vaue of 40%.

So 650 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%

Similarly, For 750 kW (for 4% flow of exceedence)

PCF = (2263000/650 x 8760) x 100 = 34.4%

This PCF is very near to the break even value of 33%.

Smilarly, 750 kw will be the optimum choice for the site, if the overall project cost is

below Rs. 3.5 croresMW and tariff is Rs. 3.0 per kilo Watt hour.

Tablel17.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Unit sizefor
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 650 kW

Rs.3.00/ Unit 750 kW

The units selected can be one of the following combinetions:

For Rs.3.5 CroredMW and Rs.2.5/Unit we can opt (0.5MW x 1+ 0.IMW x 1+ 0.05 MWx1)
For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt ( 0.25 MW x 3)

Among these two categories, the first one seemsto be less viable since it is bulky with units

We have redtricted oursaves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.
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175 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diversion weir, intake
structure, penstock and a power house. A waeir is congtructed to have asmall storage and to
divert the water from stream to the intake. For this project only a diverson weir is proposed,
which alows the excess water to flow over the weir to the downstresm. The intake structure
takeswater from theweir and leads it to the penstock. The penstock made of stedl is proposed
inthisgte. A power house is congtructed for the purpose of housing the éectro mechanica
equipment. Itisusudly asmdl building of 15m x 8m

17.5.1 Wer at Mukkali

A concrete weir has been proposed on the Mukkali stream, at abed level of +500.000 metres.
The base width of thewelr at bed level is3.05m. The structureis 2.50m high having alength of
18.25m at the top with acentral broad crested free over fdl type spill way. The cross sectiond
details of the proposed diverson steisshownin Fig.No. 17.7.

17.5.2 Intake Structure, Pensock and Power House

A simple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
0.68m. The penstock can carry a maximum flow of 0.963 cumec with avelocity of 2.7 metre
per second. The possible dignment for the penstock is located on the left bank of the stream.
Thelongitudina section of the proposed penstock line was drawn from the contour map and the
length was cal culated, which cameto 315m (Fig. No. 17.8).

A surface power houseis proposed on the bank of the stream The dope at the proposed siteis
gentle but increased upwards in the east direction. The power house is of size 15m*8m, to
accommodate 650kW generator and standardised turbine.

176 ELECTRICAL AND MECHANICAL EQUIPMENTS
The power house proposed in the scheme will have an ingtaled capacity of 650 kW. The

electricity generated would be connected to the existing power grid system at Mukkali by a500m
transmissonline. A standardised turbinefor 90m gross head is proposed for thisparticular Site.
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The turbine shdl be complete with governor, control equipment and safety devices. The
generator would be synchronouswith abrushlessexcitation system shal berated to generate 650
kW, 11 kV three phases, 50Hz and shall be suitable for coupling with turbine described above.
The generator shdl have voltage regulation equipment, parale operation equipment etc.

17.7 ENVIRONMENTAL IMPACTS

A smdl hydro project has been proposed at Mukkali (Pdakkad Dist). The project ams to
generates about 650 kW of hydro power from afal having ahead of 90 m. Some preliminary
environmenta impact andysishave been carried out. They areland, water and socio- economica
environmenta impacts.

17.7.1 Environmental Impact on Land

The catchment area measured from topo sheet comes to be 2.75 square km. The fdls are
Stuated in Mukkai stream. After thefal the stream flows through steep doped terrain and joins
to the Nellipuzha river which is drains to the Bharathgpuzha

The gteisstuated in Mannarkkad reserved forest. Theforest isvery thick. Theland ishaving
moderate dopeinthisarea. Thereisno posshilities for land didesin this areaand the chances
for soil eroson is very less and it is negligible. The bed of stream is rocky and boulders are
avalable in plenty a Ste. The Ste is perennid and number of rainy days exceeds 50% in its
catchment.

The most significant thing isthat, due to impoundment, no forest land will be submerged. The
construction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So o forest clearance isrequired for the project.
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17.7.2 Environmental Impact on Water

The Mukkai stream which joins to the Nélipuzha river which is drains to the Bharathapuzha is the
sream of thisfdl. Thediverson structurewill creste apond of area0.05 hectare. No forest land will
be submerged. Above dl, thisaccounts for only 0.077 hadMW. Thisdiverson structure which aso
acts as acheck dam can increasethe height of water tebleleve at thesite. Theimpounded water will
aso change soil moisture regime in adjacent forest land.

17.7.3 Socio-economic Il mpact

The congtruction phase would create employment opportunities sfor aperiod of nearly 18 months
.The peak labour strength is 100 skilled and 100 unskilled labour. It. requires only minimum land
acquigtion for congtruction. The acquisition does not need any rehakilitation.

17.8 CONCLUSON
The environmental impact of the smdl hyde project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

The economic sze of installed capacity depends upon the permissible tariff aswell asthe capital cost.
It wasfound that the project isfinancialy viable for an installed capacity of 650kW at a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eedricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtaled capacity of 750kW would become economically vigble.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
costs. A methodad ogy for implementing the project with amaximum of peoples= participation should
adso bedevised. Therole of the Grama Panchayath in this effort is crucidl.

_(;_
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18. ELAPPILLY

District . ldukKi
Panchayath . Arakkulam
Head : 90 m.

Flow . Seasonal
Suggested

Capacity : 850 KW/ 1 MW
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18.1 GENERAL
18.1.1 Thesdte

The project steis a Elappilly, which isin the 2nd ward of Arakkulam Grama Panchayath in
Idukki Digtrict. Thesteisadistance of 18 km from Moolamattom. Bus servicesareavailableto
the ste occasondly. The steisnear by theroad. Thestream hasnearly 10 monthsflow and the
head is about 90m. The 11kV transformer is available at a distance of 2 km from the ste.

Thewater fal islocated at 76° 52' 0" E longitudeand 9° 46' 38" N latitude. The catchment area
measured from topo sheet is 3.88 sq.km. Thefdls are Stuated at an devation of 160m from
MSL, in Elgppilly stream which isbeginning at an devation of 900m. Thisisoneof themainfal
in this stream. The down stream of the fal has steep dope and it contains so many smdl fdls
After the fdl the stream joins the Thodupuzha river which drains to the Moovattupuzha river

(Fig.No. 18.1)

18.1.2 Topography of the ste

The steisdtuated in private land. The land has moderate dopein thisarea. The possihility of
land dideis more in this area and the possibility of soil erosionislessin stream. The bed of the
stream isrocky and boulders are available in plenty &t Site. The stream is a seasonal one and it
has a head of 90m.

182 FIELDINVESTIGATION
18.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographical detals of the ste. Thetota
head of the site was found to be 85m. The position of the diverson structure and power house
were identified and tacheometric method is used for surveying work.

18.2.2 Catchment area

Topographicd survey sheetsto ascae of 1: 50,000 are available from the Survey of India. The
catchment of Elgppilly was located using the toposhest. It isshowninthe Fig.No.18.2. From
the figure it is identified as a fan shaped catchment and it comes to nearly 3.88 sg.km. Pesk
vaue of flood will belessfor this basin as the difference between concentration time and time &
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which flow sarts will be large. The volume of flow will be distributed through alarger length of
time

18.2.3 Contour map

The survey details were plotted on asheet of paper at ascale of 1:200 (AnnexureA.18.). The
undulations of the Site, the location of the falls and other topographica features were identified
fromthe contour map. Thelocation of thewelr, the alignment of the penstock and location of the
power house were dso determined using this and marked in the above map, dong with the
contours of the area.

18.2.4 River flow data

For aperiod of 12 months (December 97 to December 98) the water level observations were
taken every week. A suitable location wasidentified on the upstream side of thefdl, where the
whole water is flowing through that point, cross sectiond details of the point were noted for
cdculating the stresm discharge . Wefixed ameasuring gauge at that point and engaged alocdl
person for taking weekly flow data, we d o visited the Site oncein every month for collecting the
datafrom thelocal person. From the collected datathe weekly dischargeis collected and make
itintotabular form (Table 18.1) for weekly discharge graph preparation. The graph was shown
in Fig.No. 18.3

18.25 Flow duration curve

Using weekly discharge hydro graph, percentage flow of exceedence was cdculated. Fromthis,
the flow duration curve was plotted (Fig. No. 18.4). The same curve dso functions as
percentage flow of exceedence graph. Thisriver flow dataisrecaculated in tabular form, giving
the corresponding energy potentia inweekly and cumulativemodeisgiveninTable 18.2. Thee
data are used for caculaing energy potentia and sdection of unit Szesin section 18.4.
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18.2.6 Peak flow determination

There are various empirical methodsfor caculating the maximum flood discharge. The different
values obtained are shown in Table 18.3. Thevaue obtained by Dicken=s formula, whichis
commonly used in western gheats region has been used for the structurd design of diverson
structure.

Table 18.3
Peak Flow Deter mination

Pedk flow in
cumecs 71.81 126.16 | 24.92 179.79

183 SALIENT DES GN FEATURES
The design of any hydro dectric project can be divided into two. viz. Civil Engineering Works

and Electrical & Mechanical Works. Thedesign of civil engineering work in detail ispresentedin
thischapter. A detailed design of Electrical and Mechanica work has not been carried out asit
does not come under preview of the project. However, for the sake of cost estimation, required
details are collected from various agencies.

18.3.1 Power potential of the project

From the flow duration curve the discharge it is clear that flow corresponding to 80% is only
0.017 cubic metre per second. A discharge of 0.017 cubic metre per second can produce a
power of only 11 kW. However it seen that much higher flowsare available during 36.5% of the
time. Inorder to tap thefull potentid of the Site, with ahead of 90 metre, the project isdesigned
to generate higher output with lower dependability. Thisstecan bedesigned asarun of theriver
project which can produce 500 kW with a dependability of 36.5%.

The output power was computed using the formula, P=10x Q xH x h

Where P = Power output in kW

Q = Dischargein cumec
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H = Head in metres

h = Efficiency taken as 0.75
For 50%exceedence  P=10x0.22x 90x 0.75= 150 kW.
For 40%exceedence P =10x 0.67 x 90x 0.75 = 445 kW.

For 30%exceedence P=10x1x90x0.75 =675kW.

18.3.2 Energy potential

At thissite, sufficient flow is there so that we can obtain 500kW power output for 38.5% of the
time (133 days) which reducesto 8kW by 80% time (292 days). The energy input corresponding
to 38.5% time will be (38.5/200 x 500 x 365 x 24) =1.69 MU. Theflow after 38.5% time
can be utilized by providing a smal pondage. The quantity of water available from 38.5% to
100% time is caculated to be 2616365m?. Energy obtained from thiswater is calculated to be
0.49 MU.

Tota amount of energy produced = 1.69 MU + 049MU =218 MU

It may be noted that, this much amount of energy can be generated for the particular yeer. If
higher flows are available during any yesr, it will enable higher production and vice versa.

18.3.3 Pondagerequirement

From the contour map aplot of surfaceareaVs. devationisdrawnin (Fig.No. 18.5). Theseare
corresponding to each devation is used to find the volume of water that can be stored in each
elevation and the details are shown in Table 18.4. From thisinformation a capacity eevation
curve of the pondage is prepared and is shown in Fig. 18.6. The height of weir was chosen
based on the following considerations.
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TableNo. 184
Pondage Area Details
Sl. No. | Elevaion(m) Area (n?) Capacity (n?) Energy (kWh)
1 500.00 0 0 0
2 501 111.56 27.89 5
3 502 240.36 203.85 38
4 503 333.76 490.91 92
5 504 527.52 921.55 173
6 505 774.52 1572.57 295
7 506 1006.40 2463.03 462
8 507 1250.40 3591.43 673
9 508 1481.6 4957.43 930

Astheterrainissuitablefor storing 4950m?3, it followsthat, at full storage, the energy  capacity is
only about 900 kWh. If asingle 900 kW machine is indaled, it can be operated for only one
hour at full capacity during pesk time. Fortunately, pondage becomes critical only during lean
months, this kid of operation practice is acceptable. Hence, aweir height of 8m, to create a
storage of 4950 is suggested.

184 SELECTION OF PLANT CAPACITY AND UNIT SZES
For optimization of plant capecity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of cepita cost
Resulting stlandard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingadments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
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tune the cost in relation to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capital cost selected above, will demand aminimum annual generation
per kW ingtalled. This can be taken to be the bresk even Plant Capacity Factor (PCF) for the
site under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
from a given site.

Let the capita cost of Elgppilly be Rs.3.5 croresMW. Theannud rateis25%. Lettheunit rate
of tariff offered by K.SE.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,
per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25

per Mega Watt revenue =1000 kW x Rs. 25 x X
Equating the two, weget 3,50,00,000x 0.25 = X x1000x 2.5
X =3,500 hrs,

It followsthat, any combination of machines, that can work at full cgpacity for over 3500 hours
can ddiver aprdfit, if the overal project cost isbeow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better interms of Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingalled cgpacity during an yesar, to the actual amount of energy obtained.

In this case, for the vaue of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly vigble for this site.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per mega watt where X=2916
hoursis 33.3%.

Now we shdl check various capecities of turbine sze which are suitable for thistwo conditions.

a. Tariff: Rs.25/kWh and break even PCF of 40%
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For aningtaled capacity of 550 kW, which corresponds to about 8% flow of exceedence from
the chart, the total energy yield isthe sum of:

850 kW x (0.13 x 8760) = 0.97 at continuous operation for 13% time of an year, and 2.1MU,
which is the cumulative energy potentid from 13% to 100% time as obtained from the Chart
(Table17.3).

Total yield = 1.53MU + 2.1MU =3,07 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF =3.07 x 108/ (550 x 8760) = 41.2 %
This PCF isequd to the break even value of 40%.

So 850 kW will be the optimum choice for the site, if the overall project cost is below Rs.
3.5 croressMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%
Similarly, For 1000 kW (for 4% flow of exceedence)
PCF = (3050000 / 650 x 8760) x 100 = 34.8%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 1000 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croresMW and tariff is Rs. 3.0 per kilo Watt hour.

Table18.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit sizefor
Rs.3.5 CroressMW

Rs.2.5/Unit 850 kW

Rs.3.00/ Unit 1000 kW

The units selected can be one of the following combineations:

For Rs.3.5CroressMW and Rs.2.5/Unit we can opt (0.5MWx1 + 0.25MW x 1 + 0.IMWx1)
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For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (0.5MW x 1 + 0.25 MW x 2)
Among these two categories, the first one seemsto be less viable sinceit is bulky with units.

We have redtricted oursaves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs.2.5/Unit and Rs.3.0/Unit.

185 CIVIL ENGINEERING WORKS
Theimportant Civil Engineering Works required for the project areaweir, anintake structure, a

penstock and a power house. A waeir is congtructed to have a smal storage and to divert the
water from stream to the intake. For this project an overflow weir is to be congtructed, which
alows the excess water to flow over the weir to the downstream. The intake structure takes
water from thewelr and leadsit to the penstock. The penstock is a pressure pipe which carries
water to the turbine. It can be made of sted, cast iron, plastics (Poly Vinyl Chloride High
Density Poly Ethylene) and concrete. Inthisproject asted penstock isused. A power houseis
condructed for the purpose of housing the eectro mechanical equipment. It isusudly asmdl

building of sze 12.5mx 6m .

18.5.1 Waeir at Elappilly

A Gabion weir has been proposed on the Kanjirappuzha stream, at a bed level of +495.500
metres. The base width of theweir a bed levd is7.5m. The dructureis4.50 m high having a
length of 60 m at the top with a centrd broad crested free over fal type spill way. The cross
sectiond details of the proposed diversion steisshownin (Fig. No. 18.7).

1852 Intake Structure, Pensock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
0.76m and the penstock can carry amaximum flow of 1.26 cumec with avelocity of 1.67 metre
per second. The possible aignment for the penstock is located on the left bank of the stream.
Thelongitudina section of the proposed penstock line was drawn from the contour map and the
length was calculated, which cameto 147m (Fig. No. 18.8).

A surface power houseis proposed on the left bank of the stream. The dope at the proposed Site

Integrated Rural Technology Centre, Palakkad 19



WGSHP - Final Report (Mol 11) Flappilly

is moderate but increases up the hill towards north east direction. The power house is of size
12.5m x 6.5m to accommodate 850 kW, generator and standardised turbine.

186 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingaled capacity of 850 kW. The
eectricity generated would be connected to the existing power grid system by a 300m
transmission line. A standardised turbine for 90m gross head isproposed for this particular site.
The turbine shal be complete with governor, control equipment and safety devices. The
generator would be synchronous with a brushless excitation system shdl be rated to generate
850kW 11kV three phases, 50Hz and shal be suitable for coupling with turbine described
above. Thegenerator shall have voltage regul ation equipment, parallel operation equipment etc.

18.7 ENVIRONMENTAL IMPACTS

A smdl hydro project has been proposed at Elgppilly (Idukki Dist.). The project ams to
generates about 850 kW of hydro power from afal having ahead of 90 m. Some preliminary
environmenta impact analyss have been carried out. They are land, water and socio-
economica environmenta impacts.

18.7.1 Environmental impact on land

The catchment areameasured from toposheet comesto be 3.88sq.km. Thefalsarein Elappilly
dream. Thisisone of the main fal in this sream. The down stream Sde of the fal has steep
dope and it contains so many small fals. After the fdl the stream joinsto the T hodupuzha river
which drains to the Moovattupuzha river. The dte is Stuated in private land. The land has
moderatedopeinthisarea. The posshbility of land dideismorein thisareaand the possibility of
s0il erosonislessin stream. The bed of the stream isrocky and boulders are availablein plenty
a gte. The stream is a seasonal one and it has a head of 90m.
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The mogt sgnificant thing is thet, due to impoundment, no forest land will be submerged. The
congruction of welr, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearance is required for the project.

18.7.2 Environmental impact on water

The Elappilly stream, which findly drains to Moovattupuzha river is the stream of this fal. The
diversion structure will create a pond of area 0.1481hectare. No forest land will be submerged.
Above dl, thisaccountsfor only 0.174 halMW. This diverson structure which aso acts as acheck
dam can increasethe height of water tableleve at thesite. Theimpounded water will aso change soil
moisture regime in adjacent forest land.

18.7.3 Socio-economic impact

The construction phase would create employment opportunitiesfor aperiod of 18 months. The peak
labour strength is 50 skilled and 100 unskilled labour. It requires only minimum land acquisition for
congruction. The acquisition does not need any rehabilitation.

18.8 CONCLUS ON
The environmental impact of this samdl hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameegre area.

Theeconomic size of ingtalled capacity depends upon the permissibletariff aswell asthe capitd codt.
It wasfound that the project isfinancidly viable for an ingtalled cgpacity of 850kW at aproject cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtalled capacity of 1000kW would become economicaly viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reduce the capita
cogs. A methodology for implementing the project with amaximum of peoples= participation should
aso bedevised. Therole of the Grama Panchayath in this effort is crucid.

_(;_
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19. VALARA

District . ldukKi
Panchayath . Adimali
Head : 90 m.

Flow . Seasonal
Suggested

Capacity . TMW/ 10MW
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19.1 GENERAL

19.1.1 TheSte

Vdaakuthu is a scenic water fal Stuated in the 18 ward of Adimai (Mannamkandom) Grama
Panchayathin Idukki Digtrict. Thesteisat adistance of 18 km before Adimdi in Kothamangdam-
Adimdi route. Thereisahbusroute from Kothamangadam to Adimdi through Vdara. The steis
near to the main road. It can be see from the road. The stream is a seasond one, but it has more
discharge in rainy season because of itslarge catchment.

The water fall islocated at 76° 50' 25" E longitude and 10° 2 44" N |atitude. The catchment area
measured from topo sheet is 63.00 sg.km The fals are Stuated at an devation of 460m from

MSL, in Deviar sream which is beginning at an evation of 1000m from MSL. Thisis one of the
main fall in this stream. The stream has more fdls on its upstream side. The head comesto 90m
nearly. The stream flows through medium s opes on the up stream aswell as down stream of the
fal. After thefdl, the streeam joins the Periyar river (Fig.19.1).

19.1.2 Topography
The steis Stuated in forest. The land is having Stleep dopesin thisarea. The possibility of land
dideismoreinthisgte. Land dides are occurred in monsoon seasons. Soil erosonisaso highin
thisstream. Thebed of the streamisrocky and bouldersareavailablein plenty at Ste. Thestream
has nearly 10 monthsflow and the head of the stream has 90m. The number of rainy daysexceeds
50% in its catchment.

19.2 FIELDINVESTIGATION

19.2.1 Reconnaissance Survey

A topographical survey was conducted for obtaining topographical detailsof theste. Thereisone
main fal which givesatota head of 90m. The possiblelocation for diversion structure and power
house were identified and the detail s were taken using tacheometric method of surveying.
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19.2.2 Catchment Area

Topographica survey sheetsto ascde of 1: 50,000 are available from the Survey of India. The
catchment of Vaarakuthu waslocated using the toposheet. ItisshownintheFig.No0.19.2. From
the shape it isidertified as a fan shaped catchment and it comes to 63.00 sg.km. The catchment
areaishaving dmost gegp dopes. Maximum flood discharge measured at thissiteduring 1998 is
about 40.16 cumec.

19.2.3 Contour Map

Thesurvey detailswere plotted on asheet of paper at ascaeof 1:200. Theundulationsof thedte,
thelocation of thefalsand other topographica festureswere identified from the contour map. The
location of the welr, the dignment of the penstock and location of the power house were dso
determined using this and the prepared contour map has been shown in Annexure A.19.

19.24 River Flow Data

For aperiod of 12 months (January 98 to January 99) the water level observations were taken
every week. A suitable location was identified on the up stream side of thefdl, where thewhole
water isflowing through that point, cross sectiona details of the point were noted for cdculating the
stream discharge. We fixed ameasuring gauge at this point to measure the pesk flow. Using the
collected data (Table 19.1) theweekly discharge hydrograph of thesiteisprepared. Thegraphis
shownin Fig. No. 19.3.

19.25 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedence was cdculated. Fromthis,
theflow duration curve was plotted(Fig. No. 19.4). Thesamecurveaso functionsas percentage
flow of exceedence grgph. This river flow data is recaculated in tabular form, giving the
corresponding energy potentia inweekly and cumulaivemodeisgivenin Table 19.2. Thesedata
are used for caculating energy potential and selection of unit Szesin section 19.4.

19.2.6 Peak Flow Determination

There are various empiricad methods for caculating the maximum flood discharge. The different
vaues obtained are shown in Table 19.3. The vaue obtained by Dicken=s formula, which is
commonly used in western ghats region has been used for the Structurd design of diverson
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structure.
Table19.3
Peak Flow Deter mination
Dicken=s Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Peak flow in
cumecs 581.4 904.48 159.91 1494.59

193 SALIENT DESGN FEATURES

A detailed design of Civil, Electricd & Mechanica work hasnot been carried out in thisreport as
it does not come under the purview of the project, but atypical section of the proposed diversion
dructure is given here.  The dtability andyss of the section and economic diameter of the
penstock was carried out as part of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=s cost have been estimated, after consulting various
agencies.

19.3.1 Power Potential of the Project

The discharge corresponding to 80% exceedence is only 0.009cubic metre per second. A

discharge of 0.009cubic metre per second can produce only about 6 kW. However it seen that
higher flows are available during 50% of thetime. In order to tap the full potentid of the Site, with
ahead of 90metre, the project isdesigned to generate higher output with lower dependability. This
Ste can be designed asarun of theriver project which can produce 3400kW with adependability
of 40%.

The output power was computed using the formula, P=10x Q xH x h
Where, P = Power output in kW
Q = Discharge in cumec
H = Head in metres
h = Overdl efficiency (Hereit is assumed as 0.75)

For 50% exceedence P=10x1.87x90x 0.75 = 1250 kW.
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For 40% exceedence P=10x5.08x 90 x 0.75 = 3400 kW.
For 30% exceedence P=10x8.7x90x 0.75 = 5500 kW.
19.3.2 Energy Potential

At this dte, sufficient flow is there S0 that we can obtain 3400kW power output for 40% of the
time (146 days) which reducesto 3kW by 80% time (292 days). The energy input corresponding
to 40% time will be (40/100 x 3400 x 365 x 24) = 11.91 MU. Theflow after 50% time can be
utilized by providing asmall pondage. The quantity of water available from 35% to 100%timeis
caculated to be 6825336 . Energy obtained from thiswater is calculated to be 1.28 MU.

Totd amount of energy produced =11.91 MU + 1.28 MU =13.2 MU

It may be noted that, this much amount of energy can be generated for the particular year. If higher
flows are available during any year, it will enable higher production and vice versa

19.3.3 Pondage Requirement

From the contour map a plot of surface areaVs. devation isdrawn in Fig.No. 19.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each

eevation and thedetallsareshownin Table19.4. From thisinformetion acapacity eevation curve
of the pondage is prepared and is shown in Fig.N0.19.6.

Table19.4
Pondage Area Details
Sl. No. Elevation (m) Area(n?) | Capacity (n¥) | Energy (KWh)
1 743.50 0 0 0
2 744 257.19 64.2975 12
3 745 628.44 507.1125 95
4 746 1136.88 1389.7725 261
5 747 2286.88 3998.76 750
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Astheterrain is suitable for storing 4000n#, it followsthat, a full storage, theenergy capacity is
only about 750 kWh. If asingle 750 kW machineisinstaled, it can be operated for only one hour
at full capacity during pesk time. Fortunately, pondage becomes critical only during lean months,
thiskid of operation practiceis acceptable. Hence, aweir height of 3.5m, to createastorage of
4000m® is suggested.

194 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant cgpacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(Thiscongsgtsof 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingadments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
tune the codt in reldion to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capita cost selected above, will demand aminimum annua generation

per kW ingtalled. This can be taken to be the bresk even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
from a given site.

Let thecapital cost of Vdarabe Rs.3.5 croresMW. Theannud rateis25%. Let the unit rate of
tariff offered by K.S.E.B be Rs. 2.5/kWh.
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If X be the number of hours of operation at full load capacity,

per Mega Watt annual cogt, at the rate of 25% oninvestment = Rs. 3.5 Croresx 0.25
per Mega Wait revenue = 1000 kKW x Rs. 2.5 x X

Equating the two, we get 3,50,00,000x 0.25= X x1000x 2.5

X =3,500 hrs.

It followsthat, any combination of machines, that can work at full cgpacity for over 3500 hours
can deliver a profit, if the overal project cost isbelow Rs. 3.5 croressMW and tariff isRs. 2.5
per kilo Watt hour.

This can beexplained better interms of Plant Capacity Factor , whichisdefined astheratio of
actua amount of energy obtained to the maximum energy that can be obtained from the given
installed capacity during an year, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thissite.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per Mega Watt where X=2916
hoursis 33.3%.

Now we shdl check various capecities of turbine sze which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/lkWh and break even PCF of 40%

For an ingtalled capacity of 7000 kW, which corresponds to about 25% flow of exceedence
from the chart, the totd energy yidd isthe sum of:

7000 kW x (0.25 x 8760) = 0.3854 at continuous operation for 25% time of an year, and
1.53MU, which isthe cumuletive energy potentia from 25% to 100% time as obtained from the
Chart (Table 19.3).

Total yield = 15.33MU + 10.06MU = 25.4 M U.
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The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF = 25.4 x 10®/ (7000 x 8760) = 41.4 %
This PCF isequd to the break even vaue of 40%.

S0 550 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%
Similarly, for 20000 kW (for 13.5% flow of exceedence)
PCF = (30130000/10000 x 8760) x 100 = 34.4%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 650 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table 19.5
Economically Viable Maximum Capacity at Different Costsand Tariff
Unit size for
Tariff Rs.3.5 CroresMW
Rs.2.5/Unit 7000 kKW
Rs.3.00/ Unit 10000 kW

The units selected can be one of the following combinations:

For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (SMW x 1+ 1 MW x 2)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (SMW x 1 + 2 MW x 2 + IMW x 1)
Among these two categories, the second one seemsto be less vigble sinceit is bulky with units.

We have redtricted oursalves to the more redistic combination of Rs. 3.5 CroressMW of
investment cost and two tariff choices of Rs.2.5/Unit and Rs.3.0/Unit.

195 CIVIL ENGINEERING WORKS
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The important Civil Engineering Works required for the project are a diverson weir, an intake
structure, a penstock and a power house. A weir is congtructed to have asmall storage and to
divert the water from stream to the intake. For this project only a diverson weir is proposed,
which dlows the excess water to flow over the weir to the downstream. The intake structure
takeswater from the weir and leadsit to the penstock. The penstock made of sted is proposed
inthisgte. A power house is congtructed for the purpose of housing the eectro mechanica

equipment. It isusudly asmdl building of 12.5m x 8m.

195.1 Wer at Valarakuthu

A concretewelr has been proposed on the Deviar stream, at abed level of +742.600 metres. The
basewidth of thewer a bed leve is6.35m. The structureis 3m high having alength of 40m at the
top with a centra broad crested free over fdl type spill way. The cross sectiond detals of the
proposed diversion Siteis shown in Fig.No. 19.7.

19.5.2 Intake Structure, Penstock and Power House

A smplebox type, direct intake structure of reinforced cement concreteis provided onthe stream
bed. A trash rack isprovided a the intake mouth, the penstock entrance starts from the wall of
intake box near the gabion. The economic diameter of the penstock is caculated as 1.9m and the
thickness of the penstock is found as 8mm. The penstock can carry a maximum flow of 10.37
cumec with a velocity of 3.66 metre per second. The possible adignment for the penstock is
located on the left bank of the stream. Thelongitudina section of the proposed penstock linewas
drawn from the contour map and thelength was cal culated, which cameto 259m (Fig. No. 19.8).

A surface power houseis proposed on the left bank of the stream. The dope at the proposed site
ismoderate but increases up the hill towards north east direction. The power houseisof Sze 12.5
mx 8m to accommodate 7000 kW generator and standardised turbine.

196 ELECTRICAL AND MECHANICAL EQUIPMENTS
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The power house proposed in the schemewill have an installed capacity of 7000 kW. Theéectricity
generated would be connected to the existing power grid system at Vaara by a 300m transmisson
line. A standardised turbinefor 90m gross head is proposed for this particular Site. The turbine shall
be complete with governor, control equipment and safety devices. The generator would be
synchronous with a brushless excitation system shall be rated to generate 7000kW, 11kV three
phases, 50Hz and shall be suitable for coupling with turbine described above. The generator shall
have voltage regulation equipment, paralel operation equipment etc.

19.7 ENVIRONMENTAL IMPACTS

A smadl hydro project has been proposed a Vaara (Idukki Dist.). The project ams to generates
about 3400 kW of hydro power from afal having ahead of 90 m. Some preliminary environmenta
impact andysis have been carried out. They are land, water and socio-economica environmental

impacts.

19.7.1 Environmental Impact on Land

The catchment area measured from topo sheet mwmes to be 63.00 sg.km The fdls are Stuated in
Deviar dream. Thisisoneof themainfdl inthisstream. The stream hasmorefalsonitsupstream side.
The head comesto 90m neerly. The stream flows through medium dopes on the up streesm aswell as
down stream Sde of the fall. After the fall, the stream joinsto the Periyar river.

The mogt dgnificant thing is that, due to impoundment, no forest land will be submerged. The
construction of welr, penstock, power house, tailrace and temporary road will not take away any forest
land. So no Forest clearance is required for the project.

19.7.2 Environmental Impact on Water

The Deviar stream which drains to Periyar river is the stream of this fal. The diversion structure will
create apond of area 0.2286 hectare. No forest |land will be submerged. Abovedl, thisaccountsfor
only 0.033 halMW. Thisdiversion structure which also acts asacheck dam can increase theheight of
water table level at the ste. The impounded water will aso change soil moisture regime in adjacent
forest land.

19.7.3 Socio-economic Impact

The construction phase would create employment opportunitiesfor aperiod of 18 months. The pesk
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labour strength is 100 skilled and 250 unskilled labour. 1t requires only minimum land acquisition for
condruction. The acquisition does not need any rehabilitation.
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198 CONCLUSON

The environmentd impact of this samdl hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

The economic size of ingaled capacity depends upon the permissible tariff as well as the capita
codt. It was found that the project isfinancidly viable for an ingtaled capacity of 7000kW at a
project cost of Rs. 3.5 Crores per MW and a tariff rate of Rs.2.5 per unit of eectricity.
Alternatively, if the tariff is raised to Rs.3.00 per unit, an indaled capacity of 10000kwW would
become economicaly viable.

Cog effective methods of congtruction, like the use of gabion weirs, can be used to reduce the
capital costs A methodology for implementing the project with a maximum of peoples=
participation should also be devised. The role of the Grama Panchayath in this effort is crucid.

_(;_

20. VALARA
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Valaraldukki

District
Panchayath
Head

Flow

Suggested
Capacity

- Thrissur

. Athirappilly

90 m.
. Seasonal

: 25MW/ 3MW
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20.1 GENERAL

20.1.1TheSte

The Vaarakuthu is a scenic waterfdl is Stuated in Aroormuzhi, which is in the 2nd ward of

Athirappilly Grama Panchayath in Thrissur Didtrict. The Ste is a a distance of 22 km from

Chadakkudy. Thereisabusroute from Chaakkudy to Athirappilly through Aroormuzhi. From
there through a forest foot path of nearly 4 km long we can reech the Ste. The Steisin forest
land. The nearest 11kV lineisa Aroormuzhi 4 km away from ste. The Site contains two fals
which gives ahead of 90m.

The weter fdl islocated at 76° 29' 30" E longitude and 10° 17" 30" N latitude. The catchment
areameasured from topo sheet is0.88sg.kmr Thefdlsarestuated a an elevation of 200m from
MSL, in Aroormuzhithodu which is beginning a an eevation of 500m. Thereistwo fallsinthe
dte. The upsiream sde of the fal has gentle dope while the down stream has moderate dope.
After the fdl the stream joins the Chaakkudy puzha near to Aroormuzhi, which drains to the
Periyar river (Fig.N0.20.1).

20.1.2 Topography

Thedteisgtuated in Vaararesarved forest. Theforestisvery thick. Theland ishaving steeply
doping inthisarea. Thereisno possihility for land didesinthisareaand chancesfor soil eroson
arenegligible. Bouldersareavailablein plenty at ste and the bed of stream isrocky. The number
of rainy days exceeds 50% in its catchment.

202 FIELD INVESTIGATION

20.2.1 Reconnaissance Survey

A topographica survey was conducted for obtaining topographica details of the Ste. Thereis
onemanfdl which givesatota head of 90m. The possible location for diversion structure and
power housewereidentified and the detail swere taken using tacheometric method of surveying.
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20.2.2 Catchment Area

Topographica survey sheetsto ascale of 1: 50,000 areavailable from the Survey of India The
catchment of valarathodu was located using the toposhest. ItisshownintheFig.No.20.2. From
the shapeit isidentified as afan shaped catchment and its areais measured as 0.88sg.km. The
catchment area is having dmost moderate dope but some portions are very steep. Maximum
flood discharge measured at this Site during 1998 is about 5.85 cumec.

20.2.3 Contour Map

The survey details were plotted on a sheet of paper a ascae of 1:200. The undulations of the
gte, the location of the fals and other topographica features were identified from the contour
map. The location of the weir, the alignment of the penstock and location of the power house
were also determined using this and the prepared contour map hes been shown in Annexure
A.20.

20.2.4 Rive Flow Data

For a period of 12 months (March 98 to March 99) the water level observations were taken
every week. A suitable location was identified on the down stream side of the fal, where the
whole water is flowing through that point, cross sectiond details of the point were noted for
cdculating the stream discharge. We fixed ameasuring gauge at this point to measure the pesk
flow. Using the collected data (Table 20.1) the weekly discharge hydrograph of the Steis
prepared. The graph isshown in Fig. No. 20.3.

20.25 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 20.4). The same curve aso finctions as
percentage flow of exceedence graph. Thisriver flow dataisrecaculated in tabular form, giving
the corresponding energy potentid inweekly and cumulaivemodeisgivenin Table20.2. Thee
data are used for caculating energy potentiad and sdection of unit Szesin section 20.4.

20.2.6 Peak Flow Deter mination

There are various empirica methods for caculating the maximum flood discharge. The different
values obtained are shown in Table 20.3. Thevaue obtained by Dicken=sformula, which is
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commonly used in western ghats region has been used for the structurd design.

Table20.3
Peak Flow Deter mination

Dickeres | Ingli=s | Ryve=s Nawab Jung
Parameters method formula | formula Bahadur formula

Pesk flow incumecs | 2352 32.05 9.24 41.67

203 SALIENT DESIGN FEATURES

A detailed design of Civil, Electrica & Mechanica work hasnot been carried out inthisreport as
it does not come under the purview of the project, but atypical section of the proposed diversion
structure is gven here. The dtability andyss of the section and economic diameter of the
penstock was carried out aspart of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=scost have been estimated, after consulting various
agencies.

20.3.1 Power Potential of the Project

The discharge corresponding to 80% exceedence is only 0.02cubic metre per second. A
discharge of 0.02 cubic metre per second can produce only about 14kW. However it seen that
much higher flows are available during 50% of thetime. In order to tap the full potentia of the
site, with a head of 90 metre, the project is designed to generate higher output with lower
dependability. This Ste can be designed as a run of the river project which can produce
1000kW with a dependability of 50%.

The output power was computed using the formula, P=10x Q x H x h

Where, P = Power output in kW
Q = Dischargein cumec
H = Head in metres
h = Efficiency taken as 0.75
For 50% exceedence P=10x1.5x90x 0.75= 1000 kW.

For 40% exceedence P=10x2.04x90x 0.75= 1350 kW.
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For 30% exceedence P=10x2.4x90x0.75 = 1600 kW.

20.3.2 Energy Potential

At this site, sufficient flow is there so that we can obtain 27000kW power output for 50% of the
time (183days) which reduces to 13kW by 80% time (292 days). The energy input

corresponding to 50% time will be (50/200 * 1000 * 365 * 24) = 4.38 MU. The flow after
50% time can be utilized by providing a smdl pondage. The quantity of water available from

50% to 100% time is caculated to be 2516888 n¥. Energy obtained from this water is
calculated to be 0.4724 MU.

Tota amount of energy produced = 4.38 MU + 0.4724 MU = 4.85 MU

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

20.3.3 Pondage Requirement

From the contour map aplot of surface areaVs. devetionisdrawnin Fig.No. 20.5. The aress
corresponding to each devation is used to find the volume of water that can be stored in each
elevation and the details are shown in Table 20.4. From thisinformation a capacity eevation
curve of the pondage is prepared and is shown in Fig.No.20.6.

Table20.4
Pondage Area Details
Sl. No. | Elevation(m) Area (nt) Capacity () Energy (KWh)
1 296.50 0 0 0
2 297 54.60 13.65 3
3 298 166.20 124.05 23
4 299 232.60 323.45 61
5 300 347.60 713.55 134
6 301 858.00 1416.35 266
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‘ 7 ‘ 302 1450.00 2570.35 482

Astheterrainissuitablefor storing 2550m?, it followsthat, a full torage, theenergy capacity is
only about 450 kWh. If asingle 450 kW machine is ingaled, it can be operated for only one
hour at full capacity during pesk time. Fortunately, pondage becomes critical only during lean
months, this kid of operation practice is acceptable. Hence, aweir height of 3.5m, to creste a
storage of 2550m? is suggested.

204 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(Thiscongstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingtaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the codt in relation to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capita cost selected above, will demand aminimum annua generation
per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
froma given site.
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Let the capital cost of Vdarabe Rs.3.5 croresMW. Theannud rateis 25%. Let the unit rate of
tariff offered by K.SEE.B be Rs. 2.5/kWh.
If X be the number of hours of operation at full load capacity,
per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wett revenue =1000 kW x Rs. 25 x X
Equating the two, we get  3,50,00,000 x 0.25= X x 1000 x 2.5
X =3,500 hrs.
It follows that, any combination of machines, that can work at full cgpacity for over 3500 hours

can ddiver aprofit, if the overdl project cost is below Rs. 3.5 croressMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , which isdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained fram the given
ingtdled capacity during an year, to the actud amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly viable for this ste.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per Mega Watt where X=2916
hoursis 33.3%.

Now we shal check various capacities of turbine size which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For an ingalled capacity of 2500 kW, which corresponds to about 10% flow of exceedence
from the chart, the totd energy yidd isthe sum of:

2500 kW x (0.1 x 8760) = 0.3854 at continuous operation for 10% time of an year, and
6.5MU, which isthe cumulative energy potentia from 10% to 100% time as obtained from the
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Chart (Table 20.3).

Totd yidd = 2.2MU + 6.5MU =8.7 M U.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF = 8.7 x 108 / (2500 x 8760) = 39.70 %
This PCF isequd to the break even value of 40%.

S0 2500 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croressMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%

Similarly, for 3000 kW (for 4% flow of exceedence)

PCF = (9050000/3000 x 8760) x 100 = 34.4%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 3000 kw will be the optimum choice for the site, if the overall project cost is

below Rs. 3.5 crores/MW and tariff is Rs. 3.0 per kilo Watt hour.

Table20.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit sizefor
Rs.3.5 CroressMW

Rs.2.5/Unit 2500 kW

Rs.3.00/ Unit 3000 kW

The units selected can be one of the following combinations:

For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (IMW x 2+ 0.5 MW x 1)

For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt (1 MW x 3)

Among these two categories, the second one seemsto belessviable sinceit is bulky with units.

We have restricted oursalves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.
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20.5 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diverson weir, an intake
sructure, apenstock and apower house. A weir iscongtructed to have asmall storage and to divert
thewater from stream to theintake. For this project only adiverson weir is proposed, which alows
the excess water to flow over the weir to the downstresm. Theintake structuretakeswater fromthe
weir and leadsit to the penstock. The penstock made of sted isproposedinthissite. A power house
is congtructed for the purpose of housing the eectro mechanicd equipment. It is usudly a small
building of Sze 12.5m x 8m.

20.5.1 Wair at Vaarakuthu

A gabion weir has been proposed on the Aroormuzhi thodu, at abed level of +296.000 metres. The
basewidth of theweir at bed level is2.95m. Thegtructureis3m high having alength of 23.50m & the
top with a central broad crested free over fal type spill way. the cross sectiond details of the
proposed diversion site is shown in Fig.No. 20.7.

20.5.2 Intake Structure, Pensock and Power House

A smple box type, direct intake structure of reinforced cemert concrete is provided on the stream
bed. A trashrack isprovided at theintake mouth, the penstock entrance startsfrom thewall of intake
box near the gabion. The economic diameter of the penstock is calculated as 1.22m and the thickness
of the pengtock isfound as 10mm. The penstock can carry a maximum flow of 3.7 cumec with a
velocity of 3.16 metre per second. The possibleaignment for the penstock islocated on the left bank
of the stream. The longitudina section of the proposed penstock line was drawn from the contour
map and the length was calculated, which came to 210m (Fig. No. 20.8).

A surface power houseiis proposed on the | eft bank of the stream. The dope at the proposed siteis
moderate but increases up the hill towards north east diredion. The power houseisof Sze 12.5m x
8m to accommodate 2500 kW, generator and standardised turbine.

206 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed inthe schemewill havean ingtalled capacity of 2500 kW. Theeéectricity
generated would be connected to the existing power grid system a Aroormuzhi by a 300m
transmissonline. A standardised turbinefor 90m grosshead is proposed for thisparticular Ste. The
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turbine shdl be complete with governor, control equipment and safety devices. The generator would
be synchronous with a brushless excitation system shall be rated to generate 2500kW 11kV three
phases, 50Hz and shdl be suitable for coupling with turbine described above. The generator shall

have voltage regulation equipment, parald operation equipment etc.

20.7 ENVIRONMENTAL IMPACTS

A small hydro project has been proposed a Vadara (Thrissur Dist). The project aimsto generates
about 2500 kW of hydro power from afal having ahead of 90m. Some preiminary environmenta
impact analysis have been carried out. They are land, water and socio-economica environmental

impacts.

20.7.1 Environmental Impact on Land

The catchment area measured from topo sheet comes to be 0.88sq.km The fals are Situated in
Aroormuzhithodu. Thereistwo falsin the Ste. The upstream side of the fall has gentle dope while
the down stream has moderate dope. After thefal the stream joinsto the Chaakkudi puzhanear to
Aroormuzhi, which drains to the Periyar river.

The mogt dgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearance is required for the project.

20.7.2 Environmental Impact on Water

The Aroormuzhithodu, which findly drains to Periyer river is the stream of this fdl. Thediverson
sructure will create apond of area 0.145 hectare. No forest land will be submerged. Abovedl, this
accountsfor only 0.058ha/MW. Thisdiverson structurewhich aso actsasacheck dam canincrease
the height of water tablelevd at theste. Theimpounded water will also change soil moisiureregimein
adjacent forest land.

20.7.3 Socio-economic |mpact

The congtruction phase would create enployment opportunitiesfor aperiod of 18 months. The pesk
labour strength is 100 skilled and 100 unskilled labour. It requires only minimum land acquisition for
congruction. The acquisition does not need any rehabilitation.
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208 CONCLUSON

The environmental impact of this small hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

The economic sizeof ingalled capacity depends upon the permissibletariff aswell asthe capita cost.
Itwasfound that the project isfinanciadly viablefor aningaled capacity of 2500kW at aproject cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtalled capacity of 3000 kW would become economicdly viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
costs. A methodology for implementing the project with amaximum of peoples= participation should
adso bedevised. Therole of the Grama Panchayath in this effort is crucidl.

_(;_

21. POOVALA
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VaaraThrissur

District
Panchayath
Head

Flow

Suggested
Capacity

- ldukki

- Veliamattom

90 m.
- Perennial

: 850 kW/ 1.1 MW
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211 GENERAL

211.1TheSte

The Njandirukki water fdl is Stuated in Poomaa, which is in the 7th ward of Veliamattom
Grama Panchayath in Idukki Didrict. The Ste at a distance of 3 km from Poomaa near to
Veliamaitom Grama Panchayath. There is bus service from Thodupuzhato Poomada From
there jegps are available to the upstream side of thefdl. The 11 KV transformer isat adistance
of 1 km from the Ste.

Thewater fal islocated at 76° 52' 0" E longitudeand 9° 50' 33" N latitude. The catchment area
measured from topo sheet is be 0.63 sg. km Thefdlsare Situated a an devation of 260m from
MSL, in Njandirukki stream whichisbeginning at an eevation of 550m. Thestecontains 3 fdls
which gives atota head of 90m. After the fal, the stream joinsto the Thodupuzha river which

drains to Moovattupuzha (Fig.No.21.1).

21.1.2 Topography

Topography of any ste means the description of the geographica details of the Ste. The Siteis
Stuated in private land. The land is having Steep dopesin thisarea. There is no possihility of
landdide is this area and the chances for soil eroson islessand it is negligible. The bed of the
stream isrocky and boulders are available in site. The siteisperennid and number of rainy days
exceeds 50% in its catchment.

212 FIELD INVESTIGATION

21.2.1 Reconnaissance Survey

A topographica survey for obtaining topographical details of the Ste. There is one main fdl
which gives atotd head of 20m. The possiblelocation for diversion Structure and power house
areidentified and the details are taken using tacheometric method of surveying.
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21.2.2 Catchment Area

Topographica survey sheetsto ascaeof 1: 50,000 are available from the Survey of India The
cachment of Poomaa-Njandirukki was located using the toposheet. It is shown in the
Fig.No.21.2. From the shapeitisidentified asafan shaped catchment and it comesto 0.63m.
The catchment areahaving dmost moderate 9 ope but some portionsarevery steep. Maximum
flood discharge measured at this Site during 1998 is about 1.87 cumec.

21.2.3 Contour Map

The survey details were plotted on a sheet of paper at ascale of 1:200. The undulations of the
Ste, the location of the fdls and other topographica features were identified from the contour
map. The location of the weir, the alignment of the penstock and location of the power house
was aso determined using this and the prepared contour map has been shown in Annexure
A.21.

21.2.4 Rivea Flow Data

For aperiod of 12 months (November 98 to November 99) the water level observations were
taken in every week. A suitable location was identified on the upstream of the fdl, where the
whole water is flowing through that point, cross sectional details of the point was noted for
caculating discharge of stream. We fixed a measuring gauge at this point to measure the peak
flow. Using the collected deta (Table 21.1) the weekly discharge hydrograph of the Site is
prepared. The graph isshownin Fig. No. 21.3.

21.25 Flow Duration Curve

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 21.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow dataisrecadculated in tabular form, giving
the corresponding energy potentid inweekly and cumulativemodeisgivenin Table 21.2. These
data are used for caculaing energy potential and sdection of unit Szesin section 21.4.
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21.2.6 Peak Flow Deter mination

There are various empirical methods for caculating the maximum flood discharge. The different
values obtained are shown in Table 21.3. Thevaue obtained by Dicken=s formula, whichis
commonly used in western ghats region has been used for the structurdl design of diversion

structure.

Table21.3
Peak Flow Deter mination
Dickeres | Ingli=s | Ryve=s Nawab Jung
Parameters method formula | formula Bahadur formula
Pegk flow in
cumecs 18.28 23.15 7.38 34.64

21.3 SALIENT DESGN FEATURES

A detailed design of Civil, Electrical, Mechanical work have not been carried out inthisreport as
it is does not come under the purview of the project, but a typical section of the proposed

diverson gructure is given here. The stability andlysis of the section and economic diameter of
the penstock was carried out as part of preliminary design. The cgpability and number of units,
type and specification of turbine, generator and it=s cost are fixed consulting various agencies.

21.3.1 Power Potential of the Project

The discharge corresponding to 80% of exceedenceis only 0.023 cubic metre per second. A

discharge of 0.023cubic metre per second can produce only about 15 KW. In order to tap the
full potentid of the site, with ahead of 90 metre, the project isdesigned to generate higher output
with lower dependability. This Site can be designed as run off the river which can produce 200
kW with a dependability of 40%.

The output power was computed using theformula, P=10x Q XxH X h

Where

P = Power output in kW

Q = Discharge in cumec
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H = Head in metres

h = Overd| efficiency (hereit is assumed as 0.75)

For 50% exceedence P=10x0.19x90x 0.75= 125 kW.
For 40% exceedence P=10x0.319x 90 x 0.75 =200 kW.
For 30% exceedence P=10x1.3x90x 0.75=875kW.
21.3.2 Energy Potential

At this dite, sufficient flow is there so that we can obtain 200kW power output for 40% of the
time (146 days) which reduces to 15kW by 80% time (292 days). The energy input
corresponding to 40% timewill be (40/100* 200* 365* 24) =0.7 MU. Theflow after 40%
time can be utilized by providing asmall pondage. The quantity of water available from 40% to
100% time is calculated to be 1009572 m?. Energy obtained from thiswater iscaculated to be
0.187 MU.

Tota amount of energy produced = 0.70 MU + 0.187 MU =0.887 MU

21.3.3 Pondage Requirement

From the contour map aplot of surface areaVs. eevationisdrawnin Fig. No. 21.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each

elevation and the detailsis shown in T able 21.4. From thisinformation capacity eevation curve
of the pondage is prepared and is shown in Fig.No. 21.6.

Table21.4
Pondage Area Details
Sl. No. | Hevaion(m) Area (n¥) Capacity (m?) | Energy (KWh)
1 192.75 0 0 0
2 196 43.4 70.53 1
3 199 185.2 413.13 8
4 201 512.2 1110.5 21
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5 202 697 1715 32

6 204 1060.2 3472 65

Asthetearainissuitablefor storing 3450m?, it followsthat, at full storage, the energy capecity is
only about 65kWh. If asingle 65kW machineisingalled, it can be operated for only one hour at
full capacity during pesk time. Fortunately, pondage becomes critica only during lean months,
thiskid of operation practiceisacceptable. Hence, aweir height of 11.25m, to create astorage
of 3450m? is suggested.

204 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capital cost
Resulting standard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingadments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
tune the codt in relation to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capitd cost selected above, will demand aminimum annua generation
per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
froma given site.
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L et the capitd cost of Poomalabe Rs.3.5 croresMW. Theannud rateis25%. Let theunit rate
of tariff offered by K.SE.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,

per Mega Watt annual cogt, at the rate of 25% oninvestment = Rs. 3.5 Croresx 0.25

per Mega Waitt revenue = 1000 KW x Rs. 25 x X
Equating the two, we get 3,50,00,000x 0.25 = X x1000x 2.5
X =3,500 hrs.

It followsthat, any combination of machines, that can work at full cgpacity for over 3500 hours
canddiver aprofit, if the overal project cost isbdow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

This can beexplained better interms of Plant Capacity Factor , whichisdefined astheratio of
actua amount of energy obtained to the maximum energy that can be obtained from the given
installed capacity during an year, to the actud amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%

That is, amaximum capacity, which yields a PCF of 40% iseconomicdly viable for this Ste.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per mega watt where X=2916
hoursis 33.3%

Now we shal check various capacities of turbine size which are suitable for this two conditions.
a. Tariff: Rs.2.50kWh and break even PCF of 40%

For aningtalled capacity of 850 kW, which correspondsto about 25% flow of exceedencefrom
the chart, the total energy yield isthe sum of:

850 kW x (0.25 x 8760) = 0.3854 at continuous operation for 25% time of an year, and
1.11IMU, which isthe cumulative energy potentia from 25% to 100% time as obtained from the
Chart (Table 21.3).

Tota yidd =1.86MU + 1.IMU = 3MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :

Integrated Rural Technology Centre, Palakkad 16



WGSHP - Final Report (Mol 11) Poomala

PCF = 3x 108/ (550 x 8760) = 40.29 %
This PCF isequa to the bresk even value of 40%.

So 850 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%
Smilarly, for 1100 kW (for 8% flow of exceedence)
PCF = (3270000 / 1100 x 8760) x 100 = 33.9%

This PCF is very near to the break even vaue of 33%.

Smilarly, 1100 kw will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 crores/MW and tariff is Rs. 3.0 per kilo Watt hour.

Table21.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit sizefor
Rs.3.5 CroresMW

Rs.2.5/Unit 850 kW

Rs.3.00/ Unit 1100 kW
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The units selected can be one of the foll owing combinations:
For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (0.5MWx1+0.25 MW x 1 + 0.1IMWx1)
For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (0.5 MW x 2 + 0.IMW x 1)

Among these two categories, the second one seemsto be less viable since it is bulky with units.

We have regtricted oursdlves to the more redisic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

215 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Works required for the project are adiversion weir, an intake
structure, a penstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the intake. For this project only a diversion weir is proposed,
which alows the excess water to flow over the weir to the downsiream. The intake structure
takeswater from theweir and lead it to the penstock. The penstock made of sted isproposedin
thisste. A power house is congtructed for the purpose of housing the eectro mechanica
equipment. It isusudly asmadl building of 10mx 5.5m.

215.1 Wer at Poomala

A gabion weir has been proposed on the Njandirukki stream, at abed level of +193.90 metres.
Thebasewidth of theweir a bed leve is14m. The structureis9.60m high having alength of 8m
at thetop with acentra board crested free over fdl type spill way. The cross sectiona details of
the proposed diversion siteis shown in Fig. No. 21.7.

21.5.2 Intake Sructure, Pensock and Power House

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack isprovided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
0.76m. The penstock can carry a maximum flow of 1.26 cumec with avelocity of 2.78 metre
per second. The possible dignment for the penstock is located on the right bank of the stream.
The longitudina section of the proposed penstock line was drawn from contour map and
calculated the length, which comesto 160m (Fig.N0.21.8). A surface power houseis proposed
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on theright bank of stream The dope at the proposed Siteismoderate. The power houseis of
size 10mx 5.5m, to accommodate 850 kW, generator and standardised turbine.

216 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtdled capacity of 850 kW. The
electricity generated would be connected to the existing power grid syssem at Poomaaby a2km
trangmissionline. A standardised turbinefor 20m gross head isproposed for thisparticular Site.
The turbine shal be complete with governor, control equipment and safety devices. The
generator would be synchronous with a brushless excitation system shdl be rated to generate
850kW, 11kV three phases, 50Hz and shall be suitable for coupling with turbine described
above. The generator shall have voltage regulation equipment, parallel operation equipment etc.

217 ENVIRONMENTAL IMPACTS

A small hydro project has been proposed at Njandirukki- Poomala (Idukki Dist.). The project
ams to generates about 850 kW of hydro power from a fal having a head of 90m. Some
preliminary environmental impact andyss have been caried out. They are land, water and
s0cio-economica environmental impacts.

21.7.1 Environmental Impact on Land

The catchment area measured from topo sheet comesto be 0.63 sg. km Thefdlsaresituated in
Njandirukki stream. The Ste contains 3 falswhich givesatota head of 90m. After thefdl, the
stream joins to the Thodupuzhariver which drains to M oovattupuzha

The mogt sgnificant thing is that, due to impoundment, no forest land will be submerged. The
condructio nof welr, penstock, power house, tailrace and temporary road will not take away any
forest land.

21.7.2 Environmental Impact on Water
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The Njandirukki stream, which drainsto Moovattupuzhariver isthe stream of thisfdl. Thediverson
sructurewill create apond of area0.106 hectare. No forest land will be submerged. Aboveadl, this
accounts for only 0.125 ha/MW. This diversion structure which aso acts as a check dam can
increase theheight of water tableleve a theste. Theimpounded water will dso change soil moisture
regime in adjacent forest land.

21.7.3 Socio-economic Impact
The congtruction phase would creste employment opportunitiesfor aperiod of 18 nonths. The pesk

labour strength is 50 skilled and 100 unskilled labour. It requires only minimum land acquidition for
condruction. The acquisition does not need any rehabilitation.

21.8 CONCLUS ON

The environmenta impact of smdl hydd project is negligible compared to large hydd projects.
Moreover, deforestation owing to the inundation will be ameagre area.

Theeconomic sizeof ingtalled capacity depends upon the permissibletariff aswell asthe capital codt.
It wasfound that the project isfinancidly viablefor aningtalled capacity of 850kW at aproject cost of
Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if the tariff is
raised to Rs.3.00 per unit, an installed capacity of 1100kW would become economicaly vigble.

Codt effective methods of congtruction, like the use of gabion weirs, can be used to reduce the capita
costs. A methodology for implementing the project with amaximum of peoples= participation should
aso bedevised. Therole of the Grama Panchayath in this effort is crucid.

G
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22. KALKANDY

District . Palakkad
Panchayath : Agali

Head : 90 m.

Flow . Perennial
Suggested

Capacity : 950 kW/ 1.25 MW
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22.1 GENERAL

22.1.1 Thesdte

Kakandy Mandompotty water fal isstuatedin Chellekkad near Kdkandy, whichisinthe 12th
ward of Agdi Grama Panchayath in Padakkad didtrict. Thedteisat adistance of 22 km. from
Mannaarkkad. Kakandy isamain stop in Mannarkkad- Aanakketti route. Bus services are
avalable from Mannaarkkad. From Kakandy there is about 3 km. to the Ste. The siteisin
forest land. The nearest 11 KV lineis 2 km away from the Ste.

Thewater fal islocated at 75° 32' 34" E longitudeand 11° 4' 37" N latitude. The catchment area
meesured from toposheet is9.50 sg.km. Thefdl isStuated at an eevation of 300m. fromMSL,
in Kakandy thodu whichisbeginning at an evation of 700m from MSL. After thefal the tream
isflowing through moderate dopes. The streamisjoinsto the Nelipuzhariver whichisdrainsto
the Bharathgpuzha. The upstream side of the fall is doped steep (Fig.No.22.1)

22.1.2 Topography

Thegteisstuated in Mannarkkad reserved forest. The forest isvery thick. Theland ishaving
steep dopein thisarea. Thereisno possibility of land dide and the chances for soil erosonis
very less. Bouldersare availablein plenty a Site. The number of rainy days exceeds 50%inits
catchment.

22 FIELD INVESTIGATION

22.2.1 Reconnaissance survey

A topographica survey was conducted for obtaining topographica details of thesite. Thereis
onemain fal which givesatotd head of 90m. The possible location for diversion structure and
power house wereidentified and the detail swere taken using tacheometric method of surveying.
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22.2.2 Catchment area

Topographicd survey sheetsto ascae of 1: 50,000 are available from the Survey of India. The
catchment of Kakandy site was located using the toposheet. It is shown in Fig.N0.22.2. The
areais measured and its comesto 9.75 sq km. The catchment areais having dmost moderate
dope but some portions are very steep. Maximum flood discharge measured at this Site during
1998 is about 4.5 cumec.

22.2.3 Contour map

The datacollected by survey were used to cd culate the horizontd distance, verticd disanceand
thereduced level of various pointson the ground. The survey detailswere plotted on asheet of
paper & a scde of 1:200. The undulations of the ste, the location of the falls and other
topographical festures were identified from the contour map. The location of the weir, the
alignment of the penstock and location of the power house were dso determined using this and
the prepared contour map has been shown in Annexure A.22.

22.2.4 River flow data

For aperiod of 12 months (January 98 to January 1999) thewater level observationsweretaken
every week. A suitablelocation wasidentified on the upstream of thefdl, wherethewhole water
is flowing through that point, cross sectiona details of the point were noted for calculating the
stream discharge. Wefixed ameasuring gauge at that point to measure the pegk flow. Using the
collected data (Table 22.1) the weekly discharge hydrograph of the site was prepared. The
graphisshownin Fig. No. 22.3.

22.2.5 Flow duration curves

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 22.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow dataisrecdculated intabular form, giving
the corresponding energy potentia inweekly and cumulativemodeisgivenin Table22.2. Thee
data are used for caculaing energy potential and sdection of unit Szesin section 22.4.

22.2.6 Peak flow determination

There are various empirica methods for caculating the maximum flood discharge. The different
values obtained are shown in Table 22.3. The value obtained by Dicken=sformulawhichis
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commonly used in western ghats region has been used for the structurd design.

Table22.3
Peak Flow Deter mination
Dicken=s Ingli=s Ryve=s Nawab Jung
Parameters method formula formula Bahadur formula
Peak flow in
cumec 140.69 261.94 45.3 3744

23 SALIENT DES GN FEATURES

A detailed design of Civil, Electrica & Mechanicd work has not been carried out inthisreport as
it does not come under the purview of the project, but atypical section of the proposed diversion
dructure is given here. The dability anadyss of the section and economic diameter of the
penstock was carried out aspart of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=s cost have been estimated, after consulting various
agencies.

22.3.1 Power potential of the project

The discharge corresponding to 90% of exceedenceis only 0.002 cubic metre per second. A
discharge of 0.002 cubic metre per seconds can produce only about 1 kW. Inorder totapthe
full potentid of the Site, with ahead of 90m, the project is designed to generate higher output with
lower dependability. This Site can be designed as run off the river which can produce 200 kW
with a dependability of 50%.

The output power can be computed using theformula, P=10x Q x H x h

Where; P = Power output in kW
Q = Discharge in cumec
H = Head in metres

h = Efficiency taken as 0.75
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For 50% exceedence P=10x0.29x 90 x 0.75= 200 kW.
For 40% exceedence P=10x0.36 x 90 x 0.75 = 240 kW.
For 30% exceedence P=10x0.8x90x 0.75 =550kW.
22.3.2 Energy potential

At this Ste, sufficient flow is there so that we can obtain 200kW power output for 50% of the
time (146 days) which reduces to 15kW by 80% time (292 days). The energy input

corresponding to 50% time will be (50/100* 200* 365* 24) =0.876 MU. Theflow after
50% time can be utilized by providing asmal pondage. The quantity of water available from
50% to 100% timeis cal culated to be 2202682 m3. Energy obtained from thisweter isca cul ated
to be 0.413 MU.

Total amount of energy produced =0.876 MU + 0413MU =1.289 MU

22.3.3 Pondagerequirement

From the contour map aplot of surfaceareaVs. elevationisdrawnin Fig. No. 22.5. Theareas
corresponding to each eevation is used to find the volume of water that can be stored in each
elevation and the details are shown in Table 22.4. From this information a cgpacity eevation
curve of the pondage is prepared and is shown in Fig.No. 22.6.

Table22.4
Pondage Area Details

Sl. No. | Elevaion(m) Area (n?) Capacity (?) | Energy (kwWh)
1 497.5 0 0 0
2 498.0 145.31 36.33 1
3 499.0 439.06 328.52 6
4 500.0 698.44 897.27 17
5 501.0 811.00 1652.00 31
6 502.0 1281.25 2698.00 51

Astheterrain is suitable for storing 2698nt it followsthat, at full storage, theenergy capacity is
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only about 50kWh. If asingle 50kW machineisingalled, it can be operated for only one hour at
full cgpacity during pesk time. Fortunately, pondage becomes critica only during lean months,
this kid of operation practiceisacceptable. Hence, aweir height of 4.5m, to creste astorage of
3450m?3 is suggested.

24 FELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant cgpacity, the following parameters were assumed.

Rate of return on i nvestment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capital cost
Resulting standard annua cost - 25%

(Thisconsistsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annual ingtadments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
tune the codt in relation to dte gecific conditions. Only ranges could be indicated. Each

combination of tariff and capitd cost sdlected above, will demand aminimum annua generation
per KW ingtdled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
froma given site.

Let the capital cost of Kakandy be Rs.3.5 croresMW. The annud rate is 25%. Let the unit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,
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per Mega Watt annua cogt, at therate of 25% oninvestment = Rs. 3.5 Croresx 0.25

per Mega Watt revenue = 1000 kW x Rs. 25 x X
Equating the two, we get 3,50,00,000 x 0.25= X x1000x 2.5

X =3,500 hrs.

It follows that, any combination of machines, that can be work a full capacity for over 3500
hours can deliver aprofit, if the overal project costisbelow Rs. 3.5 croresMW and tariff isRs.
2.5 per kilo Watt hour.

Thiscan be explained better interms of Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingalled capacity during an year, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum cgpacity, which yields a PCF of 40% is economicdly vigble for this Ste.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per Mega Watt where X=2916
hoursis 33.3%

Now we shal check various capacities of turbine Sze which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aningtalled capacity of 950 kW, which correspondsto about 21% flow of exceedencefrom
the chart, the total energy yield isthe sum of:

950 kW x (0.21 x 8760) = 1.75 MU at continuous operation for 21% time of an year, and
1.576MU, whichisthe cumulative energy potentia from 21% to 100% time as obtained from the
Chart (Table 22.3).

Totd yidd = 1.86MU + 1.1IMU = 3.326 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
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PCF = 3.326 x 108/ (950 x 8760) = 39.9 %
This PCF isequa to the bresk even value of 40%.

So 950 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs3.0/kWh and break even PCF of 40%
Similarly, for 1250 kW (for 16% flow of exceedence)
PCF = (3750000 / 1250 x 8760) x 100 = 34.24%
This PCF is very near to the break even vaue of 33%.

Smilarly, 1250 kW will be the optimum choice for the site, if the overall project cost is
below Rs.3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table22.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit sizefor
Rs.3.5 CroressMW

Rs.2.5/Unit 950 kW

Rs.3.00/ Unit 1250 kW

Theunitssdle cted can be one of the following combinations:
For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt (0.5MW x 1 + 0.25 MW x 2)
For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (0.5 MW x 2 + 0.025MW x 1)

Among these two categories, the second one seems to be lessviable snceit isbulky with units
We have redtricted oursdves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

225 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are adiversion weir, an intake
structure, a penstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the intake. For this project only a diversion weir is proposed,
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which alows the excess water to flow over the wer to the downstream. The intake Structure
takeswater from theweir and leads it to the penstock. The penstock made of sted! is proposed
inthisste. A power house is constructed for the purpose of housing the eectro mechanica
equipment. It isusudly asmdl building of 12.5m x 6.5m.

22.5.1 Wer at Kakandy

A Gabion weir has been proposed on the Kanjirappuzha stream, at a bed level of +498.500
metres. The base width of the wer a bed leved is 4.25m. Thedructureis4.50m. high havinga
length of 60 m. at the top with a centra broad crested free over fal type spill way. The cross
sectiond details of the proposed diversion siteis shown in Fig.No. 22.7.

225.2 Intake Structure, Pengock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock is calculated as
0.803 m. The penstock can carry amaximum flow of 1.41 cumec with avelocity of 2.76 metre
per second. The possible aignment for the penstock is located on the left bank of the stream.

Thelongitudina section of the proposed penstock line was drawn from the contour map and the
length was cdl culated, which cameto 147m (Fig.N0.22.8). A surface power houseis proposed
on theleft bank of the stream. The dope at the proposed siteismoderate but increases up the hill

towards north east direction. The power houseis of size 12.5m x 6.5m., to accommodate 950
kW, generator and standardised turbine.

226 ELECTRICAL AND MECHANICAL EQUIPMENTS
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The power house proposed in the scheme will have an installed capacity of 950 kW. Thedectricity
generated would be connected to the existing power grid system at Agdi by a300m transmissionline.
A gtandardised turbine for 20m gross head is proposed for this particular Ste. The turbine shal be
complete with governor, control equipment and safety devices. The generator would be synchronous
with abrushless excitation system shall be rated to generate 950 kW, 11kV three phases, 50Hz and
shdl be suitablefor coupling with turbine described above. The generator shal have voltage reguaion
equipment, parallel operation equipment etc.

22.7 ENVIRONMENTAL IMPACTS

A smdl hydro project has been proposed a Kakandy (Paakkad Dist). The project ams to
generates about 950 kW of hydro power from a fal having a head of 90 m. Some preiminary
environmental impact andysis have been carried out. They are land, water and socio-economica
environmental impacts.

22.71 Environmental impact on land

Tota area of catchment is about 9.75 square kilometres of land in Kalkandy thodu. The upper
catchment is rocky and with little vegetation cover. The forest in their sector is semi evergreen and
deciduous. Both bank of the land is owned by private persons. Stream sections are mostly rocky
large sized boulders are plenty.

The mog sgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not teke away any
forest land. So no forest clearance is required for the project.

22.7.2 Environmenta impact on water

The Kakandy thodu, which drains to Néllippuzha river is the stream of this fal. It is a 3rd order,
structuraly controlled stream. The diversion structure will creste a pond of area 0.13ha. No forest
land will be submerged. Above al, this accounts for only 0.137ha/MW. This diverson structure
which dso actsasacheck dam can increase the height of weter tableleve at thesite. Theimpounded
water will aso change soil moisture regime in adjacent forest land.

22.7.3 Socio-economi cimpact

The congtruction phase would create employment opportunitiesfor aperiod of 18 months.. The pesk
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labour strength is 75 skilled and 100 unskilled labour. 1t require only minimum land acquisition for
congtruction. The acquisition does not need ary rehailitation.

22.8 CONCLUS ON

The environmenta impact of the smdl hyde project is negligible. Moreover, deforestation owing to
the inundation will be a meegre area

Theeconomic size of ingtalled capacity depends upon the permissibletariff aswdl asthecapital cost.
It wasfound that the project isfinancidly viable for an ingtalled capacity of 950kW at a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingalled capacity of 1750kW would become economicdly viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
cogts. A methodology for implementing the project with amaximum of pegples= participation should
dso bedevised. Therole of the Grama Panchayath in this effort is crucid.

_g_

23. VELLACHATTAPARA
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Kalkandy

District
Panchayath
Head

Flow

Suggested
Capacity

. Palakkad

- Alanallur

- 125 m.
. Seasonal

. 2MW/ 2.5MW
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231 GENERAL

23.11 The Ste

Veélachattappara, whichisin the 15t ward of Alandlur GramaPanchayath isin Palakkad Didtrict.
The steis at adistance of 43 km from Mannarkkad. Thereis abus route to Edathanattukara
(Kottgppalom) from Mannarkkad. From Kottappalom busservice areavailableto Uppukulam
occasiondly. From therejeep service are available to Ponpara. From Ponparathe steis4 km

away.

Thewater fall islocated at 75° 36' 28" E longitude and 8° 9' 9" N latitude. The catchment area
measured from topo sheet is 2.50s0. km The fdls are Stuated a an eevation of 220m from
MSL, in Vdlachattappara stream which isbeginning at an eevation of 1050m. After thefdl, the
dream joins the Pulayanthodu which flows to Vdli Aar that findly drains to Kunthi Ppuzha
(Fig.No.23.1.).

23.1.2 Topogr aphy

Thegteisstuated in Mannarkkad reserved forest. The forest isvery thick. Theland ishaving
moderate dopeinthisarea. Thereisno possbility of land didesany where near the site, and the
chancesfor soil eroson are negligible. The number of rainy days exceeds 50% in its catchment.

232 FIELDINVESTIGATION

23.2.1 Reconnaissance Survey

A topographical survey was conducted for obtaining topographica details of the Ste. Thereis
onemainfal which givesatota head of 125m. The possiblelocation for diversion structure and
power house are identified and the details are taken using tacheometric method of surveying.
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23.2.2 Catchment Area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Vellachattapparawas|ocated using thetoposheet. ItisshownintheFig.No. 23.2
From the shape it is identified as a fan shaped catchment and its area comes to nearly 2.50
s0.km. The catchment areais having dmaost moderate dope but some portions are very steep.
Maximum flood discharge meesured at this Site during 1998-99 is about 5.63cumec.

23.2.3 Contour Map

The survey details were plotted on a sheet of paper at ascale of 1:400. Theundulationsof the
gte, the location of the fals and other topographica features were identified from the contour
map. The location of the weir, the alignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.23.

23.2.4 Rive Flow Data

For aperiod of 12 months (December 97 to December 98) the water level observations were
taken every week. A suitable location was identified on the upstream side of the fal, wherethe
whole water is flowing through that point, cross sectiona details of the point were noted for
cdculating the stream discharge. We fixed ameasuring gauge a this point to measure the pesk
flow. Using the collected data (Table 23.1) the weekly discharge hydrograph of the site is
prepared. The graph isshown in Fig. No. 23.3.

23.2.5 Flow Duration Curves

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 23.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow datais recdculated in tabular form, giving
the corresponding energy potentia inweekly and cumulativemodeisgivenin Table 23.2. Thee
data are used for calcuaing energy potentia and sdection of unit Szesin section 23.4.

23.2.6 Peak Flow Deter mination

There are various empirica methods for caculating the maximum flood discharge. The different
values obtained are shown in Table 23.3. The value obtained by Dicken=sformulawhichis
commonly used in western ghats region has been used for the structurd design.
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Table23.3
Peak Flow Deter mination
Dickern= Ingli=s Ryve=s Nawab Jung
Parameters smethod | formula formula Bahadur formula
Peak flow in cumec 51.69 85.62 18.6 123.36

23.3 SALIENT DES GN FEATURES

A detailed design of Civil, Electrica & Mechanica work hasnot been carried out inthisreport as
it doesnot come under the purview of the project, but atypica section of the proposed diverson
dructure is given here. The dability anadlyss of the section and economic diameter of the
penstock was carried out aspart of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=scost have been estimated, after consulting various
agencies.

23.3.1 Power Potential of the Project

The discharge corresponding to 80% of exceedence is only 0.04cubic metre per second. A
discharge of 0.04cubic metre per second can produce only about 35 kW. Inorder to tap thefull
potentia of the Site, with ahead of 125 metre, the project is designed to generate higher output
with lower dependability. This Site can be designed as a run of the river project which can
produce 700kW with a dependability of 40%.

The output power was computed using theformula, P=10x Q xH x h

Where; P = Power output in kW
Q = Discharge in cumec
H = Head in metres
h = Efficency taken as 0.75
For 50% exceedence P=10x0.58x125x 0.75 =540 kW.

For 40% exceedence P=10x0.74x 125x 0.75= 700 kW.

Integrated Rural Technology Centre, Palakkad 13



WGSHP - Final Report (Mol 11) Vellachattappara

For 30% exceedence P=10x1.24x 125x 0.75 = 1200 kW.

23.3.2 Energy Potential

At thisste, sufficient flow isthere so that we can obtain 675kW power output for40% of thetime
(146 days) which reducesto 8.5kW by 80% time (292 days). Theenergy input corresponding to
40% time will be (40/100 x 675 x 365X 24) =2.19 MU. Theflow after 50% time can be
utilized by providingasmal pondage. Thequantity of weter availablefrom 35%to 100%timeis
caculated to be 969732 nt. Energy obtained from thiswater is calculated to be 0.969 MU.

Tota amount of energy produced =219 MU +0.657 MU =285MU

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

23.3.3 Pondage Requirement

From the contour map aplot of surface areaV's. elevationisdrawnin Fig. No. 23.5. The aress
corresponding to each devation is used to find the volume of water that can be stored in each
eevation and the details are shown in Table 23.4. From thisinformation a capecity eevation
curve of the pondage is prepared and is shown in Fig.No. 23.6.

Table23.4
Pondage Area Details
Sl. No. | Elevation (metre) Area (nt) Capeacity (?) Energy(KWh)
1 493.25 0 0 0
2 494 109.60 41.10 1
3 495 190.94 191.27 5
4 497 344 725.02 19
5 499 609.12 1678.18 44
6 501 883.84 3171.14 83
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Astheterrainissuitablefor storing 3150m, it followsthat, at full torage, theenergy capacity is
only about 80 kWh. If asingle 50 kW machineisinstaled, it can be operated for only one and
half hour at full capacity during pesk time. Fortunately, pondage becomesccritica only during lean
months, thiskid of operation practice is acceptable. Hence, aweir height of 3.5m, to create a
storage of 3150m? is suggested.

234 ELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant cgpacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Reaulting sandard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingtaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cogt in relaion to Ste specific conditions. Only ranges could be indicated. Each
combination of tariff and capita cost selected above, will demand aminimum annua generation
per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
froma given site.

Let the capital cost of Ve lachattapparabe Rs.3.5 croresMW. Theannual rateis25%. Letthe
unit rate of tariff offered by K.SEE.B be Rs. 2.5/kWh.
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If X be the number of hours of operation at full load capacity,
per Mega Watt annual cogt, at the rate of 25% oninvestment = Rs. 3.5 Croresx 0.25
per Mega Wett revenue = 1000 kW x Rs. 25x X
Equating the two, we get 3,50,00,000x 0.25= X x1000x 2.5
X =3,500 hrs.

It followsthat, any combination of machines, that can work at full cgpacity for over 3500 hours
can ddiver a prdfit, if the overdl project cost isbelow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingalled capacity during an yesar, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly viable for thissite.

Smilarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per mega watt where X=2916
hoursis 33.3%

Now we shdl check various capacities of turbine Sze which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For an indalled capacity of 2000 kW, which corresponds to about 21% flow of exceedence
from the chart, the totd energy yidd isthe sum of:

2000 kW x (0.21 x 8760) = 3.7MU at continuous operation for 21% time of an year, and
3.15MU, which isthe cumuletive energy potential from 21% to 100% time as obtained from the
Chart (Table 3.3).

Tota yidd = 1.53MU + 3.15MU =6.85 M U.
The Plant Capacity Factor, corresponding to thisyield isgiven by :
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PCF = 6.85 x 108/ (2000 x 8760) = 39 %
This PCF is equd to the break even vaue of 40%.

S0 2000 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/(kWh and break even PCF of 33.3%
Similarly, for 2750 kW (for 11.5% flow of exceedence)
PCF = (8080000 / 2750 x 8760) x 100 = 33.5%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 2750 kw will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 crores/MW and tariff is Rs. 3.0 per kilo Watt hour.

Table23.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit sizefor
Rs.3.5 CroressMW

Rs.2.5/Unit 2000 kW

Rs.3.00/ Unit 2750 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (IMW x 3+ 0.5 MW x 2)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt 2MWx1 + 0.5 MW x 1 + 0.25MW x1)

Among these two categories, the second one seemsto be less viable sinceit is bulky with units.
We have restricted aursglves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs.2.5/Unit and Rs.3.0/Unit.

235 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are adiversion weir, an intake
structure, a penstock and a power house. A welir is constructed to have asmall storage and to
divert the water from stream to the intake. For this project only adiverson welr is proposed,
which dlows the excess water to flow over the weir to the downstream. The intake structure
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takeswater from the weir and leadsit to the penstock. The penstock made of sted! is proposed
inthisste. A power house is constructed for the purpose of housing the eectro mechanica
equipment. It isusudly asmal building of 20m x 6.5m.

235.1 Waer at Vdlachattappara

A Gabion weir has been proposed on the Velachattappara stream, at abed leve of +492.750
metres. The base width of the weir at bed level is5.50m. The sructureis4.10m high having a
length of 13m at the top with a centra broad crested free over fdl type spill way. The cross
sectiond details of the proposed diversion siteis shown in Fig.No. 23.7.

23.5.2 Intake Sructure, Pensock and Power House

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
0.91m and the thickress of the pengtock isfound as8 mm. The penstock can carry amaximum
flow of 2.13 cumec with a velocity of 3.3 metre per second. The possible dignment for the
penstock is located on the left bank of the stream. The longitudina section of the proposed
penstock line was drawn from the contour map and the length was caculated, which came to
521m (Fig. No. 23.8).

A surface power houseis proposed on the left bank of the stream. The dope at the proposed site
is moderate but increases up the hill towards north east direction. The power houseis of size
10m x 6.5m, to accommodate 2000 kW, generator and standardised turbine. A typical section
of the intake structure and silt extruder dso shownin Fig.No.23.9.

236 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtalled capacity of 2000 kW. The
electricity generated would be connected to the existing power grid system at Ponparaby a2km
transmissonline. A standardised turbinefor 125m grossheaed is proposed f or this particular Site.

The turbine shdl be complete with governor, control equipment and safety devices. The
generator would be synchronous with a brushless excitation system shdl be rated to generate
2000 kW, 11kV three phases, 50Hz and shall be suitable for coupling with turbine described
above. The generator shdl have voltage regulation equipment, parale operation equipment etc.
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237 ENVIRONMENTAL IMPACTS

A smdl hydro project has been proposed at Vellachattappara (Palakkad Dist.). The project
ams to generates about 2000 kW of hydro power from afdl having a head of 125 m. Some
preliminary environmenta impact analysis have been carried out. They are land, water and
s0cio-economical environmental impacts.

23.7.1. Environmental Impact on Land

The catchment areameasured from topo sheet comesto be 2.50sg. km ThefdlsareSituated in
Veélachattapparastream. After thefal, the stream joinsto the Pulayanthodu which flowsto Veli
Aar that findly drainsto Kaddundi Puzha

The mogt sgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearance is required for the project.

23.7.2 Environmental Impact on Water

The Vélachattgppara stream which drains to Kaddundi puzha is the stream of this fal. The
diverson structure will create a pond of area 0.088hectare. No forest land will be submerged.
Above dl, this accounts for only 0.131 ha/MW. This diversion structure which aso actsasa
check dam can increasethe height of water tablelevel at thesite. Theimpounded water will dso
change soil moisture regime in adjacent forest land.
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23.7.3 Socio-economic Impact

The congtruction phase would creste employment opportunitiesfor aperiod of 18 months. The pesk
labour strength is 100 skilled and 100 unskilled Iabour. 1t requires only minimum land acquisition for
condruction. The acquisition does not need any rehabilitation.
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238 CONCLUSON

The environmenta impact of this smdl hydd project is negligible. No serious adverse impact s
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

Theeconomic size of installed capacity depends upon the permissibletariff aswell asthe capitd cost.
Itwasfoundthat theproject isfinancidly viablefor aninstalled capacity of 2000kW at a project cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtdled capacity of 2750kW would become economicaly viable.

Cost efective methods of congtruction, like the use of gabion weirs, can be used to reduce the capital
cogts. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayath in this effort is crucid.

_(;_

24. KQZHI VALKUTHU
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Vellachattappara

District
Panchayath
Head

Flow

Suggested
Capacity

. ldukki

- Munnar

- 125 m.

: Perennial

: 13MW/ 16 MW
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24.1 GENERAL

24.1.1Thedte

The scenic fal Kozhivakuthu, which is in the 10th ward of Munnar Grama Panchayath isin
Idukki Digtrict. The Steis a a distance of 36 km from Adimdi. There is a bus route from
Adimdi to Kdlaar on the Adimdi-Munnar state highway. Mankulam isabout 16 km away from
Kalar. The road is tarred up to 6km and remaining is unmetalled road. Jeep services are
avalablefrom Adimdi to Mankulam. The Steisat adistance of 1.5km. from Mankulam. The
nearest 11KV lineis about 16 km. away from site.

Thewater fall islocated at 76° 0' 58" E longitude and 10° 6' 35" N latitude. The catchment area
measured from topo sheet is 2.25 sg. km Thefals are Stuated at an eevation of 300m from
MSL, in Mankulam stream which isbeginning at an devation of 1500m from MSL. The stream
flows through a gentle dope a the upstream side and the flowsthrough steep dopped area. The
fdl isadmost verticd. After thefdl, the stream joins to the Karinthiripuzha which drains to the
Periyar river (Fig.No.24.1).

24.1.2 Topography of the site

Theleft bank of the streamisforest land and right bank isowned by private persons. Thelandis
having gentle dope in thisarea. There is no possibility of land dide and the chances for soil

erosonisvery lessanditisnegligible. Thebed of thisstream isrocky and boul ders are available
inplenty at Ste. Thetota head of the Site comesnearly 125m. Thestreamisaperennia oneand
ranfal is getting more than hdf of the year in its catchment.

24.2 FIELDINVESTIGATION

24.2.1 Reconnaissance survey

A contour survey for obtaining topographica detalls of the te. Thereisthree main fdlsin the
sream which gives atota head of 125m. The position of the diverson structure and power
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house areidentified and detail s of the proposed location was collected using tacheometric survey.

24.2.2 Catchment area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Kozhivalkuthu was located using the toposhedt. It isshownin the Fig.No. 24.2.
From the shape it is identified as a feather shaped catchment and its area comes nearly 2.25
s0.km. The catchment area having dmost moderate d ope and the stream get flooded soon after
therain, but thewidth of the stream is much enough to carry theflood discharge with in the bank.

24.2.3 Contour map

The survey details were plotted on a sheet of paper at ascale of 1:500. The undulations of the
site, the location of the fals and other topographica festures were identified from the contour
map. The location of the weir, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.24.

24.2 4 River flow data

For a period of 12 months (December 1997 to December 1998) the water level observations
were taken in every week. A suitable location was identified on the upstream of the fal, where
the whole water is flowing through that point, cross sectiond details of the point was noted for
cdculating discharge of stream. We fixed a measuring gauge at this point and engaged aloca
person for taking weekly flow deta, we dso visted the Ste oncein every month for collecting the
data from the local person. From the collected data (Table.24.1). The weekly discharge
hydrograph of the site is prepared. The graph is shown in Fig.No.24.3.

24.25 Flow duration curves
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Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 24.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow detaisrecalculated in tabular form, giving
the corresponding energy potentid inweekly and cumulaivemodeisgiveninTable24.2. Thee
data are used for calculating energy potentia and selection of unit Szesin section 24.4.

24.2.6 Peak flow determination

There are various empirica methods for caculating the maximum flood discharge. The different
vaues obtained are shown in Table 24.3. The vaue obtained by Dicken=sformulawhichis
commonly used in western ghats region has been used for the structurd design.

Table24.3
Peak Flow Deter mination
Dicker= | Ingli=s | Ryve=s Nawab Jung
Parameters smethod | formula formula Bahadur formula
Peak flow in cumec 47.77 77.81 17.34 112.48

243 SALIENT DESGN FEATURES

The design of any hydro dectric project can be divided into two. viz. Civil Engineering Works
and Electrical & Mechanica Works in this chapter. A detailed design of Civil, Electricd and
Mechanica work have not been carried out in thisreport, asit does not come under preview of
the project, but atypica section of the proposed diversion structureisgiven here. The stability of
the section and economic diameter of the penstock was carried out aspart of priminary design.
The capacity and number of unit, type and specification of turbine, generator and it=scos isfixed
by consulting various agencies. However, for the sake of cost estimation, required details are
collected from various agencies.

24.3.1 Power potential of theproject

From the flow duration curve the discharge corresponding to 100 % of exceedenceisonly 0.2
cubic metre per second. A discharge of 0.21 cubic metre per second can produce only about
180 kW of power. However it is seenthat higher flow are available during 50 % of thetime. In
order to tap the full potentia of the dte, with a head of 125 metre, the project is designed to
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generate higher output with lower dependability.

The out put power was computed using theformula, P=10xQ xH x h
Where, P = Power out put in KW
Q = Discharge in cumec
H = Head in metres
h = Overdl efficiency (Hereit is assumed as 0.75)

For 50 % exceedence, P =10x 3.49x 125x 0.75 = 3250 kKW.
For 40 % exceedence, P=10x8.2x125x0.75 = 7500 kW.

For 30 % exceedence, P =10x 10.7 x 125 x 0.75 = 10,000k W .

24.3.2 Energy potential

3 MW capacity needsadischarge of 3.22. metre cube per second, which has adependability of
50%. ie. there is sufficient flow available to produce 3 MW during 50% of time. So, theenergy
output corresponding to this period is equa to 50/100 x 3000 x 365 x 24=13.14 million units.
From 50% to 100%, the Site has a cumulative discharge of 15303859 n# by which we can
generate 4 MU .

So total energy that can be produced = 13.17 MU + 4 MU = 17.17 M U.

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

24.3.3 Pondage requirement

From the contour map aplot of surface areaVs. devationisdrawnin Fig. No. 24.5. The aress
corresponding to each devation is used to find the volume of water that can be stored in each
elevation and the details are shown in Table 24.4. From thisinformation a capecity eevation
curve of the pondage is prepared and is shown in Fig.No. 24.6.
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Table24.4
Pondage Area Details

Sl. No. Elevation (m) Area (n?) Capecity (1#) Energy (KWh)

1 497.750 0 0 0

2 498.000 55.00 6.875 0

3 499.000 2166.25 1117.500 29.00

4 500.000 5172.50 4786.875 124.66

5 501.000 8123.75 11435.000 297.80

6 502.000 10243.75 20618.750 537.00

7 503.000 12366.25 31923.750 831.00

Astheterrain is suitable for storing 32000ms, it followsthat, at full torage, theenergy capacity
isonly about 800 kWh. If asingle 500 kW machineisingtalled, it can be operated for only one
and haf hour at full capacity during peek time. Fortunately, pondage becomes critica only during
lean months, thiskind of operation practiceis acceptable. Hence, aweir height of 5m, to cregte
astorage of 32000n? is suggested.

244 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of cepita cost
Resulting standard annua cost - 25%

(Thiscongstsof 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud instalments)
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Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
tune the codt in relation to site specific conditions. Only ranges could be indicated. Each
combination of tariff and capitd cost selected above, will demand aminimum annua generation
per KW ingtdled. This can be taken to be the bresk even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
froma given site.

Let the capita cost of Kozhivalkuthu be Rs.3.5 croressMW. The annud rateis 25%. Letthe
unit rate of tariff offered by K.SE.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,

per Mega Watt annual cost, at therate of 25% on investment =Rs. 3.5 Croresx 0.25
per Mega Wait revenue = 1000 KW x Rs. 25 x X
Equating the two, we get  3,50,00,000x 0.25 = X x 1000 x 2.5
X =3,500 hrs.
It follows that, any combination of machines, that can work at full capacity for over 3500 hours

can deliver a profit, if the overal project cost isbeow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

Thiscan be explained better interms of Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingalled capacity during an year, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thissite.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per Mega Wait where X=2916
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hoursis 33.3%
Now we shall check various cagpecities of turbine size which are suitablefor thistwo conditions.
a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For aninstalled capacity of 13000 kW, which correspondsto about 13.5% flow of exceedence
from the chart, the totd energy yidd isthe sum of:

13000 kW x (0.135 x 8760) = 15.4MU at continuous operation for 13.5% time of an year, and
32.88MU, which isthe cumulative energy potentid from 13.5% to 100% time as obtained from
the Chart (Table 24.3).

Totd yield = 13.5MU + 33MU = 46.5 M U.
The Plant Capacity Factor, corresponding to thisyied isgiven by :

PCF = 46.5 x 108/ (13000 x 8760) = 40.8 %

This PCF isequal to the break even value of 40%. So 13000 kW will be the optimum choice
for the site, if the overall project cost is below Rs.3.5 croresMW and tariff isRs. 2.5 per
kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%
Similarly, for 16000 kW (for 6% flow of exceedence)
PCF = (49000000 / 160000 x 8760) x 100 = 35%
This PCF is very near to the break even value of 33%.

Smilarly, 16000 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.

Table25.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Unit size for
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 13000 kW
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Rs.3.00/ Unit 16000 kW
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The units selected can be one of the following combinations:

For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (SMW x 2 + IMW x 3)
For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (5 MW x 3+ 1 MW x 1)

Among these two categories, the second one seemsto belessvigble sinceit is bulky with units.
We have redtricted oursdlves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

245 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Worksrequired for the project areaweir, an intake structure, a
penstock and a power house. A weir is congtructed to have a small storage and to divert the
water from stream to the intake. For this project an overflow weir isto be constructed, which
alows the excess water to flow over the weir to the downstream. The intake Structure takes
water from the weir and lead it to the penstock. The penstock is a pressure pipe which carries
water to the turbine. It can be made of sted, cast iron, plagtics (Poly Vinyl Chloride, High

Densty Poly Ethylene) and concrete. In this project a stedl penstock isused. A power houses
congtructed for the purpose of housing the eectro mechanica equipment. It is usudly small
building of one or two rooms.

245.1 Waer at Kaozhivalkuthu

A gabion weir has been proposed on the Mankulam stream, at abed level of +497.750 metres.
The gabion structure is 6.6 metre height having alength of 57m at the top with a centra board
crested free over fdl type spill way. A gravity dam isadtructure which isdesigned inasuch a
way that its own weight ressts the externa forces. The preliminary andysis of the proposed
gtructure has been carried out and atypical section of the structure is shown in Fig.No.24.7.

2452 Intake Structure, Penstock and Power House

A smplebox type direct intake structure of reinforced cement concreteis provided on the stream
bed. A trashrack isprovided a the intake mouth. The pen stock entrance startsfromthewall
of intake box near the gabion. The economic diameter of the penstock isthe diameter for which
the annual cost which includesthe cost of power lost dueto friction and changesfor amortization
of congtruction, cost, maintenance, operation etc., isthe minimum. The economic diameter is
caculated as2m.
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The sted penstock of 2 minner diameter takes off from the intake structure. The penstock can
carry amaximum flow of 13.87 cumec with aveocity of 4.4 m/sec. The possible alignmert for
the penstock was|ocated on the left bank of the Kozhiva stream. Thelongitudinal section of the
proposed penstock linewas drawn and cal culated the length of the penstock, which comesto be
342 m. (Fig.No.24.8). A surface power house is proposed an theleft bank of stream. The
dope at the proposed site is moderate but it increases up the hill towards upstream. The power
house is of Sze 24m x 12m. to accommodate 13 MW generator and the standardised turbine.

246 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingdled capacity of 13 MW. The
eectricity generated would be connected with the existing power grid system a by a6 Km
trangmisson line.

A standardised turbine for 125 m. gross head is proposed for this particular Ste. Theturbine
shal be complete with a governor, control equipment and safety devices. The generator would
be synchronous with a brushless excitation system shall be rated to generate 13MW, at 11KV,
three phases, 50Hz and shal be suitable for coupling with turbine described above. The
generator shal have voltage regulation equipment, pardle operation equipment etc.

247 ENVIRONMENTAL IMPACTS

A small hydro project hasbeen proposed at K ozhivakuthu (Idukki Didrict). Theprojectamsto
generates about 13000 of hydro power from afdl having ahead of 125 m. Some preliminary
environmenta impact analyss have been caried out. They are land, water and socio-
economical environmental impacts.

24.7.1. Environmental impact on land

The catchment area measured from topo sheet comesto be 2.25s0. kmr Thefdlsarestuatedin
Kozhivakuthu stream. After the fal, the stream joins to the Karinthiripuzha which flows to
Periyar river.
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The mogt sgnificant thing is thet, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not teke away any
forest land. So no forest clearance is required for the project.

23.7.2 Environmental impact on water

The Kozhivakuthu stream which drains to Karinthiripuzha is the stream of this fdl. The diverson
sructurewill create apond of area 1.2ha. No forest land will be submerged. Abovedl, thisaccounts
for only 0.092 ha/MW. This diversion structure which aso acts as a check dam can increasethe
height of weter table level & the Ste. The impounded water will aso change soil moisture regimein
adjacent forest land.

23.7.3 Socio-economic impact

The congtruction phase would creste employment opportunities for aperiod of 18 months. The peak
labour strength is 100 skilled and 250 unskilled labour. It requires orly minimum land acquigition for
congtruction. The acquisition does not need any rehabilitation.

24.8 CONCLUSON

The environmental impact of smal hydd project is negligible compared to large hydd projects.
Moreover, deforestation owing to the indentation will be ameagre area.

The economic size of ingtalled capacity depends upon the permissibletariff aswell asthe capita codt.
It was found that the project isfinancidly viable for an indalled capacity of 13000kW at a project
cost of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if the
tariff israised to Rs.3.00 per unit, an ingtaled capacity of 16000kwW would become economicaly
viable.

Cod effective methods of construction, like the use of gabion wars, can be used to reducethe capital
costs. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayat in this effort is crucidl.

_(;_
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25. PANMBLE

District . 1dukki
Panchayath . Kanjikuzhi
Head . 140 m.

Flow . Perennial
Suggested

Capacity . 25 MW/ 4AMW
25.1 GENERAL

25.11 The Site
Idukki district is blessed with anumber of water fals. Most of them are potentid stesfor smal hydro

power generation. The Pamble water fdl is Stuated in the 11th ward of Kanjikkuzhi Grama
Panchayath in Idukki digrict. Thegteisat adistance of 1.5 km from Kanjikkuzhi town. Thereisbus
route from Kothamangaam to Kattappana. Kanjikuzhi isat adistance of 7 km. from Chelachuvadu
which is a mgor stop in the Kothamangadlam -Kattappana route. From Kanjikkuzhi there is a
jeepable road to the Ste. Nearest 11 kV transformer is at adistance of 1km. from the site.

The water fdl is located at 76056'40" E longitude and 90057'30" N latitude. The catchment area
measured from toposheet is 17.75 sg.km. Thefdlsarestuated at an devation of 480 mfromMSL in
Pazhayarithodu which begins & an eevation of 825 m from MSL. The stream flows through steeply
doping aress. There are a number of fdls in this sream other than Pamble. Another main fdl is
located a the upstream side of the Pamble named Vattompara. After the fdl, the stream joins the
Periyar river. The joining point of the stream is just down dream of the Lower Periyar Dam. (Fig.
No. 25.1).
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25.1.2 Topography
The steisstuated out Sideforest area. Both Sides of the stream are owned by private persons. The

land has a moderate dope in this area. There is no possibility of land dide and the chances of soil
erosonarenegligible. Thebed of the stream isrocky and bouldersare availablein plenty at site. The
number of rainy days exceeds 50% in its catchment.

252FIELD INVESTIGATION

25.2.1 Reconnaissance Survey
A topographica survey was conducted for obtaining topographical details of the site. Thetota head

of the site was found to be 125 m. The possible location for diverson structure and power house
were identified and the details were taken using tacheometric method of surveying.

25.2.2 Catchment Area
Topographical survey sheets to a scale of 1:50,000 are available from the Survey of India The

catchment of Pamblewater fall waslocated using thetoposhet. It is shown in theFig.25.2and the
areameasured comesto nearly 17.75 sg.km. The catchment areaiis having mostly moderate d ope but
some portions are very steep. Maximum flood discharge measured at this Site during 1998 is about
17.56 cumec.

25.2.3 Contour Map
The tacheometric survey details were plotted on a sheet of paper at a scae of 1:500 (Annexure

A.25). The undulaions of the site, the location of the fals and other topographica festures were
identified from the contour map. Thelocation of theweir, thedignment of the penstock and location of
the power house were aso determined using this and marked in the above map, dong with the
contours of the area

25.24 River Flow Data
For aperiod of 12 months (December 97 to December 98) the water level observations were taken

every week. A suitable location wasidentified a the upstream of thefdl, where the discharge will be
identica. The cross sectiond detailsof the point were measured for caculating the stream discharge.
Wefixed ameasuring gauge a this point. The peek flow wasdso recorded. Using the collected data
(Table. 25.1) the weekly discharge hydrograph of the site was prepared (Fig. 25.3).

25.25 Flow Duration Curves
Using weekly discharge hydro graph, percentage flow of exceedencewas calculated. From this, the

flow duration curve was plotted (Fig. 25.4). The same curve aso functions as percentage flow of
exceedencegraph. Thisriver flow dataisrecaculated in tabular form, giving the corresponding energy
potential in weekly and cumulative modeis givenin Table 25.2. Thesedataare used for caculating
energy potentia and sdlection of unit Szesin section 25.4.

Integrated Rural Technology Centre, Pal akkad 113



WGSHP - Final Report (Val. 1) Kozhivalkuthu

25.2.6 Peak Flow Determination
Therearevariousempirica methodsfor caculaing themaximum flood discharge. Thedifferent vaues

obtained are shownin Table 25.3 Thevaueobtained by Dicken=sformula, whichiscommonly used
in western ghats region has been used for the structura design.
Table25.3
Peak Flow Determination
Parameter s Dicken=s method Ingli=s formula Ryve=s formula Nawab Jung Bahadur

formula Peak flow in cumecs 224.84 411.49 68.73 606.30
253 SALIENT DESIGN FEATURES
A detailed design of Civil, Electrical, and Mechanical work hasnot been carried out in thisreport asit
does not come under the scope of thiswork, but atypica section of the proposed diversion structure
isgiven here. The gtability anadlysis of the section and economic diameter of the penstock was carried
out aspart of preiminary design. The cgpability and number of units, type and specification of turbine,
generator and their cost have been estimated, after consulting various agencies.

25.3.1 Power Potential of the Project
The discharge corresponding to 90% exceedence is only 0.02 cubic metre/second. A discharge of

0.02 cubic metre/second can produce only about 25 kW. However itisseen 0.33 cumecisavalable
for 50% of the time and 0.68 for 40%. In order to tap the optimum full potentia of the ste, the
project is designed to generate higher output with lower dependability.
The output power can be computed using theformula, P=10x Q xH x h
Where, P = Power output in KW.
Q = Discharge in cumec.
H = Heed available in metres
h = Oveadl Efficiency (Hereit isassumed as 75%)

For 50% of exceedence P = 10x0.33x140x0.75 . 345kWwW
For 40% of exceedence P = 10x0.68x140x0.75 = 700kW
For 30% of exceedence P = 10x245x140x0.75 = 2500 kW
25.3.2 Energy Potential

At this Ste, sufficient flow is there so that we can obtain 750kW power output for 39% of the time
(147 days) or 350kW for 50% time (183 days). The energy output corresponding to 39% time will

be (39/100 x 750 x 365 x 24) = 2.56 MU. The flow after 40% time can be utilized by providing a
sndl pondage. The quantity of water available from 40% to 100% time (ie, 23 rd week to 52 nd
week) iscalculated to be 3418934 m3 (Table 25.2). Energy obtained from thiswater iscaculated to
be 0.997 MU.
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Tota amount of energy produced =256 MU + 0.997 MU = 356 MU.
It may be noted that, this much amount of energy can be generated for the particular year. If higher

flows are available during any yesr, it will enable higher production and vice versa

25.3.3 Pondage Reguirement
From the contour map prepared for the weir Ste, a plot of surface area Vs, eevation is drawn in

Fig.25.5. The areas corresponding to each elevation is used to find the volume of water that can be
stored in each eevation and the details are shown in Table 25.4. From thisinformation a capecity
éevation curve of the pondage is prepared and is shown in Fig.N0.25.6. The height of weir was
chosen based on the following considerations.
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Table25.4

Pondage Area Details
S. No. Elevation (m.) Area(m2) Capacity (m3) Energy (kWh) 1501.500002502 15.757.875 2

3 503 56.75 44.125 13 4 504 207.50 176.250 51 5505 352.50 456.250 133 6 506 446.25

855.625 249 7 507 525.00 1341.250 391 8 508 648.75 1928.125 562 9 509 922.50 2713.750
791

As the terrain is suitable for only storing about 2700m3, it follows that, at full sorage, the energy

capacity is only about 791 kWh. If asingle 750kW machine is operated at full capacity, it will last
only for about an hour. However, if a250kW unit isdso ingdled, thisis sufficient for about 3 hours
of generation, during peek time. Sincethis pondage becomes critica only during thelean months, this
kind of an operating practice is acceptable. Hence aweir height of 7.5m, to create a pondage of

2713m3 is suggested.

254 SELECTION OF PLANT CAPACITY AND UNIT SIZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

L oan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(This congists of 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingadments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was madeto fine
tune the cost in rdation to Site specific conditions. Only ranges could be indicated. Each
combination of tariff and capitd cost selected above, will demand a minimum annua generation per
kW ingaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the site
under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted from
agiven site.

Let the capitd cost of Pamble be Rs.3.5 croresMW. The annud rate is 25%. Let the unit rate of
tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,

per MegaWatt annua cogt, at the rate of 25% on investment = Rs. 3.5 Crores x 0.25

per Mega Wett revenue =1000 kW x Rs. 25 x X
Equating the two, we get 3,50,00,000 x 0.2.5= X x 1000 x 2.5
X =3,500 hrs.

It follows that, any combination of machines, that can work at full capacity for over 3500 hours can
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deliver aprofit, if the overdl project cost is below Rs. 3.5 croresMW and tariff is Rs. 2.5 per kilo
Waett hour.
This can be explained better in terms of Plant Capacity Factor, which is defined as the ratio of
actuad amount of energy obtained to the maximum energy that can be obtained from the given ingtaled
cgpacity during an year, to the actual amount of energy obtained.
In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economically vigble for this Ste.
Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per megawatt where X=2916 hoursis
33.3%
Now we shdl check various capacities of turbine size which are suitable for this two conditions.
a. Tariff: Rs.2.50/lkWh and break even PCF of 40%
For aningtalled capacity of 2500 kW, which correspondsto about 30% flow of exceedencefromthe
chart, the totdl energy yidd isthe sum of:
2500 kW x (0.3 x 8760) = 6.6MU at continuous operation for 30% time of an year, and 2.04MU,
which isthe cumulative energy potentid from 30% to 100% time as obtained from the Chart (Table
25.3).
Totd yield = 6.6MU + 2.04MU = 8.64 M U.
The Plant Capacity Factor, corresponding to thisyieldisgiven by :
PCF = 8.64 x 108/ (2500 x 8760) = 39.5%
This PCF isequal to the bresk even value of 40%.
S0 2500 kW will be the optimum choice for the site, if the overall project cost is below Rs.3.5
croresMW and tariff is Rs. 2.5 per kilo Watt hour.
b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%
Similarly, for 4000 kW (for 18% flow of exceedence)
PCF = (12000000/4000x8760) x 100 = 34.2%
This PCF is very near to the break even value of 33%.
Smilarly, 4000 kw will be the optimum choice for the site, if the overall project cost isbelow
Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.
Table25.5

Economically Viable Maximum Capacity at Different Costsand Tariff

Tariff Unit sizefor Rs.3.5 CroresMW Rs.2.5/Unit 2500 kW Rs.3.00/ Unit 4000 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (IMW x 2 + 0.5 MW x 1)
For Rs.3.5 CroreMW and Rs.3.0/Unit we can opt 2 MW x 1 + 1 MW X 2).
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Among these two categories, the second one seemsto be lessviablesinceit isbulky with units. We
have restricted ourselves to the more redlistic combination of Rs.3.5 CroresMW of investment cost
and two tariff choices of Rs.2.5/Unit and Rs.3.0/Unit.

255 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diverson weir, an intake
structure, apenstock and apower house. A weir isconstructed to have asmal storage and to divert
thewater from stream to theintake. For this project only adiversion weir is proposed, which alows
the excesswater to flow over the weir to the downstream. Theintake structure takes water from the
weir and leadsit to the penstock. The penstock made of sted isproposedinthissite. A power house
is constructed for the purpose of housing the dectro mechanicd equipment. A smdl building of one
or two rooms will suffice.

2551 Weir at Pamble
A concrete weir has been proposed on the Pazhayarithod, at a bed level of 501.500 metres. The

base width of thewelr a bed level is5.10m. The dructureis7.50 m high having alength of 35m at
the top with a centrd broad crested free over fdl type spill way. The cross sectiond details of the
proposed site is shown in Fig.No. 25.7

25.5.2 Intake Structure, Penstock and Power House
A smple box type, direct intake structure of reinforced cement concrete is provided on the stream

bed. A trashrack isprovided at theintake mouth, the penstock entrance startsfrom thewall of intake
box near the structure. The economic diameter of the penstock is cdculated as 0.69 m and the
thickness of the penstock isfound as6 mm. The penstock can carry amaximum flow of 0.476 cumec
with avelocity of 1.27 metre per second. The possible dignment for the penstock islocated on the
left bank of the stream.

Thelongitudina section of the proposed penstock linewas drawn from the contour map and the length
was calculated, which came to 366 m(Fig. No. 25.8).

A surface power house is proposed on the left bank of the stream. The dope at the proposad site
is moderate but increases up the hill towards north east direction. The power house building is of
Sze 12.5m x 8m to accommodate a2.5 MW and 2.5 MW generator and standardised turbine.

25.6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the schemewill have an ingtaled capacity of 2.5 MW. Usngan 1 kM
transmission line, power generated will be connected to the exigting power grid system a Kanjikkuzhi.
They will be equipped with governor, control equipment and safety devices. There will be three
corresponding generators with brushless excitation sysem. They will have regulation eguipment,
pardld operation equipment etc. A 11 kV, three phase line with a frequency of 50Hz will be
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satisfactory for us.

25.7 ENVIRONMENTAL IMPACTS

A smdll hydro project isbeing proposed at Pamble (Idukki Dist). Theproject amsto generates about
25MW of hydro power from afdl having aheed of 140 m. Some preliminary environmenta impact
andysis have been carried out. They are land, water and socio -economica environmenta impacts.

25.7.1 Environmental Impact on Land
Totd area of catcchment is about 17.75 square kilometres of land in Pazhayarithodu. The upper

catchment is rocky and with little vegetation cover. The forest in this sector is semi evergreen and
deciduous. Both banksof theland isowned by private persons. Stream sections are mostly rocky
and large Sized boulders are available in plenty.

The mogt sgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearanceisrequired for the Project. Theinundated land (922 m2) ismostly
river bed and low lying banks.

25.7.2 Environmental Impact on Water
The Pazhayarithodu, which drainsto Periyar river isthe stream of thisfall. Itisa3rd order, structurdly

controlled stream. Thediversion structure will creste apond of area0.0922 hectare. No forest land
will be submerged. Above dl, this accounts for only 0.037 ha/MW. The diverson structure which

aso actsasacheck dam can increasethe height of weter tableleve at thesite. Theimpounded water
will dso change soil moisture regime in adjacent forest land. So, in ecologica point of view, the
diverson structure not only helps to hold the rain water, but also causes a positive effect.

25.7.3 Socio-economic |mpact
The congtruction phase would creste employment opportunitiesfor aperiod of 18 months. The pesk

labour strength is 100 skilled and 100 unskilled [abour. 1t require only minimum land acquisition for
congtruction. The acquisition does not need any rehabilitation. Not evenasingle family needsto be
rehabilitated.

25.8 CONCLUSION

The environmenta impact of this smdl hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

Theeconomic sizeof ingtaled capacity depends upon the permissibletariff aswell asthecapita cost.
Itwasfoundthat the project isfinanciadly viablefor aningalled capacity of 2500kW at aproject cost
of Rs. 3.5 Croresper MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtalled capacity of 4000kW would become economicaly viable.

Integrated Rural Technology Centre, Pal akkad 119



WGSHP - Final Report (Val. 1) Kozhivalkuthu

Codt effective methods of congtruction, like the use of gabion weirs, can be used to reduce the capita
cogs. A methodology for implementing the project with amaximum of peoples= participation should
adso bedevised. Therole of the Grama Panchayath in this effort is crucid.

_(;_

26. VATTOVPARA

District . Idukki
Panchayath . Kanjikuzhi
Head : 140 m.

Flow . Perennial
Suggested

Capacity . 25MW/ AMW
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261 GENERAL

26.1.1 TheSite

The Vattompara water fall is Stuated in the 11th ward of Kanjikkuzhi Grama Panchayath in
Idukki digtrict. The steisat adistance of 1.3 km from Kanjikkuzhi town. Thereisabusroute
from Kothamangalam to Kattappana. Kanjikuzhi isat adistance of 7 km. from Chelachuvadu
whichisamgor stopin the above said route. Jeep servicesare aso availableto Kanjikuzhi from
Chelachuvadu. From Kanjikkuzhi there is a jegpable road to the ste. Nearest 11 kV
transformer is at a distance of 1km. from the site.

Thewater fall islocated at 76°56' 10" E longitudeand 9° 57" 40" N latitude. The catchment area
measured from topo sheet is 12.630. kmr The fdls are Stuated a an devation of 680m, in
Pazhayarithodu which is beginning a an devation of 820m. The stream flows through steeply
doping areas. There are anumber of falsin this stream other than Vattompara. Another main
fdl islocated at the downstream side of the V attomparanamed Pamble. After thefdl, thestream
joins the Periyar river. Thejoining point of the stream isjust dam stream of the Lower Periyar
Dam (Fig.N0.26.1)

26.1.2 Topography

The dteis Stuated in forest area owned by Revenue Department. Both sides of the siream is
amogt steep dope. Thereisno possihility for land didein thisare and the chances of soil eroson
are negligible. The bed of this stream isrocky and boulder are available in plenty a Ste. The
number of rainy days exceeds 50% in its catchment.

26.2 FIELD INVESTIGATION

26.2.1 Reconnaissance Survey

A topographical survey was conducted for obtaining topographica details of the Ste. Thereis
one main fal which givesatota head of 20m. The possible location for diversion structure and
power house wereidentified and thedetailswere taken using tacheometric method of surveying.
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26.2.2 Catchment Area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Vattomparafallswaslocated using the toposheet. ItisshownintheFig.N0.26.2.
From the shapeit isidentified as afan shaped catchment and its area.comesto nearly 12.63km.
The catchment areahaving almost moderate S ope but some portionsare very steep. Maximum
flood discharge measured a this site during 1998-99 is about 17.56 cumec.

26.2.3 Contour Map

The survey details were plotted on a sheet of paper a ascae of 1:500. The undulations of the
gte, the location of the fals and other topographica features were identified from the contour
map. The location of the weir, the alignment of the penstock and location of the power house
were dso determined using this and the prepared contour map has been shown in Annexure
A.26..

26.2.4 River Flow Data

For aperiod of 12 months (January 1998 to January 1999) the water level observations were
taken every week. A suitablelocation wasidentified on the upstream of thefal, wherethewhole
water isflowing through that point, cross sectiond details of the point were noted for calculating
the stream discharge. We fixed ameasuring gauge et this point to measurethe pesk flow. Using
the collected data (T able 26.1) the weekly discharge hydrograph of the siteis prepared. The
graphisshownin Fig. No. 26.3.

26.2.5 Flow Dur ation Curves

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
theflow duration curvewasplotted (Fig. No. 1.4). Thesamecurveaso functionsas percentage
flow of exceedence grgph. This river flow data is recacuated in tabular form, giving the
corresponding energy potentia inweekly and cumulaivemodeisgivenin Table 1.2. Thesedaa
are used for caculating energy potentia and selection of unit Szesin section 1.4.

26.2.6 Peak Flow Deter mination

There arevariousempiricd methodsfor caculating the maximum flood discharge. The different
vaues obtained are shown in Table 26.3 The value obtained by Dicken=sformula, whichis
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commonly used in western ghats region has been used for the structurd design.

Table26.3
Peak Flow Deter mination
Dicker= | Ingi=s | Ryve=s Nawab Jung
Parameters smethod | foomula | formula Bahadur formula
Pegk flow in cumecs 174.14 323.62 54.76 467.65

263 SALIENT DESGN FEATURES

A detailed design of Civil, Electrical & Mechanica work hasnot been carried out inthisreport as
it does not come under the purview of the project, but atypical section of the proposed diversion
dructure is given here. The dtability andyss of the section and economic diameter of the
penstock was carried out as part of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=s cost have been estimated, after consulting various
agencies.

26.3.1 Power Potential of the Project
Thedischarge corresponding to 90% exceedenceisonly 0.02 cubic metre/second. A discharge
of 0.02 cubic metre/second can produce only about 25 kW. However itisseen 0.33 cumecis
avallablefor 50% of thetime and 0.68 for 40%. In order to tap the optimum full potentid of the
Ste, the project is designed to generate higher output with lower dependability.
The output power can be computed using theformula, P=10x Q xH x h
Where P = Power output in KW .

Q = Discharge in cumec.

H = Head available in metres

h = Overdl Efficiency (Hereit is assumed as 75%)

For 50% of exceedence P =10x033x140x0.75 . 345kW
For 40% of exceedence P= 10x068x140x0.75 = 700kWwW
For 30% of exceedence P = 10x245x140x0.75 = 2500 kW
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26.3.2 Energy Potential

At this Ste, sufficient flow is there so that we can obtain 750kW power output for 39% of the
time (147 days) or 350kW for 50% time (183 days). The energy output corresponding to 39%
timewill be (39/100 x 750 x 365 x 24) = 256 MU. Theflow after 40% time can be utilized by
providing a small pondage. The quantity of water available from 40% to 100% time (ie, 23
week to 52 " week)is cal culated to be 3418934 n¥ (Table 25.2). Energy obtained from this
water is caculated to be 0.997 MU.

Tota amount of energy produced = 2.56 MU + 0.997 MU = 3.56 MU.

It may be noted that , this much amount of energy can be generated for the particular year. If
higher flows are available during any yesr, it will enable higher production and vice versa.

26.3.3 Pondage Requirement

From the contour map aplot of surface areaVs. elevationisdrawn in Fig.No. 26.5. The areas
corresponding to each eevation is used to find the volume of weter that can be stored in each
elevation and the details are shown in Table 26.4. From this information a capacity eevation
curve of the pondage is prepared and is shown in Fig.No. 26.6.

\/atampara

Table26.4
Pondage Area Details
Sl. No. | Elevation(m.) Area (n?) Capacity (n?) | Energy (kWh)
1 797.50 0 0 0
2 798 39.25 9.8125 0.3
3 799 183.00 120.9375 35
4 800 501.25 463.9625 135

Astheterrain is suitable for only storing about 460ms, it follows that, at full storage, the energy
capacity isonly about 13 kWh. If asingle 10kW machineis operated at full capacity, it will last
only for about an hour. Astheterrainisnot suitablefor creating apondage, herewe opt for arun
of the river system.
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264 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting sandard annua cost - 25%

(Thisconsistsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingtaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cogt in relaion to Ste specific conditions. Only ranges could be indicated. Each
combination of tariff and capital cost sdlected above, will demand aminimum annua generaion

per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
site under the specified conditions.

Lower the costyMW and higher the price for energy, the larger will be the economicaly viable
ingalled capacity and the quantity of energy that can be economically extracted from agiven site.

Let the capital cost of Vattomparabe Rs.3.5 croresMW. Theannud rateis 25%. Let the unit
rate of tariff offered by K.S.E.B be Rs. 2.5kWh.

If X be the number of hours of operation at full load capacity,

per Mega Watt annual cog, at the rate of 25% on investment =Rs. 3.5 Croresx 0.25
per MegaWait revenue =1000 kW x Rs. 25 x X

Equating the two, we get  3,50,00,000 x 0.2.5= X x 1000x 2.5
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X =3,500 hrs.

It followsthat, any combination of machines, that can work at full capacity for over 3500 hours
can ddiver aprdfit, if the overdl project cost isbelow Rs.3.5 croresMW and tariff isRs.2.5 per
kilo Watt hour.

This can beexplained better interms of Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingalled cgpacity during an year, to the actud amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thisste.

Similarly, bresk even PCF for Rs.3.0 per and Rs. 3.5 Crores per mega watt where X=2916
hours is 33.3%

Now we shdl check various capacities of turbine Sze which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/lkWh and break even PCF of 40%

For an installed capacity of 2500 kW, which corresponds to about 30% flow of exceedence
from the chart, the totd energy yidd isthe sum of:

2500 kW x (0.3 x 8760) = 6.6MU at continuous operation for 30% time of an year, and
2.04MU, whichisthe cumulative energy potentia from 30% to 100% time as obtained from the
Chart (Table 26.3).

Tota yield = 6.6MU + 2.04MU = 8.64 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF = 8.64 x 108/ (2500 x 8760) = 39.5%

This PCF isequd to the break even value of 40%.

S0 2500 kW will be the optimum choice for the site, if the overall project cost is below
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Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.0/kWh and break even PCF of 33.3%

Similarly, For 4000 kW (for 18% flow of exceedence)

PCF = (12000000/4000x8760) x 100 = 34.2%

This PCF is very near to the break even vaue of 33%.

Smilarly, 4000 kw will be the optimum choice for the site, if the overall project cost is

below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table26.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Unit size for
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 2500 kW

Rs.3.00/ Unit 4000 kW

The units selected can be one of the following combinations:

For Rs.3.5 CroredMW and Rs.2.5/Unit we can opt ( IMW x 2+ 0.5 MW x 1)

For Rs.3.5 CroresMW and Rs.3.0/Unit we can opt (2MW x 1 + IMW X 2).

Among these two categories, the second one seemsto be less viable sinceit is bulky with units.
We have redtricted oursaves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

26.5 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diverson weir, an intake
structure, a penstock and a power house. A welr is constructed to have asmdl sorage and to
divert the water from stiream to the intake. For this project only a diverson weir is proposed,
which alows the excess water to flow over the wer to the downstream. The intake Sructure
takes water from the weir and leadsit to the penstock. The penstock made of stedl isproposed

Integrated Rural Technology Centre, Palakkad 18



WGSHP - Final Report (Mol 11) \atanpara

inthisgte. A power house is congtructed for the purpose of housing the eectro mechanica
equipment. 1t isusudly asmdl building of 12.5mx 8m

26.5.1 Waerr at Vattompara

A concrete weir has been proposed on the Pazhayarithodu, at abed level of +797.000 metres.
The base width of thewelr at bed level is5.15m. The Structureis 2.50m high having alength of
10.50 m at the top with a central broad crested free over fal type spill way. The cross sectiond
details of the proposed siteis shownin Fig.No. 26.7.

26.5.2 Intake Sructure, Pensock and Power House

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance sartsfromthe
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
0.69m. The penstock can carry a maximum flow of 0.76 cumec with avelocity of 1.27 metre
per second. The possible dignment for the penstock is located on the left bank of the stream.
Thelongitudinal section of the proposed penstock line was drawn from the contour map and the
length was calculated, which came to 507m (Fig. No. 26.8).

A surface power houseis proposed on the left bank of the stream. The dope at the proposed site
is moderate but increases up the hill towards north east direction. The power house is of size
12.5m x 8m, to accommodate 2500 kW, generator and standardised turbine.

26,6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtdled capacity of 2500 kW. The
electricity generated would be connected to the existing power grid system at Kanjikkuzhi by a
500m transmission line. A standardised turbine for 140m gross head is proposed for this

paticular Ste. The turbine shal be complete with governor, control equipment and safety

devices. Thegenerator would be synchronouswith abrushlessexcitation sysem shdl berated to
generate 2500 kW, 11kV three phases, 50Hz and shdl be suitable for coupling with turbine
described above. The generator shall have voltage regulation equipment, pardld operation

equipment etc.
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26.7 ENVIRONMENTAL IMPACTS

A small hydro project has been proposed at Vattompara (Idukki Dist). The project aimsto
generates about 2500 kW of hydro power from afal having ahead of 140 m. Some preliminary
environmenta impact analyss have been caried out. They are land, water and socio-
economica environmental impacts.

26.7.1 Environmental Impact on Land

The catchment areameasured from topo sheet comesto be 12.63sg. km Thefdlsarestuated in
Pazhayarithodu. The stream flows through steep dope areas. There are anumber of fdlsin this
stream other than Vattompara. Another main fal is located a the downstream side of the
Vattomparanamed Pamble. After thefal, the stream joinsto the Periyar river. Thejoining point
of the sream is just dam stream sde of the Lower Periyar Dam.

The mog significant thing isthet, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land. So no forest clearance is required for the project.

26.7.2 Environmental Impact on Water

The Pazhayarithodu, which drains to Periyar river is the stream of this fdl. It is a 3rd order,
sructurdly controlled stream. The diversion structure will cregte a pond of area 0.05 hectare.
Noforest land will be submerged. Abovedl, thisaccourtsfor only 0.02ha/MW. Thisdiverson
structure which aso acts as a check dam can increase the height of water table leve at the Site.
Theimpounded water will dso change soil moisture regimein adjacent forest land.
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26.7.3  Socio-economic Impact
The congtruction phase would creste employment opportunitiesfor aperiod of 18 months. The pesk

labour strength is 50 skilled and 100 unskilled labour. 1t require only minimum land acquisition for
condruction. The acquisition does not need any rehabilitation.

26.8 CONCLUS ON

The environmental impact of this smdl hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area.

Theeconomic size of ingtalled capacity depends upon the permissbletariff aswell asthe capital codt.
Itwasfoundthat the projectisfinancialy viablefor aningalled capacity of 2500kW at aproject cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an installed capacity of 4000kW would become economicaly viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
cogts. A methodology for implementingthe project with amaximum of peoples= participation should
adso bedevised. Therole of the Grama Panchayath in this effort is crucidl.

_g_
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27. CHEMBUKATTY

District . Palakkad
Panchayath - Agali
Head . 140m.

Flow . Seasonal
Suggested

Capacity . 4AMW/6MW
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271 GENERAL

27.11 Theste

Chembukaity water fall isstuated in Kottoppadam GramaPanchayath in Palakkad district. The
dte is a a distance of 69 km from Pdakkad. There is a bus route from Mannarkkaad to
Thiruvizhamkunnu. From there, loca bus services are available occasionaly to Ambaappara.
Jeep sarvices are available to Chembukatti from Ambaappaara. From therewe havetowalk 3
km toreachthedte. Thenearest 11kV transformer isat adistance of 5Skm. away fromthedte,

Thewater fall islocated at 76° 22' 21" E longitudeand 11° 1' 12" N latitude. The catchment area
measured from toposheet is 11.875 sg. kmr The fals are Stuated a an devation of 40 m from
MSL in Chembuketti stream which is beginning a an devation of 954 m from MSL. After the
fall, the stream joins the Paakkuzhipuzha which drainsto Chdiyar River (Fig.No.27.1).

27.1.2 Topography

Thegteisstuated in forest. Theforestisvery thick. Theland is having steeply doping in this
area. Thepossbility of land dideisvery lessand chances of soil eroson arenegligible. The bed
of the stream isrocky and boulders are available in plenty at the Ste. The number of rainy days
exceeds 50% in its catchment.

27.2 FIELDINVESTIGATION

27.2.1 Reconnaissance survey

A topographicd survey was conducted for obtaining topographica detailsof theste. Thetota
head of the siteis 140 m. The possible location for diverson structure and power house were
identified and the details were taken using tacheometric method of surveying.

27.2.2 Catchment area
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Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Chembuketty falls was located using the toposhest. It is shown in the Fig.No.
27.2. From the shape it isidentified as a fan shaped catchment and its area comes to nearly
11.875 sg.km. The catchment areais having amost moderate dope but some portions are very
steep. Maximum flood discharge measured at this site during 1998 is about 17.72 cumec.

27.2.3 Contour map

The survey details were plotted on a sheet of paper a ascae of 1:500. The undulations of the
gte, the location of the fals and other topographica features were identified from the contour
map. The location of the weir, the alignment of the penstock and location of the power house
were dso determined using this and the prepared contour map has been shown in Annexure
A.27.

27.2.4 River flow data

For aperiod of 12 months (December 97 to December 98) the water level observationswere
taken every week. A suitable location was identified on the downstream side of the fall, where
the whole water is flowing through that point, cross sectiond details of the point were noted for
cdculating the stream discharge. We fixed ameasuring gauge at this point to measure the pesk
flow. Using the collected data (Table 27.1) the weekly discharge hydrograph of the Site is
prepared. The graph isshown in Fig. No. 27.3.

27.25Flow duration curves

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 27.4). The same curve aso functions as
percentage flow of exceedence greph. Thisriver flow datais recaculated intabular form, giving
the corresponding energy potentid inweekly and cumulaivemodeisgiveninTable27.2. Thee
data are used for caculaing energy potential and sdection of unit Szesin section 27.4.

27.2.6 Peak flow determination

There arevariousempirical methodsfor ca culating the maximum flood discharge. The different
vaues obtained are shown in Table 27.3. The vaue obtained by Dicken=sformula, whichis
commonly used in western ghats region has been used for the Structura design.
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Table27.3
Peak Flow Deter mination

Dicken=s | Ingli=s | Ryve=s Nawab Jung
Parameters method foomula | formula | Bahadur formula

Peak flow in cumecs 166.32 309.48 52.57 445,98

27.3 SALIENT DES GN FEATURES

A detailed design of Civil, Electrical & Mechanica work hasnot been carried out inthisreport as
it does not come under the purview of the project, but atypical section of the proposed diversion
dructure is given here.  The dtability andyss of the section and economic diameter of the
penstock was carried out as part of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=s cost have been estimated, after consulting various

agencies.

27.3.1 Power potential of the project
The discharge corresponding to 100% exceedence is only 0.008 cubic metre per second. A
discharge of 0.008 cubic metre per second can produce only about 8 KW. In order to tap the
full potentid of the site, with a head of 140 metre,, the project is designed to generate higher
output with lower dependability. Thissite can bedesigned asarun of theriver project which can
produce 1500 kW for 3 hours duation of pesk load with a dependability of 40%.
The output power was computed using theformula, P=10x Q x H x h
Where, P = Power output in kW
Q = Discharge in cumec
H = Head in metres

h = Efficiency taken as 0.75
For 50% exceedence P=10x0.68 x 140 x 0.75 = 700 kW.

For 40% exceedence P=10x15x140x 0.75= 1500 kW.
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For 30% exceedence P=10x3.15x 140 x 0.75 = 3250 kW.

27.3.2 Energy potential

At this site, sufficient flow is there so that we can obtain 1543kW power output for 40% of the
time (146 days) which reduces to 210kW by 60% time (219 days). The energy input

corresponding to 40% time will be (40/100 * 1500 * 365 * 24) = 5.26 MU. The flow after
40% time can be utilized by providing asmal pondage. The quantity of water available from

40% to 100% timeis cal culated to be 4394962n?. Energy obtained from thiswater isca culated
to be 1.28 MU.

Tota amount of energy produced =526 MU + 1.28MU =6.54 MU

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

27.3.3 Pondagerequirement

From the contour map aplot of surface areaVs. devationisdrawnin Fig. No.27.5. The aress
corresponding to each devation is used to find the volume of water that can be stored in each
élevation and the details are shown in Table 27.4. From thisinformétion a capacity eevation
curve of the pondage is prepared and is shown in Fig.No.27.6.

Table27.4
Pondage Area Details
Sl. No. Elevation (m.) Area (ne) Capacity () Energy (kWh)
1 497.50 0 0 0
2 498 238.00 119.00 35
3 499 283.80 379.90 11

Astheterrain is not suitable for storage the structure proposed at this site is only for diverting
water.

274 SELECTION OF PLANT CAPACITY AND UNIT SZES
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For optimization of plant capacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no attempt was madeto fine
tune the codt in reldion to Ste specific conditions. Only ranges could be indicated. Each
combination of tariff and capitd cost selected above, will demand aminimum annua generation
per KW ingtdled. Thiscan be taken to be the bresk even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
from a given site.

Let the capital cost of Chembukatty be Rs.3.5 croresMW. Theannud rateis25%. Let theunit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X bethe number of hours of operation at full load capacity,

per Mega Watt annua cogt, a the rate of 25% oninvestment = Rs. 3.5 Crores x 0.25

per Mega Wit revenue = 1000 kW x Rs. 25 x X
Equating the two, we get  3,50,00,000 x 0.25= X x 1000 x 2.5

X =3,500 hrs.
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It follows that, any combination of mechines, that can work at full capacity for over 3500 hours
can ddiver aprofit, if the overdl project cost isbelow Rs. 3.5 croressMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingtdled capacity during an year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly viable for thissite.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per mega watt where X=2916
hoursis 33.3%

Now we shdl check various capacities of turbine sizewhich aresuitablefor thistwo conditions.
a. Tariff: Rs.2.5/kWh and break even PCF of 40%

For an ingtalled capacity of 4000 kW, which corresponds to about 25% flow of exceedence
from the chart, the totd energy yidd isthe sum of:

4000 kW x (0.25 x 8760) = 8.76 MU at continuous operation for 25% time of an year, and
5.14MU, which isthe cumulative energy potentia from 25% to 100% time as obtained from the
Chart (Table 27.3).

Totd yiedd =8.76MU + 5.14MU = 14 MU.

The Plant Capacity Factor, corresponding to thisyidd isgiven by :
PCF = 14 x 10/ (4000 x 8760) = 39.9 %

This PCF isequd to the break even vaue of 40%.

S0 4000 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croressMW and tariff is Rs. 2.5 per kilo Watt hour.
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b. Tariff: Rs.3.00/kWh and break even PCF of 33.3%

Similarly, for 6000 kW (for 19.23% flow of exceedence)

PCF = (17700000 / 6000 x 8760) x 100 = 33.6%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 6000 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table27.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Unit sizefor
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 4000 kW

Rs.3.00/ Unit 6000 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt MW x 1+ 1 MW X 2)

For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt (IMW x 2 + 2MW x 2)

Among these two categories, the second one seemsto be lessviable sinceit isbulky with units.
We have redtricted oursdves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

275 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diverson weir, an intake
structure, a penstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from giream to the intake. For this project only adiverson weir is proposed,

which alows the excess water to flow over the weair to the downstream. The intake structure
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takeswater from the weir and leadsit to the penstock. The penstock made of sted! is proposed
inthisste. A power house is constructed for the purpose of housing the electro mechanica
equipment. It isusudly asmal building of 12.5m x 8m.

27.5.1 Wer at Chembukatty

A gabion weir has been proposed on the Chembukatti stream, at a bed level of +444.500
metres. The base width of the weir a bed leve is10 m. The gructure is 6.50 m high having a
length of 30.50 m at the top with acentral broad crested free over fal type spill way. The cross
sectiond details of the proposed diversion siteis shownin Fig. No. 27.7

27.5.2 Intake Sructure, Pengock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. Theeconomic diameter of the penstock isca culated as 0.69
m and thethickness of the penstock isfound as8 mm. The penstock can carry amaximum flow
of 0.476 cumec with a velocity of 1.27 metre per second. The possible aignment for the
penstock is located on the left bank of the stream.  The longitudinal section of the proposed
penstock linewas drawn from the contour map and the length was cal culated, which cameto 807
m (Fig. No. 27.8). A surface power houseis proposed on the left bank of the stream. Theslope
a the proposed ste is moderate. The power house is of size 12.5m x 8m, to accommodate
1500kW, generator and standardised turbine.

276 ELECTRICAL AND MECHANICAL EQUIPMENTS
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The power house proposed in the schemewill have aninstalled capacity of 4000 kW. Theéectricity
generated would be connected to the existing power grid system at Thiruvizhamkunnu by a 2 km
transmission line. A standardised turbine for 140 m gross heed is proposed for this particular Ste.
The turbine shdl be complete with governor, control equipment and safety devices. The generator
would be synchronous with a brushless excitation system shall be rated to generate 4000kW, 11kV
three phases, 50Hz and shdl be suitable for coupling with turbine described above. The generator
shdl have voltage regulation equipment, parallel operation equipment etc.

27.7 ENVIRONMENTAL IMPACTS

A small hydro project has been proposed at Chembukatty (Palakkad Dist.). The projectamsto
generates about 4000 kKW of hydro power from afal having a head of 140 m. Some preliminary
environmental impact andysis have been carried out. They are land, water and socio-economica
environmental impacts.

27.7.1 Environmental impact on land

The catchment area measured from topo sheet comes to be 11.875 sg. km Thefdlsarestuaed in
Chembukatti stream. After thefal, the stream joins to the Paiakkuzhi puzhawhich drainsto Chdiyar
River.

The most sgnificant thing is that, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not teke away any
forest land. So no forest clearance is required for the project.

27.7.2 Environmental impact on water

The Pdakkuzhi puzha, which drainsto Chdliyar river isthe stream of thisfdl. The diverson Structure
will createapond of area0.0284 hectare. No forest land will be submerged. Aboveall, thisaccounts
for only 0.007 halMW. This diverson structure which aso acts as a check dam can incressethe
height of water table level a the Ste. The impounded water will dso change soil moisture regime in
adjacent forest land.

27.7.3 Socio-economic impact

The construction phase would create employment opportunitiesfor aperiod of 18 months. The pesk
labour strength is 100 skilled and 250 unskilled labour. It requires only minimum land acquisition for
congtruction. The acquisition does not need any rehabilitation.
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278 CONCLUSON

The environmenta impact of this smal hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be a meagre area.

Theeconomic size of installed capacity depends upon the permissibletariff aswell asthe capitd cogt.
Itwasfoundthat the projectisfinancidly viablefor aningalled capacity of 4000kW at aproject cost
of Rs. 3.5 Crores per MW and atariff rate of Rs2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtaled capacity of 6000kW would become economicaly viable.

Cost effective methods of construction, likethe use of gabion weirs, can be used to reduce the capita

costs. A methodology for implementing the project with amaximum of peoples=participation should
adso bedevised. Therole of the Grama Panchayath in this effort is crucidl.

_g_

28. THENDI LLAM
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Chembukatty

District
Panchayath
Head

Flow

Suggested
Capacity

. Palakkad

. Kizhakkanchery

- 140 m.
. Seasonal

: 2MW/ 3MW

281 GENERAL

28.11 TheSte
The Thendillam water fdl is Stuated in the 10th ward of Kizhakkanchery Grama Panchayathin
Pdakkad Didrict. The dte is a a distance of 10 km from Vadakkanchery. From

Vadakkanchery there is jegp sarvice to Pdakkuzhy which is on the upsiream side of the fall.
Thereis only 0.50km. to the Ste from Palakkuzhy.

Thewater fal islocated at 76°29' 0" E longitude and 10° 30" 26" N latitude. The catchment area
measured from topo sheet is 5.5050. km. The fdls are Stuated at an devation of 360m from
MSL, in Pdakkuzhi streeamwhichisbeginning a an eevation of 928m fromMSL (Fig.No.28.1).

28.1.2 Topography

The dte is Stuated in private land. The land is having steep dope in thisarea. There is no
possibility for land dide and the chances of soil erosion are negligible. The bed of the Sream is
rocky and boulders are available from the site. Thetotal head comes nearly 140m The number
of rainy days exceeds 50% in its catchment.

28.2 FIELDINVESTIGATION

28.2.1 Reconnaissance Survey

A topographica survey was conducted for obtaining topographica details of the Ste. Thereis
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one main fal which gives atotd head of 20m. The possiblelocation for diverson structure and
power housewereidentified and the detail s were taken using tacheometric method of surveying.

28.2.2 Catchment Area

Topographica survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Thendillam waslocated using thetoposheet. Itisshowninthe Fig.No. 28.2. From
the shapeit isidentified asafan shaped catchment and itsareacomesto nearly 5.50 sg.km. The
catchment arealis having dmaost moderate dope but some portions are very steep. Maximum
flood discharge measured at this site during 1998 is about 10.85 cumec.

28.2.3 Contour Map

The survey details were plotted on a sheet of paper a ascae of 1:300. The undulations of the
ste, the location of the fdls and other topographica features were identified from the contour
map. The location of the weir, the dignment of the penstock and location of the power house
were aso determined using this and the prepared contour map has been shown in Annexure
A.28.

28.24 River Flow Data

For aperiod of 12 months (November 1997 to November 1998) the water level observations
weretaken every week. A suitablelocation wasidentified on the upstream sde of thefdl, where
the whole weter is flowing through that point, cross sectional details of the point were noted for
calculating the stream discharge. We fixed a measuring gauge a this point to measure the pesk
flow. Using the collected data (Table 28.1) the weekly discharge hydrograph of the Site is
prepared. The grgph isshown in Fig. No. 28.3.

28.2.5 Flow Duration Curves

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 28.4). The same curve aso functions as
percentage fl ow of exceedence graph. Thisriver flow datais recdculated in tabular form, giving
the corresponding energy potentia inweekly and cumulativemodeisgivenin Table 28.2. These
data are used for calculating energy potentid and selection of unit Szesin section 28.4.

28.2.6 Peak Flow Deter mination
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There are various empirical methods for caculating the maximum flood discharge. The different
vaues obtained are shown in Table 28.3. The vaue obtained by Dicken=s formula, whichis
commonly used in western gheats region has been used for the structurd design of diverson

structure.
Table28.3
Peak Flow Deter mination
Dickeres | Ingli=s | Ryve=s Nawab Jung
Parameters method formula formula | Bahadur formula
Peak flow in cumecs 93.38 169.66 3147 240.87

283 SALIENT DES GN FEATURES

A detailed design of Civil, Electricad & Mechanica work hasnot been carried out in thisreport as
it doesnot come under the purview of the project, but atypical sectionof theproposed diversion
dructure is given here.  The dtability andyss of the section and economic diameter of the
penstock was carried out as part of preliminary design. The capability and number of units, type
and specification of turbine, generator and it=s cost have been estimated, after consulting various
agencies.

28.3.1 Power Potential of the Project

The discharge corresponding to 76% exceedence is only 0.003 cubic metre per second. A

discharge of 0.003cubic metre per second can produce only about 3.15kW. In order to tap the
full potentid of the dte, with a head of 140 metre, the project is designed to generate higher
output with lower dependability. This Ste can be designed as a pesk load station which can
produce 700kW with a dependability of 40%.

The output power was computed using the formula, P=10x Qx HXx h

Where; P = Power output in kW
Q = Dischargein cumec
H = Head in metres
h = Efficiency taken as 0.75
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For 50% exceedence P=10x0.34 x 140 x 0.75 =350 kW.
For 40% exceedence P=10x0.78 x 140 x 0.75 = 800 k\W.
For 30% exceedence P=10x1.42x 140 x 0.75 = 1500 kW.
28.3.2 Energy Potential

At this site, sufficient flow is there so that we can obtain 700kW power output for 40% of the
time (146 days) which reducesto 42kW by 70% time. The energy input corresponding to 40%
timewill be (40/100 x 700 x 365 x 24) = 2.45MU. Theflow after 40% time can be utilised by
providingasmal pondage. Thequantity of water availablefrom 40%to 100%timeisca culated
to be 4119128m3. Energy obtained from this water is calculated to be 1.14 MU.

Tota amount of energy produced =2.45MU +1.14MU = 359 MU.

It may be noted that this much amount of energy can be generated for the particular yeer. If
higher flows are available during any year, it will enable higher production and vice versa

28.3.3 Pondage Requirement

From the contour map aplot of surface areaVs. eevationisdrawnin Fig. No. 28.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each
élevation and the details are shown in Table 28.4. From thisinformation a capacity eevation
curve of the pondage is prepared and is shown in Fig.No. 28.6.
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Table28.4
Pondage Area Details
S.. Elevation (m.) Area (n?) Capacity (nF) Energy (kWh)
No.
1 496.500 0 0 0
2 497 63.00 31.50 1
3 499 279.90 374.40 11
3 501 901.80 1336.10 39
5 503 1746.90 4204.80 123
6 505 2560.05 8511.75 248
7 506 2912.40 13984.20 408

Astheterrain is suitable for storing 14000mg, it followsthat, at full storage, theenergy capecity
isonly about 400 kWh. If asingle 400 kW machineisingtaled, it can be operated for only one
hour at full capacity during pesk time. Fortunately, pondage becomes critical only during lean
months, this kind of operation practice is acceptable. Hence, aweir height of 9.5m, to crestea
storage of 32000n+ is suggested.

284 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capecity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Reaulting sandard annual cost - 25%

(Thiscongstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)
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Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cost in relation to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capitad cost selected above, will demand aminimum annud generation
per kW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

froma given site.

Let the capital cost of Thendillam be Rs.3.5 croresMW. The annud rateis 25%. Let the unit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capacity,
per Mega Watt annual cogt, at the rate of 25% oninvestment = Rs. 3.5 Croresx 0.25
per Mega Wait revenue =1000 kW x Rs. 25x X
Equating the two, we get 3,50,00,000 x 0.2.5= X x 1000 x 2.5
X =3,500 hrs.

It followsthat, any combination of machines, that can work at full capacity for over 3500 hours
can ddiver aprofit, if the overal project cost isbelow Rs. 3.5 croredMW and tariff isRs. 2.5
per kilo Watt hour.

Thiscan be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actual amount of energy obtained to the maximum energy that can be obtained fromthe given
ingalled capacity during an year, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%

That is, amaximum capacity, which yields a PCF of 40% is economicaly viable for this Ste.
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Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per mega watt where X=2916
hoursis 33.3%

Now we shdl check various capecities of turbine size which are suitable for thistwo conditions.
a. Tariff: Rs.2.5/kWh and break even PCF of 40%

For an ingalled capacity of 2000 kW, which corresponds to about 25% flow of exceedence
from the chart, the totd energy yield isthe sum of:

2000 kW x (0.25 x 8760) = 4.4 MU at continuous operation for 25% time of an year, and
2.5MU, which isthe cumulative energy potentia from 25% to 100% time as obtained from the
Chart (Table 28.3).

Tota yidd= 44MU +25MU =7 MU.
The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF =7 x 108/ (2000 x 8760) = 39.9 %
This PCF is equd to the break even value of 40%.

So 2000 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/(kWh and break even PCF of 33.3%

Similarly, for 3000 kW (for 17.3% flow of exceedence)

PCF = (8700000/3000 x 8760) x 100 = 33.1%

This PCF is very near to the break even vaue of 33%.

Smilarly, 3000 kW will be the optimum choice for the site, if the overall project cost is

below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table28.5
Economically Viable Maximum Capacity at Different Costsand Tar iff

Tariff Unit sizefor
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Rs.3.5 CroressMW
Rs.2.5/Unit 2000 kW
Rs.3.00/ Unit 3000 kW

The units selected can be one of the following combinations:

For Rs.3.5 CroresMW and Rs.2.5/Unit we can opt (IMW x 1+ 0.5 MW x 2)

For Rs.3.5 CroreMW and Rs.3.0/Unit we can opt (2MW x 1+ IMW x 1).

Among these two categories, the second one seemsto be lessviable sinceit is bulky with units.

We have redtricted oursdves to the more redistic combination of Rs. 3.5 CroressMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

285 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Worksrequired for the project areaweir, anintakestructure, a
penstock and a power house. A weir is congtructed to have a small storage and to divert the
water from stream to the intake. For this project an overflow weir isto be constructed, which
alows the excess water to flow over the weir to the downstream. The intake structure takes
water from thewelr and leadsit to the penstock. The penstock is a pressure pipe which carries
water to the turbine. It can be made of sted, cadt iron, plagtics (Poly Vinyl Chloride, High

Dengty Poly Ethylene) and concrete. Inthisproject asted penstock isused. A power houseis
congtructed for the purpose of housing the dectro mechanica equipment. It isusualy a smal

building of A detailed design of the civil works are given below.

28.5.1 Wer at Thendillam

A gabion weir has been proposed on the Thendillam stream, at abed level of +496.000 metres.
The base width of the weir at bed levd is 7.5m. The gabion Structure is 7.1m. high having a
length of 21.5m. at thetop. The cross sectiona details of the proposed diverson siteisshownin
Fig. No. 28.7.

28.5.2 Intake Structure, Penstock and Power House
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A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance startsfrom the
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
0.94m. The penstock can carry a maximum flow of 1.00 cumec with avelocity of 1.44 metre
per second. The possible alignment for the penstock is located on the left bank of the stream.

Thelongitudinal section of the proposed penstock line was drawn from the contour map and the
length was calculated, which cameto 147m (Fig. No. 28.8).

A surface power houseis proposed on theleft bank of the stream. The dope at the proposed site
is moderate but increases up the hill towards north east direction. The power house is of Sze
12.5m. x 8 m, to accommodate 2000 kW, generator and standardised turbine.

286 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtdled capacity of 2000 kW. The
electricity generated would be connected to the existing power grid system a Nilambur by a
300m transmission line. A standardised turbine for 140m gross heed is proposed for this
particular dte. The turbine shal be complete with governor, control equipment and safety
devices. Thegenerator would be synchronouswith abrushlessexcitation sysem shdl berated to
generate 2000 kW, 11kV three phases, 50Hz and shdl be suitable for coupling with turbine
described above. The generator shall have voltage regulation equipment, parald operation
equipment etc.

287 ENVIRONMENTAL IMPACTS

A smadl hydro project has been proposed a Thendillam (Palakkad Dist.). The project amsto
generates about 2000 kW of hydro power from afal having ahead of 140 m. Some preliminary
environmenta impact analysis have been carried out. They are land, water and socio-
economica environmenta impacts.

28.7.1 Environmental Impact on Land
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The catchment area measured from topo sheet comes to be 5.50sq. km The fdls are Stuated in
Paakkuzhi stream. The Ste is Stuated in private land. The land is having steep dopein thisarea
There is no posshility for land dide and the chances for soil eroson is very lessand it is negligible.
The bed of the stream isrocky and boulders are available from the site. Thetotal head comes nearly
140m. Thenumber of rainy daysexceeds50% initscatchment. Themost significant thingisthet, due
to impoundment, no forest land will be submerged. The congtruction of welr, penstock, power house,
tallrace and temporary road will not take away any forest land. So no forest clearanceisrequired for
the project.

28.7.2 Environmental Impact on Water

The fdl which drains to Pdakkuzhy stream isthe stream of thisfdl. It isa 3rd order, structurally
controlled stream. The diversion structure will create apond of 0.2912 ha. No forest land will be
submerged. Abovedl, thisaccountsfor only 0.1456ha/MW. Thisdiversion structurewhich adso acts
as acheck dam can increasetheheight of water tebleleve at theste. Theimpounded water will dso
change soil moisture regime in adjacent forest land.

28.7.3 Socio-economic Impact

The congtruction phase would creste employment opportunitiesfor aperiod of 18 months. The pesk
labour strength is 75 skilled and 100 unskilled labour. It requires only minimum land acquisition for
congruction. The acquisition does not need any rehabilitation.

288 CONCLUSON

The environmental impact of this smal hydd project is negligible. No serious adverse impact is
anticipated. Moreover, deforestation owing to the inundation will be ameagre area

Theeconomic sizeof ingtalled capacity depends upon the permissibletariff aswell asthe capital codt.
Itwasfoundthat the project isfinancialy viablefor aningtalled capacity of 2000kW at aproject cost
of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of eectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an installed capacity of 3000kW would become economicaly vigble.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
cogts. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayath in this effort is crucid.
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29. PANAVMKUDANTHA

District . Pathanamthitta
Panchayath : Narayanamoozhi
Head : 140 m.

Flow . Seasonal

Suggested

Capacity . 450 KW/ 650 kW
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291 GENERAL

29.1.1 The Ste

The Panamkudanthaweter fal isstuated inthe 2nd ward of Naranammoozhi Grama Panchayath
in Pathanamthitta digtrict. The Site & a distance of 15km from Ranni. Thereis bus route from
Ranni to Athikkayam. A jeepableroad startsfrom Athikkayam and endsnear thesite. Thereis
aso another way to reach the ste.  From Pathanamthitta to Vechuchira, bus services are
avalable. The steis 3 km away from there. The stream is a seasonad one and the flow is
availablefor 4 months. Thehead isnearly 140m. Thenearest 11KV transformer isavailable at
Perinthenaruvi which is about 4km away from the dite.

Thewater fall islocated at 76° 54' 39" E longitude and 9° 23' 51" N latitude. The catchment area
messured from topo sheet is 3.5750. km The fals are Stuated at an elevation of 200 m from

MSL in Panamkudanthastream. The stream flowsthrough degp dope. After thefal, the stream

joinsto the Pampa River near Panamkudantha (Fig.No0.29.1)

29.1.2 Topography

The dte is Stuated in Kannamala Forest Station Limit. The forest is very thick. The land is
having steep dopesinthisarea Thereisno possihility for land didein thisareaand chancesfor
il erosonislessand it isnegligible. The bed of the streamisrocky and bouldersare available
in plenty in this area. The rainfdl intengty is high in its caicchment. The number of rainy days
exceeds 50% in its catchment.

29.2 FHELDINVESTIGATION

29.2.1 Reconnaissance Survey

A topographical surey for obtaining topographica detailsof theste. Thereistwo mainfal and
two moderate fals which gives a total head of 140m. The possible location for diverson
structure and power house are identified and the details are taken using tacheometric method of
urveying.
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29.2.2 Catchment Area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Panamkudanthawas located using the toposheet. ItisshownintheFig.No. 29.2
Fromtheshapeitisidentified asafern shaped catchment and itsareacomes nearly 3.50km. The
catchment areahaving amost moderate dope but some portionsare very steep. Maximum flood
discharge measured at this Site during 1998-99 is about 4.48 cumec.

29.2.3 Contour Map

The survey details were plotted on a sheet of paper a ascae of 1:200. The undulations of the
gte, the location of the fals and other topographica features were identified from the contour
map. The location of the weir, the dignment of the penstock and location of the power house
was aso determined using this and the prepared contour map has been shown in Annexure
A.29.

29.24 Rive Flow Data

For aperiod of 12 months (January 1998 to January 1999) the water level observations were
taken in every week. A suitablelocation wasidentified on the down stream of thefal, wherethe
whole water is flowing through that point, cross sectiond details of the point was noted for
cdculaing discharge of stream. We fixed ameasuring gauge a this point to measure the peak
flow. Using the collected data (Table 29.1) the weekly discharge hydrograph of the Site is
prepared. The graph isshown in Fig. No. 29.3.

29.2.5 Flow Duration Curves

Using weekly discharge hydro graph, percentageflow of exceedencewascaculated. From this,
the flow duration curve was plotted (Fig. No. 29.4). The same curve dso functions as
percentage flow of exceedence graph. Thisriver flow dataisrecaculated in tabular form, giving
the corresponding energy potentia in weekly and cumulativemodeisgiveninTable29.2. Thee
data are used for caculating energy potential and selection of unit Sizesin section 29.4.

29.2.6 Peak Flow Deter mination

There are various empirical methods for cal culating the maximum flood discharge. The different
values obtained are shown in Table 29.3. The vaue obtained by Dicken=s formula, whichis
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commonly used in western ghats region has been used for the structurd design.

Table29.3
Peak Flow Deter mination

Dickeres | Ingli=s | Ryve=s Nawab Jung
Parameters method formula | formula | Bahadur formula

Peak flow in cumecs 66.53 115.57 23.28 164.96

29.3 SALIENT DESGN FEATURES

A detailed design of Civil, Electricd and Mechanica work have not been carried out in thisreport
asit is does not come under the purview of the project, but atypica section of the proposed
diversion structureis given here. The stability anadlys's of the section and economic diameter of
the penstock was carried out as part of preiminary design. The cgpability and number of units,
type and specification of turbine, generator and it=s cost are fixed consulting various agencies

29.3.1 Power Potential of the Project

The discharge corresponding to 75% of exceedenceis only 0.009 cubic metre per second. A
discharge of 0.009cubic metre per second can produce only about 8 KW. In order to tapthe
full potentid of the dte, with a head of 140 metre, the project is designed to generate higher
output with lower dependability. This Ste can be designed as a pesk load station which can
produce 100 kW with a dependability of 50%.

The output power was computed using theformula, P=10x Q xH x h

Where, P = Power output in kW
Q = Dischargein cumec
H = Head in metres
h = Overdl efficiency (Hereit is assumed as 0.75)
For 50% exceedence P=10x0.095x 140 x 0.75 = 100 kW.

For 40% exceedence P=10x 0.095x 140 x 0.75 = 200 kW.
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For 30% exc eedence P=10x1x140x0.75 = 550 kW.

29.3.2 Energy Potential

At this site, sufficient flow is there so that we can obtain 1700kW power output for 50% of the
time (183 days) which reduces to 10kW by 60% time (219 days). The energy input

corresponding to 50% time will be (50/100 * 100 * 365 * 24) = 0.438 MU. The flow after
50% time can be utilized by providing a smdl pondage. The quantity of water available from

50% to 100% timeis caculated to be 316516 m?®. Energy obtained fromthiswater is caculated
to be 0.092 MU.

Tota amount of energy produced = 0.438 MU + 0.092MU =0.53 MU

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any yesr, it will engble higher production and vice versa

29.3.3 Pondage Requirement

From the contour map aplot of surface areaVs. devationisdrawnin Fig. No. 29.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each

elevation and the details is shown in T able 29.4. From thisinformation capacity eevation curve
of the pondage is prepared and is shown in Fig.No. 29.6.

Table29.4
Pondage Area Details
Sl. No. | Elevation(m.) | Area(n¥) | Capacity (mf) | Energy (kWh)

1 298.50 0 0 0

2 299 96.20 48.10 14

3 300 188.80 190.60 505

4 301 386.20 478.10 14

5 303 666.00 1530.30 44.5

6 305 975.00 3171.30 92.5
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Astheterrainissuitablefor storing 3000m, it followsthat, a full Sorage, theenergy capecity is
only about 600 kWh. If asingle 600 kW machine is ingalled, it can be operated for only one
hour at full capacity (during peek time). Fortunately, pondage becomes critical only during lean
months, thiskind of operation practice is acceptable. Hence, aweir height of 6.5m, to crestea
storage of 3000 n¥ is suggested.

204 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant cgpacity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capital cost
Resulting standard annua cost - 25%

(Thisconsstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs. in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a position to quote exact figures, no atempt was made to fine
tune the cogt in rdaion to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capita cost selected above, will demand aminimum annua generation
per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
site under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

from a given site.

Let the capital cost of Panamkudantha be Rs.3.5 croressMW. The annual rateis25%. Let the
unit rete of tariff offered by K.S.E.B be Rs.2.5/kWh.

If X be the number of hours of operation at full load capacity,

Integrated Rural Technology Centre, Palakkad 16



WGSHP - Final Report (Mol 11) Panamkudantha

per Mega Watt annua cog, a the rate of 25% on investment = Rs. 3.5 Crores x 0.25

per Mega Wett revenue = 1000 KW x Rs. 25 x X
Equating the two, weget 3,50,00,000x 0.25 = X x1000x 2.5

X =3,500 hrs.

It followsthat, any combination of machines, that can work at full cgpacity for over 3500 hours
can ddiver aprdfit, if the overal project cost isbelow Rs. 3.5 croressMW and tariff isRs. 2.5
per kilo Watt hour.

This can beexplained better interms of Plant Capacity Factor , whichisdefined astheratio of
actual amount of energy obtained to the maximum energy that can be dotained from the given
ingalled capacity during an yesar, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yieds a PCF of 40% iseconomically viable for this dte.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per mega watt where X=2916
hours is 33.3%

Now we shdl check various capacities of turbine Sze which are suitable for thistwo conditions.
a. Tariff: Rs.2.50/lkWh and break even PCF of 40%

For aninstalled capacity of 450 kW, which correspondsto about 33% flow of exceedencefrom
the chart, thetotd energy yied isthe sum of:

450 kW x (0.33 x 8760) = 1.3 MU at continuous operation for 33% time of an year, and
0.3MU, which isthe cumulative energy potentia from 33% to 100% time as obtained from the
Chart (Table 29.3).

Totdl yield = 1.3MU + 0.3MU = 1.6 M U.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
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PCF = 1.6 x 108 / (450 x 8760) = 40.5 %
ThisPCF isequal to the bregk even vaue of 40%.

S0 450 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/(kWh and break even PCF of 33.3%
Similarly, for 650 kW (for 21% flow of exceedence)

PCF = (2000000 / 650 x 8760) x 100 = 35%

This PCF is very near to the break even vaue of 33%.

Smilarly, 650 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.

Table29.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Unit sizefor
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 450 kW

Rs.3.00/ Unit 650 KW

The units selected can be one of the following combinations:

For Rs.3.5 CroresyMW and Rs.2.5/Unit we can opt (0.25 MW x 2)

For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt (0.5 MW x 1 + 0.IMW x 1 +0.05 x1)
Among these two categories, the second one seemsto belessvidble snceit is bulky with units.

We have restricted ousaves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.
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295 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Works required for the project are adiverson weir, an intake
dructure, apenstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the intake. For this project only a diverson weir is proposed,
which alows the excess weter to flow over the weir to the downstream. The intake structure
takeswater from theweir and lead it to the penstock. The penstock made of stedl isproposedin
thisste. A power house is congtructed for the purpose of housing the eectro mechanica

equipment. It isusudly asmall building of  7.5m x 5m.

29.5.1 War at Panamkudantha

A concrete weir has been proposed on the Panamkudantha stream, at abed level of +198.000
metres. The basewidth of thewelr at bed level is6.00 m. Thestructureis4.60 m high having a
length of 25m. at the top with a central board crested free over fdl type spill way. The cross
sectiond details of the proposed diversion siteis shown in Fig.No.29.7.

29.5.2 Intake Sructure, Pensock and Power House

A smple box type, direct intake structure of reinforced cement concrete is provided on the
siream bed. A trash rack isprovided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock is calculated as
0.45m. The penstock can carry amaximum flow of 0.43 cumec with avelocity of 0.93 metre
per second. The possible dignment for the penstock is located on the right bank of the stream.
The longitudinal section of the proposed penstock line was drawn from contour map and
caculated the length, which comesto 126m (Fig. No. 29.8).

A surface power house is proposed on the right bank of the stream. The sope at the proposed
Steismoderate. The power houseisof size 7.5m x 5m to accommodate 450kW, generator and
standardised turbine.

29.6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingtdled capacity of 100 kW. The
electricity generated would be connected to the existing power grid system at Vechuchiraby a
900 m transmission line. A standardised turbine for 140m gross head is proposed for this
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paticular dte.  The turbine shal be complete with governor, control equipment and safety
devices. Thegenerator would be synchronouswith abrushless excitation sysem shdl berated to
generate 450 kW, 11kV three phases, 50Hz and shall be suitable for coupling with turbine
described above. The generator shall have voltage regulation equipment, pardld operation
equipment etc.

29.7 ENVIRONMENTAL IMPACTS

A smdl hydro project has been proposed at Panamkudantha (PethanamthittaDigt.). Theproject
ams to generates about 450 kW of hydro power from afdl having a head of 140m. Some
preliminary environmenta impact analysis have been carried out. They areland, water and socio-
economica environmenta impacts.

29.7.1 Environmental Impact on Land

Tota area of catchment is about 28.5 square kilometres of land in Kanjirgppuzha. The upper
cachment isrocky and with little vegetation cover. Theforest in thissector issemi evergreen and
deciduous. The land at |eft bank of stream is owned by private persons and the right bank is
forest land. Stream sections are mostly rocky large sized boulders are plenty.

The most significant thing is thet, due to impoundment, no forest land will be submerged. The
congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land.

29.7.2 Environmental Impact on Water
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TheKanjirgppuzha, which drainsto Chdiyar river isthe stream of thisfal. Itisa3rd order, structuraly
controlled stream. Thediversion structurewill create apond of area0.0975ha. No forest [and will be
submerged. Aboveadl, thisaccountsfor only 0.22 hadMW. Thisdiverson structure which aso acts
as acheck dam can increasethe height of weter tableleve a theste. Theimpounded water will lso
change soil moigture regime in adjacent forest land.

29.7.3 Socio-economic Impact

The congtruction phase would creste employment opportunities for aperiod of 18 months. The peak
labour strength is 50 skilled and 100 unskilled labour. It requires only minimum land acquisition for
construction. The acquisition does not need any rehabilitation.

20.8 CONCLUSON

The environmental impact of smal hydd project is negligible compared to large hydd projects.
Moreover, deforestation owing to the inundation will be ameagre area

The economic size of ingtalled capacity depends upon the permissibletariff aswell asthe capitd codt.
It wasfound that the project isfinancialy viable for an ingtalled capacity of 450kW at aproject cost
of Rs. 3.5 Croresper MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an indtalled capacity of 650kW would become economically viable.

Cost effective methods of congtruction, like the use of gabion weirs, can be used to reducethe capita
costs. A methodology for implementing the project with amaximum of peoples= participation should
dso bedevised. Therole of the Grama Panchayath in this effort is crucidl.

_(;_
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30. KEEZHARKUTHU

District . Idukki
Panchayath . Kanjikuzhi
Head : 180 m.

Flow . Perennial
Suggested

Capacity : 10.5 MW/ 13 MW
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30.1 GENERAL

30.1.1 Thedte

The Keezharkuthu weter fdl is Stuated in the 10th ward of Kanjikkuzhi Grama Panchayath in
Idukki digtrict. The Siteis at adistance of 30km. from Kanjikkuzhi. Thereisabusroute from
Kanjikkuzhi to Thadiyampadam which is5km. away from Kanjikkuzhi. From Thadiyampadam,
thereare occasiond bus servicesto Maniyarkkudy. From Maniyarkkudy whichisa 10km. from
Thadiyampadam, there is ajegpable road to Kaithappara. From there, we haveto travel 3km.
through dense forest to reach the dte. There is another bus route from Thodupuzha to
Kaithappara through Udumbannoore. Bt it isvery lengthy and not convenient for transport.

Thewater fdl islocated at 76°52' 30" E longitude and 9° 54' 20" N latitude. The catchment area
measured from topo sheet is 17sq. km- Thefdlsare Stuated a an eevation of 770mfromMSL

in Keezhar sream which isbeginning a an eevation of 1034m. Itisflowing dmost sratethrough

the fern shgped catchment area. After thefdl, the stream joinsthe Velur Puzhawhich inturnis
draining into Kdiyar atributery of Muvattupuzha (Fig.No.30.1).

30.1.2 Topography

The steis Stuated in Thodupuzha Reserved Forest . Thisisadenseforest. Thelandishaving
deep dopesinthisarea. There is no possbility for land dide in this area and chances for soil
erosonislessanditisnegligible. Thebed of the stream is rocky and boulders are available in
plenty inthisarea. Therainfdl intengty ishighinitscatchment. The number of rainy daysexceeds
50% in its catchment. The fall is located dmost 200m. high before the stream starts flowing
horizontdly.

30.2 FIELDINVESTIGATION

30.2.1 Reconnaissance survey

A topographica survey for obtaining topographica detals of the site. Thereistwo mainfal and
two moderate fals which gives a total head of 180m. The possible location for diverson
structure and power house are identified and the details are taken using tacheometric method of
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urveying.

30.2.2 Catchment area

Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Keezharkuthu was located using the toposheet. It is shown in the Fig.N0.30.2
From the shapeit isidentified asafern shaped catchment and itsareacomes nearly 3.50km. The
catchment area having dmost moderate dope but some portions are very steep. Maximum flood
discharge measured at this Site during 1998-99 is about 12 cumec.

30.2.3 Contour map

The survey details were plotted on a sheet of paper at ascale of 1:400. The undulations of the
Ste, the location of the falls and other topographica festures were identified from the contour
map. The location of the wer, the aignment of the penstock and location of the power house
was dso determined using this and the prepared contour map has been shown in Annexure
A.30.

30.24 River flow data

For aperiod of 12 months (November 1997 to 1998) the water level observationsweretakenin
every week. A suitable location wasidentified on the down stream of the fal, where thewhole
water isflowing through that point, cross sectiond details of the point was noted for calculating
discharge of stream. We fixed ameasuring gauge a this point to measure the peek flow. Using
the collected data (Table 30.1) the weekly discharge hydrograph of the site is prepared. The
grgphisshown in Fig. No. 30.3.

30.25 Flow duration curves

Using weekly discharge hydro graph, percentageflow of exceedencewascdculated. Fromthis,
the flow duration curve was plotted (Fig. No. 30.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow dataisrecaculated in tabular form, giving
the corresponding energy potentia inweekly and cumulativemodeisgivenin Table 30.2. Thee
data are used for caculating energy potentid and sdection of unit Sizesin section 30.4.

30.2.6 Peak flow determination

Integrated Rural Technology Centre, Palakkad 115



WGSHP - Final Report (Mol 11) K eezharkuthiy

There are various empirical methods for ca culating the maximum flood discherge. The different
vaues obtained are shown in Table 30.3. The vaue obtained by Dicken=s formula, whichis
commonly used in western gheats region has been used for the structurd design of diverson

gructure.
Table 30.3
Peak Flow Deter mination
Dicker= | Ingli=s | Ryve=s Nawab Jung
Parameters smethod | formula | formula | Bahadur formula
Pesk flow in cumec 217.68 399.44 66.77 259.87

30.3 SALIENT DESIGN FEATURES

A detailed design of Civil, Electrica and Mechanica work have not been carried out in thisreport
asit is does not come under the purview of the project, but atypical section of the proposed
diverson structure is given here. The gability analysis of the section and economic diameter of
the penstock was carried out as part of preliminary design. The capability and number of units,
type and specification of turbine, generator and it=s cost are fixed consulting various agencies

30.3.1 Power potential of the project

The discharge corresponding to 100% of exceedence is only 0.02cubic metre per second. A
discharge of 0.02cubic metre per second can produce only about 27kW. In order to tgp thefull
potentia of the Site, with ahead of 180 metre, the project is designed to generate higher output
with lower dependability. This site can be designed as a pesk |oad station which can produce
2500 kW with a dependability of 50%.
The output power was computed using the formula, P=10x Q x H x h
Where; P = Power output in kW

Q = Discharge in cumec

H = Head in metres

h = Overdl efficiency (Hereit is assumed as 0.75)
For 50% exceedence P=10x1.85x 180 x 0.75 = 2500 kW
For 40% exceedence P=10x 4x180x0.75 = 5400 kW
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For 30% exceaedence P=10x5.88 x 180 x 0.75 = 8000 kW

30.3.2 Energy potential

At this Site, sufficient flow is there so that we can obtain 2500kW power output for 50% of the
time (183 days) which reduces to 10kW by 60% time (219 days). The energy input
corresponding to 50% time will be (50/100 * 2500 * 365 * 24) = 11IMU. Theflow after 50%
time can be utilized by providing asmal pondage. The quantity of water available from 50% to
100% timeis calculated to be 8416699 m®. Energy obtained from thiswater iscalculated to be
3.16 MU.

Total amount of energy produced = 11 MU +3.16 MU =14.16 MU

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa.

30.3.3 Pondagerequirement

From the contour map aplot of surface areaVs. devationisdrawnin Fig. No. 30.5. The areas
corresponding to each devation is used to find the volume of water that can be stored in each

eevation and the details is shown in T able30.4. From thisinformation capacity eevation curve
of the pondage is prepared and is shown in Fig.No. 30.6.

Table30.4
Pondage Area Details
Sl. No. | Elevaiion(m.) | Area(n?) | Capacity (m’) Energy (KWh)
1 93.0 804.80 201.120 75
2 93.5 1301.40 757.590 27.3
3 94.0 1917.28 1532.26 57.5
4 94.5 2506.14 2638.121 99
5 95.0 3173.76 4058.098 152
6 95.5 3680.22 5771.593 216
7 96.0 4224.16 7747.880 291
8 96.5 4819.95 10008.710 375
9 97.0 5455.00 12577.466 472
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Astheterrain is suitable for storing 12500ms, it followsthat, a full torage, theenergy capacity
isonly about 450 kWh. If asingle 450 kW machineisinstaled, it can be operated for only one
hour at full cgpacity during pesk time. Fortunately, pondage becomes critica only during lean
months, thiskind of operation practice is acceptable. Hence, awelir height of 6m. to cregte a
storage of 12500 m? is suggested.

304 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capecity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Resulting standard annua cost - 25%

(Thiscondgstsof 2.5% O & M costs, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingadments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)

Since manufacturers were not in a postion to quote exact figures, no attempt was madeto fine
tune the cogt in relation to Site specific conditions. Only ranges could be indicated. Each

combination of tariff and capitd cost sdlected above, will demand aminimum annua generation
per kW ingaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted
froma given site.

Let the capita cost of Keezharkuthu be Rs.3.5 croresMW. Theannua rateis25%. Let theunit
rate of tariff offered by K.S.E.B be Rs. 2.5/kWh.

If X be the number of hours of operation at full load capecity,
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per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wait revenue = 1000 KW x Rs. 25 x X
Equating the two, we get 3,50,00,000 x 0.25 = X x 1000 x 2.5 X = 3,500 hrs.

It follows that, any combination of machines, that can work at full capacity for over 3500 hours
can ddliver aprofit, if the overdl project cost isbdow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

Thiscan be explained better interms of Plant Capacity Factor, whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingalled cagpacity during an yesar, to the actual amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly vigblefor thisste.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per mega watt where X=2916
hoursis 33.3%.

Now we shal check various capacities of turbinesizewhich are suitablefor thistwo conditions.
a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For an ingtaled capacity of 10500 kW, which corresponds to about 12% flow of exceedence
from the chart, the total energy yidld isthe sum of:

10500 kW x (0.12 x 8760) = 11MU at continuous operation for 12% time of an year, and 27.5
MU, whichisthe cumulative energy potential from 12% to 100% time as obtained from the Chart
(Table30.3).

Total yield = 11IMU + 27.5MU = 385 M U.
The Plant Capacity Factor, corresponding to thisyield isgiven by :

PCF = 38.5 x 108/ (10500 x 8760) = 41.8 %
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This PCF isequa to the bresk even value of 40%.

So 10500 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresMW and tariff is Rs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/kWh and break even PCF of 33.3%
Similarly, for 13000 kW (for 5.5% flow of exceedence)
PCF = (40260000 / 13000 x 8760) x 100 = 35.3%

This PCF is very near to the break even vaue of 33%.

Smilarly, 13000 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croressMW and tariff is Rs. 3.0 per kilo Watt hour.

Table30.5
Economically Viable Maximum Capacity at Different Costsand Tar iff

Unit szefor
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 10500 kW

Rs.3.00/ Unit 13000 kW

The units selected can be one of the following combinations:
For Rs.3.5 CroressMW and Rs.2.5/Unit we can opt (5 MW x 2 + 0.5 MW x 1)

For Rs.3.5 CroredMW and Rs.3.0/Unit we can opt (5 MW x 2 + IMW X 3)
Among these two categories, the second one seemsto belessvidble sinceit is bulky with units.

We have redtricted oursaves to the more redistic combination of Rs. 3.5 CroresMW of
investment cost and two tariff choices of Rs.2.5/Unit and Rs.3.0/Unit.
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305 CIVIL ENGINEERING WORKS

The important Civil Engineering Works required for the project are a diverson weir, an intake
dructure, apenstock and apower house. A weir is congtructed to have asmal storage and to
divert the water from stream to the intake. For this project only a diverson weir is proposed,
which dlows the excess water to flow over the weir to the downstream. The intake structure
takeswater from theweir and lead it to the penstock. The penstock made of stedl isproposed in
thisste. A power house is congtructed for the purpose of housing the eectro mechanica

equipment. Itisusudly asmadl building of 10m x 8m.

30.5.1 War at Keezharkuthu

A concrete weir has been proposed on the Keezharkuthu stream, at abed level of +198.000
metres. The basewidth of thewelr at bed level is6.00 m. Thestructureis4.60 m high having a
length of 25m. at the top with a central board crested free over fal type spill way. The cross
sectional details of the proposed diverson siteis shown in Fig.N0.30.7.

30.5.2 Intake Sructure, Pengock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack is provided at the intake mouth, the penstock entrance startsfrom the
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
1.5m. The penstock can carry amaximum flow of 7.78 cumec with avelocity of 4.4 metre per
second. The possible dignment for the penstock islocated on theright bank of the stream. The
longitudinal section of the proposed penstock line was drawn from contour map and calculated
the length, which comesto 404.5m (Fig. No. 30.8). A surface power houseis proposed onthe
right bank of the stream. The dope at the proposed siteismoderate. The power houseisof size
10m x 8m to accommodate 10500kW, generator and standardised turbine.

30.6 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingaled capacity of 10500 kW. The
electricity generated would be connected to the existing power grid system at VVechuchiraby a
900 m transmission line. A standardised turbine for 180m gross head is proposed for this
paticular ste. The turbine shdl be complete with governor, control equipment and safety
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devices. Thegenerator would be synchronouswith abrushlessexcitation sysem shdl berated to
generate 10500 kW, 11kV three phases, 50Hz and shdl be suitable for coupling with turbine
described above. The generator shdl have voltage regulation equipment, paralel operation
equipment etc.

30.7 ENVIRONMENTAL IMPACTS

A smadl hydro project has been proposed a Keezharkuthu (Idukki Digt.). The project amsto
generates about 450 kW of hydro power from afal having ahead of 140 m. Some preliminary
environmenta impact analysis have been carried out. They are land, water and socio-
economica environmenta impacts.

30.7.1 Environmental impact on land
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Totd area of catchment is about 28.5 square kilometres of land in Kanjirgppuzha. The upper
catichment is rocky and with little vegetation cover. The forest in this sector is semi evergreen and
deciduous. The land at left bank of stream is owned by private persons and the right bank is forest
land. Stream sections are mostly rocky large Sized boulders are plenty. The most significant thingis
that, due to impoundment, no forest land will be submerged. The construction of weir, penstock,
power housg, tailrace and temporary road will not take away any forest land.

30.7.2 Environmental impact on water

TheKanjirappuzha, which drainsto Chaliyar river isthe stream of thisfdl. Itisa3rd order, sructurdly
controlled stream. Thediversion structurewill create apond of area0.0975ha. No forest [and will be
submerged. Aboveadl, thisaccountsfor only 0.22 halMW. Thisdiverdon structure which aso acts
as acheck dam can increasethe height of water tableleve at thesite. Theimpounded water will Also
change soil moisture regime in adjacent forest land.

30.7.3 Socio-economic impact

The congtruction phase would create employment opportunities for apeiod of 18 months. The peak
labour strength is 50 skilled and 100 unskilled labour. It requires only minimum land acquisition for
condruction. The acquisition does not need any rehabilitation.

30.8 CONCLUS ON

The environmenta impact of smdl hydd project is negligible compared to large hydd projects.
Moreover, deforestation owing to the inundation will be a meagre area.

Theeconomic sizeof ingtalled capacity depends upon the permissibletariff aswell asthe capital codt.
It was found that the project isfinancidly viable for an installed capacity of 10500kW at a project
cost of Rs. 3.5 Crores per MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if the
tariff is raised to Rs.3.00 per unit, an installed capacity of 13000kW would become economicaly
viable.

Cost effective methods of construction, likethe use of gabion weirs, can be used to reduce the capital
costs. A methodology for implementing the project with amaximum of peoples= participation should
aso be devised. Therole of the Grama Panchayath in thiseffort is crucid.
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31. ATTALA

District . Palakkad
Panchayath . Karimba
Head : 180 m.

Flow . Perennial
Suggested

Capacity 6 MW /75MW
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311 GENERAL

31.1.1 Theste

The Attala s a scenic water fal dtuated in the 8th ward of Karimba Grama Panchayath in
Pdakkad didrict. Thesteat adistance of 11 km from Kalladikkode. Thereisbusserviceform
Mannarkkad to Munnekkar through Kaladikkode. From Munnekkar, there is an unmetaled
jeepable road nearly 3 km. to reach the site. The nearest 11KV transformer is at adistance of
3km. away from ste.

The water fal islocated at 77° 25' 49" E longitude and 10° 56' 30" N latitude. The catchment
areameasured from topo sheet is 4.5 sq. km Thefdls are situated at an evation of 620m, in
Karimpuzhastream whichisbeginning at an elevation of 1924m. After thefdl, the streamjoinsto
the Karimbuzha which is drains to the Bharathapuzha (Fig.No0.31.1).

31.1.2 Topography

Thedteissituated in Karimaareserved forest. Theforestisvery thick. Theland ishaving steep
dopeinthisarea. Thereisno possibility for land didein thisareaand the chancesfor soil eroson

isvery lessanditisnegligible. Thebed of the stream isrocky and bouldersare availablein plenty
a dte.

312 FIELD INVESTIGATION

31.2.1 Reconnaissance survey

A topographica survey for obtaining topographica details of the site. The Ste containsfivefdls
which gives atotd head of 210m. The position of the diversion structure and power house are
identified and tacheometric method is used for surveying work.

31.2.2 Catchment area
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Topographical survey sheetsto ascae of 1:50,000 are available from the Survey of India. The
catchment of Attalawaeter fall was|ocated using the toposheet. ItisshownintheFig.No.31.2
From the shapeit isidentified as afan shaped catchment and its area comes nearly 4.75 sgq.km.
Pesk vaue of flood will be less for this basin as the difference between concentration time and
time a which flow starts will be large. The volume of flow will be digtributed through alarger
length of time.

31.2.3 Contour map

The survey details were plotted on asheet of paper a ascae of 1:200 (AnnexureA.31). The
undulations of the Site, the location of the falls and other topographica features were identified
from the contour map. Thelocation of theweir, the dignment of the penstock and | ocation of the
power house were aso determined using this and marked in the above map, dong with the
contours of the area.

31.24 River flow data

For aperiod of 12 months (January 1997 to January 1998) the water level observations were
takenin every week. A suitablelocation wasidentified on the downstream of thefdl, wherethe
whole water is flowing through that point, cross sectiond details of the point was noted for
cdculating discharge of stream. We fixed a measuring gauge at this point and engaged a loca
person for taking weekly flow data, we dso visited the steoncein every month for collecting the
datafromthelocd person. From the collected datathe weekly dischargeis collected and make
it into tabular form (Table No.31.1) for weekly discharge graph preparation. The graph is
shownin Fig.No.31.3

31.25Flow duration curves

Using weekly discharge hydro graph, percentage flow of exceedencewas caculated. From this,
the flow duration curve was plotted (Fig. No. 31.4). The same curve aso functions as
percentage flow of exceedence graph. Thisriver flow dataisrecadculated in tabular form, giving
the corresponding energy potentid inweekly and cumulaivemodeisgiveninTable31.2. Thee
data are used for caculaing energy potential and sdection of unit Szesin section 31.4.
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31.2.6 Peak flow determination

There are various empirical methods for caculating the maximum flood discharge. The different
vaues obtained are shown in Table 31.3. Thevaue obtained by Dicken=s formula, whichis
commonly used in western ghats region has been used for the structural design of diverson

gructure.
Table31.3
Peak Flow Deter mination
Dicker= | Ingli=s | Ryve=s Nawab Jung
Parameters smethod | foomula | formula | Bahadur formula
Pesk flow in cumec 83.66 150.1 28.52 213.37

313 SALIENT DESIGN FEATURES

The design of any hydro dectric project can be divided into two. viz. Civil Engineering Works
and Electrica & Mechanicd Works. Thedesign of civil engineeringwork in detail ispresentedin
thischapter. A detailed design of Electrica and Mechanica work have not been carried out asit
does not come under preview of the project. However, for the sake of cost estimation, required
details are collected from various agencies.

31.3.1 Power potential of the project

The discharge corresponding to 100% of exceedence is only 0.1 cubic metre per second. A
discharge of 1.03 cubic metre per second can produce only about 135 KW. However it seen
that higher flow are available during 50% of thetime. In order to tgp the full potentid of thedite,
with ahead of 180 m. the project is designed to generate higher output with lower dependability.
Moreover, hydroelectric scheme are usually used as peak |oad station asthe Therma and other
types of power plants are not easily shut down or start up. This Site can be designed as a peak
load station which can produce 1250kW for 3 hours duration of peak |oad with adependability
of 50%.

The output power was computed using theformula, P=10x Q x H x h

Where, P = Power output in kW
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Q = Discharge in cumec
H = Head in metres

h = Overdl efficiency (Hereit is assumed as 0.75)

For 50% exceedence P=10x1.03x 180 x 0.75 = 1250 kW
For 40% exceedence P=10x 2.57 x 180 x 0.75 = 3500 kW
For 30% exceedence P=10x 3.67 x 180 x 0.75 = 5000 kW

31.3.2 Energy potentia

At thissite, sufficient flow is there so that we can obtain 1250kW power output for 50% of the
time (183 days) which reduces to 100kW by 90% time (328 days). The energy input
corresponding to 50% time will be (50/100* 1250* 365 * 24)=5.5MU. Theflow after 50%
time can be utilized by providing asmall pondage. The quantity of water available from 50% to
100% timeis caculated to be 5676048 m?3. Energy obtained from thiswater iscaculated to be
2.12 MU.

Total amount of energy produced =55MU +2.12MU =7.6 MU

It may be noted that, this much amount of energy can be generated for the particular year. If
higher flows are available during any year, it will enable higher production and vice versa

31.3.3 Pondagerequirement

From the contour map aplot of surface areaVs. devation isdrawn in Fig.No.31.5. Theareas
corresponding to each devation is used to find the volume of water that can be stored in each

elevation and the detailsis shown in T able 31.4. From thisinformation capecity elevation curve
of the pondage is prepared and is shown in Fig.No. 31.6.
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Table31.4
Pondage Area Details
Sl. No. | Hevaion(m) | Area(n?) | Capecity (n¥) | Energy (KWh)

1 500.5 0 0 0

2 501.0 46 23.00 0.86
3 502.0 151.76 121.88 450
4 503.0 255.80 325.66 12.00
5 504.0 413.00 660.00 25.00
6 505.0 538.50 1135.80 43.00
7 506.0 732.20 1771.20 66.00
8 507.0 928.00 2601.30 97.50
9 508.0 1060.00 3595.30 135.00

314 SELECTION OF PLANT CAPACITY AND UNIT SZES

For optimization of plant capecity, the following parameters were assumed.

Rate of return on investment - 15%

Loan repayment period - 10 years

Average O/M cost - 2.5% of capita cost
Reaulting sandard annual cost - 25%

(Thisconggts of 2.5% O & M cogts, 15% return on 25% equity, 15% interest on 75% loan and
repayment of loan in 10 annud ingaments)

Taiff (per Unit) - Rs. 2.5 and 3.0 (Two cases)

Investment cost (Rs.in Crores per MW) - Rs. 3.5 (Two cases)
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Since manufacturers were not in a position to quote exact figures, no attempt was made to fine
tune the codt in relation to Ste specific conditions. Only ranges could be indicated. Each

combination of tariff and capita cost selected above, will demand aminimum annua gereration
per KW ingtaled. This can be taken to be the break even Plant Capacity Factor (PCF) for the
Ste under the specified conditions.

Lower the cost/MW and higher the price for energy, the larger will be the economically
viable installed capacity and the quantity of energy that can be economically extracted

froma given site.
L et the capitd cost of Attalabe Rs.3.5 croresMW. Theannud rateis25%. Let the unit rate of
tariff offered by K.SEE.B be Rs. 2.5/kWh.
If X be the number of hours of operation & full load capeacity,
per Mega Watt annua cog, at the rate of 25% on investment = Rs. 3.5 Croresx 0.25
per Mega Wett revenue = 1000 KW x Rs. 25 x X
Equating the two, we get  3,50,00,000x 0.25 = X x 1000x 2.5
X =3,500 hrs.
It follows that, any combination of machines, that can work at full cgpacity for over 3500 hours

can deliver a profit, if the overal project cost isbeow Rs. 3.5 croresMW and tariff isRs. 2.5
per kilo Watt hour.

This can be explained better intermsof Plant Capacity Factor , whichisdefined astheratio of
actud amount of energy obtained to the maximum energy that can be obtained from the given
ingtdled capacity during an year, to the actua amount of energy obtained.

In this case, for the value of X = 3500 hours, PCF = (3500 / 8760) x 100 = 40%
That is, amaximum capacity, which yields a PCF of 40% is economicaly viable for thissite.

Similarly, break even PCF for Rs.3.0 per and Rs. 3.5 Crores per Mega Watt where X=2916
hoursis 33.3%

Integrated Rural Technology Centre, Palakkad 16



WGSHP - Final Report (Mol 11) Attala

Now we shdl check various capacities of turbine sze which are suitable for thistwo conditions.

a. Tariff: Rs.2.50/kWh and break even PCF of 40%

For an ingtaled capacity of 6000 kW, which corresponds to about 10% flow of exceedence
from the chart, the tota energy yidd isthe sum of:

6000 kW x (0.1 x 8760) = 5.26MU at continuous operation for 10% time of an year, and
17MU, which isthe cumulaive energy potentid from 10% to 100% time as obtained from the
Chart (Table 31.3).

Totd yied =5.26MU + 17MU = 22.26 MU.

The Plant Capacity Factor, corresponding to thisyield isgiven by :
PCF = 22.26 x 108/ (6000 x 8760) = 42.4 %

This PCF is equd to the bresk even vaue of 40%.

So 6000 kW will be the optimum choice for the site, if the overall project cost is below
Rs.3.5 croresyMW and tariff isRs. 2.5 per kilo Watt hour.

b. Tariff: Rs.3.00/(kWh and break even PCF of 33.3%
Similarly, For 7500 kW (for 1.5% flow of exceedence)
PCF = (23500000 / 7500 x 8760) x 100 = 35.5%

This PCF is very near to the bresk even vaue of 33%.

Smilarly, 7500 kW will be the optimum choice for the site, if the overall project cost is
below Rs. 3.5 croresyMW and tariff is Rs. 3.0 per kilo Watt hour.

Table31.5
Economically Viable Maximum Capacity at Different Costsand Tariff

Unit sizefor
Tariff Rs.3.5 CroressMW

Rs.2.5/Unit 6000 kW

Rs.3.00/ Unit 7500 kW

The units selected can be one of the following combinations:
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For Rs.3.5 CroredMW and Rs.2.5/Unit we can opt (2 MW x 3)

For Rs.3.5 CroressMW and Rs.3.0/Unit we can opt (5 MW x 1+ 2MW x 1 + 0.5 x 1).

Among these two categories, the second one seemsto be lessviable snceit is bulky with units.
We have redricted oursdves to the more redistic combination of Rs.3.5 CroresMW of
investment cost and two tariff choices of Rs. 2.5/Unit and Rs. 3.0/Unit.

315 CIVIL ENGINEERING WORKS

Theimportant Civil Engineering Worksrequired for the project areaweir, an intake structure, a
penstock and a power house. A weir is constructed to have asmall storage and to divert the
water from stream to the intake. For this project an overflow weir isto be constructed, which

alows the excess water to flow over the weir to the downstream. The intake Structure takes
water from the weir and lead it to the penstock. The penstock is a pressure pipewhich carries
water to the turbine. It can be made of sted, cast iron, plastics (Poly Vinyl Chloride, High

Dengity Poly Ethylene) and concrete. Inthisproject asted penstock isused. A power houseis
congtructed for the purpose of housing the dectro mechanicd equipment. It isusudly asmal

building of 20m.x 10m. A detailed design of the civil works are given below.

31.5.1 War at Attala

A gabion weir has been proposed on the Attala stream, at abed level of +500.500 metres. The
base width of theweir at bed level is4.2m. The structureis 7m. high having alength of 15m. at
the top with a central board crested free over fdl type spill way. The cross sectiond details of
the proposed diversion Steis shown in Fig.No.31.7.

31.5.2 Intake Structure, Pensock and Power house

A smple box type, direct intake structure of reinforced cement concrete is provided on the
stream bed. A trash rack isprovided at the intake mouth, the penstock entrance starts from the
wall of intake box near the gabion. The economic diameter of the penstock is caculated as
1.2m. The penstock can carry a maximum flow of 4.44 cumec with a velocity of 4 metre per
second. The possible dignment for the penstock is located on the left bank of the stream. The
longitudinal section of the proposed penstock line was drawn from contour map and calculated
the length, which comesto 147m (Fig. No. 31.8).
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A surface power houseis proposed on the left bank of the stream. The dope at the proposed Site
is moderate but increases up the hill towards north east direction. The power house is of size
20m x 10m, to accommodate 6000 kW, generator and standardised turbine.

316 ELECTRICAL AND MECHANICAL EQUIPMENTS

The power house proposed in the scheme will have an ingdled capacity of 6000 kW. The
electricity generated would be connected to the existing power grid system a Munnekkar by a500m
trangmissonline. A standardised turbinefor 20m gross head is proposed for thisparticular Ste. The
turbine shall be complete with governor, control equipment and safety devices. The generator would
be synchronous with a brushless excitation system shall be rated to generate 6000kW, 11kV three
phases, 50Hz and shdl be suitable for coupling with turbine described above. The generator shall
have voltage regulation equipment, parald operation equipment etc.

317 ENVIRONMENTAL IMPACT

A small hydro project has been proposed at Attala (Palakkad Dist.). The project aimsto generates
about 6000 kW of hydro power from afdl having ahead of 180m. Some preliminary environmenta
impact andysis have been carried out. They are land, water and socio-economica environmental
impacts.

31.7.1 Environmental impact on land

Totd areaof catchment isabout 4. 75 5. km.of landin Karimbuzha. Theupper catchment isrocky
and with little vegetation cover. Theforest in thissector issemi evergreen and deciduous. Theland at
left bank of stream is owned by private persons and the right bank isforest land. Stream sections
are mostly rocky large sized boulders are plenty.

The most Sgnificant thing is thet, due to impoundment, no forest land will be submerged. The

congtruction of weir, penstock, power house, tailrace and temporary road will not take away any
forest land.

31.7.2 Environmental impact on water
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The Karimpuzha, which drainsto Bharathapuzhaisthe stream of thisfall. Itisa3rd order, sructurdly
controlled stream. The diverson structure will cresie apond of area0.106ha. No forest land will be
submerged. Aboveadl, thisaccountsfor only 0.0177ha/lMW. Thisdiverson structurewhich aso acts
as acheck dam can increasethe height of weter tableleve a theste. Theimpounded water will lso
change soil moisture regime in adjacent forest land.

31.7.3 Socio-economic impact

The congtruction phase would creste employment opportunities for aperiod of 18 months. The peak
labour strength is 100 skilled and 150 unskilled Iabour. 1t requiresonly minimum|land acquisitionfor
congruction. The acquisition does not need any rehabilitation.

318 CONCLUSON

The environmental impact of smal hydd project is negligible compared to large hydd projects.
Moreover, deforestation owing to the inundation will be ameagre area.

The economic size of installed capacity depends upon the permissibletariff aswell asthe capitd cost.
Itwasfoundtha theprojectisfinancidly viablefor aningtaled capacity of 6000kW at a project cost
of Rs. 3.5 Croresper MW and atariff rate of Rs.2.5 per unit of dectricity. Alternatively, if thetariff is
raised to Rs.3.00 per unit, an ingtaled capacity of 7500kW would become economicaly viable.

Cod effective methods of congtruction, likethe use of gabionweirs, can be used to reduce the capita
cods. A methodology for implementing the project with amaximum of peoples= participation should
adso bedevised. Therole of the Grama Panchayath in this effort is crucid.
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