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wir. Dhammika Perera

{Chairman

Zyrex Power Company Erathna Limited
Level 27 East Tower

World Trade Center

Colombol.

Drear Mr. Perera,

FEASIBILITY STUDY
ErATHNA SMALL Hyoro POWER PROJECT

! am attaching the Final Feasibility Report for your review. If you have any clarifications
please let us know for us to arrange a meeting with our consultants. 1 would appreciate it
if vou would release the balance payment of for the services undertaken up to
the date of the submission of the Final Feasibility Report.

My consultants and [ are available for extending consultancy services for the
implementation of this project. Qur scope would include attending meeting with lenders
wid liaising with village community leaders to address their concerns as well. 1f you are
interested in pursuing this proposal please arrange a meeting,

O a personal note I would request the quick payment as one our consultants is leaving
sext week for an overseas assignment.

Yours sincerely,

Keerthi Wickramasuriva
{“hief Bxecutive Officer

o A R A
i ; seoa % o

o § g ®
. T T B SR

Faoihip YA FrAd28, ¥4 {0 Y4 FLARSY
Forrsiidl! ovara@wirw ik
44 Vouxholl §trewt
Clotgmbin 02
R i —— O — 1 ¢ ¥ 103 1T . “



FEASIBILITY STUDY

ZYREX POWER COMPANY ERATHNA LIMITED

27-2, East Tower, World Trade Centre, Echelon: Square, Colombol. Sri Lanka.
Tel: 94-1-381115 E-majl: vallibel@lanka ccom [k

:
‘(_ﬁfﬂﬂﬂc’c e T

CONSULTANTS
OVARA (PRIVATE)LIMITED
244, Vauxhall Street,
Colombo 2.



L ST O Sy —"

ol Rl N Al

o R M A Y

o

[

10.

11

12.

13.

CONTENTS

Executive Summary

Intm:tluctian

Topagraphy

Geolpgy

Hyddology

Envifonmental

Project Alternatives

Plant Sizing and Optimization
Project Features

Project Implementation
Operation and Maintenance
Cost Eistimatf:'s

Financial Analysis

6-7

8-9
10-13
14-20
21-22
23-25
26-32
33-37
38-39
40-41
42-49

30-58



“g

.
E

LR S ROy

ot ol R Al A A N A

M .‘-,’

Executive Summary

.1 General

In Keeping with government policy to open the Hydropower Electricity Generation
sector to private and institutional investors, the Ceylon Electricity Board made a
policy decision to purchase all power supplied by small hydro developers at a rate
which was worked out in consultation with the World Bank and on the avoided cost
priniciple. In order to kick-start the industry the Board of Investment of Sri Lanka
annpunced a concessionary tax package. Development projects of this nature were
clashified under large infrastructure development projects. Such companies are
exempted from income tax for a period of 10 years after commencement of
comfmercial generation to feed the national grid. In addition duty free facilities were

awarded for the importation of plant and equipment and a VAT refund scheme was
alsolput in to place.

1.2 Objectives

1.3

Wilh a view to participate in this development program a legal entity exclusively for the
development of hydropower for grid connection under the style of Zyrex Power Company
Erathna Limited was incorporated under the purview of the Board of Investment and with a
view of developing Erathna Hydropower Project with a investment in excess of Rs; 650

million. The project is to develop a plant with a capacity of 9.9 MW on Built Own and
Operate basis.

The Report

The report consists of the following subjects, which would be dealt in depth in the following
chaplers.

1.3.] Introdgction
Is dealt with in-depth in the Report under the appropriate heading.

1.3.2 'I"upngmphy

The fopographical maps available and the ground surveys carried out for the design
of the project is described and a review of the topography of the river, river valley

and project area is made. Access road, land requirements and ownership are dealt
with.

1.3.3 Geology

A genlogical and geo-technical review of the project area and sites is made. All givil
designs and other related work including road construction were based on these
findings.
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1.3.4 Hydmology

Caichment area of the proposed site is 14.5 km2 and the annual rainfall 484] mm.
The hydrology of the area is evaluated and a hydrology model established to

gerierate daily stream flows for 29 years.

1.3.5 Envitonment

A detailed environmental study was done and Central Environmental Authority
cledrance was obtained. Floral and Faunal surveys were also completed, A further
study has been carried out based on the Terms of Reference specified by the World

Bank office in Colombo.

1.3.5 Project Alternatives

The possibility of the project being constructed on the left bank of Kuru Ganga is
examined and the option rejected on account of environmental reasons. Alternatives
of Gascade development, location of weir and powerhouse and layout of water

conveyance system is examined.

1.3.7 Plant Sizing and Optimization

Plant sizing and optimization were done on the basis of flow duration curves and
alsa daily flows developed by the hydrology study. Penstock size was optimized.
Energy generation and project cost was estimated and the NPV was determined for
various plant capacities and the optimum plant capacity selected.

1.3.8 Projedt Features

Project Name

Pldnt Capacity

Annual Energy
Generation ;

Plant factor
Location

River Catchment / Sub
catchment

Catchment area
Average annual rainfall
Mean Flow

Design Flood Flow
Elevation at weir point
Elevation at tail water
discharge point

Gross Head

Net Head

Promoters

Erathna Mini Hydro Power
Project

9.9 MW

32.3 GWH

37.2 %

Province: Sabaragamuwa
District : Ratnapura

DS Division : Kuruwita

Kalu Ganga / Kuru Ganga
14,5 km?2

4841 mm.

1.30 cumecs

85 cumecs

840 m. MSL

377 m. MSL

462 m

426 m

Mr. Dammika Perera,

Valibel Lanka (Private) Limited
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Weir
Type Concrete Gravity
Length 20 m
Height 2m
Intake Conduit
Length 10 m
Section 2mx lm
Headrace Channel
Length 280m
Section 2mx 1.2m
Sedimentation Tank
Design particle size | 0.2
Length 27 m
Section 6mx2.7m
Farebay tank
Capacity 145 Cum
Pq_nsmck
Length 2400 m
Thickness range 8to 16 mm
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Diameter range

620mmto 1118 mm

Head loss at full
flow

J6m

Expansion Joints Sleeve
Penstock supports and
Anchors
| No. of Anchors 38
No. of Supports 200
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[ Pbwer house

Size 18mx30m
Type Open Air
Hydraulic Turbine
Type Horizontal shaft Pelton
|| Rated Head 426 m
Number of units 2
Design Flow of one | 1.35 M3/sec
unit
u i Governer Hydraulic with head level sensor
(Generator
No. of units 2
Type Brushless, Synchronous
Duty Continous
Shaft Horizantal
Rated Output of ane | 4.95 MW
unit
Generating Voltage | 6.3 KV
is Power Factor Sl
Rated Speed 750 rpm
Runaway speed 1320 rpm
Generatror §7.6 at rated output
Efficiency
Protection
Over/Under Voltage | Yes
Over/Under Yes
Frequency
QOver Current Yes
Loss of Mains Yes
(ROCOF)
Earth Fault Yes
Neutral Voltage Yes
Displacement
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| 3.9 Financial Overview

Reévenue Net annual Production 323 GWH
' Net Annual Revenue for the | 182.5 Million
First year
Cost E&M 460.4 Million
Civil 159.3 Million
‘Other 72.4 Million

| 3.10 Planning

Lban | 2003 April
E&M 2003 May
Civil 2001 November
Commercial Operation 2004 May
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Introduction

2.1 Promoters

Zyrex Power Company Erathna Limited together with Vallibel Lanka (Pvt) Ltd and Mr.
K.[D. Dhammika Perera.

My K.D. Dhammika Perera’s investments cover a wide spectrum including entertainment,
inyestment in and ownership of cargo vessels and other miscellaneous businesses.

In addition to the above, the diversity of Mr. Dhammika Perera’s investments cover some
of the blue chip companies’ quoted on the Stock Exchange. Mr. Perera is the largest
shareholder of Pan Asia Bank Ltd. He is also one of the largest stakeholders in the National
Development Bank and Royal Ceramic Ltd. Mr. Perera serves on the board of al] three
companies.

Special mention must be made of Mr.K.D. Dhammika Perera's present involvement and
investment in the Hydropower sector. Parallel to the Etathna Project Didul (Pvt) Ltd is well
on stream in the development of the Way Ganga Small Hydro Power Project (WGSHP) with
an installed capacity of 9MW. This same company has obtained approval for the
devzlopment of the Gin Ganga Hydropower Project (GGHHP) at Watugala, Deniyaya with
an installed capacity of 24.8 MW, Detail studies are presently underway.

2.2 Site Location

The site is located in the Sabaragamuwa District approximately three hours driving time
from Colombo.

2.3 Project Overview

The projec under study was not identified by the CEB master plan but was located by Zyrex
Power Company Limited in 1996 and an LOI was granted in the same year. Zyrex Power
Company was involved in developing two other projects namely Rakwana Small Hydro
Power Project and Delgoda Small Hydro Power Project with a total generation capacity of
3.2 MW. These two plants are now commissioned and grid connected. Parallel to the work
undertaken to these two projects preliminary studies and work commenced under Frathna
Small Hydfo Power Project,

Taking intd consideration the large potential energy generation of the Erathna Small Hydro
Power Project and the investment in excess of Rs, 650 million, in 2001 it was decided that
the project should be developed as a stand alone project entitling the project to benefit from
special tanff increase of 15 % and related tax concessions for large scale infrastructure
under the Board of Investment, Consequently with all the statutory approvals a new legal
entily undér purview of the BOI titled Zyrex Power Company FErathna Limited was
incorporated towards the end of 2001, It is this company that has now undertaken the
developmefit of this project.
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The catchiment of this project consisting of 14,5 km2 although appears to be small in extent
falls within the peak wilderness Natural Reserve and could therefore be considered a
primary protected area. With the weir located at 840 m. MSL and power house at 377 m.
MSL. The generation capacity using two twin jet Pelton turbines is 9 MW with an annual
ensrgy ganeration of 32.5 GWH.,

The entite site including the access road to the weir runs through private lands and
abandoned tea land belonging to the Land Reform Authority. The private land has been
purchased and clearance by Land Reform Authority has been obtained.

The inter connection point is approximately 18 kms away from the powerhouse, This power
line runs 4long the route taken by existing Sri Pada line and Erathna 33 KV supply line. This
allzviated the necessity of complicated procedure of clearing way leaves.
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Tepography

3.1 Topographical Maps

Tooographical Surveys of the Project Area is available to a scale of 1:50,000 with contour
intervals of 20 metres in Sheet 68—Nuwara Eliya and to a scale of 1:10,000, with contour
intervals of 10 metres in Sheet 68/16 prepared by the Survey Department of Sri Lanka, The
latier has been prepared in 1993 by stereo compilation using 1:50,000 aerial photographs of
1981 and|field checked in 1997. These survey maps were used for the initial conceptual
development of the project.

3.2 River Topography

Kuru Ganga leaves the Peak Wildemess Sanctuary at an elevation of 1030 m. MSL and
flows steéply west words till it reaches the village of Adavikanda at an elevation of 400 m.
MSL. Clése to the pilgrims rest called Maha Ambalama it forms the Manna-Kethi Falls
from elevation 860 m, to 840 m, and thereafter flows on steep exposed bedrock to an
elevation iof 600 m. The riverbed below this level is covered with large boulders and the
banks with thick vegetation.

3.3 River Valley

The river valley is steep and rises to an elevation of 1580 m. on the left bank and 1600
metres on the right bank with a number of escarpments. The valley is approximately 2.5 km.
wide, The left bank comprises of thick virgin jungles of the Peak Wilderness. The right bank
from the Maha Ambalama to Adavikanda village mainly comprises of abandoned tea land of
the Warnagala and Clovasana Estates, now mainly scrubland and village settlements mostly
at the lower elevations.

3.4 Access

There is ho motorable road access beyond Adavikanda village The Adams Peak pilgrnims
trzil runs close to the river with steps at steep sections and is illuminated during the
pilerimage season December to April. A 11,000 kV power line runs close to the trail.
Terraced itrails about 2 metres wide constructed for the tea plantations exists still in good
condition but overgrown with shrub.

3.5 General Topography
The topofiraphical maps indicate the following features:

i) The river flows steeply with river gradients over 15% down to 400 m. MSL
and thereafter with milder gradients less than 10%,

i} The terrain on the left bank is more uniform and milder in slope in
comparison to the right bank, particularly below the Manna-Kethi Falls.

iif)  On the right bank milder gradients are observed from elevation 900 m. to 530
m. and steeper gradients from 530 m. to 400 m.
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3.6 Ground Surveys

A Topographical ground survey was carried out in 1996 on the left bank to a scale of 1:2000
with 5 metre contour intervals for the detail design of the project.

Detailed surveys were carried out for the weir, headrace channel, forebay, penstock trace,
anchors and piers and the powerhouse area for the construction design of the project,

All project survey levels are in relation to a Datum EL. 1000.00 m. established at the intake
at which the absolute elevation is approximately 840 m. Mean Sea Level. As such all project
levels have to be reduced by 160 m. to convert to MSL.

3.7 Access Road

In order to facilitate and financially optimize the movement of material, inspection of the
tota' project and for other operational and maintenance purposes in the long term an access
roac has bgen built up to the forebay tank approximately 300 meters from the weir. This
roac commences from the powerhouse and will be approximately 4 km in length. The road
has been done with compacted gravel with suitable drainage with rubble paving in more
difficult segtions. Culverts have been built at required points. Vegetation and storm water
drains have been handled as appropriate to minimize erosion etc. and facilitate the
maintenande of the road in long term.

3.8 Land

Totil extent of land essential for the project is about 1.7 Ha. This extent covers the land
trace: from the weir through the channel up to the forebay and thereafter along the penstock
path to the fand on which powerhouse is located and through to the tailrace.

The ownership of critical area of land from weir to the powerhouse is vested with Land
Reformed Authority, and private individuals, The ownership of the land trace of the road
way also falls in to the same two categories.
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4 Geology.

4.1 Guneral Geology

The elevation of the project area varies from 400 m. MSL to 1000 m. MSL.

Geblogically the project area belongs to the central part of the highland complex of Sri
Lanka. The area comprises of high grade, lithologically and 1sotropically distinet
meiamorphic rocks of the Highland Complex.

Geomorpliologically the area consists of steep V-shaped valleys, rock cliffs, cliff boulders
having average sizes of 9" to 20°, in-situ boulders and boulder trains. The slope directions

and the slape angles vary considerably from place to place having an average angle of 40°
The presefice of large intact boulders in the streams and in the valleys indicate that whole
project area is located in a highly fractured zone.

Rock types of project area is mainly granulitic gneiss, mostly gametiferous and charnockitic
gneiss. The rock type and their direction vary considerably from place to place. The foliation
plane is well defined and the whole area is striking 20 ° to 35° from the North. Dip
angles and direction of joints varies from place to place within the range of 15° to 50° ,
anc 40° to 135° respectively. Most joints are tight enough, however there are some joints
with few pentimeter separation. No secondary minerals or clay filled joints can be seen,
Mast of the rock faces are eroded due to water flow,

4.2 Oyerburdgn Deposits

Types of dverburden deposits and their thickness vary considerably from place to place due
to the inhdrent nature of the area. In the upper part of the slopes, rocky cliffs can be found.
These clifis have been formed along the major joint systems and hence the middle and the
lower partof the slopes consist of colluvium soils and boulder deposits overlain by residual
deposits. But in some areas residual deposits can be found associated with the weathered
rock. Mainly, all the stream outlets consist of massive boulders, which have fallen from the
upper ared. Rock exposures associated with the stream segments and water path show the
high erosignal capacity in the area by these streams.

4.3 Weir site

Bedrock of Feldspathic Gneiss with Garnets is well exposed along the Kuru Ganga at the
proposed weir site. Two almost vertical joint sets striking 90/V, 180/V and well defined
foliation planes are observed with spacing between the joints 0.3 m and 0.5 m. respectively.

Exjosed bid rock at the surface in the river section and also at the right abutment is fresh to
moiderately weathered. However, at the left abutment of weir site, rock mass is affected by
wedthering along the joints. As a result the left bank area is covered with detached rock
blocks and in-situ boulders. Due to non availability of proper access for earth moving
machinery to left bank, it may not possible to remove unstable detached rock/boulders at the
left abutment. Hence it is recommended to consolidate the left abutment detached rock
bloiks by using rock dowels and also by filling open joints and voids with concrete.

10
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4.4 Head Race'Channel

The 280 my stretch of head race channel lies on over burden and highly weathered rock. The
excavated lestpits indicate material consisting of brownish lateretic clayey sand with gravel.
In some plices weathered rock will be encountered.

it i» recomimended to provide an adequate drainage system to drain storm surface water
awey from the excavated slopes to avoid minor failures and also to turf exposed slopes to
prevent sutface erosion.

4.5 Forzbay

The forebay area is covered with thin overburden/vegetation. Bed rock is exposed along the
stream runs in the vicinity of the forebay. It could be assumed that bed rock level is not
deeoer than lm at the foundations of the forebay.

4.6 Penstock

Entire Penstock path lies on a highly fractured zone where rock cliff, boulder deposits
overlain by residual deposits, and residual deposit associated with the weathered rock can be
found,

Rock types and their direction vary considerably from place to place. Strike of the rock
varies from 22° to 305° from the North. Dip angle varies from 15° to 50° towards
difierent directions as shown in the table below:

Location Strike/Dip Joints Rock Type
A. LHS of 45/20W 100/V 4/m  Feldspathic
Maha Dya Quartzite
B. Upstreim 60/2TW - Weathered rock
of A
C. RHS of 22/50W 320/60NB  Gametiferous .
Weti Ela E-8/m Quartzo
R0/608S- Feldspathic
5/m Gneiss
D. Upstreamof C  20/21W -do- Weathered
E. Upstream of D No bed rock exposures
F. Upstream of E 305/25E 100V- -do-
12/m
350/V-B/m

In the upper slopes of the penstock line, cliffs had been formed due to the presence of major
joint systems that is almost in the direction of East-West.

11
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Seil samples taken from the penstock trace showed the following characteristics:

e =y

Sample No. ! 2 3 4 3
Classification e SM M SM SM
Liquid Limits 53
Plastic Limits 36
Plastic Index’ 16
Gravel % 2 | 5 2 8
Sand % 59 63 61 77 75
Sift & Clay % 19 36 34 21 17
Clay % 16 20 23 15 Il
Sample No. 6

Cu kPa 19

(5 20

As the Pénstock path lies on a highly fractured zone where rock cliff, boulder deposits
overlain by residual deposits, and residual deposit associated with the weathered rock can be
found the positions of anchor and pier foundations should be selected carefully to avoid any
failures. In the process of the selection of foundations for penstock anchors and piers the
following have been recommended.

1)

ii)

iii

iv)

Inplaces having thin overburden, foundation of the anchors/piers should be located
on the bed rock after removing the overburden.

In/ places having detached rock block/insitu boulders foundation of the piers should
be located on these rocks after consolidation of the rock mass by injecting concrete
in to openings/voids which were created due to weathering along the joints.

In| places with thick overburden the pier foundations of penstock may be located
within the soil mass after adequate mechanical compaction. The risk of undermining
ofl the foundation of the anchors and piers could be avoided by providing proper
rubble masonry protection at the toe of the foundation.

All unstable boulders above the penstock line should be removed before erection of
the penstock line.

iv) After construction a geotechnical evaluation should be made of the anchor and pier

foundations for ground conditions, surface water movement, slope erosion and
undermining and suitable drains, paving, retaining walls, other protective measures
and turfing to be carried out.

Most pf the recommendations were implemented.
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4.7 Power House

The entite area is covered with massive in situ boulders in thick colluvium deposits.
However the visual inspections on areas where topsoil is removed and geomorphological
[eatures of the area indicate that sound rock level can be found at shallow depth, The rock
type encduntered in the area is biotitic gneiss with granite. These rocks have formed a
sound foundation for the powerhouse. 6 bore holes were drilled and samples analysis was
done. Design of the powerhouse foundations was based of theses analysis results.

A cross section of the hill slope at the powerhouse was analyzed using Stab-Lg software

which gave a Factor of safety of 1.79.

4.8 Geo-technical Assessment

The projeit area, in general is not likely to be unstable to create unforeseen major geological
fai ures.

13
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S. Hydrology

LA

5.1 General

The Erathna Small Hydropower Project has a catchment area of 14.5 sq. km. extending from
840 metres above MSL to 2100 metres MSL receiving an annual average rainfall of 4841
mm. The catchment area extends up to the Adams Peak and lies solely within the Peak
W ilderness Sanctuary,

5.2 Analysig of Stream Hydrology

A hydrolvgical study was carried out for the project to determine the availability of water at
the projgct site in terms of seasonal and monthly variation on long term basis. A
mathematical model correlating daily rainfall data with daily stream flow was developed and
the daily flows generated for a period of 29 years from 1967 to 1996.

5.3 Hydrological data

There are no rain gauges or stream flow measuring stations or any other hydrological
instrumehtation in the catchment. The only known rain gauge in Kuru Ganga catchment is at
Keragala, located on the right bank of Kuru Ganga and below Eratna and it has long term
rpinfall data. There are few raingauges in adjoining catchments with long term records and
average annual rainfall estimates of these gauges are given below.

Station River Elevation  Period of Average Annual
Record Rainfall
Keragala Kuru Ganga 150 m. 1969 to 1596 4717 mm
Carney Kalu Ganga 305 m. 1949 to 1985 4413 mm
Malibodh  Seethawaka Ganga 274 m. 1965 to 1995 4769 mm .
Alupola Kalu Ganga 543 m 1949 to 1985 4483 mm

The only raingauge within the Kuru Ganga catchment, Keragala shows a similar annual
rainfall 1a comparison to the other rain gauges in this region and is predominately influenced
by the Sbuth West monsoonal rains. Therefore Keragala rainfall was considered to represent
Kuru Gadnga upper catchment and was used in stream flow data generation. The Rainfall at
Keragald is given in Table 5.1.

Regarding the stream flow data, the nearest stream flow measuring station within Kalu
(langa catchment is located at Ratnapura, which intercepts 603.0 sq.km. This is two large for
interpoldtion as the catchment under the study is only 2 .1 % of Ratnapura catchment. There
had been an another stream flow measuring station at Lellupitiya across Denawaka Ganga
which intercepted 76.0 sq.km of Kalu Ganga catchment. The data had been collected for a
period of only 8 years and therefore too short. However this data can be made use for a cross

check as the catchment is small.

14
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There is a gauging station with a smaller catchment in the adjoining river basin and it I
located &t Deraniyagala in Seethawaka Ganga and this gauging station intercepts a drainage
area of 183 sq.km. Daily flow records are available since 1948 at this station. The topogra-
Pay, geglogy and land use are similar to the Kury Ganga catchment and  therefore this
catchment was used to model the behavior of Kuru Ganga as there is no other alternative.

There is no evaporation pan in close proximity to the catchment. In order to estimate the
evaporation and evapo-transpiration losses in this area, observed pan evaporation data for a
period of 10 years at Ratnapura was taken. As the variability of evaporation from one
location fo another location is not very much abrupt in comparison to other hydrological
variables such as rainfall, average monthly evaporation rates were taken from Ratnapura.

5.4 Methoddlogy

Deraniyagala is the only gauged catchment which is similar to the project site in topography,
land use and geology. Therefore a rainfall runoff model was developed to simulate stream
flow from rainfall from the most recent observations in Deraniyagala.

Riinfall data are available in Maliboda and Dabar Divisions for a considerably long period.
Dibar rainfall was found to be more suited for the Deraniyagala catchment in comparison to
Milibodal Therefore Dabar rainfall was used in model development.

The correlation of daily rainfall and evaporation with the corresponding stream flow rate,
when expressed in the form of a mathematical relationship is called a hydrological model.
There are different types of hydrological models and model structures. About 10 such models
were exarhined for the hydrological data available at Deraniyagala. From the comparison of
estmated model efficiencies of these models, a conceptual model developed by a Chinese
hydrologist Zhao was found to be the best and was selected to represent the catchment of
Deraniyagala.

5.5 Mathemalical Model

This model is called the Xinanjiang model, which was developed in 1973 by Zhao. For the
development of the model, daily hydrological data from October 1990 for 1200 days were
used. For the verification of the model, balance days of data series up to September 1996
wete used, The efficiency of the model in calibration was found to be 63.17% and that of
model in verification was 64.01%. This percentage is an indication of the degree of fitness of
the model fo the observed data,

The estimated model parameters obtained by the optimization technique are given below,

WM = 203 - Maximum soil moisture
X = 0264 - Factor to convert upper zone flow
Y = 0780 - Factor to convert lower zone flow
KE = 201 - Factor to represent evaporation and other interception losses
B = 567 - Distribution index
FC = 40.0 -Infiltration
IMI' = 022 - Imperviousness of the catchment
C = 0/736 - Evaporation from lower soil layers
N =283 -NashN
NK = 071 -NashNK
K = B80.7 - Ground water
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5.6 Discharge Measurements

There are no discharge measurements available at the site and therefore one discharge
measurement was carried out during the study period. Conventional current metering of the
river flow was done near the bridge site at Erathna as it is the only acceptable site for such
flow medsurements.

5.7 Data Geheration

The Xinanjiang model developed for Deraniyagala flow measuring site was used at Erathna
tc generdte stream flow data from 29 years of rainfall at Keragala. Daily rainfall data for 29
years fram 1967 to 1996 were used to generate data, Table 5.2 gives the 29 year estimated
meean manthly streamflow from daily stream flow generation.

From the long term rainfall used for stream flow generation it was found that the average
annual rainfall is 4841 mm. This input rainfall to the model together with evaporation data at
Ratnapura produced an average runoff of 2790 mm, which has a runoff rainfall ratio of 58 %.

5.8 Filow Dugation Curve

Flow dutation curve provides the vital information to plan and design the plant capacity of a
hydropower project. In this study flow duration curve for an average year is given in Figure
5.1 from average data generated from the model.

5.9 Flood Stiady

The catchment of the Erathna Small Hydropower Project is relatively small (14.5 sq.km).
Sayders synthetic flood hydrograph technique was used for estimating the flood peaks,
which gives more realistic flood peak values than the Rational formula for very small
catchmefts. Length of stream up to the location of the weir is about 6.8 km. with an average
slope of about 17%. Time of concentration of the catchment is about 1.5 hours. According to
Snyders parameters, time to peak is about 4.5 hours for a storm of 1.5 hour duration.

Flood peaks for different return periods are given below:

Eeturn Beriod (Years) Flood Peak (cumecs)
10 56
100 85
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3,10 Summipiry

Following is a summary of hydrological information gathered from measured data and
hydrological inferences drawn from the generated data.

|.Average annual rainfal| 4841 mm

2, Average annual evaporation 1238 mm
3.Annual average runoff from generated data 2790 mm

4 Runoff-rainfall ratio 58%
S.Annual average flow volumes 36.3 M.C.M.
6 Average daily flow rate from generated data 1.30 cumecs
7. Maximum daily flow rate from Average 2.89 cumecs
8 Minimum daily flow rate from Average 0.43 cumecs
9 Flood Peak (100 year return) 85 cumecs

. 5.11 Further Studies
With theconstruction of the weir in February-March 2002, daily flow measurements at the
weir havk been carried out. Daily rainfall at the weir site and the powerhouse site have also
beéen taken from February 2002.

A furthef hydrology study with the additional data and an evaluation of the hydrology is
currently) underway. A report covering the period up to June 2002 is expected to be
completed by mid- September 2002. It is considered that this report will give reliable flow
duta as they will be based on actual rainfall in the catchment area and measured flows at the
weir site.
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Environmental Aspects

Frathna Small Hydro Power Project had not been identified in the CEB master plan or any
other developer prior to its identification by Zyrex . Initially an application was made to the
(EB for the development of this project with the weir site located upstream of waterfall
called Manna-Kethi Falls. Due to concerns expressed by Sabaragamuwa Provincial Council it
was deciled to move the weir site below the falls.

(in the above basis and afier having completed an in depth flora and fauna study, as well as
a1 envirenmental study, the required clearance was obtained from the Central Environmental
Authority for the construction of the project on the right bank for the capacity of 8.4 MW.
Subsequently actual flow measurement and project and plant optimization indicated that the
capacity could be increased to 9.9 MW. The Central Environmental Authority clearance has
been obtaned for this upgrade with the concurrence of the CEB,

Waterfall Mannakethi Ella

The project includes the construction of 4 km long access road from powerhouse area to
forebay tank. This road has been constructed and it provides access to a remote village called
Falgastehna in which 10 families live. The foot path that villagers used prior to construction
of the access road is very steep and people in this village faced tremendous difficulties when
they became ill.

The project requires relocation of two families and these two families accepted the
compensation packages offered to them.

Family benefited from new roed




A detaled environmental study based on the Term of Reference issued by the Central
Environmental Authority was carried out and the requisite approval was obtained.

el

A house affected by the project
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o Project Alternatives

The following Project Alternatives were initially considered and evaluated for the conceptual
development of the Project.

7.1 Rizht Batk Development vs Left Bank Development.

The terrain on the left bank of Kuru Ganga is more uniform and milder in slope in
comparison to the right bank, particularly below the Manna-Kethi Falls. The penstock length
wiuld alsh be shorter. However there are two distinct disadvantages of a development on the
left bank] The left bank is covered with a luxuriant tropical forest and considerable
environmental damage would be caused by the construction of access roads, headrace
channel afid the penstock. A development on the left bank would also entail the construction
of o major bridge across Kuru Ganga at Adavikanda and an access road through thick jungle.

[n compatison though the terrain is steeper and uneven the right bank is mostly of scrubland.
The= access road could be traced through the terraces of the abandoned tea estate. The road
would alsy benefit the villagers and in time would be used by the pilgrims. The present
pilzrims tiail would also fascilitate initial construction work and transport of materials,

As such the development of the Project on the Right bank was selected.

7.2 Loeation of the Weir

The upper catchment of the Kuru Ganga is in the Peak Wilderness Sanctuary - a protected
jungle reservation. The river leaves the boundary of the sanctuary at elevation 1030m. MSL.
A picturesque waterfall called Manna-Kethi Falls is at elevation 840 to 860 m.

In order td obtain the maximum head, a weir location upstream of the Manna-Kethi falls but
downstream of the sanctuary was considered which would have adversely affected the falls
particularly during the pilgrim season. Objections to the impairment of the falls were raised
by the Lotal Authorities - The Divisional Secretary and after discussions it was agreed to
preserve the falls by locating the weir downstream of the falls. The weir top level was
decided at 840 metres MSL. The weir will form a shallow pool below the falls which will
entance the beauty of the falls and will also form a recreational area.

7.3 Location of the Powerhouse

The installed capacity and the energy generation of a project is directly proportional to the
flow and the available head. As the cost of the project will depend on the length of the water
conveyance system, the river gradient is an indicator of the intrinsic viability of the
development of that stretch of the river.

The river bed levels and the slopes from the boundary of the Peak Wilderness Sanctuary to
Adavikanda village is given in Table 7.1 below.
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Cabic 2,1

Station River Bed River Bed Overall
melres El. m. MSL Slope Slope
0 1000
220 950 0.227 0.227
500 900 0.179 0.220
660 850 0313 0.227
900 800 0.208 0.222
1080 730 0.278 0.231
1280 700 0.250 0.234
1410 650 0.385 0.248
1580 600 0.294 (.253
1780 550 0.250 0.253
2060 500 0.179 0.243
2760 450 0.185 0.236
3040 400 0.132 0.221
3620 350 0.086 0.198
4220 300 0.083 0.180

The uppdr reaches of the river has a gradient 38% to 18% which markedly reduces to 13%
below 400 m. MSL. An optimisation study indicated that below this location the capitalized
value of the gain in energy do not justify the extra investment of the penstock length The
river is at 400 m. MSL at Adavikanda village where the existing motorable road from Eratna
ends and the foot climb on the Pilgrims Trail starts. A suitable location for the powerhouse
wiis selegied at this location at the foot of the mountain with easy road access for heavy
powerhouse equipment. The river level at this location is at 370 m, MSL.

7.4 Single vd. Two Stage Development,

Duz to the available high head of 462 metres and the long penstock the alternatves of a single
stagie and two stage development was evaluated. A suitable location for the intermediate
powerhouse was found at Jambolagaha Ambalama at an elevation of 600 m, MSL,

A Iwo stage development with the intermediate powerhouse at Jambolagaha Ambalama will
have the advantages of a phased out development and the additional generation of energy due

o the flow from the intermediate catchment. However it will have the following
diszdvantages:

* The capital cost of a two stage development will be higher due 1o
the duplication of an intake, headrace channel, forebay,
powerhouse and a switchyard,

* An intermediate powerhouse will require the construction of a
good road to transport powerhouse equipment and transformers.

* The power line has to be extended up to the intermediate
powerhouse,
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As therejwas no major constraint on the funding, and preliminary estimates indicated that the
higher cipital cost of a two stage development off sets the. additional income due to the
enhanced generation of energy, the development of the power potential with a single stage
divelopment was decided upon.

7.5 Layout of the Water Conveyance System

Following investigations were carried out to determine the most economical water
conveyance system and the path.

1) Topographical surveys on the left bank to a scale of 1:2000 with 5 metre
contour intervals. -1996

iiy Project Study by Central Engineering Consultancy Bureau for the
conveyance system — October 1997

iif) Investigations on Slope Stability by Landslide Studies and Services
Division of National Building Research Organisation — December 2000

i¥)  Further Investigations on Slope Stability by Landslide Studies and
Services Division of National Building Research Organisation — March
2001

v} Cadestal survey of land ownership

The water conveyance path was selected based on the following factors.

In general the unit cost and the friction gradient of a head race channel is much lower than
that of af penstock. However the channel being a free flow structure has to traverse on a
centour with a low gradient. The initial section of the water conveyance system is a channel
liited irf length to 280 metres as any further continuation would take the flow away from the
destination. Further the end of the channel is 2 massive slope of bed rock with thin soil cover
less than i metre ideally suitable for the construction of the forebay tank.

To be cofit effective the initial length of the penstock has to be under low pressure and the
high pressure section which has to be of thicker plate should be kept as short as possible.
However|a drop of 190 metres in the initial 475 metre length of the penstock had to be
accommadated to ajign the penstock in the direction of the powerhouse. The next 1200 metre
length ofipenstock runs on a mild gradient dropping only 120 metres but traverses over deep
streams niecessitating high piers and longer spans. The final section of the penstock is steep
and drops 165 metres over a length of 500 metres and negotiates a steep terrain with
gscarpments.

Tiie preliminary penstock trace was set out on ground with anchor and pier positions and

inspected and adjusted where necessary for safe foundation conditions, slope stability,
minimum excavation, minimum height of piers and to avoid streams.
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8. Flant Sizing and Optimization
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8.1 General

Plant sizing and optimization is an iteration process of initially determining a trial plant
capacity, loptimizing the channel size and the penstock sizes for that capacity and thereafter
optimizing the plant capacity for the optimized channel and penstock and repeating the
iteration process till the incremental change is insignificant.

8.2 Pznstock Optimisation

The pipe {liameter was optimized for upper, mid-upper, mid-lower and lower sections and the
results ard given in Table 8.1.

8.3 Power Geperation
Power generation was computed on the following formula:
Power Geheration KW = 9.81*% Efficiency*Gross Head*Flow

Efficiency is the combined efficiency of the penstock, Turbine and the Generator for the
flow.,

Efficiency of the penstock = (Gross Head- Friction Head)/Gross Head

Efficiency|of the Turbine and Generator was based on the efficiency figures given by a plant
supplier,

The efficigncy figures used based on penstock losses, and operation of two turbines to obtain
mazimum plant efficiency is given overleaf as Table of Combined Efficiency:.

Gross head is the hydrostatic head from the forebay to the turbine jets in metres. The Eross
hydrostatid head of the project is 462 metres.

Flew is the flow in cumecs,
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Table of Combined Efficiency.

% of Maximum  Efficiency

Flow

0

5
10
L5
20
25
30
35
40
45
50
35
60
65
70
75
80
85
90
95

100

8.4 Energy Generation

Penstock

1.00
1.00
0.99
0.99
0.98
0.98
0.98
0.97
0.97
0.96
0.96
0.96
0.95
0.95
0.95
0.94
0.94
0.93
0.93
0.93
0.92

Plant
Efficiency

0.00
0.00
0.83
0.83
0.87
0.87
0.88
0.83
0.88
0.88
0.88
0.88
0.88
0.38
0.88
0.88
0.88
0.88
0.88
0.87
0.87

Combined
Efficiency

0.00
0.00
0.82
0.82
0.85
0.85
0.86
0.86
0.86
0.85
0.85
0.84
0.84
0.83
0.83
0.83
0.82
0.82
0.82
0.82
0.80

= bl b el Gl e 8

|
En

The Meiin Annual Energy Generation for various Plant Capacities based on the Flow
Duration Table is given in Table 8.2.

The Mean annual Energy Generation was also calculated for various Plant Capacities using
daily flojvs generated by the Hydrology Model. Results are given below:

=TT

=

Plant Rated Plant Average Annual
Capacity Flow Factor Energy
Kw cumecs GWH
6000 1.63 0.60 31.57
7000 1.91 0.54 33.11
3000 2.18 0.49 34.30
2000 2.45 0.45 35.26
10000 272 0.41 36.01
11000 3.00 0.38 - 36.60
12000 3.27 0.35 37.07
27
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The Energy Generation based on the Flow Duration Table differs from the Energy Generation
computed by daily flows by about 2 percent due to the indirectness of the method.

8.5 Ne! Energy Generation

The daily flows generated by the hydrology model are average daily values. As such the
fluctuatiors of the flow within the day are riot taken into account in the available flow for
generation. While the flow available for generation during heavy rains will be limited to the
rated flow| at other times a correction have to be applied for flood peaks.

A hydrolagy study conducted by the hourly measurement of stream flows in a similar
cat:hmentiwas used to estimate this correction. Power generation studies made on the basis of
hourly flows and daily average flows showed a reduction of about 5 percent of energy
gereration when hourly flows were used.

The transformer efficiency is assumed to be 98.5 %.

An overal| correction factor of 0.9 is applied to adjust for peak flows, transformer efficiency
anc possibile CEB outages to arrive at the Net Mean Annual Generation of Energy.

8.6 Optimised Plant Capacity

At a capacity of 10,000 KW following are the incremental costs of equipment and penstock
for increase and decrease of capacity.

Equipment Rs. 15 millions/Mw
Pc'pst{nck & Civil Es. 5 millions/Mw
Total Es. 20 millions/Nw

Based on an energy price of Rs 5.65/Kwh following are the Net Present Values at discount
rates of 15 per cent and 20 per cent. For plant capacities 8,000 KW to 12,000 KW,

[nstalled Energy Project Cost NPV @ |NPV @
Capacity (KW) | Generation (Million Rs.) 15% (Mil | 20% (Mil
B | GWH Rs) Rs)

| 000 | 30.9 560 358.14 | 246.38
| 9000 | 31.7 580 365.67 | 251.02
10000 | 32.4 600 367.82 | 25141
(11000 32.9 620 366.29 | 248.89
(12000 | 33.4 640 36137 | 243.68

Based on the above an installed capacity of 10 MW is the most economical installation.

However s approval for grid connected small hydropower projects is given for capacities
less than 10 MW, an installed capacity of 9.9 MW was decided.
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8.7 Mean Annual Energy Generation

8.8

The net Mean Annual Energy Generation for a plant of capacity 9.9 MW based on the daily
Tlow generated by the hydrology study for the period 1967 to 1996 is 32.3 GWH.

The manthly, annual and mean annual Net Generation is given in Table 8.3

Benefith of Clean Development Mechanism (CDM)

"his Project will be eligible for registration as a CDM Project and such registration will
¢nable the Project to market Carbon Credits. This will further improve the viability of the
I'roject, At this point of time the detailed information is not widely available to ascertain
the estimnated revenue generation and, therefore, such additional cash flows were not taken
into fealibility analyses. However, such additional cash flows will cushion any impairment
of cash flows resulting from a prolonged drought situation in the project catchments areas.

2.9
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| Table 8.4
ERATHNA MINIHYDROPOWER PRO
PENSTOCK i
ECONOMIC DIAMETER
Intarnal diameter maotros. 0.5 0.6
Tofal Cost Raimetra o oA i ! "
;:zflhp:r E:::gmlr 38651 285586 26777 27022
sl o]l eclion 47028 40159 30867 42881
e ower suttion : 53405 50761 52057 SHE%S
sLower Section {ene pipa) 58531 39072  38TES 44624 53419
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ERATNA SMALL HYDROPOWER PROJECT Table 8.2
Energy Generation
Sased oh Flow Duration Table
[2lant Capacity KW 8000 7000 8000 3000 10000 11000 12000]
Wiax, Flow cumecs 1.63 1.99 2.18 2.45 272 3.00 337
Flow Flow Energy
Duration ¥ |  cumecs 000 KWH
1 B.20 526 613 701 7AB A78 o654 1051
3 B.00 526 613 701 TEE 876 564 1051
3 4.90 526 B13 701 788 876 954 1057
I4 4.30 526 813 701 788 876 554 1051
b5 3.80 526 813 704 788 878 964 1057
[ 3.40 526 813 701 788 876 864 962
7 3.06 526 613 701 788 875 924 957
I8 2.82 526 613 701 788 847 884 884
g 261 526 613 701 788 812 g22 g3z
o 2.44 525 613 701 761 770 770 779
3] 2.29 526 813 685 721 721 730 730
iz 2.14 526 813 69 B77 BES B85 Bas
3 2.0z 526 613 43 B43 B51 651 B59
14 1.93 526 597 815 523 523 630 830
s 1.85 2588 2774 2808 2842 2842 2876 2876
¥0 1.60 2404 2434 2463 2463 2493 2523 2523
25 1,39 2141 2167 2193 2193 2219 2219 2245
30 1.24 1952 1952 1976 2000 2000 2023 2023
s 1.13 1779 1801 1822 1822 1844 1844 1844
£ 1.03 1651 1670 1670 1680 1690 1690 1890
45 0.85 1526 1544 1562 1562 1562 1562 1544
50 0.88 1426 1426 1443 1443 1443 1426 1428
55 0.81 1316 1332 1332 1332 1316 1318 1318
B0 0.75 1215 1229 1229 1229 1215 1215 1215
65 0.69 1127 1127 1127 1114 1114 1114 1114
To 0.63 1024 1024 1012 1012 1012 1012 1000
5 0.57 922 a11 911 511 914 800 900
#0 0.51 811 801 801 801 792 792 792
85 0.44 683 683 693 675 575 6549 659
%0 0.37 565 559 559 559 545 545 545
g5 0.30 442 442 431 431 431 431 0
1640 0:23
MEAN
ANNUAL ENERGY GWH 30.9 32.4 3316 34.6 353 36.0 36.1

3l
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0: Project Features

8.1 The Weir

For environmental considerations stipulated by the local authorities, the Weir had 1o be
located déwnstream of the Manna-Keti fall. From the pool at the base of the fall the river runs
flat for a short distance and is joined by a left bank tributary. Just downstream of the
confluenck is a narrow valley with fresh to moderately weathered bed rock suitable for the
weir foundation. The river drops steeply thereafter for a few hundred metres on exposed
bedrack.

As the prdject is run-of the river type minimal storage is required at the weir. The weir will be
20 metres long with a maximum height of 2 metres and an average height of a metre. Due to
high flood flows the weir is designed as a concrete gravity structure. Dowels will be provided
for added §afety against sliding.

The Full Supply Level (FSL) of the pond is at El. 999.50 m.which will be approximately at
84() metrek above Mean Sea Level. It is expected that the pond will be maintained about 0.3
me res below the FSL to prevent unnecessary spillage of water due to wave action,

The 100 year retumn flood peak at the weir site is estimated at 85 cumecs. Due to the steep
bed slope ¢f the river downstream of the weir and the availability of about 30 metres of width
for flood flows the maximum flood height will not exceed 2 metres over the weir. Due to the
short weir height and the comparatively high flood height the downstream slope of the weir
was approiimated to a slope of 1 to |,

Wiile the right bank of the river comprise of massive, unfractured bed rock fracture planes
are noted 4t the center and the left bank. Inspection of the exposed bedrock downstream of
the weir did not show any perceptive leakages. However grout holes will be drilled at one
metce intefvals at this section of the weir and pipes fitted, and tested and grouted after
concreting of the weir. This will be a precautionary measure as any leakage will be minimal
with a resefvoir depth of 2 metres.

No siltation or sand deposits are observed at the weir location. The whole of the catchment
ares is a prptected forest and no erosion or turbid waters have been observed even after heavy
rains. However a by-pass pipe to eject silt and another to release the minimum flow
requirements of the river will be provided through the weir.

Boulders in the pond close to the intake will be cleared.
It is expected that the pond will be a popular bathing spot for the Sri Pada Pilgrims.

Structures is designed to blend with the natural features and to have the least impact on the
environmert,
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9.2 Intake

The intake is a closed reinforced conerete conduit with a flow area 2 metres wide and | metre
high and will slightly project in to the pond through the weir to minimize the entry of floating
debris. There is trash bars spaced at 150 mm to prevent logs entering the channel and prevent
bathers enfering the conduit and provision for a stop-log gate.

The invert of the intake is at El 998.00. The intake will be designed for a maximum flow of 3
curnecs without the formation of a vortex to allow for uncertainities in the vortex formula.

9.3 Hend Race Channel

The initial 20 metres of the channel from the intake is a closed conduit built in to the right
abutment to prevent the entry of floods and to attenuate the flow through the conduit during
high flood levels.

A side spillway 10 metres long is provided in the open channel built on rock immediately
downstream of the closed conduit to spill the excess water entering at high flood levels.

A rubble masonry retaining wall is built to elevation 1002 ta prevent flood waters entering
the spill section over the right abutment, A vertical lift sliding gate with it’s upper portion
built in to the retaining wall will serve as the main control gate which will control the flow of
water and glso close the flow for maintenance and repairs. As the gate control wheel could be
accessed af high flood levels it will also serve as an emergency closure gate during flood
flows.

The headrate channel is of reinforced concrete, rectangular in section 2.0 metres wide and 1.2
meties high in the inside based on economic studies. The length of the channel is 280 metres
and the befl slope 2.5 in 1000. The depth of flow at a flow of 2.7 cumecs is 0.9 metres
allowing a freeboard of 300 mm. The channel is located in earth-cut, with crossings over
minor streams. The channel is covered in most of it's length to prevent the ingress of trash
and silt frorn the hill slope.

The channel will cross the Adam’s Peak pilgrim path close to the forebay. The channel is a
clostd conduit at this section and the pilgrim path with the steps is reconstructed over this
section,

9.4 Silt Settling Tank

Though no |deposits of silt and sand have been observed in the pools in the river and the
turbidity ofithe river water even after rains is of potable quality it was considered prudent to
incorporate a silt settling tank in the channel to allow for any future change in land use and as
the cost is relatively low. The silt settling tank is of a conventional design and will settle silt
and sand to a particle size of 0.2 mm. A desilting gate will discharge the accumulated silt to a
watercourse.

34
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9.5 Forebay

The forebay is located on a hill slope of bedrock covered with a mantle of overburden less
than a metre thick. The forebay is a reinforced concrete structure founded on the rock slope
with the §:4 rock slope incorporated into the tank volume to minimize rock excavation costs,
The forebay will incorporate 2 spillway and a trashrack and is covered for security reasons.

The spillway has a discharge capacity of 3 cumees with an efflux of 300 mm. and provision
to divert the spill water to a nearby stream,

Thie trashirack has a clear spacing of 12 mm. and will have adequate area to allow a velocity
0f'0.6 m/sec with 30 percent of the area blocked at the minimum operating level.

The Maximum Operating Level of the Forebay is at El. 998.2 m, The Normal Operating
Level will be EL. 998.0 and the Minimum Operating Level El.997.0.

Th= Forebay should have adequate storage o allow sufficient time for manual operation and
auio operation of the powerplant for changes in inflow by the operation of a level sensor and
shutting off of the plant to prevent air entry to the penstock.

Following are the storage characteristics of the Forebay and the Channel:

i) Time for lowering of the Forebay Level by 150 mm

for a 10% reduction of inflow at maximum load - 60 seconds
ii)Time for lowering of the Forebay Level to MOL

for a 20% reduction of inflow at maximum load -360 seconds
ifi)Time for lowering of the Forebay Level to MOL

with no inflow at intake and at maximum load  -130 seconds
iv)Time for lowering of the Forebay Level to MOL

with no inflow at Forbay and at maximum load - 45 seconds

The above storage is adequate for operation by a waterlevel sensor set at 150 mm and a
govemor closing time of 20 seconds.

The Forebity would be the centre of operation for the headworks, and will have round the
clock attendance for cleaning of trash rack and operation of the gate and security. Desilting is
carried oution a pre-determined program.

0.6 Penstock

The penstock is 2400 metres long with a drop of 462 metres. The upper 1235 metres will a
single pipe and the lower 1050 metres twin pipes. The thickness of the pipe is kept within 16
mun to keep to low cost of pipe and to facilitate normal site welding.

The design of the penstock, anchors and piers is based on United States Bureau of
Rec amation (USBR) Monographs and Technical Standards of Water Gate and Penstock
Assiciation of Japan.

The allowable design stresses is based on those successfully adopted in the specifications for

major penstocks in Sri Lanka and based on material specifications and test reports on yield
stress and yltimate stress provided by the penstock supplier.
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Strict quality control of fabrication, welding and testing is ensured.

The Penstock Geometry and Pressures are given in Table 9.1 and Penstock Losses ete, in
Table E}?.

The penstock will have 33 anchors and piers at 12 metres. At a deep ravine between anchors
A" and AS the piers will span 18 metres,

The single pipe penstock will reduce in outer diameter from 1.118 m. to 1.016 m. and
thereafter|to 0.914 m. and will bifurcates just upstream of Anchor A12 in to two pipes 0.813
m in diameter. The twin pipes will further reduce in diameter to 0.711 m. and 0.620 m and to
0.5 m. just before entry to powerhouse to suit the inlet valve diameter.

Th= pensiock has sleeve bellow type expansion joints downstream of every anchor. The
penstock is supported over the piers by saddle supports with a suitable sliding interface.

Tyoical pipe stresses in penstock pipe is given in Table 9.3 and typical forces in Penstock
Anchors and piers are shown in Table 9.4

Anchor Blocks comprise of reinforced concrete structures with rubble masonry sections to
previde additional mass required against sliding.

The penstock traverses transverse to the hill slope in most of it's middle section crossing
strcams. The high piers in these sections are designed as A- Frames which are economical in
trapsmitting the dead load and sliding friction to the ground and the individual footings allow
for sloped ground profile.

9.7 Powerhouse

The powerhouse is located on the right bank of Kuru Ganga at Adavikanda where the present
public road from Eratna to Adavikanda ends. The powerhouse was located to ensure good
foundation conditions and to be safe from floods of Kuru Ganga.

As the penstock runs parallel to the river the powerhouse is aligned normal to the river and
the railrace channel turned towards the river.

The turbink is set at the lowest level that meets the plant suppliers criteria for maximum
tailwvater level for operation during the maximum flood level in the river.

The Powerhouse building is a reinforced concrete structure 18 metres wide and 30 metres
long. The main machine floor served by the overhead crane is only 10.5 metres wide.

The powerliouse has the machine bay, erection bay, the inlet valve bay, a control panel bay
and a medium voltage room. There will be a office and record room adjacent to the control
panel bay. A lobby, pantry, and a washroom will be located in a floor above the inlet valve

bay.

The powerliouse superstructure is be a reinforced concrete frame with crane beams, Walls
will be of blockwork, windows in aluminium and with a concrete roof.

A short open tailrace channel will convey the tail water to the river.
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Thz switchyard is located close to the powerhouse and will have the two generator
transformers and the service transformer and the connected switchgear. The terminal tower of
the 33kv tfansmission line will be located at the end of the switchyard.

9.8 Pawerhouge Electro-mechanical Equipment

The: power house has two twin jet Pelton turbines coupled to two generators of 4.95 MW
each. The Pelton turbines will be horizontal units operating at 750 rpm. The runner buckets
are made \with integrally cast stainless cast steel. The runner is directly coupled to the
getierator shaft. Jet deflectors are incorporated in the system to avoid excessive pressure rise
in the penstock and proper speed regulation of the unit. Other equipment associated with the
turbine are inlet valve, distributor, power nozzles and needles and governor and hydraulic
sysiems.

Ralzd volthge of the generators is 6.3 kV. It conforms to DIN, VDE 0530, IEC 34 and ISO
8528-3 standards. Bearings of the generators are oil lubricated sleeve type and separate oil
lubrication unit is used.

Two 6 MVA transformers are used to step up the generator voltage to grid voltage. These
transformefs are outdoor type. A 50 kVA transformer operating at 400 V is used for station
supply.

A digital multifunction unit is used for synchronization. Following generator protections are
incorporated.

i) Over / Under Voltage

ii) Over / Under frequency

iii) Phase failure

iv) | Loss of mains, Rate of Change of Frequency
V) Over current

vi) Neutral Voltage Displacement

9.9 Trarsmission Line

A now tran§mission line with a length of 18 kilo meters has been constructed for the project.
This new lifie is connected to Kosgama - Ratnapura 33 kV line. Pre-stressed concrete poles
and SL type steel towers are used for the construction of the transmission line except
Kuruwita tdwn area where towers are used.. The route of the new line is same as the route
taken by Existing Sri Pada line and Erathna 33 KV supply line. No fresh way leave clearance
is reqquired for transmission line.
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10 PROJECT IMPLEMENTATION

Engineering consultancy services including engineering design, project management and
supervision|is entrusted to Ovara Private Limited.

Erathna project site is a difficult one compared to other hydro sites. Transport of construction
material and equipment in highly steep areas makes the construction work very difficult.
Som= equipment like compressors and concrete mixers need disassembling and in some
occasions specials platforms to be made for movemient of such equipment.

A group of sub-contractors are employed for civil constriction work and payment to these
contractors fire on measure and pay basis. These contractors have prior experience in this type
of projects.

Materials rdquired for the project is directly procured by the site staff and a proper GRN
sysiem with BIN cards is maintained. Materials are issued on the basis of material requisition
forms and cst allocations are done ac cordingly.

Motarable dccess to construction point plays a very important role as head carrying of
mateials in¥olves a significant cost and implementation time. For example, head carrying of
sand from slock yard at the office to the weir (3 kms) cost Rs.10,000 per M3 where as the
cost of sand is only Rs.700/M3. The access road for the project is a 4 km long one with
interinediate approaches. Inclusion of such an access road is a major comfort factor for
project implémentation.

Organization of the site staff is given in below.
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10.! Civil Work

3 labour contract groups are used for concrete, formwork and reinforcement fixing
work and one group is used for masonry work in access road. Transport of materials
froen stockyards is done by direct crews.

10.2 Penstack

Three contractors were selected for penstock installation to three separate contractors.
The contractors were identified after a suitable due diligence which included actual X-
ray fests. The supervision and monitoring of actual laying and welding of the penstock
has been undertaken by senior professional specialised in this field and a K-ray team.

10.3 Powerhouse
The design has been formulated in consultation and advise of the plant supplier. The

construction has been carried out by a competent and recognized sub-contractor with
expérience in handling work of this nature.

10.4 Installation and Commissioning

The installation and commissioning of the plant has been carried out by the
commissioning engineers of the supplier. Two engineers absorbed to the project
company have engaged in co-ordination work and commissioning engineers have
been assisted by local electricians and technicians.

10.5 Transmiission line

The/transmission line is 18 km log. All materials have been purchased from the
CEH, The construction tender was awarded to two contractors and construction was
carried out under the supervision of CEB.
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11 Operation and Maintenance

I1.1 The dperatian and maintenance proposal has been formulated with the experience gathered
from the opefation of similar plants for a period of time.

1. 2 Administratian

 PLANTMANAGER |
PLANT SUPERVISOR(4)
-_!._.'_le_lL-__-.,_

B

i

iy T TR T FTEE - ﬁl"’-"g,!.l_w.ﬂ
PLANT OPERATORW] | WATCRERI RELBERTiS)

Director Plant Operations stationed in Colombo will be responsible for operation of the plant,
Plant Manager will be the over all in charge of the plant. There will be a 12 hour shift of
supervisors helpers and operators.

11.3 Operation and Maintenance Practices
The piant is 4 full automatic one and operator interface is minimum. Operation of the plant
systen is performed by a control unit with liquid crystal display monitor. The monitor has a
integrited keyboard The control panel is connected to by a cable to the stored programmed

controller. ANl the set values required to operate the generating unit and the adjustment of
various paranjeters can be performed through the control panel.

Following opération and maintenance practices will be adopted.

Outside Operation

Item Remarks

Controlling the intake gate, To be carried out by weir and forebay
helpers

Sludge remgval in sedimentation | Carried out by weir/ forebay helper

tank

Cleaning of tiash racks Carried out by weir / forebay helper

Cleaning of slorm water drains Carried out by helpers.

Inspection of Penstock line from Soil erosion to be noted. Inspection is

i
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frim forebay to weir after a heavy

powerhouse to forebay and channe! | carried out by plant manager,
rain.

Spare paris
Following $et of spare parts will be maintained.

AVR

Seals gaskets and packing for turbines
Solenoid valves for governor units
I"ower factor controller

Sieals for hydraulic cylinders

Set of tiip cards.

Shobh s L by —

Rourine maintenance
Folliwing maintenance activities will be carried out in predetermined periods.

1. Change of Hydraulic Qils
2 Change of bearing oils.

If there is a failure in the CEB side, power that can be generated from our plant cannot be fed
to grid. Theérefor monitoring of losses due to CEB failures and quantifying same is very
important. If the failure is Loss of Mains immediate action to be initiated with CER to
determine where the failure is and make arrangements with CEB to take necessary action.

All aspects regarding spare parts, routine maintenance etc. will be in accordance with the
propesals made by the plant supplier.

4
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12. Cost Estimates

12.1 SUMMARY SHEET

Bill no. |Description Total cost
1|Préliminaries 97,020,318
| 2|Actess road 17,824,020
| 3|Walr and intake 7,256,328
4|Held race channel 11,460,568
| 5|Peiistock 153,670,767
&|Forebay tank 6,909,117
7|Power house and tail race 387,939,753
_____[Total i} 692,080,871
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12.2 Bill no. 01 - Preliminaries

43

ltem no. Description Unit | Quantity Rate Amount (LKR)
1.1 |Preliminaries
Proyision for labour accommodation,
114 santkury facilities etc. ( 11 huts of 20 x 15m) |m2 2400 850 2,280,000
1.1.2 Site clearing for facilities (stores  toilets etc) |m2 2430 40 97.200
Construction of facilities - stores, site office,
143 toileis etc. m2 3300 3,450 11,385,000
1.1.4 Rechnstruction of 2km of approach road sum 1 2,542,318 2,542,318
1.1.5 Cos| of resettiement of 5 families affected Sum 1 7,945,800 7,845 800
1.2 Pre pperational expenditure sum 1 27,900,000 27,900,000
1.3 Project management and consulting fees |sum 1 18,600,000 18,600,000
1.4 Procurament of land sum 1 8,270,000 8,270,000
1.5 Financing cost sum 1 18,000,000 18,000,000
Total of preliminaries carried to summary 97,020,318
— = — — — %
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ltem no.{Descriptian Quantity | Rate (LKR) | Amount (LKR)
2.1 Earth woiks
211  |Excavalion for road trace by excavator Hrs 6,032 1,225 7,389,200
Manual excavation for foundation in
21,2  |normal soil m3 210 300 62,970
Manual escavation for foundation in hard
213 |sal - m3 10 450 4.365
214 |Blasting of rock m3 1,680 1,240 2,083,200 |
2.2 |Masonry work
R/R masonry work in retaining walls, side
22.1  |drains and culverts m3 623 4,000 2,492,000
2.2.1.1_|6"x 9" Rubble paving in road pavement  |m2 3,180 850 2,703,000 |
Semi rough plaster in culvert head wallsand
222 |refaining wall tops m2 118 270 31,968
Plaster finished with neat cement in culvert
223 head waIIsJ:' and retairting wall tops m2 65 a5 18,383
2:3 Concrete works =il
2.3 Grade 15 ¢oncrete in screeds 50mm thick |m2 311 350 108,955
Grade 25 ¢oncrete in culvert side drains
2.3.2  |and ret. wall structure m3 164 7,542 1,234,625
23.3  |Foim work for concreting m2 830 750 622,125
Reinforcement in culvert and ret.wall
2.34 _ |foundation structure kg 4,148 70 290,332
2.3.5 |Hume pipes 300mm dia it 104 325 33,800
2.3.6  |Hume pipes 600mm dia ft 84 625 52,500 |
2.3.7 _|Hume pipes 1020mm dia ft 276 725 200,100
2.3.8 |Hume pipes 1350mm dia ft 96 975 93,600
Dewatering during construction of structure
2.3.9 |foundation$ ltermn 1 8,750 8,750
2.3.10 |Gaurd slore nos. 8 840 6,720
2.3.11 |Sand filling between hume pipes m3 23 1,150 26,427
2.40 Miscellandous Work
24.1  |Cost of replaced Boutique itemn 1 145,000 145,000
24.2 Smﬂl_"r_lgrcf fermit's living room at Maha oya |item 1 216,000 216,000
Total of Access road Carried to
Sunmary - ey 17,824,020
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Contractor: S.A5.P. petara

12.4 Bill no. 03 - Weir and Intake

o Description Unit| Quantity | Rate (LKR) T;;?t
31 Preliminiries
3.1.1 _ |Clearing of site m2 25 40 1,000
3.2 Earth works |
3.2.1 |Excavation of soil for foundation m3 36 350 12,600
3.2.2 |Blasting of rock m3 185 1,465 271,025 |
3.2.3 |Removing of blasted rock boulders m3 185 510 94,350
33 Masonry works
3.3.1 |R.R. Masonry in ficod protection wall | m3 78 6,368 496,704
3.4 Concrets work |
3.4.1 |Concrete in weir structure - grade 20 | m3 193 27,796 5,375,746
3.4.2 |Form work for strilcture m3 319 1,240 395,808
3.4.3 |Reinforcement in structure m2| 2168 80 195,120
344 |Water bars | m 19 1,625 28,975
3.5 Supply and fixing of gate Sum 1 385,000 385,000
Total of Weir & litake carried to
summary = ‘I,25Ei,:]2iI
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12.5 Bill no. 04 - Headrace Channel

46

lem 1 . . Amount
no, |Pescription Unit| Quantity |Rate (LKR) (LKR)
4.1 Prelimiraries |
4.1.1 |Clearing of path! m2 1,536 40 61,440
4.2 Earth wirks
Manual ¢ xcavatibn of soil for

4.2.1 |foundatiun m3 583 350 204,050
4.2.2 |Excavation of sol| by excavator Hrs. 80 1,250 100,000
4.22 [Blasting of rock | m3 80 1,465 117,200
4.2.3 |Removing of blasted rock boulders | m3 80 510 40.800
4.24 |Back Filling with compaction m3 B4 412 26,368
4.3  |Masonry works —— ]
4.3.1 |R.R. Masonry m3 83 5,859 486,297
4.4 Concrets work |
4.4.1 |[Screed concrete 50mm thick m2 801 555 444 777
44.2 |Grade 25 concrele in structure m3 383 14,133 | 5,415,766 |
4.4.3 |Form work for strlicture m3 1,899 840 1,585,160
4.4.4 |Reinforcement inistructure m2| 29,163 70| 2,041,410
445 |Construction of 2 over passes Item 1 762,600 762,600
4.4.6 |Waler bais m 108 1,525 164,700
e Total of HRC carried to summary 11,460,568
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12.6 Bill no. 05 - Penstock
Item : 1 .
s Description Unit| Quantity | Rate (LKR) | Amount{LKR)
51 Preliminaries |
5.1.1 |Clearing of penstock trace m2 7.290 40 291,600
52 Earth works
Excavatic n in soil for penstock anchors and supports i
5.2.1 |by excavator Hrs 740 1,225 506,500
5.2.2 |Blasting of rock ify penstock trace m3 2,328 1,360 3,168,080
523 |Clearing of blasted rock by excavator Hrs 1,180 1,280 1,522,200
524 |Manual excavatidn of normal soll for foundation m3 1,192 350 417,200
525 [Manual eccavatian of hard soil for foundation m3 82 450 36,900
Manual removing of blasted rock boulders in
5.2.6 [foundation pils m3 44 510 22,440
5.2.7 |Back Filling arousid structures with compaction m3 164 412 67,568
5.3 Masonry works |
5.31 |R.R Masaonery | m3 1,585 5,089 8,066,065
5.4 Concrete work ]
5.4.1 |Screed cancrete Under foundations 50mm thick m2 1,380 555 771450
54.2 |Grade 25 concrefe in support structures m3 603 12,297 7,415,081
54.3 |Grade 20 concrets in anchors ma 1.357 1230 15,240,467 |
5.4.4 |Form work for sufiport structures m2 2,527 890 2,501,730
5.4.5 |Form work for anithors ' ma2 1,183 760 899,156
Reinforcement wark in anchors and support
5.4.6 |structures kg 54,329 80 4,346,320
55 Steal work
Supply ard instaliation of penstock pipes and
5.5.1 |expansion joints | Sum 1 108,000,000 | 108,000,000
Total of Fenstock Civil carried to summary 153,670,767
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12.7 Bill no. 06 - Forebay Tank

ltem L. : . Rate Amount
o) _ Description Unit Quantity (LKR) (LKR)
|Va!ua of work done before increase of
_rates

6.1 Preliminaries
6.1.1 }Clearin"g of site location m2 135 40 5,400
6.2 |Earth works
6:2.1 |Excavation of sail for foundation m3 35 350 12,250
6.2.2 Elasﬂngj of rock m3 210 1.145 240,450
6.2.3 IRemoving of blasted rock by excavator Hrs 90 1,225 110,250
6.2.5 |Scaling of loose rock man days 32 300 9,600
16.3 [Masonry works
6.3.1 [R.R. Masanery in spill way m3 125 3,087 385,875 |
6.4 |Concrete work
6.4.1 | Screed Loncrete mz 126 450 56,700
8.4.2 | Srade 25 concrete in struclure m3 324 7.523 | 2,437 452
6.4.3 | Form warrk for struclure m2 866 840 727,440
6.4.4 | Reinforcement in structure kg 35,250 80 | 2,820,000
6.4.6 | 'Water biar m 68 1,525 103,700

Total oﬁFnrebﬂr Tank carried to summary

6,909,117



12.8 Bill no. 07 - Power House

[tem

Summary

no. |Pescliption Unit | Quantity | Rate(LKR) | Amount (LKR)
7.4 Preliminaries
7.1.1 _|Clearng of site m2 2 430 40 97,200
7.2 Earth Works
7.2.1 |Excavation for foundation in soil by Hrs. 2,016 1,225 2,469 600
7.2.2 |Blasting of rock m3 a8 S00 79,200
7.2.3 |Back ;ﬁlling m3 1,350 412 556,200
7.3 Masanry work
7.3.1 _|RIR masonry work m3 42 3,087 129,654 |
7.3.2 |Blocklwork m2 2,430 650 1,579,500
7.3.3 |Floorliling m2 572 1,620 926,640 |
7.34 |Plastar m2 4,860 310 1,506,600
7.3.5 |Painting m2 5,640 50 282000
7.3.6 |Toilet'accessories sum 1 72,500 72,500
7.4 Concrete works
7.4.1 |Grde 15 concrete in screeds 50mm thick | m2 291 435 126,585
7.4.2 |Gradd 20 concrele m3 17 7,133 121,261
7.4.3 |Gradd 30 concrete in fdns & structures m3 2,024 8,312 16,823,488
7.4.4 |Form Wwork for concreting in foundation m2 145 725 105,125 |
7.4.5 |Form iwork for concrete ground to 1st m2 2,765 1,100 3,041,500
74.6 |Form Wwork for concrete 1st to 2nd foor m2 625 1,320 825,000
7.4.7 |Form Work for concrete 2nd floor to roof me 650 1,584 1,029,600
7.48 |Reinfarcement 1 ke 125,670 90 11,310,300
7.5 Doors and window - Alluminium sum 1 3,335,000 3,335,000
Tubines, alternators, transformers and
7.6 |related accessories Sum 1| 300,000,000 300,000,000
7.7 Consiruction of new transmission line | Sum 1 52,000,000 52,000,000
B Staff quarters - 2 units sum 1 1,620,000 1,620,000
397,939,753
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