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ADBNEVIATIONS

ABBREVIATIONS

The abbeeviations and specialized terms used in this report are listed below:

Organizations ew

AMDP Accelerated Mahawell Development Programme
CEBR Cevlon Elecericity Board

CECD Central Engineering Consultancy Burcas
MASI, Mabawelh Authority of Sei Lanka

MDB Mahaweli Development Board

MDP Mahawel Development Programme
NEDECO Netherlands Engineering Comvultanis

ODA Overseas Development Administration, UK
RVDEB River Valleys Development Board

SIDA Swedish International Development Authority
WMS Water Management Secretariat

Technical Abbreviations

GWh

hm'

kV
kW
kWh
MVA
MW
ton

Gagneatt-hour (10° kWh)
mill. m*

Kilovolt

Kilowan

Klowae-hour
Megavolt-Ampere
Megawats (10" kW)
metric ton, 1,000 kg

SOA Faalumon Pegen 2,9 7




CHAPTER 2
SUMMARY

The Kounale Hydropower Project is the progectin the Mahaweli Development
Programme located furthest upstream. It is a multipurpose project, serving
both power production and irrigation needs.

This evaluation report is an attempt to give a technical and economic ex
post review of the project. Separate reviews have been performed regarding
the eovironmental effects of the project and on the socio-cconomic effect of
the relocation of four thouwsand Families Bving in the affected areas

The evaluation has been sponsored by SIDA, the main parpose being 1o
examine the extent to which the project achieved ity objectives x these were
stated in the 1982 decision of the Swedish Parkament to provide significant
assistance o the project.

A secondary objective has been to provide lessons for the planning of
future projects of this nature 1o the Government of Sri Lanka and the donor
COmmMuUmILY.

The report concludes that the progect hassuffered from nish planning and
starv-up. The basic design features were not optimal for the given geological
conditions, and the absence of competition in the selection of contractor and
equipment supplier together with costly design — mostly on the Client’s
insistence — eventually lod 1o an unnecesarily costly project

It is the Mission's opinion that the leakages in the unlined part of the
pressure shaft followed by a shutdown of the plant for repains could have been
avoided had rock pressure testing and ensuing change of design been
performed during the excavation of the tunnel and shaft.

The Swedish Government, although having financed 68% of the foregn
exchange component of the project, had litthe or no infleence on design,

- M'M Consumon Pegon 2,94
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selection of consultants, contractors and equipment suppliers. The SIDA-
appointed Team of Experts that was brought into the picture afier the
Parkament's decision to provide asistance to the project could influence only
the progress of construction work already defined by contracts and specifi-
Cauons.

The implementation of the project was carried out professionally and
efficiently, and the power plant as it now stands is of a very high standard,
Being properly maintained and operated in the future, the Kotmale will
continue to play an important role in Sei Lanka's power supply.

The economic evaluation that has been carried out based on thermal
energy as an alternative to Kotmale's hydropower, resulted in a relatively low
internal rate of return. A high oil price scenario combined with surier claims
to profitability on the alternative thermal energy production (8% ) Is necessary
in order to bring Kotmale's internal rate of return above 6%, In all three oil
price scenarios the internal rate of return from Kotmale is lower than the rate
of return demanded from thermal power.

The main findings from the economic evaluation of Koumale can be
summarized as follows:

¢ Regarded strictly s a hydropower scheme, Kotmale gives a small
economsc return compared with regular standards. The return i,
however, definitely positive,

* The delayed production start together with the repair costs are factors
with important effect on the economic returmn.

* Prospects of high oil prices would impeove the project’s viability.

¢ Kotmale alvo serves irrigation purposes and contributes as well to the
cconomy of hydropower plants downstream. Thus there are reasons 1o
claim that pares of Kotmale's construction costs should be shared with

other projecis.

* Further anendance to the noeds of the evacuees which might even
triple the relocation costs, would not gravely deteriorate the economy of
the project.

10 o ' DA Franaran Report /9%
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CHAFTER S

PREFACE

In April 1989 SIDA awarded the contract for this ex post evaluation of Kotmale
to Norpower, Noeway, and the evaluation study was carried out and written by
a team consisting of:

Mr Bjoen Gildestad, Ecomomic and financial aspects

Economist

Mr. Erland Kicivan, Civil engineering apects
Norpower

Mr. Tor Ssawholy,  Elecurical and mechanical
Norpower wpects and team beader

The evaluation was carried out through meetings and interviews in Stocks
holm and Swindon and two weeks of field woek in Sai Lanka which included
a three days visit 1o the power plant

The team wishes to thank all who have so willingly assisted in providing
valuable information and background material for the stisdy, both in S
Lanka by staff of the Mahawel Authority, CECB, CEB and Skanska, as well as
in Sweden and England by Skanska, ABB (ASEA), Halcrow Water and
Kennedy & Donkin, and for the asistance given by SIDA in Stockholm and the
Swodah Embasay in Colombao

The terms of reference for the evaluation study is atached

Appendix |
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CHAPTER 4

PROJECT DESCRIPTION

4.1 THE MAHAWELI DEVELOPMENT PROGRAMME

Fhe Mahaweli Development Programme of which Kotmale Hydropower
Project is an important part, is the largest single development programme
undertaken by the Government of Soi Lanka. frs prime obgective has been 1o
harness the water of Sei Lanka's largest river, the Mahaweli Ganga, by creating
reservouns for the development of hydroclectric energy and for the agricul
teral development of a consderable area of new lands through diversion and
HYIgaon

While this general programame has been under way since 1968, a dramatic
speed-up in the implementation of the variows instegr atng schemes became
possible from 1977 through massive monetary support from several domos
countries, under what was named the Accelerated Mahaweli Programme
(AMP)

Under this very ambitious programme has been devels ped approximately
92,000 ha of irrigable land, for a projected setthing of same 87,000 families in
the downstream arcas, with roads, schools and other infrastructure inchuded,
and the following four reservoins have been established, three of which
e hude hydroelectric power planits as well (the National sotals with respect to

hvdroclectng capatnisty are added for COMPAarnson )

e
L)
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Installed Mcan

Live Generaung anmnual

- Project (Sponsor country)  storage capacity production
(hm*) (MW) (GWh)
| Kotmale (Sweden) 147 201 “5 |

| Victoria (UK) 688 210 656

| Randenigala (FDR) 565 126 428
- Madura Oya (Japan) 473 . -}
| AMD toeals (1968) 1873 597 1,550 |
S.L. hydropower toeals (1988) 815 3,054 5

Thc refative importance in Sri Lanka of the Mahaweli development Pro-
gramme is reflected by the map shown as Fig. 4.1

4.2 KOTMALE HYDROPOWER PROJECT

4.2.1 General
In capital expenditure the Kotmale has become the costliest single project
within the Accelerated Mahawe Programme. Located further upstream than
any other project on the Mahawell Ganga, roughly 80 km due east of Co-
lombo, the rescrvolr deains an arca of 58 ken' of the camchment of the triba
tary Kotmale Oya

The project area is located approximately 30 km south of Kandy.

4.2.2 Main features of the project

The Kotmale Hydropower Project inclades the reservosr with a regulation
dam of major proportions, the underground power plant with tunnel water-
ways, and the above ground switchyard onto which also the transmission line
from the Victoria project is connected.

A longitudinal section along the waterway is shown in Fig. 42 and a
crossection of the dam in Fig. 4.3 A comprehensive tabulation of project data
is found in Appendix 2.

A most noteworthy feature is the alinement of the nearly 8 km long
waterway which over the kst 2103 ki, before its outfallin the Mahawel Ganga
some 6 km dowmstream of the confluence with Kotmale Oya, follows a fairly

SOA Dretaston Rngort 2/9% ie
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PROJECT DESCRPTION
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promanent ridge between the Mahawek Gangs and another, minor tributasy
from the right, Atabage Oya. It is highly peobable that this partioular topog-
raphy explains the low inherent horizontal rock stress bevel which eventually
Caused the rupture of the upper part of the pressure shaft during first filling,
an event followed by shutdown of the plant while the shaft was repaired, and
seel liner installed here and in the 400 m long inclined wnnel. The circum-
stances around this failure are discussed further in Chapter 7, section 7.6,

4.2.3 Multipurpose aspects of the project
Even if Kotmale is designated s a hydropower plant and is basically built for
ENCTEY Reneranon, it serves a secondary function in irrigation of land in the
dry zone downstream, under the Mahaweli Programme. Farlier plans for the
Kotmale Reservolr feaured a higher dam with a gross storage volume of
410 hm', against the present 174 hm'. This larger resenvoir would have re-
tained a substantial portion of the flood flows that are now lost, and made it
possible to irrigate an area of 92,000 ha, already cultivated, but most of which
is now lacking irrigation water. Also the power production in Kotmale would
have benefitted to some extent from this larger reservoir due 1o the increase
in the mean head as well as in the volume of turbinated water, as most of the
brrigation water would first pass theough the power station.

Instrumental in the irrigation aspects is the Polgolla diversion weir and
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Fig 4.5 Kotwale HPP, Location

tunnel, which can divert the flow of Mahaweh Ganga from a point 25 km
downstream of the Kotmale tailrace over to the adjacent watershed of Suda
Ganga. This diversion scheme was built in anticipation of 2 lage reservoir for
Kotmale, It was completed in 1976, four yean before construction stasted for
Kotmale and is under the present storage conditions at Kotmale wtilized only
1o a minor degree,

4.2.4 Plans for future raising of the dam
As stated above, a substantial area of irrigable and cultivated land is now
lacking water due to the deficient storage capacity in the reservoir of Kotm: "~
There s apparently no alernatives for sorage of the waters in the upper
reaches of Mahaweli Ganga, apart from raising the dam of Kotmade (o a higher
level. Thas will of course require that the spillway with gates are raised
correspondingly. Plans in three allernatives — dam crest raised 1o E1 +715,
+ 725 and + 735 — have been subinitted, indicating a total constrsction cost of
5,081 milLLKR {1985) for the last alternative and a construction time of two
to three years,

SOA Cuwcmeon Repon 2,73 17




PROJECT DOUSCRPTION
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FINANCING OF THE PROJECT

5.1 SWEDISH FINANCING ASSISTANCE

From 1978 on the Government of Sei Lanka started utlizing Swedish import
support allocations for financing of the Kotmale Project. In 1978/79 a total of
SEK 75 mill was granted 10 Sei Lanka as import support, of which about 67 mill
was channeclied 10 Kotmale. The Government of Sri Lanka believed that the
import support resources over a period of five 1o six years would suffice 1o
cover amajor proportion of the foreign costs of the progect. This was, however,
based on the 1978 project cost estimates which included neither all project
works nor escalation through inflation or project financing costs.

The batteritem had to be taken into account since the import support funds
were disbursed only once annually and special bridging finance arrangements
therefore had to be made. The Government of Sri Lanka subsequently
secured bridging finance from a Swedish commerdial bank, Skandinaviska
Enskilda Banken.

Anagreement on import support was made between Sweden and Sei Lanka
in May 1979 providing for an additional amount of SEK 210 mill in the three
Swedish financial vears 1979/80- 1981 /82, of which the main part was tied. In
this connection Sn Lanka noted its intention of using all these resources
towards financing of the Kotmale Project. By a laser agreement the amount
was increased 1o 240 mill. In the end Sri Lanka came 10 use all these yeans'
import support from Sweden for Kotmale, tied parts as well as untied

At the beginning of 1979 the cost of the project had been revised upwards.
The 1981 wotal project costs were estimated at about SEK 2,500 mill, of which
SEK 2,127 were in foreign currency.

20 A Lo Mgt 291




Table 5.1

_FRVNNCING OF THE PRONCT

Kotmale's Financing from lmport Support, SEK mill.

1980/81
1981 /82
Towal

Table 5.2

Kotmale Project Costs and their Financing,

ourrent SEK and LER in mill

Project Coms:

Bk mech Works
Unit | and 2
Unit 3
Other Mech Works

Civil Works
Repair

Consultancy

Resctthement

Financing Costs
TOTAL

Financing:
Cram
Import Support
Soft Loan
Loan
TOTAL
Other resources

Tied

60
65
7%

SEK

175
106
136
1,583
106

136
202
2452

1,088
307

102
1,753
670

Untied

67
10
15
15

B8

1,535

2,643




FINANCING OF THE PROJECT

It was obwious from the escalation of project costs that Swedinh financing
ssastance from support resources was 0o longer realistic, Such resources
would have to be drawn well into the 1990°s long after the completion of the
project.

Furthermore, the final bill would include a significant amount of interest
on the bridging finance. In these drcumstances, the Government of Sei Lanka
in 1981 appealed to Sweden 1o consider other xid financing arrangements.

The new financing arrangement covered the six Swedish financial years
1982 /83- 1987 /88 and provided for grant assistance totalling SEK 1,088 mill.
This was in addition to the amount of SEK 307 mill previously disbursed as
import support. The total grant thus eventisally amounted to current SEK
1,395 mill.

The grant assistance related 10 the foreign exchange part of the project’s
civil works. For the electro- mechanical works a subsidized credin of SEK 256
mill, guaranteed against the aid appropriations, was provided from
Skandinaviska Enskilda Banken. This soft credis was used 1o finance the two
first generating units and the other electro- mechanical works. Additionally a
commercial credit of SER 102 mill was obtained in 1987 from the same bank
for the third unit

Comparing the relevant items of the foreign component costs of Table 5.2
with the investment budget which was the basis for the Swedish grant (see ref.
19, Regeringens proposition, bilaga 1) it will be seen that the final costs
correspond well with the estimate of 1981, see Table 5.3,

No commitment was made by Sweden with regard 1o other aspects of the
project. SIDA later commissioned a study on the environmental impact of the
project. SIDA has abo financed a study on the situation of the evacuees from
the Kotmale reservoir area. Costs of these two studies are not included in table
5.2, nor are the costs of the SIDA Progress Review Missions and of the training
in Swoden of Kotmale operational seaft,

n g [FEVT I ———




FRANCING OF THE PRO ECT

Table 5.3

Final Project Cost Compared with 1981 Estimate, Foreign Component
Smnll.

Rtgrnngem Projon Costs
Propostion Table 5.2
Ebmech Works 250 st
exchuding unit 3
Givil Works 1,640 1,583
Consulancy 50 o
Interests during 157 157
COTMTUCON
. TOTAL 2,127 2,005

5.2 SRI LANKAN FINANCING

The local costs of all woeks, current LR 2,643 mill, were supposed 1o be borne
by the S Lankan Government: this was abo the case with the foreign
exchange parts of the repair costs for the high pressure system at SEK 106 mill
and fees for the two British project consultants at GBP 6 mill (SEK 64 mill).

Another cost component which came to strain Sri Lankan foreign currency
resources during the construction period was the interest on loans, and in
particular the costs of the bridging finance arangements for Kotmale of the
carly 1980°s. In the years 1979 10 1989 the Set Lankan Government paid
current SEK 262 mill in finance costs on these credit, with more than a balf,
137 mill, falling on costs connected to the bridging finance facilities (Emited
to SEK 650 mill in 1983),

The sum of foreign exchange project and financing costs were larger than
the linancing facilities provided by Sweden, which can be seen from Table 5.2,
The Sri Lankan Government thus had to resort 10 other forelgn exchange
resources for an amount of SEK 679 mill in current value.




CHAPTER 6

PROJECT IDENTIFICATION,
PREPARATION AND APPRAISAL

6.1 MAHAWELI DEVELOPMENT PROGRAMME (MDP)
The following is an excerpt from the World Banks's "Overview of The
Accelerated Mahaweli Programme™ which is annexed to the Bank's 1988
report on Sei Lanka:

The Mahaweli River Basin formed the cradie of Sinhalese civilization from
the fifth century B.C. Following repeated invasions from South India and the
decline of the Polunnaruwa civilization, the irrigation networks and agriculusral
fields so characteristic for this area were abandoned and fell into disuse. The
region was denuded of people as malaria spread and barge numbers migrated
to the southwest

Efforts to repopulate the Mahaweli Basin were initiated in the carly and
mid twentieth century, and some notable reservoirs and waterways were
constructed. Two major projects were implemented before the MDP in the
postindependence era, namely the GalOya and the Walawe Project

Two major feasibility studies were undertaken concerning what is now
called the Mahawell Development Programme. The first by the UNDP and
FAO conducted in 1968 envisaged a large scale programme spread over 50
years. The second conducted by the Netherlands Economic Development
Corporaton (NEDECO) in 1978 examined the prospects of acceleration.

6.2 ACCELERATED MAHAWELI DEVELOPMENT
PROGRAMME (AMDP)

The Mahaweli Development Programme is the largest single development
programme undertaken by the Government of Sri Lanka. To implement the

24 SOA (ewumraon Smpon 291




AMDY oumtlined in the NEDECO stdy a separate Ministry of Mahaweli
Development wan created in September 1978, and the acceleration of the
Mahaweli Development Programme is normally traced 1o this date, The
Mahaweli Authority of Sri Lanka (MASL), an umbrella organization for
phanning and implementing was established in 1979, The MASL, the Mahaweli
Development Board (MDB), the River Valleys Development Board (RVDE)
and the Central Engineering Consultancy Bureau (CECB) were all placed
under the purview of the Ministry of Mahaweh Development.

The AMDE had three main components (1) the four main headworks
projects of Kotmale, Victoria, Randendgala and Maduru Oya, of which the
three firwt are hydroelectric power projects as well; (2) the downstream
engineering and irrigation works; and (3) the irrigation, settlement and
agricubtural development of new lands in sysems LB, Cand G. See figure 4.1.
The three power plants Kotmale, Victoriaand Randenigala are now completed
adding more than 1000 GWh of firm energy to the power system

6.3 APCOS’ KOTMALE STUDY

The Kotmale Project is an important component of the Mahaweli Develop-
ment Programme. Preliminary surveys and sindies for the Kotmale Project
were carried out during the preparation of the two previously mentioned
Master Plans for the Mahawell Ganga basin, From 1973 10 1977 the Indian
conmulting firm WAPCOS carried out a comprehensive feasibility study of the
Project. With some changes this study forms the basis for the project as it
sands today.

6.4 SWEDISH INVOLVEMENT
IN THE KOTMALE PROJECT
It was recognized by the Government of Sri Lanka that an undertaking of the
magnitude of the AMDP would require massive foreign financing as well as
involvement of foreign consultants and contractoes. Commitments regarding
three of the four headworks were made by the United Kingdom (Victoria),
Canada (Maduru Oya) and the Federal Republic of Germany (Randenigals
Rentembe),

Sweden's development assistance 10 Sei Lanka in the financial year 1977/

S0A Dewason Regon 291 »




78 (1 July-30 June) inclisded a major component of “import support” on gram
terms. In the aid agreements this was described as “goods and services for
development purposes” to be selected by the Government of Sri Lanka. Some
of the funds were tied to deliveries from Sweden, but nothing prevented Sei
Lanka from wsing the entire import support component for procurement
from Sweden. While it was assumed by Sweden that recipient countries would
normally utilize import support resources 10 procure a “mixed basket™ of
goods, nothing barred them from using the resources for asingle commodity
or for a supply contract involving equipment as well & services

In 1978 the Government of Sei Lanka inquired whether there would be any
Swedish objection to the utilization of present and future import support
allocations towards the financing of the Kotmale Project. Due 10 the cir
cumstances referred to, no objections could be raised on the Swedish side
SEK 67 mill. of these allocations were used on Kotmale project in 1978/79
The Government of Sri Lanka believed that the import support resources over
A period of five to six yeans would suffice to cover a major proportion of the
foreign costs of the project. This was based on the 1978 project cost estimate
of SEK 645 million. However, that amount did not include the electro
mechanical works, special reinforcement of tunnels and shafts, cost escalation
through inflation or project financing costs. The Batter item had 10 be taken
into account since the import support funds were disbursed only once
annually and special bridging finance arangements therefore had to be
made. The Government of Sei Lanka subsequently secured bridging finance
from a Swedish commercial bank.

In carly 1979 the Covernment of Sri Lanka also decided to entrus the civil
works of the project 1o a Swedish contractor, AB Skinska Cementgjuteriet
(mow Skanska). It was ssumed that this would be welcome on the Swedish
side. The agreement between the two countries on import sUppoet resources
included the providon that, “whenever feasbie®, procurement should be
undertaken on the basis of competitive tendering. However, no tenders from
other Swedish contractors were called for. The Sei Lanka authoeities did not
regard a tender procedure as Teasible™ as it woald inevitably delay com-
mencement of the project. Skanska was chosen on the busis of the companny’s
internationally recognised standing as a contractor,

An agreement on import support was made between Sweden and Sei Lanka
in May 1979 providing for an amount of SEK 210 million in the three Swedish

20 SOA Lraneton Regert 3,794




PROMCT IDENTIRCATION, PREPARATION AND APPTASAL
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financial vears 1979/80.1981 /82, This ansount was later increased to SER 240
million. In this connection S Lanka noted its Intention of using all these
resources towards the fimancing of the Kotmale Project

A contract for the inital works was entered into berween Sei Lanka and
Skanska in August 1979, and a second contract was made a few months later
covering the underground works

Already at the beginning of 1979 the cost of the project had been revised
upwards 1o some SEK 1,300 million. This estimate did include some items not
covered by the previous estimate of 645 million. As a result of the above-
mentioned delays and design changes, the total project cost was estimated at
about SEK 2,500 million in 1981, This amount also included the clectro
mechanical works which had been entrusted by Sei Lanka 1o the ASEA group,
Sweden's leading manufactsrer of electrical equapment. The cost was estimated

at the beginning of 1982 a1 SEK 525 million. The Covernment of Sri Lanka

SOA Dvabm on Sapt 2
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had appointed the British firm Kennedy & Donkin to be Project Engineer in
respect of the clectromechanical works, in association with Halcrow Water
and CECB.

It was obwious from the escalation of project cost that Swedish financing
assistance from import support resources was no Jonger realistic. Such
resources would have to be drawn well into the 1990', long after completion
of the project. Furthermore, the final bill would include a significant amount,
possibly of the order of SEK 500 million, in the form of interest on the
bridging finance. In these circumstances, the Government of Sri Lanka in
1981 appealed 10 Sweden to consider other aid financing arrangements.

Because project financing had been provided under the umbrells of
import support and not in the form of “project support™, the question of an
Initial Swedish assessment of the Kotmale Project had not arisen. Following Sri
Lanka’s appeal about a review of the project financing arrangements, SIDA
commassoncd a study of the project which was undertaken at the end of 1981,
Having reccived the report on the study, The Ministry for Foreign Affairs
requested SIDA to submit a proposal for further financing of the project.
SIDA’s proposal was revised by the Ministry, and in the Spring of 1982 a bill
was presented to Parliament on the subject and approved with no dissenting
vote.

The new financing arrangement approved by Parliament covered the six
Swedish financial years 1982/8% — 198788 and provided for grant assistance
totalling SEK 1,088 million. This was in addition to the amount of SEK 307
million previously disbursed as import support. The new grant assistance
related to the civil works of the project, and for the electro-mechanical works
a subsidised credit of SEK 256 million, guaranteed againat the aid appro-
priatiom, was (o be provided.

In July 1982 the two Governments concluded a “Specific Agreement on the
Kotmale Hydro Power Project ™ containing the financing arrangement approved
by the Swedish Parliament.

To mark the transition of the project 1o “project support”, the Specific
Agreement included provisions for a team of independent experts appointed
by SIDA to monitor project progress and (0 assist towards the solution of any
technical problems arising. The team carried out eight review misséons from
1982 1o 1985, and their reports 10 SIDA and MASL are a source of detailed
information about the progress of the project and cost developments
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PROJECT IDENTIRCATION. PREFARATION AND APPRAZSAL

The Government of Sri Lanka had decided in 1984 10 order a third 67 MW
unit from ASEA, and a commerdial credit guaranteed by the Export Credst
Board of Sweden was obtained for the purpose. Due 1o the closing down of the
plant for 18 months in 198687, commercial operation of the third unit ok
phace only in the first quarter of 1988

Swedish financing of the project (SEK 1,395 mill. on grant terms and a
credit of 256 mill. ) is directed entirely towards the foreign costs related o the
work of the Swednh Contractors. When the Specific Agreement was signed,
this financing was estimated to cover some 75% of those costs. No commitment
was imade by Sweden with regard to other aspects of the project of to the AMDP
ingeneral However, the rising concern with environmental considerations in
Sweden’s development assistance caused SIDA to commission 2 study on the
environmental impact of the project. The fickl work was undertaken in early
1988 and the report was presented in June of that year.

The impounding of the reservoir necessitated the evacuation and reset-
tement of some 3,000 families located in the area to be inundated. While this
was entirely the responsibility of Sei Lanka, it was agreed between the two
countriesin 1984 and reaffirmed in 1986 that a study on the evacuees and their
situation in the new settlements should be undertaken by SIDA. Planning of
the study was much delayed, and the work commissioned 1o a Sei Lankan
unaversity institution began only in June 1988 Because of the disturbances
due 1o the ethnic conflict it was not possible to adhere to the original time-
table for the conduct of the study. Part 1 of the draft report was submitted in
February 1989 and part 2 in June 19890,

The two studies mentioned are being financed by SIDA from funds outside
the annual aid allocations to Sri Lanka. Such funds were also used 1o finance
the progress review missioms of the SIDA team of experts until completion of
the project. The costs of subsequent missions of the team were born from the
“Consultancy Services Fund™ which is part of the SIDA financed annual
development cooperation programme in Sii Lanka. The fund has abo
financed the training in Sweden of operational staff for Kotmale organized on
behalf of SIDA by the SwedPower Company. A third and final such programme
was completed in November 1988

There is no provision in the Spedific Agreement for a joint ex-post
evaluation of the project. However, itis SIDA"s standard procedure to conduct
such evaluations whenever major project support has been provided. The
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magunitude of the Kotmale project and its unique history make an evaluation
excrcise mandaory. After the power plant now has been in commercial
operaton for more than one year following the above mentioned repales, it
has been agreed between SIDA and GSLL 1o conduct the evaluation this second
quarter of 1989

In spite of this massive involvement of Swedish funds, mostly in the form
of grant money, Swedish authorities represented by SIDA, had very listle
influence on the way the money was spent and on the execution of the project.
The Team of Experts that was appointed as part of the Specific Agreement on
the Kotmale of 16 June 1982, came into the picture 100 late 10 have any
influence on the critical design phase. 1t is normally during this pluse that the
options are still open to technical improvements and moneysaving.

When the Team of Experts started their assignment, construction works
were already well abead, and the team's efforts had 10 be directed 1wowards
monitoring progress of the different works and to making recommendations
about measures to help overcome constraints that impeded the progress of
the works. Cost effective recommendations by the team were naturally imited
1o questions refated 1o construction works that were already defined by the
technical spealications. This is also clearly reflected in the terms of reference
for the team.

6.5 SELECTION OF CONSULTANTS,
CIVIL CONTRACTOR AND EQUIPMENT SUPPLIERS
As mentioned above Sir Willkam Hakcrow & Partners (Now Halcrow Water)
were appointed o be lead consultants for the project in association with CECB
and later Kennedy & Donkin, Their services inchaded overall planning,
coordination, design and supervision. The consultants were appointed without
any competition and may not have been the most experienced group for the
part of the project that concerns the underground work. Also Skanska as main
ol contractor and ASEA assupplier of all edectrical and mechanical equipment
were aclected without any competition. This may undoubtedly have saved
several months in getting started, but is a procedure that normally leads to
higher prices. Thisissue is commented upon further in Chapter 7, Section 7.6,
The fact that CECB, a2 the same time as being consultant in association with
Halorow, also was the instrument of the Chent, the Mabawcli Authority led to
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PROSCT DENTRICATION, PREPARATION AND APPRASAL

Whew the SIDA Tomm of Experts cawe 2o the nte U dosign phase s oowr, T Toam of
Expests thut had mo raumcr on the design of the progect. Alihongh the Sawdish Authonias
donated Lerge yums of money fo the propect ey Aad very bitle infTuence oo tAe way e money
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CECB sometimes playing a double role: that of the Consultant and that of the
Client’s representative. As an example it is the Mission’s impression from the
interviews conducted that the question of the costly and debatable concrete
kning of the low pressire tunnels was decided by CECB in their role as the
Client’s representative.
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CHAPTER 7

PROJECT IMPLEMENTATION

7.1 GENERAL

For a project with extensove tunnelling and dam woeks like at the Kotmale, the
civil works are abwars ime-critical, since the bead time for electromechanical
defivery is normally less than 24 months,

In order to reach their initial goal of test operation before the end of 1984,
the Mahawell Authority of Sri Lanka (MASL) decided 10 have the main civil
works contracts awarded within the second half of 1979, Initial work in the
field consequently started in August of that year, and already three months
later these works had revealed that the ground conditions at the site of the
rockfill dam departed sgnificantly from what had been expected. The work
with the documents for the dam contract, still not awarded at that ime, were
suspended and an international panel of experts beought in to assess the
situation. Their report of May 1980 concluded with the advice 1o relocate the
dam to asite 22300 m further downstream. [t was further decided to lower the
dam by 28.5 m and to change the design from an impervious central core to
an upstream concrete diaphragm; further to shaft the diversion tunnels to the
right side and the spillway to the left, and finally o Inroduce grouting
galleries and deep grout curtains.

All these changes delayed the construction start of the dam o lae 1981,
meaning that the project completion date had to be moved to Dec. 1985, now
with the dam contract on the critical line and pot the underground works
contract

In spite of having now setthed for a lower dam (see sections 423 -42.4),
the new location and design caused a substantial increase in the cost of this
part of the project. A decision made at this time by the Set Lanka suthorities
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PROJECT MPLEMENTATON

to concrete line all waterways of the power plant indscated a cost increase also
for the underground works. Expected higher escalation expenditures due to
the prolonged comnstruction time accentuated the cost picture. 1t was at this
juncture that the project was “refinanced " with a major grant approved by the
Swedish Parfiament in May 1982

An important instrument in the implementation of the progect was the
Team of Experts, appointed by SIDA in July 1962 1o monitor project progress
and 10 assist towards the solution of any technical problems arising. This 3-
member team carried ouwt eight review missions from Sep. 1982 to Feb. 1985,
at which time the regulsr comstruction period was approaching the end.

In retrospect it may be regretted that this team was established at 4 ume
when it was oo late 1o influence the basic design of the power plang, the
request for which there s consequently no mention in their Terma of
Reference.

An acceleration of the construction programe, proposed by the contrac
tors in Nov. 1983, was eventually agreed upon by all parties involved, with
power production to be initiated in Feb. 1985 and with impounding of water
in the rescrvoir a carly as Nov, 1984, thus taking advantage of the north-cast
monsoon precipitation for storage. Although this “Super Accelerated Pro-
gramme” = as it was named — proved successful, commercial power produc
tion on a regular basis commenced only in Dec. 1987, The delay camse from
deficiencies of the pressure shaft, revealed shortly after the first filling of the
waterways, and manifested by excessive leakage into the powerhouse area (see
Section 7.6 for comments on this event),

As a result of these Inconveniencies, the SIDA Team of Experts was
reactivated, reinforced to include specialists and given a set of new Terms of
References. The Team submitted four reports from Now. 1985 to Dec. 1987,
In the period from March 1985 to May 1986 the power plant was operating
interminently, interrupted by shutdowns for gaining access 1o the waterway in
order to perform investigations and /or provisional repair work. After MASL
had reached their final decision to steelline the entire pressure shaft and the
inclined mnnel, the plant was cosed continuously for 18 months till restart of
the operation in Dec. 1987,

In their position as Client, MASL were vested with the power 10 make
decisions on most technical and contractual matters, e.g. the signing of all
contracts related to the Mahaweli Programme.
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PROJECT MPLEMENTATION

Among their other responsibilities were 1o take the necessary measires to
relocate people in the reservolr area including the building of new roads and
beidges, and further to act as the coordinator of interfacing works such as the
Victoria ransmission line.

Itis the Missions impression that in a general sense MASL succeeded well
in their efforts. Particularly could be mentGoned the good working relation-
ship established with the SIDA team of experts when acting as advisors 1o
MASL in regard to the progress of the works.

On the negative st of merits by MASL could be mentioned the following:
* Late refocation of people, roads and a bridge caused delay in the

storage programme for the first filling of the reservoir, with an

estimated 146 hin' of water being bypassed for that reason, despite
timely warnings from the SIDA team of experis

* Reluctance in reaching decisions, e.g. regarding stafling of the
Engineers office or choosing one design alternative out of several, did
sometimes put the construction programme in jeopardy.

¢ The decision 1o concrete line all tunnel waserways has added
unnecessary costs 1o the project (see section 7.6.2.2).

7.2 CIVIL WORKS

7.2.1 The Contraces

The work of the civil contractor Skanska AB was performed under three
separate negotiated contracts and a kuer Supplementary Agreement for the
repasr work that followed the pressure shaft faibure:
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Table 7.1
Works Contracts —— )
Award Sumns in million LKR"

ltem date Tender PaidEscalation Towl
!IWC Initial

works 04.08.79 56218 TR616 18682 97298
 UWC Underground

works 181299 106500 123877 63836 1.877.18
RWC Reservoir

works Oct 198 $3.01000 299741 5842 S57T888

work 1986 . 54277
TOTALS 463308 5022%4 140060 6497171

*) For conversion to SEK: Multiply by 0.5,

Notex:

1) The table figures include additional work procured through a number of
Variation Ovders (V.O.5), e.g the Repair Work which was performed
under V.O.x 45, 51, 52 and 54

2) The cavil work costs related 1o the installation of Unit no. 8 are included.

3) Claima: Total claims under these contracts amounted to LKR &5 mill., of
which LKR 43 mill has been allowed and is inchuded in the table figures.

4) Reference 28: Final Engincering Report of May 1989, by Halcrow Water.

The Initial Works Contract (IWC) contained the following activities, with each

items” share shown as percentage of the total (973 mill. LKR):

1. General B1%
2. Accommodation 187 %
3. Workshop & Offices 103 %
4. Access Roads 92%
5. Temporary Bridge over Kotmale Oya 04%
6. Diversion Tunnels (damsise) 208%
7. Clearance of Damwsite .
8. Site lovestigation 03 %
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PROJECT MPLEMENTATION

9. Trial Quarry 0.6 %
10. Trial Embankment 0.4%
11, Access Tunnel 22%
12, Daywork 05 %
13. Unallocable Variation Orders 25%

Total 100 %

As mobilization had been under waysince early in the vear, work in the fiekd
for the IWC could start already four days after contract award, with Dec. 1984
s the target for completion of the entire project. [t was during the excavation
for the portals of the dam diversion tunnels (see item 6 above) in early Nov
1979 that the true ground conditions of the damsite were revealed

The works under this contract were virtually complete by 1982,

The Underground Works Contract (UWC) and the Reservoir Works
Contract (RWC) were initially planned as one single contract, but split into
two by the delay caused by the change in design and location of the dam. The
RWC contained all works for the dam and the reservoir, while the UWC
included all remaining codl works, above ground as well as underground

The Supplementary Agreement included the major repair work for the
pressure condust, such as excavation of a new tunnel adit of Large cross section
from the surface into the middle of the indlined tunnel, for the transportation
of full-dameter steel Bners 10 be instalied at two headings: excavation of a
400 m long drainage and grouting tunnel paraliel 1o the low pressure tunned,
upstream of the surge shaft: a total of some 500 m of new seel liner: an
additional 30 m of concrete Ening in the low pressure tunnel, etc.

7.2.2 Local Participation

During the most intensive periods the Contractor™s workforce counted as
many 2 6,000 local employees. Over the years 1,200 -1, 300 individuals were
given a six months training programme by the Contractor, and received
certificates 3 machine operatoes or drivers. More than 700 of them were
emploved at Kotmale for some time period.

In monctary value, the local component of all cvil works contracts came to
approximately 18 %. Il lager quantities of construction materials such as
cement and reinforcing seel had been available locally, thes share could have

risen significantly.
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7.3 HYDRAULIC STEELWORK

The hydraufic sieelwork was supplied uander four (sub)contracts tendered foe

by ASEA as prime contractor, and one contract tendered for by Skasska, as

follows:

Contract KOT/El:  High Pressure Steel Lining
Included supply and erection of the waterwayliner,
from spherical valves through bifurcations to lower 1/
3 point in pressure shaft.

Contract KOT/E2  Diversionand Low Pressure Tunnels Gates and Screens
Inchuded supply and erection of surge shaft gate, intake
gate and screen, diversion tannel gate, model sudy, etc.

Comract KOT/ES:  Spillway Equipment
Included supply and erection of radial gates and stoplogs.

Contract KOT/E4:  Bottom Outlet Equipment
Inchuded supply and erection of conduit, valves, etc.,
and supply of tools and spares

Repair Work in Pressure

shaft and Inclined

tannel, Skanska’s

VO s 45515254 Steel lining

The costs, tendered and final, were as follows

Table 7.2

Hydraulic Steel Contracts
Susns in million LKR’
Comtract Tender Final
KOT/EL 53.26 70.57
ROT/E2 .3 126,42
ROT/ES 181.03 206,17
ROT/EA 61.04 .51
Repair Work (Hvdraulic sseel part unknown)

361,64 16247

*) The basic figures are composed of two currenaes: LKR and SEK. For
conversion from SEK to LKR, assumed here | SEK « 325 LKR
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Some of the hydraulic seel components were procured from France, g,

the surge shaft gate, the bottom outlet equipment and the liner for the repair
work, but most of the components came from Sweden

Kennedy & Donkin provided the specifications.

7.4 ELECTRO-MECHANICAL EQUIPMENT

7.4.1 The Contraces

T'he electrical and mechanical equapanent apant from what has been described
under Section 7.3 s Hydraulic Steebwork was supplicd by ASEA under four
Contractx

Contract KOT /P1: Power station Plant. Included power stathon crane,
nos. | and 2 generators and turbines and asociated equipment, and
inlet valve and draft tube gate for no. 3 turbine.

¢ Contract KOT /P2 220 kV Substation. Included ventikation and s
condstioning plant, 220 kV switchgear, generator trandormers for units
I and 2 and auxiliary equipment; 138 kV switc hgear and cables and
common equipment for both units; spares
¢ Contract KOT/PIA: Power Station Plant - Unit 3. Included no. 3 gene
rator and rarbine and associated equipment,
¢ Contract KOT/P2A: Substation Plant - Unit 3. Inclisded 18 B, 152 and
220 kV switchgear related to unit % and unit S combined generator and
interbus trandformer
The costs, tendered and final, were as follows
Table 7.3
Elmech Equipment Contracts
Sums in million LKR
Contract Tender Fimal
ROT/Pl 320 597
ROT/P2 150 216
ROT/PIA 282 S16
ROT/P2A 12 155
Rl BCA Brvustor Regon 21
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7.4.2 Description

The underground power station is equipped with three vertical shaft gener-
ating units with Francis muirbines and spherical inlet valves. Two units were
ivitially installed in 1985 and a third unit was added in 1987 (For daa see
Project Data, Appendix 2). The tarbines have thelr maximum operatng
efficiency at the present dam level , but are mechanscally designed also for the
higher dam crest. The output from the generating units is conducted via 15
kV polyethylene insukated cables through the vertical cable shalt to the 220/
132 KV open air switchyard on 10p of the cable shalt.

Generaton | and 2are connected o single phase transformer banks 15,8/
220kV with one single phase unit as common spare. Generator 3 is connected
to a single phase, three winding transformer bank 13.8/152/220 &V, This
bank also acts as a bus conpection trandformer between the 220 and 132 kV
busses. The transformer banks are placed in the switchyard and age air cooled.
The 220 and 152 kV switchgear is of a conventional open air type with
minimum oil croult breakers.

The powerhouse protection and control equipment is placed in a subte of
machine control paneh in the machine hall, that allows the units o be
operated from there, There is Bkewise a control building in the switchyvard
with relay and control panels for the switchyard equipment. The generating
units can also be operated from this comtrol building. The switchyard build-
ings also contain an emergency diesel generator see, medium voltage swite hgeas
and ventilation equipment.

The power station is connected to the grid via one 220 kV double circuit
line 10 Victoria, one to Biyagama substation ncar Colombo and one 132 KV
double circuit line 1o the Polpitya/Habarana connection.

7.5 PROJECT ORGANIZATION

7.5.1 General

Under the command of the Mahaweli Authority (MASL) as the Owner of
Kotmale Hydropower Project, all consultancy and engineering senvioes in-
cluding site supervision were provided by an ad ho< engineering organization
composed of the following three amociates:




Lead parwner:  Sir William Halcrow & Partners (Halkcrow Water ) Burderop
Park, Swindon, Wilishire SN 4 OQD
United Kingdom

Responsibility:  Owerall planning, coardination and civil engineering de-
sign and supervision.

El-mech partner: Kennedy & Donkin (K & D)

‘estbrook Mills, Godalming, Surrey GU 7 2A2

United Kingdom

Responsitality:  Electrical and mechanical engineering design, and wper-
visson for turbine-generator units and swischgear

Local partner:  Central Engineering Consultancy Bureau (CECB)
500 T B. Javah Mawatha, Colombao 10,
Sei Lanka

Responsitslity:  In asociation with Halcrow Water and K & D, to provide
engineers and technicians for the majority of the design
and supervision jobs, to provide support services and facili-
ties in Sri Lanka incloding main design office and all
transport.

7.5.2 Design Office of the Consultants
The design stdl chart included 60 positions. The offices were located in
Colombo, within the Ministry of Mahaweli Development building.

Shortage of personnel, particularly experienced design engineers, proved
1o be a problem and a matter of concern for the Contractor (Skanska), the
SIDA Team of Experts and of course the Consultants over a loag period of
time.

A further impediment to progress was reportedly a certain indecision on
the part of the Consultants to choome one solution from several possible
alternatives.

These problems were, however, gradually overcome, and theis true inmpact
on the progress of the work was probably negligible, in spite of the frequent
complaints filed by the Contractor over lack of work drawings.

7.5.3 Site Supervision Office
The site stll for the supervising of all civil works inchuded 46 positions.
This office was reportedly managed in the most efficient and professional
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way and = helped along by the SIDA Team of Experts at certain occasions —
developed a good working relationship with the Contractor.

7.5.4 The Contractony’ Organizations
The office of the civil works contractor was reportedly well organized and
staffed by professionals.

Less well organized was allegedly the conwractor for the hydraubic seel
work (ASEA), who had chosen 10 direct and coordinate this work from
Sweden. Their site repeesentative appeared not o have been given the
authority required for a smooth progress. This situation may have been
attributable o the contractor’s unfamiliarity with supphing this type of
equipment. In all other respects their ste organization seemed to function
well.

7.6 COMMENTS ON DESIGN, CONTRACTING AND
IMPLEMENTATION

7.6.1 General

While the preceding sections of this chapter should be regarded as a descrip-
tion of facts, the following reflects the Mission's opinions on certam conditions
upon which design, contracting and implementation were based. Even if
these activities were moee interwoven here than in a normal case — due to the
precipitate haste of the comtruction seart, with the Contractor appointed
prior to the Consultant — they will be commented upon separately.

It should be kept in mind that any ex post evaluation may exsly be tainted
by the knowledge of events happened. It has not been the Massion's intention
to take unduc advantage of this benefit of hindsight, and the comments here
should not be regarded as mere criticiun of any party involved.

7.6.2 Comunents on the Design

7.6.2.1 The Dam

A considerable number of design reports and geological studies, one of them
dating as far back as 1966, were available when the Consultams starved thelr
work carlyin 1979, The most central of these is probably the feastbility report
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of Jan. 1978 by WAPCOS, where the (initial) site of the dam and the type of
dam with an impervious central core was proposed. Further studies were
under way and reports coming in during 1979, e.g. the "Report on Seismix
Refraction Survey of proposed Chute Spillway and Tunnel intake Sites and
Correlation by Diamond Core Drilling”, by Geotech, March to April 1979,

It s difficult without a detabled study of all this documemnation, to state
whether or not the extent of the performed field investigations could be
comsidered adequate at the tme when the final design with tender for the dam
was prepared in the astumn of 1979, There i, however, reason 1o question the
quality of some of the investigations, in pasticular the seismic report referred
to above. It should have been expected that the adverse conditions for the
diversion wnnel portal, revealed through the Contractor’s tentative excuva
ton, (see also 7.2.1) were identified at the time of the seismic survey had the
results boen interpreted more peeciscly,

Due to swift action on the part of the Consultants, however, the new
damsite was established before much wasteful work had been done at the
original site. The bulk of the extra cost incurred by this change in dam location
is more likely 10 be found in the LKR 50 mill. bonus Ister paid 10 the
Contractor for an carly completion of the wark under the “Super-Accelerated
Programme”, by which the e lost from these changes was virtually regained

The dam is furnished with a chute type spillway with three gates, but
without any emergency spiliway. It is evident from the topography why an
ungated spilheay solution could not be considered. There are, however,
records of embankment dams having failed due to overtopping as a result of
spitheay gates having falled o open in a critical flood siauation. In later yean
certaln financing instadons ke the World Bank have tended 10 make it
mandatory 10 design embankment dams with an extra spillway, eg. an
emergency fuse plug, 10 alleviate such conditions, and the International
Commission on Large Dams (ICOLD) have addressed the problem in their
Balletin of 1986 on Diesign of Spillways for dams, by 100OLD Commitiee on the
hydraukc of dams,

Ihe international panel of experts have no mention of the isoe in their
report of May 1980, The Mission, after having visited the site and studied the
operation procedures and the hydrologic data, have found the safety against
a disastrous overtopping reassuring for the following reasons:
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¢ Maximum capacity chosen for the spillway is excoedingly ample:
5550 m’/s as reservolr ouflow from a catchment area of 544 km'.

* Operation and maintenance procedures make continuous presence of
operators at the dam mandatory.

* Power supply for gate operation is ensured in all situations by an
emergency diesel generator at the dam, with automatic start inchuded.

* In case of jamming of one or more gates, a rockfill embankment with an
upstream concrete shab is able 10 endure a possible overtopping to a
higher extent than any other embankment type dam before collapsing.

7.6.2.2. The Low-Pressure Waterways

The headrace and wilrace tunnels represent a lrge share of the value of the
underground works contract. The entire length of these waterways has been
concreted, and to a large extent abo cement grouted. This solution may have
come about more by a principle having been laid down by the Client than as
a chodce made by the Consultants; see Section 7.1, 4th paragraph.

The rock mass stability along these tunnch was very good, manifested by
the unusually small volume of temporary rock support required — e.g. for the
entire headrace at a cost below LER 20 mill.

An alternative to this extremely cost- and tme-consuming solution was to
allow the use of unlined tunnels; unlined meaning that rock support would be
applied only where rock mass of poor quality was encountered, and with itle
or no support installed chewhere, The price to be paid, aside from a larger
crosssection 1o reduce velocity and balance headlosses, would have been 1o
accept and expect a few minor rockfalls during the lifetime of the plant.

This economic solution has been used by Scandinavian power developers
for several decades, also in rock of inferior quality compared to Kotmale's. A
performance study covering a total of 2500 kun of basically unlined waterways
in Norway over a period of 20 - 25 years found only 5 - 6 cases of large rockfalls
that had caused operational disturbances. Repair work was in most cases
delayed to an opportune time when a shutdown was required for other
reasons, such as for maintenance of the electro-mechanical machinery.

Rough caloulations indscase that unkned low-pressure waterways of 55 m*
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crosssection would have saved LER 150200 mill. of the investment, or 10%
of the UWC contract. With a Swedish contractor, well familiar with the unlined
concept, there is all the more reason to believe that such asolution would have
been successfully implemented, avoiding the waste of that money.

7.6.2.3 The Pressure Shaft

Unlined high pressure tunnels and shafts in rock have been designed for nsany
decades in various parts of the world and with varlable success. The use of tis
economical design started early in Noeway and is 1oday commonplace, with
more than B0 unlined shafts/tunnels where the static water head is higher
than 150 m now in operation - the highest head being 1000 m.

The crucial issue in a successful design of an unlined pressure conduit in
rock is to ensure that the "active™ rock cover Is adequate in relation 1o the
internal pressure in the conduit. Where the tunnel follows a ridge, as is the
case here, the srem relieved condition of the rock should be taken into
account, and itis pradent to adpast the actual topography as shown in Fig. 7.1
to allow for “inactive” portions when measuring the depth of overburden.

Present day (1969) procedures in the design and construction of unlined
pressure conduies often call for a flexible approach with "design - as - you -go ™
Unless conclusive hydraulic fracturing tests along the conduit alinement
already exist, such tests are made from the conduit proper during the
comruction, in order to identify the precise location of 2 safe interface of steel
lined /unlined conduit

Fog. 7.1 Revivion of Contary (From Bellsography sem 7. 1984.)




The detailed design of the Kotmale pressure conduit took place from 1979
and the construction from 1981, The concept appears to be the same as shown
in WAPCOS study of Jan. 1978, a design which probably dates back 10 1976
77.

In order w obtain both an opinion on the cause of the shaft fallure and a
fair assessment of the state of the art in that tme period (197883) the Mission
retained Dre. Bjorn Baen, an independent engineering geologist with exten-
sive experience from the international scene in the design of unlined pressure
conduits. In his report, seached a Appendix 4, Dr. Buen expresses the
following views
*  The failure mechanism was hydraulic jacking on vertical joines
* Rock stress tesung by overcoring gave inconclusive results in this case

* The filure could have been avoided had the design been updated and
pressure testing applied during construction.

7.6.2.4 The Upstream Surge Shaft with Gate

This shaft is 142 m high, 15 m in diameter and fully concrete lined, with
restricted orifice and furnashed with a roller gate w/h = 3.5/4.8 m, stored on
asurface pladorm at EL 765+ /-, The shaft is located some 400 m upstream of
the penstock knee, or 550 m from the powerhouse, measured along the
waterway,

A gate placed in this position on the waterway would conventonally be
intended to serve as an emergency penstock closure valve. As the setting
operation will now take many hours, that function is obwiously out of the
question, which leaves the gate to serve as closure of the penstock for
maintenance such as painting, without having to drain also the lowpressure
wnnel Since that sort of work must take place during a longtime seasonal
shutdown of the power plant, the intake gate could serve the same purpose,
as there would be ample time for slow draining and refilling of the low-
pressure tunnel

The gate therefore appeans 10 be an Installation that readily could have
been omitted. Its final cost came to LKR 52.5 mill
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T Kemale Pravihouse under contruction.
Phaco: Hekdwr Netoows, SIDA Photo Archrones

7.6.2.5 The Powerhouse
Records show that the excavated volume of an underground powerhouse with
Francis type machinery, and with the trandormer located in the cavern, van
between 80 and 200 mS per installed MW. This ratio reflecss 1o some extent
the given head and the number of units chosen, but also the designers” effoet
10 economire with space

The Kotmale powerhouse accommodates no transformens since these are
placed above ground, and has an excavated volume of approximately 40,000 m*
With 204 MW insalied capacity, the ratio is 196 m' per MW, Le. near the
upper end of the scale,

A more compact structure could have been achieved by simple means, such
as placing the pressure conduits in an oblique position relative to the
powerhouse axis, which gives casier access 1o the spherical valves for the
overhead crane hook and may cut 1-1.5 m from the width of the cavern.
Another 115 m reduction in width could have been attained by placing the
suite of machine control pancls near the access end of the powerhouse instead
of along the downstream wall. The space above crane girder level also seems

to be on the generous side. A wotal reduction of the excavated volume by
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10,000 m" was apparently attainable, corresponding to reduced civil works
cost of LKR 1015 mill.

The number of power units at Kotmale, hardly a choice made by the
Corsultants but still 2 part of the design, s insufficiently documented. With
three units installed, the plant factor is very Jow compared to that of Victoria
HPP downstream, likewise with three units:

Name of HPP Plant factor
3 unins (2 units)
] !
Kotmale, average energy 221 % (42.1 %)
firm energy 150 % (22.7 %)
Victoria, AVCTARE ENETRY $K.7%
firm energy 6%
|

I the third unit st Kotmale had been left out, the plant facior would be as
shown in the right column.
For more detalled comments, see the following paragraph.

7.6.2.6 Blectro-Mechanical Equipment Design

Most of the electrical and mechanical equipment in the power house and the
wwitchyard is of a conventional design, 1t is of good quality, manufactured by
reputed manufacturers and should be expected o give no special problems
in the future regarding durability and maintenance. During the visit to the site
and alter having gone through the design, the Massion noted some features
about the chosen desagn that could be discissed:

The Mission is not convinced that the chosen design with the transformers
placed in the switchyard offers the best and safest solution. The Fact that the
cables to the tramsformens are routed through the vertical cable shalt without
any fire separation between the different cable groups may represent a higher
fire harard than envisaged even if the cable sheaths are made of flame
retardant PVC To place the transformerns unprotected in the switchyard also
offers an easy target for sabotage. The Mission feels that a better solution
would have been to place the transformen in the cavern with 220 kV cables
through the access tunnel duly protected against mechanical damage from
traffic in the tunnel It is probable that the transformers could have been
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accommaodated within the same volume of rock that is now excavated. The
switchyard could then have been placed in the vicinity of the access tunnel
entrance together with a portal building containing auxiliary equipment,
control room, offices, store rooms and other facilides.

The 220 kV ransmission kne from Kotmale to Biyagama has a capacity of
about 2x600 MVA which ks sufficient to transmit all the power from Kotmale,
Victoria, Randenigala and Rantembe on one circuit. The 152 kV line from
Koumale 10 the Polpitya / Habarana line has 3 capacity of about 2x100 MVA,
but the actual capacity is limited to the 90 MVA of the interbus ransfoomer of
unit 3, In the case of the Kotmale - Biyagama line out of service the generation
of the above mentioned group of power stations will have to be reduced. The
Mission has not had the opportunity togo into a more detailed load Now study,
but it seems as if a 250 MVA interbos trandormer between the 220 and 132 &V
busses would have been a better solution than the 90 MVA three vinding
generator transformer of unit 5.

The installation of the third generating unit during the 1987 repairs does
not seem to be well justified. This was done, as has been understood, on the
insistence of CEB and also paid by them, The plant factor for three units and
mwean annual energy is only 28.1%. This means in simple terms that the 502
GWh of mean energy can be generated in 2,460 of the annual 8,760 hours at
full 68 MW load on all three units. In comparison Victoria , also with 3 units,
has a plant factor of 48.7. Even with two units Kotmale would have had a lower
phant factor (42.1%) than Viaoria. The bus coupling effect of unit 3
generator transformer could have been achieved by only installing the
generator ransformer in anticipation of the generating unit being installed
when the dam cromt is raised.

It was also registered that the generators did not have any fire protection
equipment like Halon or CO2. Even if the generator windings are made of
non - flammable materials, oil vapour and oil leakages from the bearings sull
comstitute a certain fire risk. Although the use of fire extinguishing installa
tions on generators has diminished as insulation material has become less
flammable, statistics show that still most of the generators in underground
power stations have sach equipment. The figure below is taken from Waser
Power & Dam Construction, Oct, 1985 “Fire prevention and protection in
underground hydro sations™, and shows statistics relating to underground
stations built during the last 15 years before 1985,
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The Mission has looked into the effects on the speed and pressure rise due
to higher water velocity after steel Buing of the upper part of the shaft and the
inclined tunnel. Calculations carried out by the turbine manufacturer show
that with the actual guide vane closing time of 7.2 sec. the speed rise ac full load
rejection at the present highest water level of 703 m will slightly exceed the
guaranteed valoes (51% against 45%), and the pressure rise at maximum
future bevel of 7315 will exceed the guaranteed 353 m by 8 m. The speed rise
seems acceplable since the generator is guaranteed to withstand a speed rise
of about 93%.. When the dam crest is raised, the guide vane closing tne may
have to be increased in order that the guaranteed pressure is not exceeded
(thas again will increase speed rise!).

7.6.2.7 Conclusion on Design

In retrospect it is easy 10 conchude that the UWCpant of the power plam,

without exceeding the budget of that contract, could have been given the

following design features:

¢ Unlined lowpressure tunnels; the saved money 1o be used for

¢ afully steelined pressure shafl

* powerhous relocated 1o a position 3-400 m upstream of the present
site;

* asurge shalt of approximately 100 m* area, basically unlined, at the site
of the present shalt, without a gate.
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7.6.3 Comments on Contracting

7.6.3.1 Crvil Works
As mentioned under section 7.2.1 all civil works contracts were negotiated
with a contractor already appointed by the Owner (MASL). The fact that no
competition ook place thus explains the high lmp sums and unit prices of
these contracts

T'wo other major hydropower developments on the Mahawel Ganga were
implemented during the same time period < the Victoria HP'P froem 1981 to
1984 = and the Randenigala HPP from 1982 to 1986, The civil works were
here in both cases contracied through national tendening within each of the
two donor countries — the United Kingdom and the Federal Republic of
Germany respectvely.

In the case of Rotmale, the problem may ssmply have been that national
tendering was impractical due to natural imitations in the foreign potential

SIOA Cvwiat or Regonm 2% L5 |




PROJICT IMPLEMINTATION

of the Swedinh heavy constrisction industry, Abso, the 5o Lankan authorities
were extremely keen on a speedy start of the construction, and even if regular
tendering in Sweden had been possible, the process would have taken some
thme — perhaps 6 months.

In Sri Lanka there were allegedly at that time no construction company
with the necessary resaurces o undertake any of these HPP contracts. The
magor part of the labour force was, however, recruited locally. With three large
developments going on more or bess simuktancously, the impact of this sudden
increase in employment on the local economy must have been noticeable.
Thesteep rise in the Colombo Comsumer s Price Index, shown in Fig. 7.5, may
be an indication of that. Records from other countries in the region (Thai-
land, Burma)indicate that the prices for cvil works in the hydropower
industry have been nearly stable during the period 1981 to 1985, when quoted
in USD and based on international tendering.

An atempt will be made 1o xses the Kotmale cvil works contracts in
regard 1o the following:

o Fscalation
*  Unit prices for similar work in Sei Lanka

* Unit prices for similar work internatsonally
The conchusions are summarized as follows:

Re Escalation:
There is reason 1o believe that escalation payments on the three civil
works contracts have served only 1o compensate the Contractor in a fair
way for inflation.

Re Unit prices for similar work in S Lanka
There are indications 1o show that the unit prices for the Kotmale cinil
works contracts are at least 10-20 % higher than they might have been,
had competing tenders in Sweden been called for and responded to.

Re Unit prices for similar work internationally:
There are indications 1o show that the unit prices for the Kotmale dam

contract are considerably higher — possibly by 30.50 % — than they
would have been, had the job been tendered internationally.
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Fig. 7.3 Consumer’s Price Indices

One great advantage of negotiated contr acts is that few claimes amd dasputes
tend to arise during the work, which indeed proved to be the case here. Abo,
for the building of a major dam i i imperative to have an experenced
contractor of good reputation and with strong financial, technical and human
resources — requirements which in the end may count more than the poice
alone, and which were all met by the appointed contractor

The most difficult contractual matter 1o be sohed came from a provision
on separate payment for cement and concrete, that served & 3 poAncentive
for the Contractor 1o apply economic mixes. As fines were hcking in the sand
aggregate, cement was actually for & period used as asubstitute for fines. When
it was found necessary to import cement from overseas — contrary 1o the
conditions of the contract — a ruling from the Secretary of the Ministry of
Mahaweli Development was required in order to resolve the isue of establish-
ing the correct quantum of payment.

7.6.3.2 Hydraulic Steel Work, Contracting
The known costs — tendered and paid — of the hydraulic seel work
contracted are tabulated in Secdon 7.8 The cost of the hydraulic steel
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component for the repair work is included in the toeal paid to the Contractor
(see table Section 7.2.1) and constituge probably a large part of that total
The prices paid for the supply and erection of the hydraulic steel work in
general seem to be in line with what could be expected under the drcum.
Mances, meaning that the prices are samewhat higher than normal.
There are, however, two recorded cases of severe cost overrun:

¢ Contract KOT/E4 - Bottom outlet equipment, referred to by the SIDA
Team of Experts in thelr Progress Review no. 4,

¢ Contract KOT/E2 - the surge shalt gate; which was onginally tendered
for LKR 21.5 mill. and which finally cost LKR 52.5 mill The overrun is
allegedly attributable to changes and redesigning, taking place after the
initial contract award. It is difficult to understand the reason for this
dramatic rise in cost, and abso difficult to understand the need for this
gate in the first place (see paragraph 7.6.2.4).

7.6.3.3 Electro-Mechanical Equipment, Contracting
ASEA supphed the elecurical and mechanical equipment under the follow-

Ing contracts:

Contract name and description Contr. date
i Power station plant 26.06.81
P2 220 kV subsuation 9.07.581
PIA Power station plamt, unit 3 17.00.84
P2ZA  Submstation plant, umit 3 1700 84

The prices of same of the items under these contracts have been checked
againstinternational prices of similar equiproent and abo against the Swedish
consumer price index and the relevant Swedish labour cost development (SN1
38, column 80)

The following FOB prices for equipment contracted in 1981 under comn-
tracts Pl and P2and in 1984 under contracts P1A and P2A have been obtained
from CECB. The prices are net without contract price adjustment (CPA) for
Increases in material and labour cost.
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| Pricesin SEK x 1000 FOB 3
1981 194 Increase (%)
- Generator lncl 12,715 25,450 100
- excitation
Turbine incl, 12,92 22,040 72
- Spherical valve 4,260
' Generator trans. 8,349 , 7,088 112

ltmust be noted that the generator transformer for unit 3 ordered in 1984
is a three winding inter-bus ransformer and & such more expensive, say 20%,
than the generator transfor men for units 1 and 2. Spherical valves for all three
units were ordered under contract P1in 1981,

The 1981 prices seem to be about 30-40 % higher than the prices that have
been checked on similar equipment. As for the sharp price increase from 1981
to 1984 of identical equipment for unit 5, the Swedish convmer price index
from 1981 1o 1984 has gone up 28% and the labour cost index referred to in
the ASEA contracts, 31%. One should note, however that the rate of exchange
of USD 1o SEK was very high in 1984, about 8.5 in mid 1984 against 5.0 mid
1981, so that expressed in USD the price increase between units 1 and 2 in
1981 and umnit 3 in 1984 s moderate.

7.6.4 Commenss on Implementation

7.6.4.1 Civil Works
The image formed by reading the various repoets from the SIDA Team of
Experts and others, after having interviewed some of the participants of the
supenvisng team, and by inspecton of all accessible components of the power
plant - is that the work has been performed professionally and expeditiously
according Lo specifications.

What particularly has impressed the Mission is that the Contractor mas-
aged 1o overcome the logistics problem, and was able to set and meet earlier
deadlines for completion.

7.6.4.2 Hydraulic Steel Works, Implementation
As mentioned under Section 7.5.4 the Contractor’s site representative lacked
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the necessary authority to make decisions. This may account for the fact that
certain components installed do not comply with the specifications, e.g. is the
control for the spillway gates sull subject to malfunctioning.

7.6.4.3 Flectro-Mechanical Equipment, Implementation

From information gathered through interviews, reports and visita to the site
the Mision's impression of the implementation of the electromechanical
contracts, iLe. detailed design for construction, manufacture, transport, erec
ton and commissson, was carnied out in a very professional manner and with
highly skilled personnel. During erection ASEA was commended for thelr

abxlity 1o cope with tght ume schedules and adverse erectaon site conditions
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CHAPTER 8
PLANT OPERATION, POWER
AND ENERGYPRODUCTION

8.1 TRAINING

The successful operation and maintenance of any power plant depends 1o a
very large degree on a qualified seaff and the management of this seaf. In this
respoct staff frasnang is a key word and a subject that bs often underestimated
and neglected in many developing countries.

For the Kotmale project a comprehensive training programmne in Sweden
was sponsored by SIDA, searting with the first batch in 1983 and going on dll
November 1988, About 35 engincers, superintendents and engineering
asistants participated. From interviews at the plamt the Mission got the
impression that the training had been successful, relevant and necessary for
the starting up of the plant. This impeession is confirmed by the evaluation
made by SwedPower (Ref.22), and also by Mr. S Welihinda, Director, Training,
CEB after his visit 1o Sweden in 1985,

In addition to the SIDA - sponsored training, several operators underwent
practical training both, in Sweden and on site during erection on the actual
equipment 1o be invtalled. This was, as is usual, part of the contracts for the
elecromechanical equipment.

Of the engineerswho received training, 7 are presently working st Kotmale,
3 have left CECB, one died and the remaining are working in other parts of
the utility.

The power station manager confirmed during the Mission's visit thar
regular refreshment courses for various categories of personnel was an
establsshed practice within CECB.

Another important type of training took part during the construction
period when the civil contractor Skanska trained different types of machine
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operators. Although this type of training was not directly relevant for the
operation and maintenance of the power pland, it nevertheless was necessary
for the implementation of the construction works and also added an important
sideeffect to the country in that abowt 1500 truck drivers, bulldozer and
shovel operaton, excavator operatorns and others were trained and isued with
an Operator’s Licence. The training required a separate school, specially
allocated vehicles and 5 full tme expatriate instructorns,

Skanska employed more than 700 of the trained operators during the
comstruction period, and many of them were subsequently offered job op-
portunities abroad, especially in the Middle East, earning important foreign
currency for Set Lanka

8.2 POWER PLANT OPERATION AND PERFORMANCE

The firmt generating unit was put into commercial operation in June 1985,
but because of the unfortunate incident of the leakages of the pressure shaft
and the subsequent closing down of the station, first for inspection and later
for 18 months for repair work, only 90 GWh were generated in the first year
of operation and 107 GWh in the second year. Normal production was
resumed in 1988 when also units 2 and 3 were commisioned and pot into
commercial operation. Total production from all three units in 1985 v
4548 GWh

Since then the plast has been in normal operation, and the plant or-
gamization s established and seems 1o be functioning well. An organization
chartof the present organization is presented in Figure 8.1, A total of 120 seadf
is employed, including 48 security guards, In addition to the CEB operation
and maintenance staff comes the staff of the Water Management Secretariat
under the Mahaweli Authority. This stall of 35 with s own security guards is
responsable for the operation and maintenance of the dam including speliway
gates and the reservoir, This sphit responsibility for the operation and main-
tenance of the power plant secms unnecessanly complicated and probably
leads wo some doubling up of personnel,

According to the power station manager few operational problems have
been encountered during the year and a half when the plant has been in
normal operation. The few problems have all been teething problems tha
have easily been dealt with. No excessive wear and tear have been registered
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on the turbines in the way of cavitation and sand abrasion; nor any clogging
of cooling water system due 10 silting.

The power plant gave a very clean and tidy impression, and the Mission
feels confident that the plant is operated by a competent organization with
adequate support from its Head Office in Colombo. This sipport covers
various types of specialist services like for inmtance regular relay control from
the CEB Protection Branch and operational planning from the Load Dispatch
Center.

The Mission registered some mild complaints about kack of an electric
workshop, of storage capacity for large spare partsand other bulky equipment;
it was abo pointed out that the contracted equipment deliveries lacked some
essential testing instruments which one would have expected would have been
included in the specifications. An ofl Gleer for ransformer oil was also needed.

The Mission supports these requirements as they are all important for the
future maintenance and the upkeep of a high malienance smandard, One
would also have expected that office space for the power station administra-
ton to be part of the planning of a plant this size. As of now the administration
is housed in temporary quarters used during by the consultant for the electro-
mechanical works during construction.
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Agve boem irained and 1siued ssih an Operaror’s Licence. Mamy of thew have laler boem
offiernd pob cver-seas By Shanaka, rarnmg calualle fregw curveney for Sn Lanka
Photo: Mats Sundgren, SIDA Phate Archives

8.3 EXPECTED POWER AND ENERGY OUTPUT

Since the commissioning of the plant after the repairs in 198587, the power
station has had only one year of full production-in 1988-when a total of 434,82
GWh was generated. In 1985, 8080 GWH and in 1986, 107,16 GWh was
generated.

The expected generated outpet of a hydro power plant is conventionally
characterized by (1) the mean annual energy which is the expected average
over a number of vears, normally 30, to include most lnydrological varianons,
(2) the firm energy which is that pant of the mean annual energy that can be
guaranteed with a certain probablity, and (3) the secondary energy which is
that part of the annual energy that cannot be guaranteed. The mean annual
encrgy i thus the sum of the firm and secondary energy.

Various values for the expecied energy output of the Kotmale plant have
beon used:
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Firm Mean Annual

. Halcrow 310 455

| Acres 270 502

! CEB 240 440 (Consant diversion at Ukuwela)
| CEB 276 440 (Without diversion a1 Ukuwela)

The Mission has not been able 10 establish reliable data related 1o water
requirements for irrigation, encrgy production, and operating policies of the
reservoirs. Without going into more detaled studies of the one of the
caleulated outputs being the more likely it is therefore suggested o use the
figures recommended in the WMS/Acres June 1985 study, (see Executive
Summary, Recommendations). The reason for this i (1) to use the same
reference base as the ODA Viawria Evaluation and (2) that the values
recommended are the result of a reasonably thorough treatment of the
UTigation aspect

Consequently the following generation values are used here and abo in
Chagter 11 for the economic evaluation of the project:

|

Annual firm energy 270 GWh
- Annual secondary energy 232 GWh ’
Annual average energy 52 CWh
Instalied Capacity 24 MW l
- Average annual plant factor nm] %

)

The average annual energy refers to an installed capacity of two generating
units and will have 1o be adjusted somewhat upwards for besser spill with three
units as now installed. This is, however, beyond the scope for this evaluation.
The installed generating capacity s taken as 3x68 MW which is the turbine
rated power st 201.5 m net head.

It is also necessary for the economic evaluation 10 make same asumptions
regarding the future posibility of despasching the secondary energy of
Kotmale. Looking at the production figure for 1988 of 4348 GWh this
corresponds to 71% of Kotmale's secondary energy was being dispatched At
the same time only 5% of the total system secondary energy was disparched.
71% may be somewhat more than what can be expected as an average the firs
few years, and in the cconomic ascssment two alternative assumptions have
been made:
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1, From 1989 . 1994, 50% of the secondary encrgy is being dispatched, and
from 1995 oowards, 80%

2. From 1989 - 1994, 30%, and from 1995, 30%. This is the same
assumption as used in the Victoria evaluation.

8.4 POWER SYSTEM DEMAND

A question that is always raised when making long range generation planning
is this: when is the right time 10 introduce new generating capacity into the
system to meet the system demand st that time, and does that new generating
capacity represent the least cost alternative? It has been documented in
previous studies by the World Bank and others that CEB's forecasts over the
last several years have erred on the high side by a considerable margin, This
i chearly seen on Fig. 8.2 which shows previous demand forecases versis actual
development (source CEB). What not could reasonably have been forescen
was the decline in growth of demand resulting from the civil disturbances that
started in 19683,
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The AMDP brought three large hydro power projects onto the power
system from 1984 to 1986: Victoria in April 1984, Kotmale in June 1985 with

the first unit and Randenigala in September 1986, This added 1020 GWh of
firm energy to the system, increasing the hydro power firm capacity by 67%
With those three planes the hydro power system had the following compons-
tion :

——

Firm Average

Annual Annual

Energy Energy

= (GWh) (GWh)

| Kotmale 270 M2

Victoria 4440 RN

Randenigala 303 194

Ukuwela 164 164

Bowatenne 19 o4

Canyon 143 178

New Laxapana 456 515
Polpitiya 389 W6 |

Wimalasurendra 84 120

| Ol Laxapane 252 203

- Total System 2,536 S.682

e— - ———

In 1967 when all these plants should have been in full operation there was
an additional thermal capacity of 270 MW available, consisting of a mixture of
diesel, gas and okl fired steam units, some of which were near retirement
(Kelanitissa oil fired 50 MW). The gross generation in 1987, with Kotmalke out
for repairs, was 2,707 GWh of which as musch as 530 GWh was thermal In
addition there were power cuts amounting to about 40 GWh due to kack of
thermal generating capacity (malfunctioning of diesel sets) and an excep-
thonally dry year.

With Kotmale functioning one could have expected 1o generase a1 least
2706“hmhydmpammdmidedlhepmmumdmdcoulyp
generation. CEB have calculated the extra costs of not having Kotmale in
operation in 1987 10 be LKR 1,500 million, estimating the cost of power cuts
to 15 LKR/kWh and extra gas generation LKR 700 mill.
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In 1988 the gross generation was 2,799 CWh of which 2,507 GWh from
hydro power. This is only 61 GWh more than the spstem firm energy. Kotmale
generated the same year 435 GWh which corresponds 1o a utilization of 71%
of its secondary energy in addition to its firm energy.

There does not seem to be any doube that the timing of Kotmale was more
or less correct. In hindsight and in view of the effects of the civil disturbances
maybe one year 100 early. This is evident from what was experienced in 1987
when Kotmale was out for repairs, and even in 1988, when Kotmale generated
87% of the mean annual production, one had 10 resort 1o 200 GWh of costly
thermal generation.

Without the civil disturbances, the system demand in 198687 might have
boen 200-300 GWh higher than the actual figures with even more demand for
Kotmale and the other power plants under the AMDP

8.5 KOTMALE AND RURAL ELECTRIFICATION

How has the energy from Kotmale and the other power plants in the AMDP
been dispatched? Who has benefitted from the added sptem capacity?

When additional capacity is added 1o a power system it is normally not
earmarked for any special consumer or consumer group. The added capacty
satisfies a demand that is there and without political control it goes 10 those
consumer groups that are willing to pay according to the existing tariffs, and
whio are connected to or can castly be connected to the power system.

Fig. 8.9 shows the development of the CEB sales to the different consumer
categories from 1968 10 1988 together with the development of the system
losses. Since 1978 there has been an even growth of sales to the domestic
consumer group which in 1988 catered for 16.5% of the total sales. Losses
within CEB's system are 17%, but the actual total losses are about 2005 if losses
within Local Authorities” systems are included. Efforts are being done to
reduce system losses, and the aim is to reduce the present value of 20% 10 9
10% by the year 2000,
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Fig. 8.3 CED sales by conmemen

How has the rural population benefitted from the added capacity 1o the
sytem? Fig. 8.4, taken from CEB's Statstical Digest for 1988, gives the
following figures for completed rural electrification schemes from 1977 10

1988

Year No. of Total s end of

Schemes of the year
1977 140 G
1978 262 1,205
1999 551 1,756
1980 59 2,115
1981 A rr 2492
1982 540 5,082
1983 457 S.489
1984 645 4124
1985 B4 5018
1986 1,108 6,121
1987 1,077 7,198
19R% 882 8,080




There has been a sharp increase in completed schemes the four last years
since 1985 when 3956 schemes were completed againse 2000 the four previous
years. From 1984 to 1988 the percentage of households electrified increased
from 16 % 10 25 %. The rural elearification schemes have mostly resubted in
domestic consumers with low load 5060 kWh per month - being connected.
Rural industry has 10 very litthe extent been encouraged by the electrification,
contrary to what was anticipated by the planners.

Of the total number of domestic consumers about 63% fall within the
group consuming up to 60 kWh/month which can be classified as rural,
although of course some of them will live in urban areas. This group of 63%
commumed only 25% of the 1otal domestic comumption of 392 CWh in 1988,
This corresponds 10 a net consumpeion of 100 GWh, Adding 15% for losses
onc may say that the rural electric consumption in 1988 represented almost
hal of Kotmale's firm power.

There has undoubtedly been a strong political willingness in Sri Lanka to
improve the living conditions for the rural population, this also includes rural
elecirification. But it would be wrong to look at the power projects of the
AMDF as rural elecirification projects. They are 1oo large for that; apart from
being vital to the country’s electric power supply, which alwo includes rural
wipply. they are abo key elements in the Mahaweli irrigation scheme,

What one may say is that paralled 1o the construction of the power plants of
the AMDP there has been a sharp increase in completed rural electrification
schemes that have benefitted from the new electric power being available
through the CEB power system,
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CHAPTER 9

HYDROLOGY
AND SEDIMENTATION

9.1 HYDROLOGY

9.1L.1 General

The Consultants” hydrologic basis is the historical monthly fow series avail-
able over 26 years (1950.75) for Morape gauging station, located approxi-
mately 2 km upstream of the damsite.

Also available was a monthly flow series over 27 yeans (1945-1971) for the
Polgolia site, and rainfall data from 19 stations located in the Kotmale
drainage area, covering 66 yvears (1907-1972) — the minimum length of
record for any one station being 35 years and the maximum 65 years

This basic material is compiled in the WAPCOS' feasibility study of
1975.76.

9.1.2 Design Flow
he average Dow at the Morape gauging station was found tobe Q=52 m'/

s, while the Kotmale power installasion is designed for 3 x 35 m' /s, or Q=
105 m*/s

9.1.3 Floods

Based on rainfall data from the most severe storms on record (900 mm over
48 hrs) and the unit graph method, a design flood of approximarely 5,600 m'/
s has been calculaed, amsumed as the 10,000 years Nood. The maximum
capacity of the spillway was chosen at 5,550 m*/s.

9.1.4 Comments on Hydrologic Data
The credibility of hydrologic data may be quite variable. No reference has
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been found regarding this gauging station — whether calibrations took place
and how frequent the calibrations may have been — whether daily seadl
reading was used, or an automatic limnigraph installed, etc. Rainfall data are
very much depending on how comsaentious the attendants may be, and can
also be of a mixed quality

Aside from this lack of knowledge on the credibality of daga, the Mission has
noted the following:

¢ Using monthly averages of discharges in production calculations may
tend 1o give lesser spills and higher productions than a more accurate
calculation based on daly averages.

* Asimple flowduration curve is a very useful tool for evaluating the size
of the inmallation. No such curve has boen found among the received
documents.

¢ The ODA Evaluation Report on the Victoria Project, located
downstream, addresses the isue of hydrology in depth, and concludes
with implying that "a more thorough analysis would probably have lead
1o a reduction in the streamflows at Victoria by about 10 per cent™.
However, it remains 10 be seen whether this statement is true, and even
if it should be, that doesn’t mean it would be valid also for Kotmale,
whose deainage arca is only a fraction of Victoria's and whose hydrology
should be much smpler 1o evaluate,

¢ In their Report on Environmental Impact (1985), SWECO notes that
rasnlall records from the area seem to indicate increasing percentage of
runoll from a given rainfall, interpreted as a rend of degrading vegeta-
tion in the catchment, serving to impair infiliration. i this is a correct
interpretation, it could mean further increases in water losses by spilling
from the reservoir.

9.2 SEDIMENTATION
The most recent guideline for quantifying the rate of erasion in the catchment
is found in SWECO’s Report on Environmental Impact (1988), with reference
to two studies from 1979 and 1980 from measur ement of suspended sediment
yicld in the Mahaweh Ganga.
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Measured in litre/ km®/vear, and allowing for additional bedload yicld, the
erosion rates were calculated as 0.33 and 0,19 respects ey, which ks very low

The Mission's own impresion after having visited the area and having
intenviewed personnel in attendance at the dam and in the powerhousc, is that
vedimentation is not going to become an important isue for Kotmale No
shrasive effect on the tarbines has been registered, nor any silting in the
cooling water pipes. Also, a boat trip on the partly filled reservolr {Water level
EL 651) did not disclose signs of erosson or carth slides 10 any extent that

should case concern
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CHAPTER 10

PROSPECTS FOR THE FUTURE

10.1 AVAILABILITY OF STAFF

he electrical and mechanical equapment at the Kotmale power plant will go
on functioning for another 30 - 40 years i well looked after and properly
mantuned. The civil works like dam, tunnels, power station, cavern ctc. will
have an — for all practical purposes — almost unlimited §fe wan

To achieve this long life with high availabélity and unreduced equipment
efficiency it is necessary o have 2 an operation and maintenance staff well
trained and with a high sense of responsibilicy for the upkeep of the high
inherent standard of the plam.

The CEB is a fairly brge and seemingly well organized uilliey with a large
group of hydro power plants which gives the utity a good oppoctunity of job
rotation and systematic waining of engineers, operators and maintenance
crews. Refreshment courses are already an established praciice with CEB
although the Mission did not have the opportunity to study this more in detail

The present stll st Kotmale seems well qualified and the impression the
Mission got during the sisit 1o the site was one of neatsess and competence
There should be no reason for CEB not being able also in the future to recruit
qualified stafl o Kotmale provided they are given a competitive salary and
decent housing and adequate schooling for their children

10.2 QUALITY OF PLANT
As has been mentioned previowsly under Chapter 7, both the civil works

carrsed out and the electrical and mechanical equipment installed are of a
high standard and good quality and supplied by well reputed manufacturers.
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The power plant should be able function well the years to come without
siguificant problems, provided it receives proper madnienance and operaton.
Availability of spare parts from the manufactures should abo be ensured,
although one may expect some problems in the future, as the manufacturers
siop making this and that type of equipment and they gradually run out of
spares. But that is 2 common problem all utilfities with long lasting equipment
has 1o [ace sooner or later,
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10.3 MAINTENANCE MANAGEMENT

While electric power generation of power utilities in developing countries are
gencrally well conceived, engineered and implemented, itis noted that not all
utilies provide the same attention to the maintenance of the same facilities
once constructed. This was clearly manifosted in a study Ananced by the Asian
Development Bank in 1988, Regional Seudy for Improving Power Plant
Maintenance Management, in which the team leader of this Mission also was
team leader,

Rotmale has already got a system for planned maintenance based on a well
proven manual system that has been in use for many years by the Swedish
Vauenfall. The plan is now to have this system computerized at Kotmale, an
effort that is meant to be done by Kotmale's own stafl. This systemn — be it
manual or computerized 4hould be a sound base for future maintenance as
long as it is being used and adhered to. In many utilities in developing
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countries maintenance wiffers from lack of spare parts, the purchase of which
are often hampered and delayed because of scarcenes of foreign currency
and bureaucracy in the ordering process. The Mission discussed this point at
length with CEB and concluded that this does not seem 1o cause any problem,
a1 Joast not at the present tme.

As previounly mentioned the Mission received some complaints about
limited storage facilities for large size spare parts and other equapment and
alvo about lack of instruments and equipment required for maintenance. This
should be looked into and if found justified, remedicd

As 2 conclusion the Mission does not see any reason why Kotmale with the
present organization should not be able 10 maintin s present standard
provided the local salff continues to be of a high professonal quality snd tha
a “maintenance oriented culture™ is encouraged by the CEB central manage-
ment

10.4 CONFLICTS BETWEEN POWER PRODUCTION
AND IRRIGATION

The major uses for water in the Mahaweli Development ase for irrsgation and
for hydropower generation. Normally these uses are not in condlict with each
other, but conflicts will arise and have arisen in Kotmale when at low reservoir
level there is a need o divert more water through the Polgolla wnnel for
brrigation than available in the unregulated upper part of the Mahaweli
Ganga. Under such circomstances lerigation water is released through the
dam bottom outlet without being used for power generation. This year in
March, Apriland May 66.8 mill. m* have been released corresponding to a loss
of generation of about 34 CWh at a value of round LKR 60 mill. There was no
such refexse in 1958,

This diversion will of course alwo influence the power production of the
lower plants in the Mahaweli Ganga. The balance between power production
and irrigation is not only a question of economy, but has also asocioeconomic
aspect almost impossible 1o quantify. The Mission can only state as a fact that
irrigation has a negative offect on Koumale 2 a power producer but there is
not yet enough statistical material available to establish how this will affect the
firm and/or average annual production in the future.

S OA [rvansnt o Rocer 190 e ]




CHAPTER 1)

ECONOMIC AND FINANCIAL
EVALUATION

11.1 PRINCIPLES

On basis of information made avallable 1o the Mission, an ex post eCononmic
evaluation of the Kotmale Hydropower Project has been undertaken, com:
prising inter alia unit cost of production and internal rate of return caloula-
tons. An appraisal in broad socko- economsc terms has been attempted at,
including direct as well as secondary benefits and costs. Sensitivity analysis
techniques have boen resorted 10 in some cases of deficient information on
secondary effects.

11.1.1 Galculation Period
The calculation period for the Kotmale Project is set 1o 50 years departing
from the start of the construction works. It thus comprises the period 1979
2029. Economic life time for electro-mechanical equipment is normally 20- 50
years. Dam, tunne ks, powerhouse and related wor ks may nocmally be consedered
to have a weful life well beyond the repayment period of 50 years. In the
present stisdy the electro- mechanical equipment is asumed to have a ke span
of 30 years counted from the instalistion of the first unit in 1985, Any residual
values at the end of the 50 years period have been omitted from the
calculations, their discounted value being insignificant.

The economic life times used for different types of work and equipmentare
given in Table 11,1

11.1.2 Discount Rate and Base Year

The discount rates proposed for the study will be in real terms, excluding the
inflation rate. Comsequently all economsic figures, costs and beneli, for the
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FOOMOMIC AND FMANCIAL EVALUATION

past and the future will have 10 be recalculated Into base year prices. The base
year selected for the analysis is 1988, the first year with normal production.

The discount rate should in princple reflect the opportunity cost of capital
for public sector lending relevant for Sei Lanka. The World Bank usaally
recommends a minimum discount rate of 10% for evaluation of Bank
financed projects. Sensitivity analysis will be performed on three alternatives,
6%, 8% and 10%

1113 Price Indices

Expenditures for each year are referred to a common base year, 1988, A Water
and Power Construction Index from the Bureau of Reclamation, Denver, USA
is selected to represent the foreign cost component. For the local component
is sed the cost index for conmruction activities from the Ministry of Local
Government, Sei Lanka,

1114 Conversion Rates

Expenditures in foreign currency, mainly SEK, have been converted 1o LKR
by means of the relevant year s exchange rates. The constant rate of SEK/LKR
0.3 used i a by Skanska for recalculation of SEK into LKR during the Rotmale
Project’s construction period, Is regarded brrelevant when it comes to input in
economic analysis. The LKR has in fact been less expensive than SEK 0.3 over
the greater period of the Kotsale Project’s comtruction period. Thus figures
in this analysis will differ 10 some extent from records where the 0.3 rate has
been used.

11.2 PROJECT COSTS

11.2.1 Capital Costs
The roeal project costs of Kotmale over the period 1979 59 amounted to
10,178 méllion in currem LKR. Cost figures are based on information from the
Mabuweh Authority, Cevion Electricity Board (CEB) the consaltants and the
contractorn

The costs can be distributed on the following components:
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Table 11,1

Rotmale Capital Conts,
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ECONOAMIC AND FINANC AL EVALLATION

Among the comt components listed in Table 11.1 are, for the purpose of a
broader com/ benefit analysis, included the following project or project
related items not comprised by the Swedish grant and soft Joan financing:

¢ Local costs for the ovil works and for the elecuro- mechanical works.

* Fees for the two British comulting companies.

* The third generating unit (P1A and P2A).

¢ The 1986 1o 1987 repairs in the high pressure system (repair costs).

o  Evacuation and rescttlement of the affected population in the reservour

arca, including compensation pasd.

Table 11.2

Annwal Capital Costs, LKR mill.

Foreign

Comp

1979 219

1980 611

| 1981 1,128

1982 730

1985 1,612

1084 1,410

1685 52

1686 300

i 1987 58

| 1988 402

| 1989 254

SUM 7.530

Local Total
Comp
S0 299
306 017
361 1,488
24 955
S84 1,906
432 1,842
238 764
198 ERE
176 554
s 745
-100 154

2,643 10,178

The figures for annual capital expenditure indicate a top of the activities
in 1985 84, The negative figure for 1989 is caused by some adjustiments of

previous expenditures.

11.2.2 Financing Costs

Atthe outset the Kotmale project was subjoct to consederable project financing
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costs, because the Swedish import support funds were disbursed only once a
year, and special bridging finance arrangements had 1o be organized. The
Government of Sri Lanka secured beidging finance from the Swedish com-
mercial bank Skandinaviska Enskilda Banken. The interest costs boene by the
Sri Lankan Government amounted 1o current SEK 262 mill. during the
construction period 197989, of which SEK 137 mill. belonged to the bridging
finance facilities (see Chapeer 5).

Financing costs like payment of interest contribute to redistribation of a
project’s benefits. In the case of Kotmale the share of the benefits remaining
in Sei Lanka was thereby reduced

However the internal rate of return or the cost benefit ratio of a project as
such should not be affected by the eventual ditribation of the benefits.
Payment of interestis therefore netted out from the costs of the project before
cabculating its internal rate of return.

For calculation of production costs per KWh output, capital costs should be
charged with interest during the construction period. The relevant interest
rate here should reflect the opportunity comt of capital for public sector
lending.

Thus, normally the actual interest and other charges on funds used to
finance the project are not taken into account in the economic evaluation. For
the Kotmale analysis the same discount rates (alternatives) will be used to
assert the conts of lydropower production as in the thermal power aliernative.

As will be seen from Chapter 5 the interest payments by the Cenural Bank
of Sri Lanka cover loam which form only parts of the foreign exchange
component of Kotmale, while the local costs have not been charged at all.
However all capital costs should be charged in an economic analysis.

The discount rate will in this stisdy be fixed 2 6%, with sensitivity calculations
alternatively on basis of 8% and 10% (see Section 11.1.2).

1125 Maintenance and Operation Costs

Future maintenance and operation costs for the plamt will have their foreign
component, mainly consisting of imports of spare parts. Expenditures on
spare parts are, however, st present small, supplies being drawn from stocks
buslt up by the contractors. Thus there may be some discrepancy between
typical maintenance expendituges the first vears and later in a power plant’s
life, Nevertheless, all use of spare parts should be caloulated at its proper costs,
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stocks will eventaally have 10 be replenished. On the other hand initial
difficultics may cause operation costs to be somewhat higher at the outset than
later on.

In this sudy standard methods are used to estimate maintenance and
operation costs for the Kotmale over the life span of the plant, the foreign
component being a fixed part of the coms

The annual maimenance and operation costs over the lifetime of the
Kotmale project are estimated to constitute 1% of 1otal capital costs in fixed
1988 prices. The foreign component is set 1o 20% of these costa, that is to say
0.20% of 1onal capieal comts,

11.2.4 Resettlement and Environmental Costs

Impoundment of the reservoir resulted in the evacuation and resettlement of
some 3,000 families living in the reservoir area and 900 familics in arcas
affected by landslides. The costs of evacuation and resettlement amounited to
current LKR 436 mill. as they appeas in the information from the Mahaweli
Authority. To what extent pavments and other arrangements for the benefit
of the evacuces have compensated them for their real losses is discussed in
Chapeer 13 Implication for the economic return of the Kotmale Project are
discussed in Section 11,463,

11.3 PROJECT BENEFITS

11.3.1 Hydropower Output
The direct benefits of the hydropower plant consist of firm and secondary

energy, evaluated at relevant prices over the lifespan of the project.

Installed capacity at Kotmale is 3 x 68 MW, including the third unit which
wis commissioned in 1988 The dam crest level is for the time being at 706.5
m above sea level, which will be the basis for the evaluation. Provisions have,
however, been made to raise the height of the dam up 10 what is regarded as
the economic bevel 735 m.

The analysis is conducied on the assumptions that the average anmeal
output from Kotmale will consist of 270 GWh firm power and 252 GWh
secondary power over the productive part of the calculation period (see
(hapter 8, Section 8.3),
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Production at Kotmale started in 1985, when the actual output was %0 CWh
In 1986, the year when the plant was closed down for repair works, the
production was 107 GWh. The plant did not resume operation until late
December 1987, The production in 1988 was 435 GWh

e analysis is based on normal output from Kotmale after 1988 For the
years 1989 1o 1994 it is asumed that 50% of the secondary power can be sold,
with the percentage increasing to B0% from 1995 onwards.

Table 11.3
Kotmale Ansual Energy Sales, GWh.
Firm Secondary Sum
1985 @0 0 €
1986 107 0 107
1988 200 165 435
198994 270 116 386
1995 00 186 456
Average 44 yeans 262 167 29

The average figures for annual energy sales comprise the 44 year production
period from 1985 o 2029, the end of the calculation period, excluding the
year when the plant was closed down.

11.5.2 Secondary Benefits
According to the TOR, the Mission should also identify, to the extent possible,

secondary benefits of the progect, such ax

* lrrigation benefit,

¢ Local employment and local incomes created during the construction
period.

* Employment opportunities in Sei Lanka and overseas resulting from

traning provided by the contractors (the civil contractor in particular)
and subsequent work experience in the project

¢ Governmem revenues obeained from income taxes paid by expatriate
contractor staff.
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* Present and future utlization of the housing, office and ancillary
facilities established at the project site.

* The cost of the switchvard installations and related facilities attributable
1o the handling of power from the Victoria Project.

* The existence of a high- quality, all weather road from the outskirts of
Gampola to the dam ste

11.4 ECONOMIC EVALUATION

11.4.1 Hydropower Unit Cost of Output

The Kotmale Project will first be evaluated solely as a hydropower scheme, on
basis of direct, calculated costs and without any consideration of secondary
benefits. In this way a reference point will be created from which to measure
the influence of secondary benefits e1c,

Annual repayments of capital invested in the Kotmale Power Plant is
calculated on basis of fixed 1988 price level for capital costs, life span for
electro- mechanical equipment and their installation costs of 30 years, and for
the dam and tunnel works of 50 years. Alternatives for discount rates are
chosen in accordance with the calculations for thermal power.,

Interest have been calculated of the invested capital during the construction
period. The investment period lasted from 1979 1o 1989, The plant stared
production in 1985, but with a disruption in 1987 due to the close down for
reparanons

Thus both under production and standsill, capital was added to the
project.

Unit costs of production at Kotmale has thus been calculated as the sum of:
* Repayment of Costs of Electro- Mechanical Equipment and Hydraulic

Steelworks.

¢ Repayment of Givil Works.
* Repayment of Interest calculated for the Construction Persod.
¢ Operation and Maintenance Costs.
All these costs together with the electricity output will vasy over the
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production period of Kotmale, Average figures of LKR per KWh can therefore
be calculated for the years over the production period. Figures in Table 11.4
refer to the years from 1995 onwards, namely 270 GWh output of firm power
and 156 GWh sales of secondary power, 456 GWh total.

Table 11.4
Unit Costs of Production at Kotmale, LKR/kWh
Discount Rates
6% 8% 10%
Production
from 1995 omwards 233 3.09 397

11.4.2 Comparison of Hydro- with Thermal Production Costs

Hydropower output from Kotmade will in the internal rate of return calculagions
for this analysis be compared with what it would have cost to generate power
from alternative sources relevant to Sei Lanka. The application of thermal
power costs may be defended by a reasoning that in the long run svailabilicy
of hydropower will be limited, and thermal generation thus appear to be
required (see also Sectlon 11.4.4)

For a comparison between hydro and thermal power costs per kWh it mmast
be taken into account that output from a hydeo plant consists of firm and
secondary power, while the output from a thermal plant is all firm power,
which means that there is not the kind of uncertainty in delivery caused by
hydrological variations as experienced with a ydropower plant.

For firm power from 4 hydro plant, thermal energy at bts full production
cost will be the alkernative, while secondary energy merely substitutes for
thermal plants which are switched off when the secondary energy is available
Secondary energy will consequently be valued lower than firm, namely at ies
variable costs comsisting mainly of fuel expenditures

Thermal systems equivalent to hydro planes have been investigated by ODA
in the Victoria Study. For the purpose of the Kotmale evaluation the ODA cost
figures have been revised in order 10 accommodate them to Kotmale's firm
encrgy plant factor of 15%. They have alva been escalated by 6% 1o compensate
for price increase in the period from the Victoria study up to 1988, according
to the price indices in Section 11.1.3

Thermal cost per kKWh has been calculated for three differemt future oil
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price scenarion. The low alternative predicting a poce of USD 16 per barrel,
the middle 26.5, and the high outlooks forecasting USD 42.5 per basrelin year
20:00.

I'he altermative discount rates used in calcukation of thermal construction
costs are 6%, 8% and 10%

Table 11.5
Thermal Generation Costs for
Evaluation of Hydropower, LKR/kWh Hydro Energy

il Price Scenanox

Low Middle High
| Discount Full Variable | Full Variable @ Full Variable®) '
Rates
6% | 232 088 | 270 088 @ S47 0 84
8% 5 085 287 0u2 394 0.59
10% 2,97 087 $.07 0™ 401 0.95

*} Full thermal costs with all cost edements inchuded Variabde costs of thermal

production, which mainly, but ot only comprise fucl costs

In order 1o permit comparison of hydso fiem energy costs per KWh with the
alternative thermal generation, the value of the secondary energy has been
deducted from the hydro peoduction coats, Secondary energy is valued at the
variable costs feiched from Table 11.5

L1 these calculations LR/ KWh from Table | 1.4 first have been multiplied
with annual energy production a Kotmale, 456 GWh. From this is deducted
the secondary power of 186 GWh muliplicd with Variable costs (of thermal
production) from Table 11.5 The result has been divided with 270 GWh o
arrive at Kotmale's production cost per kWh firm power in Table 11.0
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Table 11.6
Kotmale Firm Power Production Costs, LKR/ kWh
Ol Price Scenarion:
Low Middle High
6% 3.56 358 15
8% 168 458 461
10% 610 6.06 605

The full thermal costs of thermal power production from Table 11.5 can
now be compared with the costs of firm power generation at Kotmale in Table
116 The different oil peice scenarios do not influence the hwdropower costs
very much, only through deduction of the value of the secondary power

The oil price, however, has a significant impact on the profitabality of
thermal power production. Hydropower production at Kotmale thus becomes
less expensive than the thermal alternative at the high oil prce scenario
cambined with the lowest, 6%, discount rate. Thermal is the cheapest in all
other cases, As can be seen from Tables 11 5and 11 .6 demand for a higher rate
of return, reflected in the discount rate, affects hydropower costs much more
than thermal,

1143 Internal Rate of Return

The internal rate of return of a project is the interest rate which makes the
present values of benefits over the e span of the project equal to the project’s
discounted coms,

At this stage of the analysis the benefits from Kotmale will comprise only
energy benefits. Additional benefits will be treated later. Firm hyvdro eNeTRY
output has been evaluated at full thermal encrgy production costs, and
secomdary energy at thermal variable costs (see Table 11.5).

The costs comprise annual maintenance and operation expenditures and
the investment costs for the Kotmale Project. Additionally all the electro
mechanical works in connection with the plant are supposed to be renewed
after 30 years and their costs have duly been recorded ancw at year 2015,

Theinternal rase of return has been calculated for the three price scenasios
for oil price development, and three sets of discount rates. Contrary to Section
1142, the discount rates here only affect the price of thermal power which is
used to evaluate the hydropower output from Kotmale. The Kotmale Project’s
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discount rate will in this case be the outcome of the analysis, the internal rate
of return. Here the Kotmale project costs therefore are calculated net of all
other interest payments.

Table 11.7

Internal Rate of Return of the Kotmale Project (per cent),

[r Discount Oil Price Scenarios

| rates Low Medium High

[ 6% 35 44 558
8% 40 45 63

10% 45 52 68

As expected internal rate of return for the hydropower plant incresses with
prospects of higher oil prices, which will influence the rate through evaluation
of the energy output,

Higher discount rates here imply that the demand for economic return
from capitalinvested in the thermal plant increases. This also makes hyvdropower
projects more hacrative, However, the return from Kotmale in all alternatives
remains Jower than the return chdmed from the alternative thermal scheme.

The high oil price outlook combined with a discoumt rate of at least 8% is
needed to make Rotmale's internal rate of return increase beyond 6%, which
nevertheless was chosen as the minimum alernative of return from the
thermal plant. In any case it falls 10 reach the World Bank standard of 10%.

Theinternal rate of retisrn of Kotmale should be compared with the actual
real rates of return, Jess inflation rates, in Sri Lankan induastry.

1144 Alternative Methods to Evaluate Energy Outpue

The Sri Lankan electricity tariffs may be rejected 3 measure of benefits for
hydropower plants on grounds that they are 100 low to reflect the actual
willingness 1o pay.

Average CEB sales price of electricity was in 1988 LKR 2 per kWh. This is
price at distribution level from which must be subtracted distribution costs to
arrive at figures comparable with the costs per kWh discussed above. The
average price fell in real terms by roughly 30% fram 1982 to 1986, From 1986
to 1988 the price has been about constant (figure 11.1).
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However, it has not been ascertained to which extent Sri Lankan consum-
ers are willing 10 pay average triffs corresponding to for instance costs of
thermal power production (plus distribution costs). Probably the market
cearing price would manifest somewhere in between,

The Long Run Marginal Cost has been calculated by the CEB 1o LKR 1.70
M encrgy generation, and LKR 2.98 at distribution level According to
ecconomic theory capacity of production should not be further expanded
unless the consumers are willing to pay LRMC. However, for development
reasons the Sei Lankan government may wish to subsidize consumers through
clectricity prices, thus passing on to them greater shares of the benefits from
grants obeained abroad.

The willingness-to-pay concept will in this case not be a relevant measure
of benefit, as electricity would be produced by one means or another. What
really matters is whether the chosen project is cost effective. Thus it maght be
relevant to compare hydro electricity with the costs of the next resort when
hydropower possbilities are exhausted, which will be thermal power.

For the Victoria hydropower projoct it was stated in the ODA evalisation
that the energy output would have to be evaluated at a price 40% over the
actual 1985 warifl to give the project a 105 rate of return (on the power
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component). The CEB average tarifl in real terms was 8% lower in 1985 than
in 1985,

11.4.5 Secondary Benefits
Secondary benelits from the Kotmale Hydropower Progect may be evaluated

by asuming that some of them might have been undertaken as separate
schemes, without being connected 1o or motivated by the hydropower plant.
In that case they would have had 1o defend their own costs.

According to World Bank recommendations, each component of a mul
tpurpose project must be able 1o support its specific (separable) costs and in
addition, the total of the remaining benefits of the components must eqjual or
exceed the remaining (common) costs of the project.

Secondary benefins of the Kotmale project, if they fulfil these requirements
could thus have their specific costs netted out of the project.

11.4.5.1 lrrigation
The most important of the secondary benefits are the enlarged irrigation

facilities derived from comstruction of the Rotmale reservoir. Such benefis
will manifest also when the water s used for power production, by evening ot
the water flow over the drier parts of the year,

Ex post studies of the irrigation benefits from the Kotmale project have not
yet been completed. It has, bowever, been stated that the present irrigation
benefits from the reservoir are “of a limited nature arising only from the
improved regulation of river flows picked up a the Polgolla diversion barrage
on the Mahaweh Cangadownstream. However after raising the dam, regulated
additional supplics would be available to form up and extend irvigation to
about 20 000 ha in Ambanganga valley and adjoining areas.” (Mahaweli
Projects and Programme 1988, Ministry of Mahaweli Development).

The declining oil prices in the carly 1980 were accompanied by falling
rice prices. The price of rice, which was USD 386 per metric ton in 1978, stood
at USD 210 in 1986. Additionally, development comts for agriculiural land
Iincrexsed severely during the period. Thus it was found in the ODA evaluation
that irrigation benefits from the Victoria Project were negative at discoumnt
rates above 6%,

Few if any of the costs of the Kotmale Project are directly atributable solely
1o lrrigation purposes, that is to say, they can not as such be separated from the
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hydropower costs. However, a normal practice with multipurpose projects is
to allocate the shared cost clements of the project by the ratio of discounted
power 1o irrigation benefits over the lifetime of the project. The shared cost
elements would in this connection comprise the following items from Table
FL L inktial and reservoir works, spiliway equipment, bottom outlet, roads,
resettlement, probably only local consubtancy, and miscellaneous

Although estimates of irrigation benefits are still Lacking, an analysis based
on the sensitivity approach can be performed, so as 1o trace the impact on
economic return from the Kotmale Hydropower Project of differemt as
sumptions about the benelit share between hydropower and irrigation. Cost
shares, hydro 1o irvigation of 90- 10%, 70- 30% etc of common elements will
be proposed with the carlier 100- 0% as reference

In this connection it should be borne in mind that the annual operation
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and maintenance costs of Koumale will decrease propoctionally with the
capital cost reductions since we have assumed that these costs constitute 1%

of project coss,

Table 11.8

Evakuation of Irrigation Benelis.

Impacts on the Kotmale Project’s Internal Rate of Return (% )

[ Onl Price Discount Comt Shares Attnibuted 10 Hydro
Prospects Rates 100% W% 0% 5%

‘ Low 0% 35 39 45 62
Medium 8% 48 52 61 79
High 10% a8 73 84 10.1

By successively retaining bess shares of the costs common to lrrigation and
hydropower production within the Kotmale Hydropower Project, its internal
rate of return surely will increase. Still, however it is difficule 10 obealn a rate
on level with what has been demanded of discount rates for the thermal plant.
To achieve this, it is necessary 10 ascribe about 55% of the costs of the shared
components 10 imigadon (45% 1w hydro). On the other hand this will
probably render the irrigation schemes uneconomical.

The World Bank standard of 10% return is met if in addition the high oil
price prospects might be expected.

The comsequences of sharing Kotmale's capital costs, as an upstream
reservoir, with downstream projeces, might be analyzed by means of a similar
approach. It may be argued that only 45% of Kotmale's Initial Works and
Reservoir Works costs should be charged to the project. The rest should be
atribuated 10 Victoria and Randenigala as they benelit from the Kotmale
TESCIVOLr,

The comt share of 45% applied here is assumed equal 10 Kotmale's share of
the sum of gross heads for the theee projects, Kotmale 211 m, Victoria 184 m
and Randenigala 70 m.

11.4.5.2 Other Secondary Benefits

Training and Employment
A major 2im of the Mahawek Development Programme hus been 1o create
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employment in the country. Two forms may be distinguished. “Temporary™
employment was created as a result of the construction work, which termi-

nated when this construction phase ended. More "permanent” employment
resulted from agricultural and fishery schemes connected 1o the Mahaweli
Development Programme, and industrial schemes Eke for insance the
Greater Colombo Economic Commission.

1984, under the Super Accelerated Works Programme of the Kotmale
miarked a peak in the execution of the Kotmale project and in the employment
of personnel including some 220 Skanska staff, 40 ASEA staff and about 4500
locally hired personnel

At present 155 persons are permanently employed a8 operation stafl of
Kotmale.

Regarding permanemt employment the impact of the Kotmale scheme can
not be distinguished from other projects in the same arca. Employment
opportunities created should be coanted as new settlers [rom outside the area,
notincluding those resettbed originally living in the system. Increased facilities
for agriculture will, however depend on the importance of the reservoir for
irigation purposes.

Further benefits to Sri Lankams emerged from employment opportunities
in the country and overseas because of raining provided by the contractors
(the civil contractor in particular), and subsequent work experience in the
project. The loss of machine operatons trained by Skanaka in fact created
problems for the project. Quite a number of them quit work 1o go overseas to
the Gulf states in the mid 1980"s when employment opportunities were good
there.

Roads

The project provided the region with some new o reconstructed roads of
excellent sandard, in particular the one from Gampola to the dam site. The
road construction might be considered a separate scheme, as outhined in
Section 11.3.2, and hence its costs netted out from the Project costs as such,
Road construction, however, constitute a modest share (LKR 286 mill ) of the
total costs, and ity deduction will not influence the economic return of
Kotmale 10 any extent. By excluding them the internal rate of return increases
in the order of 0.17-0.20,
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Utilization of Houxing and Offices

Present and future utibization of the housing, office and ancillary facilities
establinshed at the project site may well be regarded as secondary benefits from
the project.

Buildings are now utilized for sc ool purposes. About 25 stusdents (secondary
school) are accommodated, have their dassrooms and use the sporis Facilities
there. The scheme, undertaken by the American Waterfields Institute, will be
expanded 10 about 100 students from 1990,

Construction costs of accommeodation facilities are also in the order of LKR
150- 200 mill, hence newting them alone out of the project costs will improve
economec return samikarly to the road costs, by 0.15

Cost of Switchyard Installations
The cost of the two feeder bays including erection is, based on prices from the
contract, estimated 10 SEK 7 mill. or LKR 23.3 mill. This is only 0.2% of the
total construction cost and as such negligible.

One might argue that this cost should be attributed 10 the Victoria costs
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since the two bavs form the termination of the double circust line from
Victoria to Kotmale and are part of the tramsmission line required to rammil
power from Victoria to the Colombo arca. But then one might as well argue
that partof the cost of the transmission line and terminal equapment going ous
from Kotmale 1o the load centre should be attributable to Kotmale.

The cost of the two Victoria Feeder bam have thereflore not been omitted

from the cost evaluation.

11.4.6 Other Factors Influending Economic Retumn

11.4.6.1 Delays

Comstruction of Kotmale was originally planned o take place during the
period August 1979 December 1984, The project, however, suffered [rom two
major delays because of technical difficulties. The first occurred in 1980, when
geotechnical findings caused temporary suspension of the work and reloca
ton of the dam site 2- 300 m further downstream. The incident is treated in
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details in Chapter 7. Without the kater super acceleration of the project, this
woutld have delayed the project about a year,

In 1985 cracks were discovered in the high pressure shaft (see Sections 7.1
and 7.6), causing the plant 1o be closed for reparations during 18 months.
Repair costs amounted to SEK 106 mill. (foreign component) and LKR 1585
mill. (local componem) distnbuted over three years.,

The incidents surely affected economic return of the project. H the delays
could have been evaded, full production could have started perhaps 2 years
carlier. It may thus be of interest 1o compare the economic return from
Kotmale with the return from a peoject without these difficulties, whether they
could have been foreseen or not

Itis here asumed full production from 1985 and onwards, with 50% sales
of secondary power up 10 1994 and S0% later. The repair costs for the high
presure swtem are excluded.

Table 11.9
Kotmale Without Delays or Repair Cont,
Effect on the Internal Rate of Return.
Oil Price Discoum Realised No Delay or
Prospects Rates Schedule Repair Costs
“and Costs
Low 6% 35 4“5
Medium 8% i85 6.0
High 10% 6.8 85

Kotmale without the mentioned delays or repair costs would have had a
considerably higher economic return, from 1 w0 1.7 increase, depending on
the discount rate imposed on thermal generation of encrgy. The larger
production in the carly part of the calculation period is very valuable for the
project’s economic resurm.

11.4.6.2 Ol Price and Foreign Currency Constraints

A highly disturbing factor for the Project was the oil price collapse. Kotmale
was conceived in the Bight of the experiences of the 1970', with oll prices
envisaged as possibly rising further. The prospect of avoiding oil imports and

WOA Cvahas or Repert 390 93




ECONOMIC AND FINANCIAL EVALUATION

el bming of v prevaure shaft, Kotmede ] 9866, Photor Shenska, Bporm Exatrim

Shartly afler tAr orst Alling of e satenuays (heve wes av rxonone bakage from U presivre
chafl inte the poavrhouwse e [ the pevicd from March | 955 to May 1986 the posver plani
wes operoling inlervaiontly. The plomt was them closnd for |8 monthi o steed-Brw the evisre
proxinsr abaf) and the poclensd tunmel Without delays oo mpaur conts Ke¢malr would have
Aad & conuderaldy Apher coonamie refurn. Sov fabie 11,9
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importer Sri Lanka after this should be in a position to benefit from the
decrease in oil prices, which ought to render superfluous costly schemes for

development of alternative energy
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As expected the imernal rate of return rises sharply with prospects of
higher oil prices. (Table 11.9). The highest forecast in this analkysis, USD 42.5
per barrel in 1988 prices s, however, far below what was envisaged from
viewpoint in the carly 19807

For the analysis it would be proper to regard the foreign exchange past of
the Kotmale Project as the countespart to the savings on reduced oil import,
1t will not be reasonable w consbder the Kotmale capital cost as “sunk”, even
i alarge per centof it emerged as assistance from Sweden asigned particularly
for this hydropower project. At the outset when the project was Ginanced by an
import support the capital’s alernative value was unqguestionable, but this
must also be regarded as the case with the later gramt assistance.

Considering foreign exchange savings particularly important, (more im-
portant than sming of domestic resources), generally imphes that the coun-
try's currency i regarded as overvalued. Toinclude this effect in an economic
analysis some increment factor should be asigned 1o all foreign cost comr
ponents of a projecy, of equivalently, some reduction factor 1o local compo-
nents.

A reasoning along these lines implies that also the hydro power prices
should be affected by the reduction factor. In the evaluation these prices
comain their local cost component through construction costs of the thermal
phnt. The local component of maimenance and operation costs of the hydro
phnt will also be affected

The World Bank has proposed a reduction factor of 15%, to be applied on
the local comt component. This has been utilized by ODA in the Victoria
evaluation.

The sum of these effects on internal rate of return for the project is given
in Table 11,10,

Table 11,10

Higher Value Assigned 1o Foreign Exchange

Effects on Internal Rate of Return - -

- Ol Price Discoum Reduction  Factor
Prospects Rates 0% 15% 100% |
Low 6% 35 87 49 \
Medium 5% 48 49 6.2

 High 10% 6.8 7.0 82
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The World Bank proposed factor of <15% is here applied 10 increase the
impact of the use of foreign exchange in the project as compared with local
resources. The effect on the internal rate of return of this exercise is, however,
modest.

By applying a conversion [actor of 1 00% the impact of all costs of local input
to the project is annihilated or shadow- priced equal 1o 0, In this case only the
foreign exchange resources are regarded as scarce. For a developing country
like Sri Lanka this is a point of view with economic sense.

Kotmale's local cost share is small, so even if the Jocal input was free of
chasge (-100%), the rentabelity would not fully rise to World Bank seandards
of 10% or defend discount rates equal 10 those demanded for thermal
generation, The difference in internal rate between reduction factons 0% and
100% s 1.4

11.4.6.3 Resettlement Coses
The study on the evacuces from the Rotmale reservois and its vicinitios (see
Chapter 13) concluded that a number of them are not satislied with their
situation which they find has deteriorated compared with before relocation
In the study there are, however, no estimates as to the extent of compensation
needed 10 restore the previous standard of Iving for those who were affected
by the Kotmale Project

The costs of rescttlement, compensation (o evacuces etc amounted o LKR
436 mill. up to 1989, It might be of interest 1o state to which extent additional
compensation disbursements might influence economic return from the
Project.

Table 11.11

Compersation for Evacuees,

Impact on Project Economic Return

" Oil Price Discount Original Increase
Prospects Rates  Compensation 300%
Low 6% 35 5.0
Medium 8% 48 43
High 10% 68 6.3
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In Table 11,11 the project’s expenses for resettlement are increased by
300%%.. This reduces the internal rate of retarn by 0.5, Saill it can be conchuded
that il expenses of that order were foreseen, they would not alone have had
# decisive influence on whether to go ahead with the project or not,

115 UNIT ENERGY INVESTMENT COST FOR

KOTMALE, VICTORIA AND RANDENIGALA

Using construction cost data for the theee projeces peovided by Mahawel
Authority, and ACRES’ production data, the following unit energy invesument
costs are caloulated (total construction costs divided by annual energies):

Table 11.12
Unit energy investment cost, the three projects seen separately
' Plant Total investment Average energy Unit cost
mill. LKR GWh /yr of energy
LKR/kWh
Kotmale 10,173 502 20.26
Victoria 9,062 1) 886 10.23
Randenagala 5631 1) M 11.40
Total 24,866 1,882 15.21

1) Data from end 1987; final figures somewhat higher.

Since the Kotmale reservor is the one located furthest upstream, its water
may be utilized by all three plants in energy production - assuming such use
of the water to be more profitable than the irrigation alternative.

It would thus seem reasonable that the construction costs of the reservoir,
including a share of the general costs, should be divided between the three
projects, eg. by a ratio corresponding to their head. This prindple &
particularly apphcable where the separate bydro installations on a river ase
owned by different wilities

Assume here that the distribution key follows the ratio of mean gross head;
s Kotmale 211 m, Victoria 184 m and Randenigala 70 m, or 465 m in total,
yielding 45% chargeable 1o Kotmale and 40%, resp. 15% 10 Victoria and
Randenigala
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The common cost 1o be dimribated is the entire Reservoir Works Contract,
LKR 3,579 million, and an assessed 75% of the Initial Works Contract, 0.75 x
973 = LKR 730 million, or a total of LKR 4,309 million.

Using this principle as a guideline for re-distribution of costs will give the
following unit coses:

Table 11,13
Unit energy cost, after redistributing the
Kotmale reservoir costs
Total investm. Average Unit cost of
adjussed COCTRY energy
Plam mall LKR GWh /vt LR/ kWh
Kotmale 7808 502 1554
Victoria 10,786 BS6 12,17
Randenigala 6,277 494 12,71
Total 24,866 1,882 13.21
11.6 MAIN FINDINGS

The main findings regarding the economic evaluation of Kotmale can be

summarized as follows:

¢ Kotmale regarded swrictly as a hydropower scheme, gives a small
cconomic return compared with regular standards. The return s,
however, definitely positive

* The delayed production start together with the repair costs were factors
with serious effect on economic return,

¢ Prospects of high oil prices would improve the project’s viability.

* Kotmale also serves irigation pusposes and contributes as well 1o the
cconomy of the hydropower plants downstream. Thus there are reasons
to claim that parts of Kotmale's construction costs should be shared
with other projects.

* Further attendance to the needs of the evacuees which might raise the
refocation costs (for example threefold) would not gravely deteriorate
the economy of the progect.
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CHAFTER 12

ENVIRONMENTAL EVALUATION

The environmental impacts of the Kotmale Hydropower project were studied
in a report commissoned by SIDA™, The catchment, the reservoir, the ros
ervoir environment and the downatream environmoent were investigated

In the following the consultant s recommend ations are inchuded in extenso:

* The caschment above the Kotmale reservoir should be subject to
detailed land use planning in order w reduce the input of silt into the
reservoir. This will protect the investment in the hydropower project
and provide support for a sustainable use of the land assets in the
cuchment

* The acsual input of silt should be measured at the Kotmale Oya close 1o
the inflow into the reservoir as a test of the theoretical calculations and
as a means to follow the wend of charges and to be able 1o take acton
when necessary.

* A new albweather road should be construcied between Mawela and
Sangilipalama New Town (New Kotmale), since it would first of all fill
the only gap in a road system crcumscribing the reservoir. Secondly the
new road could also be integrated in the national road system since i
opens possbilities for a direct road connection between Ramboda/
Tawalantenna and Gampola utilizing the 1820 km stretch of high
qualkity road built in connection with the Kotmale Hydropower Project.
A third advantage of the proposed new road is that it creates
possibilities for draining “shide-prone” sections of the valley slopes.

* Published in SIDA Emalustion Report Serses 198671 “The Kounale Environment”




¢ The Emnological sudy of the reservoir should be maintained over a
long persod of time to avoid conclusions based on sketchy daca. Samp-
ling of pesticide residues should preferably be included in the study.

¢ Stocking of the reservoir with fish should only be contemplated after
some years when the indigenous population has had a chance to show
its development potential

* An inventory of the shorelines should be undertaken in order 10 gain
an overview of carthalips and other shore developments in progress.
Implanting of grass should abo be considered after some years if no

natural vegetation has got foothold on the uppermost parts of the
shores

* A pilot project 1o asess the potential of establishing fish pond cubture
should be initiated. Other forms of aquaculiure may also be included,

® The remains of the dense montane forest should be gazeued 1o sses
whether it is worthwhale protecting. A protection of the montane forest
would be beneficial 1o the Mahaweli Development Programme in three
ways
1) the forest prevent a rapid runoff and erosion on the slopes
2) the root systems of the large trees in the forest stabilize the slopes

3) the good-will effect which accompanies the protection of an object of
national heritage

* A policy should be laid down on how to handle the degraded 1ea
plantations around the reservoir since if poarly managed, they may have
negative consequences for the reservoir as producers of silt.

* Trials to revegetate the improductive grasslands on the hillops around
the reservoir should be instiasted preferably using indigenous species.
Largescale methods, e.g. aerial seeding should also be comidered as a
complement to traditional planting by hand.

* A detailed programme to acquire date and 1o test various hypotheses of
the causes of mass movements in the Kotmale valley should be compiles
by a group of specialists. In the implementation of the programme
preference should be given o studies which try 1o investigate the
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triggering mechanism behind the sofl creep at a number of villages.
The programme should also include analysis of practical methods on
how to arrest or mitigate sosl creep or other forms of mass movement,

* Information on the fish population in the Malaweli Ganga between the
Victoria and the Kotmale reservoins should be compiled and in

particular the migration patterns of valuable fish species.
* The ncidence of makaria downstream of the reservoir should be

followed since altered environmental conditions may influence the
breeding conditions of mosquitoes.,

* An inventory should be made to the signs of active erosion downstream
of the tailrace outlet. The potential impact on the riparian environment
from crosion should alo be saesaed,

The Sai Lankan Ministry of Lands, Irrigation and Mahaweli Development
has commented on the environmental report in a better 1o SIDA dated June
9, 1989. The recomnmendations have 1o agreat extent been accepted and some
of them are under way to be implemented. The report has thus been well
received,

SOA Dvataoon fecor 3,91 i




CHAFPTER 13

SOCIAL EVALUATION

The impoundment of the reservoir necessitated the evacuation and reseule
ment of 3,056 Families, or some 15000 people living in the area 10 be
inundated with the present and future dam crest bevels In addidon came 905
familes affected by landshdes in the upstream area. The problems connected
to relocation of evacuces from the Kotmale reservoir and it surroundings
have been studied by the Department of Geography at the University of Sri
Jayewardenepura in an investigation commissioned by SIDA. Two reports
have emerged, on the evacuees relocated upstream, and on those relocated
downstream

The Mission met with two of the authors of the report”, Professors
Karunanayake and Abhayaratne. Some of the conclusions from the reports
will be referred here, notably those which describe economic conditions for
the relocated families,

The Kotmale Progect has made a profound impact on the life of people in
the Kotmale valley. Traditonal lifestyles have been disrupeed, and innovations
have arrived like the provision of electricity, roads, towmbips. People have
migrated in from other parts of the country, Koumale is moreover only one of
the elements in the gigantic Mahaweli Development Programme, which has
imphed relocation of a total of over 30 thousand families.

13.1 The Resettlement

Out of the 3961 evacuated Kotmale families 2,299 have resettled upstream (in
the Kotmale vicinity), and the rest downstream in areas developed under the
Mahawek Programme,

* The report b not publuhed. It is avadable & oanuscript 3t SIDA
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SOCML EVALUATION

15,000 people prewvously dvang in the dam avea have boen sestthol. Those she moved
upstream swre groen 0.8 A of bea lovad. Bt many of the rvacsers wese nad familiar sl tes
growing, and wost of them sar mal yt able fo praevele @ satisfectony mcome. S0'% of the
aacwrs are dinatisiad wath the compeniation mommnd. The relocolion cosé may Me a1 least
Ihrwefodd nathont awy lorpe offect am the propect's veadelady.

Photo: Rolf Lavssowm, SIDA Photo Archives

Table 15.1:
Relocation of Kotmale Evacuees.
Reservour Landshde Total
Upstream settbers 1,954 905 2,239
Dowmstiream settlers 1,72 172
in Svwtem H -
in System B . 78
i System C - 198
Towal 5.056 G905 5961
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SOCWL SvaLUATION

Among these families not all have been displaced because of reservoir
inundation, but alo by other circumstances related to the Kotmale scheme
Of these may be mentioned workens employed at the tea plantations acquired
for evacuee relocation. The estate workers so moved numbered a thousand

Included are alvo 905 families affected by events of landslides in the
reservoir ares. It is doubeful whether the landslides were caused by the
impounding of the reservoir, The Kotmale region has long been noted as &
Landslide prone area. Surely the landslide incidents added 1o the refocation
problems.

The main groups of settlers focused in the study are thus, reservoir
EVACUCES Upstream, reservolr evacuees downseream and landslide evacuees.

The evacuation was conducted without any incidence of violence, although
it wan indeed a compulsory relocation. To overcome resistance various
strategies of persuasion, especially of opinion leaders were followed. The
potential benefits for the evacuees and also for the country were stressed. In
the aftermath it may appear that some of those promises have not (as yet) been
fulfilled.

The reservoir evacuees were given the option of resetthement either in
upstream or downstream arcas of the AMDP. The landslide evacuees were not
provided with any option but resetthement in the Kotmale area

Resctilers to some degree had to adapt 10 entirely new circumstances.
Those who went downstream for instance moved from a half way subsistence
economy to a market ariented one.

13.2 Compensations

Former tea plantations were bought for redistribution 1o evacuees.

The reservoir evacuees choosing 1o resettle upstream were allotted 0.8 ha
of tea land. On downstream location the resettders were to benefit from 1 ha
of paddy fand and 0.2 ha of highland.

Landslide evacuees were 10 be resetthed near their villages of origin and 1o
receive tea allotments,

As the lands belonging 1o the landslide evacuees were not acquired by the
government, those were compensated for the loss of dwellings only, whereas
the reservoir evacuees were entitled 1w compensation of loss both of land and
dwelkng.
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_ SOCMAL EVALUATION

The reservoir evacuees were eligible for compensation for the loss of both
house and property, while the landslide evacuces were 1o be compensated for
the loss of house only.

Some reservoir evacuces have been compensated for the loss of crops as
well.

Thelandless in both groups were to benefit by receiving land as relocatees.
Thus all relocatees got a chear titke 1o land,

The would be evacuces had been promised infrastructure facilities as well
& relocation assistance. All families were 10 be provided with a few basic
agricultural implements.

Each tea estate worker deprived of his workplace was compensated with a
sum of LKR 10,000,

Housing allowance of LKR 1,500 per family were given. Later this amount
increased up 1o LKR 1,750, Additionally LKR 405 was allotted to each family
S0 28 10 promote consruction of sanitary toilet.

Difficult settlements were granted subsistence allowances from LKR 400 1o
LKR 600 per family,

19% of the reservoir evacuees have received between LER 25 thousand and
LKR 49.9 thousand in compensations, 40% LKR 50 thousand or more. Among
landslide evacuees comparable figures are 18% and 24%. Some 9% of the
reservoir evacuees and 5% of the landsbide evacuees report 1o have received
no compensation at all.

In terms of income, evacuces downstream appear better off than evacuces
Upstream.

133 Reports of Problems
A number of the evacuees seem 0 be disatifled with their situstion. It
appears for instance that had the difficulties of relocation in Kotmale been
known, many mare would have opted 1o go downstream. A majority all the
same characterizes information on refocation as acceptable with reservations.
BO% report disatisfaction with the compensation rexeived, Apparently the
amount tosome degree has been dependent on the bargaining sirength of the
recipient
Prior to the evacustion there was some opposition from the plantation
workers” wrade unions, which did not, however manifestiself among the estate
workers.
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Assistance to put up new houses are reported not 1o be adequate.

Some evacuees encountered climatic difficulties in the new settlements,
water supply and fuchwood was scarce,

Non avaikability of land for relocation made it difficult 1o keep the promises
of area allotments. The extent of 1ea allotments came 1o vary between 0.8 and
0.2 ha Some of the tea areas needed rehabilitation. Most evacuees were
previously not experienced in sea cultivation. Teagrowing also faced marketing
problems.

Small holder tea growing is not yet capable of generating satisfactory
income level for the majority of the evacuees. Other cropa, Ivestock farming,
fish breeding, mulberry cultivation etc have thas been put forward as possible
schemes o improve the economy. Market opportunities are, however, limited.

In the downstream areas some of the setthers had 1o wait 2- 3 years to receive
irrigation water. In the meantime compensations and savings were frittered
Employment in the non-farm sector has been Emited. Small scale industry
is lacking in the asca.

Communication network is still deficient, electricity supplies 1o settler
houscholds are much Felt need in all bamiets,

Some of the evacuees did not show up or have Jeft their allotments. In
systems H, B and C the absentees are in the order of 10.7%, 12% and 4.5%
respectively. Some of these families stll habit the Kotmale area. One of the
reasons may be security problema,

13.4 Conclusions

Apparently there is a need 1o follow up the situation for the Kotmale evacuees
and provide them with additional facilities and development opportunities.
The necessary extent and costs of such an effortis as yet unknown. The crucial
question for the evaluation of the Kotmale project is what implications
additional costs in this respect will have for the cconomic returns from the
project. In Section 11.4.6.3 this issue was discussed, and the conclusion is tha
relocation costs may be at beast three fold increased without any barge effocts

on project viability,

108 HOA Lvabuson Regort 7,95



CHAPTER 14

CONCLUSIONS

14.1 GENERAL
Kotmale as it stands today plays and will play an important role in Sri Lanka’s
electric energy supply. As to Kotmale's robe as part of the AMDP irrigation
scheme, the Mision has not been able to evaluate that part 1o the extent
desired. Through its regulating effect it benefies also the encrgy production
capacity of the downstream located power plants.

The power plant is of a very high technical sandard, and will, provided it
s maintained and operated systematically and with competence, continue to
serve Sri Lanka for many years 1o come.

14.2 FINANCING

The project has suffered from rush planning and implementation, and this
has served 1o increase costs, partly because of chosen design and unforseen
construction delays, and partly because of high prices due to ick of competitive
bidding.

Swedish financing in the form of grants and soft loans amounted to 68%
of the wtal foreign exchange part of the project costs. In spite of this heavy
involvement by the Swedish Government in the financing of the Kotmale, the
Government has, due to the way the way it was brought into the project, had
tle or no influence on the design and the construction costs

14.3 DESIGN AND IMPLEMENTATION
The SIDA Team of Experts, although doing an excelient job, was brought into
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CONCLUSCHS

the project 100 late 1o have any influence other than on the progress of the
comstruction wor ks then already wellunder way. The Team was also instrumental
in achieving the goals of the socalled "SuperAccelerated-Programme™.

With a team of experts conssting of engincers with consderable experi-
ence from design and implementation of underground power plants attached
to the project from the outset, more influence on the design could have been
achieved. In the Mision's opinion, the design was the basic cause of the
probiems that kver occurred in the unkned pressure shafl < an interesting
case of failure deserving to have been brought to the attention of the
international professional community through publications by e.g. the SIDA
team of experts.

The implementation of the project, i.e. the execution of the construction
works and the manufacturing and erection of the equipment, was carried out
professionally and expeditiomly according to specifications. It is, however,
the Mission's opinion that the delays due to the relocation of the dam could
have been avoided with better interpretation of the site investigations. Fur-
thermore, the delays and much of extra costs caused by the hydraulic splitting
of the rock in the concrete kned part of the pressure shaft could have been
avoided if the design had been updated and pressure testing had been applied
during excavation,

Considerable cost saving could have been achieved by not adopting the
costly and time<onsuming sodution of concrete Ening of the low pressure
tunnels and the surge shaft and by abo omitting the surge shalt gate.

The selection of contractor and equipment supplier without competition
heiped in getting the project under way may be 6 months carlier, but has
probably led to an extra cost of 20 30 % over and above what could have been
achieved by international competitive bidding. Even f international bidding
was not acceptable with Swedish financing, a better influence on costs could
have been achieved had the Swedish Government, represented by SIDA, been
brought more effectively into the project from the beginning

The Mission ks not convinced that the third generating unit should have
been installed ot this stage with the present dam crest bevel
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14.4 OPERATION, POWER

AND ENERGY PRODUCTION

The Mission feels confident that the power plant, as it stands today, is of high
quality, and that the CEB staff entrusted the important tak of operation and
maintenance, is qualified and well motivated.

With the present dam crest level of 706.5, Kotmale will contribute to the
power system with 270 GWh of firm annual energy. The average annual
production will be 502 CWh, and the composition of the power system will
decide how much of the secondary energy can be dispatched in the future. In
this evaluation 80% has been used for the calculation of the economic benefits

of the progect.

14.5 ECONOMIC EVALUATION

Total project cost over the period 1979 - 89 amounted to LKR 10,178 in
current value, The unit energy investment cost, be. total construction costs
divided by mean annual energy is often used o compare hydropower projects.
With a wotal project cost of LKR 10,173 million and mean annual energy of 502
GWh, this gives for Kotmale LKR 20.26 per kWh, Simsilar figures for Victoria
and Randenigala based on investment cost received from MASL give 10.23
and 11.40, respectively.

For comparison the same specific price for a Noewoegian plant, Dokka HPP,
considered to be an expensive projoct, now under commissioning, and
producing 520 GWh mean annual energy, is NOK 4.04 which corresponds 1o
LKR 184,

The internal rate of return of Kotmale with three generating units has been
calcubited at different discount rates, using thermal power costs as alternative
source. With the chosen oll price scenasios and the theee different discount
rates - 6%, 8%, and 10% -, the return from Kotmale is in all three alternatives
lower than the return demanded from thermal power, and only the high ol
price scenario combined with a discount rate of  least 8% brings Kotmale's
internal rate of return above 6%

The main fndings from the economic evaluation of Kotmale can be
summarized as follows:

¢ Regarded strictly as a hydropower scheme, Kotmale gives a small




CONCLLSIONS

cconomic return compared with regular standards. The return is,
however, definitely positive,

* The delayed production start together with the repair costs are factors
with important effect on the economic return,

* Prospects of high oil prices would improve the project’s viability.

* Rotmale alvo scrves irmigation purposes and contributes as well to the
ecanomy of ydropower plants downstream. Thus there are ressons to
claim that parts of Kotmale's construction costs should be shared with
other projects.

¢ Further attendance to the needs of the evacuees which might even
triple the relocation costs, would not gravely deteriorate the economy of
the project
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APPENDIX 1

TERMS OF REFERENCE

for a mission 1o undertake a technical and economic evaluation of the
Kotmale Hydro Power Project

1.2

13

ONJECTIVES

The mumn porpose of the ovaluaton Is w0 oxamine e extent to which the project
schieved o objecives as these were stated i the 1982 decirion of the Swodish
Parbament so poovide sigaificant grant sasstance and in the Specdic Agroement am
that ssstance concluded the wme year. In the asesmment of the project’s poser
production tenefio, theeo generadog wiss shoudd be tlien into sccount although
the Surd it sanctly speaking. has not been aid financed. The evaluation dhoubl sho
invchude o review of the 1988 cavironmental lmpact report and of dhe report on the
coguing wudy of the resettbement of the evacoees On the lanter sedject, although no
funds were provided by Swedes for resctilement, the evalustion should attempt to
esuabinh the cffects of the evacustion and resettloment process and the exwent 10
which iveluntasily resetded howebolds have benefined.

A review of the project along these lines showid be summarized in an ssenment of
the extent w0 which the project has contributed and will contribrate towards the
solution of the princpal problems to which the Accelarased Maduwel Developmens
Programme (AMDF) addremed melf, namely, dhortage of gower, shoatage of forengs
exchange due o bnport of rece and feel for thermal power generstion, snd high
AT N

A secandary objectuve of the evaluation s 1o provide Jessens for the plassng of lubeee
projects of this sasure 4 the Covernment of Sri Lanka and the donor comemunity.

During the period of project execation there arose = 5ol Lanka conficn and
daturbances of an edhmic origia which have cont thousaands of lives, Jed 1o widespeead
desruction of infraructure snd property, and caused & serious dedine in the
economy and econome activity of Sn Lanka. 1wll be necessary for the evaluation o
take st of these develoganents sad any effects with » direct or indirect bearing
o0 the immediate and losgterm benefits of (he project.
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BACKCROUND DATA

In order 1o obtain background data for dhe evalustion proper, the misson should
revies and analyee Coylon Electriciy Bosrd (CEB) projections of the demand / wapply
situation of the Set Lanka power system from 1970 comnrds as sgalnst acveal demand/
wepply. This should inchude dais on energy dessand in varions consutner CMiegories
and regions o well s projection and sctuals referring to the role in the power syviem
of hydro power peojects under AMDP. Dae atiention should be given to ideasfied
streamilow estimates, and il podicies.

Further refevam background data showld be obtaamed in e form of informaton on
e smgdernen ason wace | 577 of rursd ebectrification schemes and om schemes under
consderntion by CER On the bass of such data, estimates should be made of e
number or rursl houscholds having sccem 10 electrical power present und Lhedy 0
have such accems in the foresoeable future,

The mission shosdd review and ssem the sechaical execution of the progect by the
conarscions and the basis of the coordinaied work programunes, the progres repors
of the Mahaweli Authority of Sei Lanka (MASL) w SIDA, the progress repacts of the
SIDA team of experts and the mimion s own observations. The assessenendt should alve

inchade the folowng:

- The handling by the Project Engincer(s) of matiers concerning design,
choke of clecromechanical oguipment, sile spervisor and project
coordination, widh special attention to the functioadeg of the tripartite
Project Engincer arnagement and contrct response.

. The handling by MASL of decisions oo technical, contractoal and related
maners and, in this context, the mannes in which techinical problemas arsing
8 progect execution were examined and resolved

. Quality stasdards in progect exocusion and the time roquired for compleson
ol work, the lamer partscularly from entry into force of the Specific Agreeiment
and with reference w the inplementation of the SuperAccelersied Work
Programume.

The abwowe review shronbd examine whether any tec hmacal problems which arose coubd
reonably have been forescen if further siie investigations snd dogn soadics had
been undertaken at the planning sage. The object of wach aa examaation should be
w0 idensdy the corvelation, if sy, between cost overrum and undue hasie in peoject
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42

PROJECT COSTS AND INTERNAL RATE OF RETURN

The mnson should calculate the final progect cost (hema s defined i dhe Specafic

Agreement, i huling twogenerating snits and relased electro e hanwcal equipsnent)
agvost (he estimated appended 10 the Agreement. For purpose of a broader cost/
benelic analyis calculations should abo be made of dhe final comt of each of dhe
folhowing progect o project related nerms not melhuded m the Swedich ald Smancing:

s Local costs for the ol warks and for the electro-mechasical works

by Fees to the two Bevsah Progect Engineen
) Isverest during the construction period

d) The thind genersting vt

) The 1086 0 1987 repairs in the high pressure sywem

L} Evacostion and resetdemuns of the alllectod popalation s the reservesr
aren, v lndng compensation paid.

The musion should sddesady w0 (he extent possitie, secondary benefit of the projects,
v

- Errigasion benefin

- Local employment and lncal incomes crested dunag the comstrin tion
period

. Esmployment oppoatunites in $¢1 Lanka and oversess resulting flom rseseg
grovaded by (he comraton { he ol contracios = pasticsdas ) and sulmequent
worh expesience in the project

. Govermment revenue edtsined from mcome taxes paid by expairiaie
comtracion wadf

. Present xnd fuoure wiilsation of the houing, office and ancillary facilities
established at the project site
The com of the switchyard invallasons and related faclites sstnbotable o
the handling of power from S Victeria Project

. The exisence of & highgquabey, sllweather road from the oubshirn of
Gampola 10 dhe daom vie

The mission should comment on the relevance of wixch benefia for the econoos
evalaation of O geopect and on Se extent o which certain benefin should be
dosegarded doe 10 (a) their value being too inugnificant o relation to e ovenall
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o~

PrOJECE COMS 10 warrant consderation of (b) their being of sach & nature that they
should, wholly or in part, be newed out frem the cont of the peoject.

The mision hould calculsie the internal rae of returm of the progect on different cos
wie premines so a0 show alws the denelis resudiing from (he Seancing of »
sgnificant proportion of the cvill works by grast ssistance.

Inarscrabie problems ofien arise in extmating the ecomomic benefits of
elecericity sapply, particudarly when taeilTs are below their sconomic cost so
s 10 underuane the consumen’ willingnem 1o pay. Gaves the actual dats on
the cost of the project, s calcsdasion of ity Intermal rate of returs would he
facibiated by the resudts obeained o CXB were s run it planang gemecation
models ex post. However, because such an exercise, f w1 all feasitde, would

be time consuming an approvmate snalvs alorg these ines will probahly
have 3 wallice.

h&mdlhm.ththmﬂlhm
used in the evaluation of the Victeria Project carmied out under the sasprices
of the Oversens Development Adminstration as well as for World Bank
gadelines for the spprainal and evabaatca of edectric goaver progects

MMMMMmhucmMW\’«mhmw
AMDP progecn for cotmparison with the final coss of the Kotmale project, taking into

SCount

. e mnrd of contracts for Victoria and Randenigals on the basih of national
competitive biddng in the respecive donor countries = agains contract
weands for Kotmale by negotased contracts with one Swedindy comired tor
onky

- we B differencesin the execuzon of the theee peojects s wrre dae 10 adverse

geodogacal features neceminating desgn (hasge during the constracson
periods 22 well as 10 scher relevant circummesnces,

FROSPECTS FOR THE FUTURE

The mumma dusald examine the prospects for sccendul ageraton of the Kotmale
Hydro Power Plast and amen its likely Je, tabing into scoosat

- Mﬂaﬂqdwwutdhr&ddwu-nqd
woch sall in Sweden wnder programmes financed by SIDA swiside the
allocation for the project iel)

. ewalinhed programmes for saawrnance of plant equipeent and soodany
facilities

mmm:ﬁx



- hb—ﬂdﬁmdh;ﬁuﬁdmw
M“NMMM&WM&W
and other circumstances

- e repain in the underground high pressare svem wndertaken in 198687
v asy probines that might srise from madequate water Sow into the reservoir

- the pessibilty of conflam arising between power interests (CEB) snd
invigation macress (Minisry of Mabuweli Develapament - MASL) doe to the
Mo{qudnndmwm

- wich consraints as have resulied from, or i lkely 8o result from, the
developments referred wo in para | 3. abowe.
[ 8 ROLE OF THE SIDA TEAM OF EXMIRTS

The mission showld comment, and seeks the views of the concerned Sei Lankan
mmuuwwuummammmu-m
moniloning of preject progrem and advice on sechnical matens.

7. CONDUCT OF THE EVALUATION

m-u-mm»-aa-up.-wmlmwmm
nhm-l-dum.&cdl--dmukphub&ihnh.u‘
kmMWMumoﬁy-&hhm«uM
notably the Ministry of Mahawell Development, MASL, and CEB, as well as with such
-hmh&il.hwmhnpm&minmhd
m«.hmwwwwmamuu
Mmmﬂdnckmhﬂdmm,%hmmdupub
sad with the concrrned SIDA hesdquarter wafl

LS REPORT

mmmw-mmhm“u.mh
wmﬁqnwmdhdeMt
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APPENDIX 2

PROJECT DATA

HYDROLOGIC CONDITIONS

«  Conchapent area at daon wite M '
o Observed mean fow 3t dam wie Nwm'/s
«  Obscrved ssaxionum Dow a dam sie 130 m'/s

DAM AND RESERVOIR

«  Dam type: Rockfill with: concrete membrsne
o Reckfill volume 44 mill '
- Maxismam height abowe rver bed 5 m

Crest length 600 m
«  Average depth of groot curtas I m
«  Cren elevation K. 75 m
< Full reservoir supply level KL 7o m
«  Maxinum food level EL70MSm
«  Muniovam operating level {power) FL 6650 m
«  Minisevess reservolr Jevel (urgation) B a8 0m«/-
- Capwcity of botiom sadet tunnel,

with reservois level at 6650 m 920 m'/»

Reservoir volume abwve Jevel €650 m 152 ha'
«  Reservolr volume below level 665.0 m 7 ho'
- Capacity of gaed chute type spilbway 5550 m'/»
HEADRACE TUNNEL
«  Length of concrete lined Tow peessare tunael”

(A » 52 m") between intake and surge shafl 6,540 m

Tunnel lengdh from iamke w inake gase dhaf 90 m

+  Lesgth of soct kined 5.6 e dia “inclined
wnnel” (A » 246 m”) betwcen serge shalt aod
pemstock knee {10m
»  Heght of 15 m da concrete kned sarge sball
(A » 1 767 &%) with restricsed orilice
(a =49 m' » gaie dot) 142m

i
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_NPOnCEs

PRESSURE SHAFT
+ Length of weel lined 80" inclined penatock
1A mda (A I8l m") 125 ™
UNDERGROUND POWER STATION
«  Suwe of reck cavern (1/W/H) 63790/ 58 w
«  Ieotalled turbene capacay Sx 68 0 D4 MW
Terlunes
o Type Verucal Frances,
cenner B 472
o Rated poseer, st 300 5 m
ot head and Q= 7.2 m'/s 068,100 kW
o Spoed 575 rpen
o Inles Spherscal valors
«  Generaton
o Type Vervcal § hearing
o Rated power 90 MVA a2 085 pf
o Veduge AR RN
o Cooling Closes! wir/waler
= Owerlvead crane cxpaciny 160 1on
= Highest present headwaer bovel B ToSm
= (Highew feoure headwater Jevel B7N5m)
»  Lowest tailwater bevel EL4TT m o/
Highest tadenier bewel B 9% m « /-
Manimum peosent gross head m
Heght of 8 = dia cablle- and ventilation
shaft to satchyard 192w
TAILRACE TUNNEL
«  Length of concrete limed munnel (A « 32 o) LA
« S8 level at downsresm end El 4765
SWITCHYARD
= Rased voltage 132 and TR0V
ENIRGY PRODUCTION
«  Firm energy 270 GWy
= Secondary energy 2182 CWh
= Average snteal cocrgy 52 CWh
PYNY Sy S—y—y 7 ’ 119




APFENDIX 3

MAIN EVENTS
LISTED CHRONOLOGICALLY

WAFCOS feanmindny woudy

Halcrow appointed Progea Enginees in sssociation with CECB

Agreescent between Sweden and Sei Lanka om snport support

Shazaha conwaoied Initial Worksd
Skazoka contracied Underground Warks

Works mugended om dam wie
Dam expert proposal on new dam ste
Repoct on oplmmm dam heghet, Halorow
Keport on modified scheme, Halcrow,
ASEA conmracsed ehinech works ™
4
ElNew
12 Dec
Skansks cooaracted Reservoer Woeks

SEDA peoject appraisal afser Sot Lanka apgeral o
sl 10 fsancing of project

Regeringens Propossion 1981 /82215 approved
Specifx Agreement on the Kotmade HPP

ASKA contracted spiewy oquipment ES

Covil Disturbances i 3ol Lankas

ASEA contracted bottom outlet equipment E4

ASEA connrntied unn 3 FIA I2A

120

Jan 1YW
IS Feb 19799
May 1979

Avg 1999
15 Dec 1979

Nov 199
May 1980
Jul 1950

Jan 195]
Jun 1981
Pl 198]

1951

194]

Ot 1981

Now 1983
o Moy 1952

16 Jul 1982
Jan 1083
2527 Jun 1983

Oct 1053
Sep 1984

SOA Driuston Fagert 791




lmpounding of reservour saned?
Filog of HP. Soem®d
Cosnmimioning of Unit | {wnchroniaed)
Coommercial operation of Unin |
Commimboning of Unit 2

Commercial operstion of Unn 2
Clonedonen of vtatiom for mmapeedtion

220 &V line completed

Repoat on beakage fram high pressure watem
Refilling of walerways, start

Review on ressedial messures oo H P Syviem

Repoet on measeres 8o be taken so safopeard
the e of HLF, Ssvcem

Closodosen of sation for repases
Repairworks on HP. Sywem
Refllling of waterways after repars, wan

Fanal repoct o remedial measares o safoguard
life of H P Sywem

New commivmoning of generating umitx
Unit | {wnchronized)

Unit2 °

Uned °*

Commercial operstion of geserting wain
Unie | (second sme adier ropoin)

Unae

Uni 3

SOA fvmaamon Segon 2%

APENDCES

Nov 1984
Feb 1585
26 Apr 1965
A Jun 1563
Postponed
Postponed
Sep 1965
Sep 1oas)
Now 1985
24 Feb 1986

Feb 1986

Mar 1986
May 1986
My 56 - Dec 1987

4 Dec 1597

Dec 1987

19 Dec 1987
2 Feb 1985

A Feb 1968

19 Dec 1967
27 Ape 1908

10 Mar 1988

21




APPENDIX 4

REVIEW NOTES ON REPORTS ON
PRESSURE TUNNEL FAILURE
by Dr. Ing. Bjgrn Buen

I, General

Baals for comments are 4 regects from SIDA tearre Nowember 85, Febouary 86, Masch 87 and
December 87, Excessive Jeakage, 8,000 |/ min , snpaired the operation of the plant in 1985

Cracks reaning along the pressure shaft iovers and 1ool. The cracks were hen o
Indicatons on defonmasion in the rock mam. Temporary repaies were done and the peessure
shaft was operated for wome maomths in 1988 The inmal leakage wan L0001/ min. but decressed
gradoally sed wis measured 1o be 500 L/ mun. at the time of shindown

Seeel lining of the proessare shafl and the inclined tusmel was dome by December 1987,

Some uress measuremnend in drilboles, prevurnably using overconing of triaval cells have
been done. The stresses meassred range from 10,2 MPa (n compression 1o 1.7 MPs o 1ension

No prewssre/leakage curves of pressire,/grout take curves are gresented. Thus the ooy
chon o reck mass bebuviour is e “full scale testing”

2. Fallure mechanism

The cracis in the concrete lining indicaie rock mam deformason, The defocmation may
eedher be camed by shear Eaplacement or by direct Tndirsulic packing om joint, see fgure |

The failure as repursed socmms 10 be commistent with 3 hydesulic pcking on vertical joinn
running paralicl 10 the dhaft

Lo horontal sresses in the EW direction abo it the topograghy of the area, the shah
seusted in s pronounced ndge running NS

., . r

Shoar Made

Fig: | Failure Mechaniom Mades
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In & cane of on vertical joins, the
' rock tram will antil O delormation
resatance in the rock mas balances the water
> premure. In sn wewesthered rock mam the
5 u«;nu_vddumn‘-b-ulvndl.mlt
ure 2.
g mmunmbwummuct
/Norwegian Geotechnical Instisuse) Repoet
¥ SN2 17/ and lawrmes theoretioal
o leakage from an | s long jolen.
DO SEmaT | On The Nigure ilicstes that sctusl deformanon
T T ]
P 0acy. 1 Iy
e wmiaish may b0 explained by paetly & natueal
hogging of millemetre sue chanmels by slt and
sand and partly by saturanon of the rock mas.
The mtirated rock msam means that the
water table inclevased and therefore tie Jeakage
} grodient reduced. This i natural proces and
L may be Bastrated by messurements on the
/ Warangoi HPP in Pagus, New Guines. The
o / beakage from the 7 kes long commiseon was 240
/ /s a1 e timme of commamion snd 10 1/ one

year later, The leakage at the startup was in
/ asccordance with peedcned value (250 1/s), rel
\ Bocn & Baslovdbaug, Bergmekand bdagrn Onla
: 1565, TAFIR Poblishers,
/ Thus it may secos that a posstie stabd i s tos
. . conld have aken place given » Bitde sore time.
Ths is however speculative and condd in sy
’ cane 1ot have been recommended s an slier-
Sug o Bigleed native o the hnng executed
LR 3 ¢

LARAE ey

3. Tests and measurements
’ When testing fior beboviour rock maw ex-
pomed 1o high pressure waser, it seesm 10 be 2
i of in
m«m‘m presare tesing

The peewure/ lealage curves give valoable
wdsrmation about rock mam bebunviour. The
tewtedd o b e volume s alvo several orden of
mugnitude langer than dhe one slaained by die
wrbieect methods as e.g. overonring.

A publicasion tw Levjon from Laded,
1 oalled “Relevance of pointwise rock strem
. , ! ’ $ EEAWTCTDON N - a1 analysia of ove daa”,

CAaix wiote (cm ) Internatonal fourmal of Rock Mechams Vol
26/1986, underlines this,

L &)

Fig. 3 Leakage a1 @ Famction of Crack Letpom recomumends 42 Mpa o o sandard

Wadth (Frr mrter Lemgth) deviation on meaa srews. More of bess the same
in International Jourmal of Mechanios
Vel 19/ 198,




APPENDCLS

It 44 30 open question whether peoper presase testing s interpretation during constrec-
tion could have revesled e presess puoldem The reports prepared 10 SEDA do oot show f the
Review Team did consider

4. Could the failure have been predicted /avoided?

The reason for the fallure seems 30 be thas the desgn criteria for 2 premure ol with »
permeable Ening was sot met, the virgin streses in the rock mass were 100 low, The generad
design principles shouid at the wme of deugn have been well known.

1 & alvo imteresting to note (hat in 1979, at the 4 ISRM Conference in Mostreus, » falderr
in mmaay ways identcal 10 the Kocmale case wan reporsed, sce Scebee G, Demuner W. “The
Schaden im HavePerg - D ksiolies sy folge rines susergrwchinlichen Spanninguustande”
Vel 1 P 553 ISRM CONF. 19

Ao in (s case o pressire tunie] wils perimeabile lining was placed doecdy slong the aam
of & nidge

The samne wis the case s CHIVOR HPP in Colombaa. Alse heve e pressire samae | folbowed
aridge, see Beoch K. 1584 “Unlined Prossure Tumaed in Areasof Complex Topograply ™, Water
Poseer and Daen Construction 2611,

The sowwer to the question in the heading scems 4o be aflliemative. Al the Tme of
construction sl the necesary teving methods had been reported macrnationally and abo the
two most cecent faikeres of premure tinneds with resemtdance 1w the Koumale progect had been

ted.
I shonld mat have hewen imposabie to detoct the problema.

124 S04 Towion Doport /91




19871

15872

1983

19674

1907

re7%

194

10847

1984873

SI0A EVALUATION REPORT SEMES

EXTENSIWVE RURAL DEVELOPMENTY
An Eviiusion of he Lore | PFrogramrse
Guros Baaasy

Sy Jan Owsce. Lars Seedran. Odvan
Wetaralrins

FOREIGN EXCHANGE 2avia

A Evauston of B Aucnon Syvlerr = Pe
La=twa Looromy

by Fudo® Jaleeas
CROVGMT AND DESTARLZATION

A Evduaton of Seeaen Dsaste Rale’ n
Wodarrngue 198D 1 985

by Tom Aems ard Krater EQurdts
MEALTH CENTRES-N NEED OF TREAT.
NENT

A Jort Evaluator of Seaden s Supoon ©
Hoat™ Secky Develooeent m Tarsane
1028

Dy LEOmdy Andenasdn- Brown, Franes S

ok

TRAINING FOR PUBLIC SEAVCE

An Evtiuaton of Sweden s Cooperston m
Tetalbwe n Atic Secvics Traneg | 560
1380

by Asg Dutiong. Mermce Jores, Disatets
Lown

LOOKING BOTH WAYS
Seaniand totwern South ANCs s
SADCC

AN Eviaton 0 Sae0en § v opment

CO QL AN Wi Swabang
by Savunl Fate Karks Goppers a0t Les

Jareso”
PAPER, TIMBER AND MINORITIES
An Cvaluxton of Swoden s wuppo® ko Fovew

MIGRANTS DY MECESRITY

A port &N the vng condaons of oresry
workers 1 e SIDA s.00oned s Bary
Prograrvre

SSTERMOOD ON TRIAL

An BVALIION of TW PEA0NTAN0S AN W
Apes of e mate nousYes » Tarzana

Ao Bvaliaton of & LOSIOA Regony s
B0 SUBTRR DrOMCton Progect n Avica
Sy Claos Lincaly and Aol Danow

19902

19902

A

THE KOTMALE ENVIRONMENT

A S0y o 10 OmerOrmental mOact of e
MOOmae Hydopower Progelt i Sn Laves
Dy Dvge Juransson

FiSx FARMING FOR RURAL
DEVELOPMENT

An Evaluston o SIDATAD supponied sgus
Qe n 3ot A

Dy Karta Goppevs and Je Mier

NO SHORT CUTS TO MEALTH

An evarvanoe of SOA health secyr

SO00N %0 Zamea 1871988 by S Darw
gor. V. Doaan. K Edeards, A Guenarsaoe
L) Manmsa S Patel O5 Seama

TK Sryargwe

FROM COMPETITION

TO COOPERATION?

AN Evieaton of MEIDA aQ M 91O on
B orgreenng Nduateet 1 TaA2irva Uy
Jerngr Catason, Krr Forms and Serve Vs
CONCERN AND

RESPONSIDRLITY

An Evatuanon of e Dooota W Suppy
prowat By Ewa Podme. Gon Engsowns.
Annkg emahr. Johan Mekhen and Jom
N Towe

CENTRAL AUTHORITY
BLOCKS LOCAL AUTONOMY

An Evabaaton of SIOA Suppon w0 Loce
Coverrment = Debabee 9631089 by
Lemnat Cuslatsscn. Aoy  Regmond,

Chratoone: Rarrarapas
NEW PATHS FROM POVERTY




A FLAWED SUCCESS
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