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ANNEX 6A.I PREVIOUS STUDIES

1. Reports

Hydropower development scheme on the Kukule Ganga has been studied
since late 1960's, including reports of:

- Feasibility Study on Multipurpose Development of the Nilwala Ganga, Gin
Ganga and Kalu Ganga Basins, 1968 (abbreviated as Three basins study
report) '

- Masterplan for The Electricity Supply of Sri Lanka, 1989 (Masterplan
study report)

- Pre-Feasibility Study for Kalu Ganga Multipurpose Project, 1989 (Pre-F/S
report)

Table 6A.1 gives the contents of the reports listed above.
2. Project Plan Formulation

Plan of the Kukule project was formulated in the previous reports as
summarized below.

Three basins study (1968)
(1) Table 6A.2 shows salient feature of the project.

The project was formulated to be multi-purpose for flood control and
hydropower production. The dam is located on the Kukule Ganga with
its full supply level (FSL) at 282 masl and active storage of 1,050
MCM, and a power system is composed of a 6.3 km long trans-basin
diversion tunnel to an open-air power station equipped with power
generating facility of 102 MW to be located on the Peleng Gahga ata
tailwater level of 38 masl. The project aimed to control the floous in the
downstream reach for agricultural development purpose (protection of
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about 5,700 ha area with controls of Kukule and Ratnapura dams) as

-we.l us' topr- dueehydroelectric power with firm capacity of 50.8 MW
 and: Tirin aidiaverage ‘energies respectivel); at 445 and 456 GWh/yr.

- Inandation-effect i “e'to reservoir, 60.7 km2 at FSL, was estimated at

45790 yersons and 2,800 ha agricultural land.

PN
R 37
'

Economic viability under the current situation was gauged relatively low

due to project's heavy reliance on the hydroelectric power benefits.

- Atentative aralysis.of trans-basin diversion of the water to the South-
: East-Dry-Zune (SEDZ) for agricultural development purpose was

ceported: to contribite’ to an appreciable betterment of the economic

viability of the project.

- Study (1989)

i1 The “vabio:6A:2 shows the salient feature of the project.

g et A T DT
eredi L N 84

* The project-was single-purpose for hydropower development with an

“impiication of :contributions to irrigation and flood control. The dam is

(S

focdted 6n'the same site as that of the Three basins study with FSL at

" 279 mhasl and ‘active storage of 1,154 MCM, and the power system is

Crdomposed ‘of an'underground powerhouse with 116 MW generating
* equipinen. locdted:on the midway of a 5.9 km long trans-basin tunnel

with its outfall level at 38 masl on the Peleng Ganga, with which the

it project willyietd:a firm capacity of 59.2 MW and firm and average

)

© onergies respectively-of 508 and 512 GWh/yr. Inundation effect, with

. reservoir-area of-49.6 km2, was estimated at 9,100 in population and

"4,260; ha-in dgricultural land.

REEY TR i 5

-The project:wasicéncluded to be marginally attractive according to the

results of analysis of the CEB's integrated power system to seek for the

“jeast cost-generation ex pansion plan (LCGEP) in 1991/2010.

o

Re-analysis of LCGEP with the lower dam scheme as proposed in the

. Pre-F/S howewver revealed that the project is viable in the integrated

" power system to.be ranked at the third or fourth for commissioning in
" 1698 atricrig-candidates for future hydropower development schemes.

6A.1-2
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Further it should be noted that Watdgala 'siteor: (ing,GGanga, which has
been taken up for additional irrigation,; water; source to the SEDZ as
explained in the succeeding paraggiph,(Pre-E/S), has;also listed in the
Masterplan study as GING074 which;is ranked at third or fourth émong

" hydro candidates in the LCGEP.

Pre-F/S (1989)

(1)

(2)

The Table 6A.2 shows the salient:feature-of.the. project for single-
purpose hydropower development:aad Figure 6.1 .in.Volume 1 (Main
Report) illustrates arrangement:and sectiors: of ithe.dam and power
system.

The dam is to be located at a sitc‘:abo;lt\A,QQ:m #1148 5 ypstrzam of the
proposed site in the above introduced studies (Three basins study and
Masterplan study), with FSL at.\2412;,m.as,l";aa‘ld,.acti,ve storage of 300
MCM, and the power system has an underground power house with
144 MW installed capacity located: on,;the; mid,point of a 6 km long
trans-basin tunnel with its outfall level at:38-masl,qq,the Peleng Ganga,
with which the project will yield.a-firm eapacity of 43.2 MW and firm
and average energies respectively of 379 and 414 .GWh/yr. Inundation
effect, with reservoir area of 205.8“km2;,g was estimated at 9,500 in
population (1,900 households) and .1;,580-ha in-aggicultural land.
PO RN FHTS IR

The project was concluded to be fzasible: with,an-econemic internal rate
of return (EIRR) at 14% in comparisor: to-glternative.thermal generation
and about 20% when evaluated on-& willingness to pay approach. The
LCGEP analysis showed that the: Kukule competes well with other
hydropower projects, with an indication of preferably two stage
construction; 72 MW initially in 1998 and a;further 72:MW in 2007.

Table 6A.3 shows salient feature:of snulti-purpose. development of the
project for hydropower and irrigation.

The dam is the same as that for the-single-purpose hydropower

development. The power system has.alsoithe same-alignment as the
single-purpose case except for theiirstalled.capacity which is 72 MW
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(3)

..o instead.of 144. MW: The irrigation system aims to convey the water in

the Kukule reservoir to the SEDZ in an average amount of 14.1 m3/s
through a trans-basin diversion works composed of a 33 km long

..tunnel, 37:km. long main canal and Mau Ara reservoir with active
, . storage of 38 MCM;.

The power system will yield a firm power of 72 MW and a firm energy
of 190 GWh/yr. The irrigation system will supply water to a net area of
21,650 ha in the SEDZ for a 'diversified perennial and tree crops'
including oil palm, sugar, paddy, etc.

The study showed the EIRR to be 16.5 % for power component, 9.0%

for irrigation component and 11.7% for the integrated system, where
the benefit of power was gauged with the willingness to pay approach,
and concluded that the multi-purpose development cannot be

recommended for further study. .

A variation of the multi-purpose development, which introduce ‘an
additional flows from Watugala site in Gin Ganga, average flow at the
intake site of which was estimated at 16 m3/s, showed a significant
improvement of the project; EIRR of 17.5% for hydropower, 10.4%
for irrigation and 13.2% for the integrated system.

It was recommended to examine in the future study such a possibility of
‘Watugala water transfer to the SEDZ.

Summary

In summary, the conclusions of the previous studies for the plan formulation

of the Kukule project are:

- Single-purpose development for hydropower (144 MW), with a low dam

(50 m high with its FSL at 242 masl) located on the Kukule Gaig and
power outfall at the Peleng Ganga (TWL at 38 masl) should be feasible.

- Trans-basin diversion (14.1 m3/s in the maximum, about half of the inflow

to the reservoir of the K-P Plan) from the Kukule Ganga to the SEDZ is

6A.1-4



not justified, which may however be improved with-an-addition of water

from the Watugala on the Gin Ganga.

The reservoir (20.8 km?2) will cause refatively lafge' amotint of inundation
of cultivated land (1,600 ha) and dispiicemenit of ‘population (9,500
persons of 1,900 households).
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~:Table-6A:1. - LIST OF PREVIOUS STUDY REPORTS

Pre-Feasibility, Report, (1989, TAMS)
Executi ve'Sum mary

Volume 1-Main Report
Volume 2-Flood Protection
Volume 3-Hydropower and Irrigation

Supporting Report A-Hydrology

Supporting Report B-Geology

Supporting Report C-Land dnd Resource Balance in SEDZ

Supportmg Report D-Land Capability

Supporting Report E-Agriculture

Supporting Report F-Environmental Studies-Parts 1 and 2
-Environmental Studies-Part 3

Supportmg Report G Phase ]l Work Plan

Masterplim Report (1989 LI)
Exeumve Summary
Main Report
Appendrx Volume @y
A-1] Canuxddte HydroprOJects - Psrt I

------ Prolect Report GING ()74
----- Project Report KUKUQ022

A-3 Thermal Plant

A-4 Electricity Demand

A-5 System Operation Studies
A-6 System Expansion Studres

Su ppomng Volumes

S-1 Water Rcsodrces Data Base

S-2 Unit Costs for Civilil Works

S-3 Design and Cost Manuals for Hydropower Projects
S-4 Planning Procedures for Irrigated Agriculture

S-5 Sacio-Economic and Environmental Impact

S-6 Computer Program Documentatlons

Three Basins Re'p‘ortA(1,;9._'6§‘,ECl)
Volume l-fé')';-t an'gill‘ables B

Volume 2-Figures
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Table 6A.2 . Salient Features of Kukule Hydropower Development
in Previous Studies

Prc-F/S' -

Mastérpian  Three Basin

"Note:

CFRD: Concrete faced rockiill dam’

CCRD: Center core type. rockfill dam,

CCED: Center core iype éarthiill darn ;

6A.1 -1

Item Unit

e Study.
Report submittal year 1989 1989 1968
Reservoir
Full Supply Level mASL 242 279 282
Minimum Opcrating Level mASL 221, 248 .. ... 259
Active Storage MCM 300 1154 1050
Total Storage MCM 400, 1603 , ' 1850
Reservoir Area km?2 ?08 N x .'i49..6; Y 60.7..
Catchment Area km2 334, 3334, 5 322
Kukule Dam
Type CFRD CCRD  CCED
Crest Level mASL 247 P.284. 5 290
Crest Length m 410 516 490
Height m 53 , 199 e 299,
Power Plant D
Power Tunnel,D/L m/km 6.1/4.5  4.9-3.9/4:1.:'4:9:3.7/6:3":,
-Tailrace Tunnel, D/L m/km 6.1/1.5 5.3/1.8 ~ None
Powerhouse Type Cavern ‘Cavern “:::Open-air -
Powerhouse, Span/Length m/m 15/70 15/39
Installed Capacity MW 144 £116- 102
Tailwatcr Level mASL 38’ 38 738
Performance
Reservoir Yield m3/s 28.3i! 296" 289
Peak Power Discharge m3/s 85" 592 )
Firm Capacity . MW 432 58 50.8
Firm Encrgy Production GWh/yr 379 508" ' 445!
Avcrage Encrgy Production GWh/yr 414 512 456,
Innundation Effcct
Total Submerged Arca km2 208 a9k 60T
Population persons 10500 9100 | 4700
Agricultural Land ha 1580 4260 2800



Salient Features of Kukule Multi-Purpose Project
in Pre-F/S

Table 6A.3

Kukule Dam and Appurtenant Works

Crest Level : 247 masl
Full Supply Level (FSL) 242 masl
Minimum Operating Level (MOL) ' 221 masl
Dam Height above Foundations 53 m |
Dam Type Concrete faced rockfill
Dead Storage 100 MCM
Active Storage 300 MCM
Total Storage 400 MCM
Long Term Yield 28.3 m3/s
Reservoir Area at FSL 1,920 ha
, '.,__Npmbe'r‘ of Housgholds Displaced 1,890
Pelen n. Hydropower Plan
Average Power Plant Discharge 14.2 m3/s
Average Net Head 192 m
Plant Factor . . - 0.30
Installed Capacity and Firm Power 72 MW
Firm Energy Production 190 GWh/year
Power Tunnel Length 4.5 km
Tailrace Tunnel Length 1.5 km
Powerhouse Type Underground
Transbasin Diversion Works
-Average Transbasin Diversion Discharge 14.2 m3/s
Transbasin Tunnel - Length 33 km
: - Diameter (min. possible) 340 m
- Capacity 22.5 m3/s
h D Irrigation Developmen
Main Canal to Mau Ara Reservoir
- Length 37.5 m
- Bed Width 5 m
- Design Capacity - 22.5 m3/s
Mau Ara Reservoir - FSL 81.0 masl
' - MOL 76.0 masl
- Active Storage 38 MCM
Mau Ara Dam - Crest Level 84.0 masl
- Type Earthfill
- Height 21 m
Net Irrigation Area 21,650 ha
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ANNEX 6A.2 SELECTION OF ALTERNATIVE ««‘»q;%x_/‘g@“ -
FOR OPTIMIZATION \

1. Overview
(1) Pi‘ojcct Layout in the Previous Studies

Review was carried out at the outset of the study on the outputs of pr.evious'
studies with conclusions, as introduced in the foregoing Section 6A.1, that the
project for hydropower development has been formulated with.an arrangement
of a dam on the Kukule Ganga and power outfall on the Peleng Ganga to be
linked with about 6 km long trans-basin waterway, or power tunnel, between
the two rivers (see Figure 6.1 in Volume 1). This arrangement is named as
Kukule-Peleng (K-P) plan hereinafter.

(2) Site Reconnaissance on K-P Plan

Site reconnaissance was carried out, with an aim to confirm and to clarify
advantages and disadvantages of the site conditions on topography, geology
and hydraulics at the area of the proposed project's arrangement of the K-P
plan, the results of which are as briefed below:

- Geology and hydraulics favour the dam on the Kukule Ganga to be located
- at the downstream site among sites proposed in the previous studies.

- Geotechnical conditions of the foundations and banks are fair to
accommodate the proposed project's works; fresh rocks will offer
reasonable strength for dam foundation, tunnels and cavern, though some
irregular weathering will be encountered subvertical rock beddings.

- Water level at the proposed power outfall on the Peleng Ganga is estimated
at around 46 masl, about 8 meters higher than the previous estimate.

- Some 30 meters drop will be gained in the downstream of the proposed

power outfall with a distance of about 1.5 km.

6A.2-1
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- Average flow in the Peleng Ganga is estimated to be so small at several
cumecs only that the river over 10 km distance to the junction of the
Kukule Ganga proper may be flooded with the proposed peaking power
discharge of 85 cumecs.

Map Study on Alternatives to K-P Plan

Map study was carried out on available topographical maps (inch-mile or
1:63,360 and 16 chains-inch or 1:12,672) as well as river profiles produced
with inch-mile map (see Drawing No.4), aiming to find out possible
alternative arrangements of project other than K-P plan especially for
mitigation -of inundation in the upstream and downstream reaches of the
project works; with findings:

- The reservoir of the K-P plan will cause relatively large amount of
inundation of cultivated land (1,600 ha) and displacement of population
(1,900 households).

As shown on Drawing No.3, K-D (Kukule-Delwitiya) plan which
relocates the dam about 8 km upstream of the K-P damsite and the outfall
on Delwitiya Dola will contribute to the upstream inundation mitigation. K-
K (Kukule-Kukule) plan which relocates the outfall on Kukule Ganga itself
(about 11 km downstream of the K-P damsite) will contribute to
downstream inundation mitigation. These two plans, especially the K-K

- plan, will be able to €njoy almost the same water head as that of the K-P
plan, as seen on Drawing No.4. 4

- Run-of-river scheme will be another alternative for upstream inundation
mitigation, since relatively large part (about 80%) of water head depends
on the gap of river bed elevations gained with waterway.

- No prospective basins are found nearby the Kukule site for adduction of
- water. Transbasin adduction from Watugala site on Ging Ganga however
- seems (o be worth for examination, though the site is out of the Kukule

Ganga basin. -

- Topographic conditions in the reservoir show that there are two sharp
increases in reservoir area at around 208 and 232 masl.

6A2-2
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Main objective of plan formulation is to determine the optimal scales of the
dam and power plant, for which development alternatives should be prepared
for screening which will adopt system analysis.

Alternatives for plan formulation were identified to be:

a. Alternatives of the K-P plan in its waterway system (to maximize the

power benefits).

b. Alternatives of the K-P plan in its location of dam and outfall (to minimize

the inundation impact).
c. Alternatives in adduction of water from other basins.
d. Alternatives in dam scale including run-of-river scheme.
e. Alternatives in power plant scale.
f. Alternatives in commissioning year of the power plants
To arrange the alternatives for the system analysis in manageable number,
preliminary screening was carried out for the items a, b and c, as explained in
the following sections.
Alternatives of K-P Plan in Waterway System
Identification of Alternatives
As typically seen on the Figure 6.1 in Volume 1, the. Pre-F/S arranged
project's works_for hydropower development to be the dam on the Kukule
Ganga at a section where the river enters into a relatively narrow gorge and the

outfall of the power system on the Peleng Ganga nearby the existing Atweltota

bridge.

6A2-3
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Results of site reconnaissance and examination on topographical map favour

the dam to be located in the same gorge but about 0.5 km in the downstream
of the site selected in the Pre-I/S, since the downstream site will offer better
geological formation especially at the left bank and better hydraulic conditions

for locating the power intake.

Figure 6.3 in Volume 1 shows plan of four alternatives of waterway and

Table 6A.4 shows the salient features:

Altemative I;

Alternative 1I:

Alternative III:

Alternative 1V:

Open-air powerhouse with a straight headrace tunnel
toward surge tank and power outfall nearby the
Atweltota bridge over the Peleng Ganga

Open-air powerhouse with a bent headrace tunnel
toward surge tank; location of the powerhouse can be
the same as the Alternative I while the the tunnel route

is bent to get enough rock cover over the route

Underground powerhouse with power outfall nearby
the Atweltota bridge; this layout is the same as that of
the Pre-F/S though the location of the power intake
and accordingly the tunnel route are changed.

Undcrground powerhouse with power outfall nearby
the Morapitiya bridge over the Delwitiya Dola;
modified plan of Alternative III to get advantage of
additional head

Comparison of Alternatives

Assumptions

- Alternative I was discarded because this alternative has similar layout as

that of Alternative II and may be less attractive due to costly provision of
steel lining required at the intermediate section of the headrace tunnel where

rock cover is thin.

6A2-4



- Reservoir operation levels are the same as determined in Pre-F/S; FSL and
MOL are respectively at 242 masl and 221 masl.

- Tailwater level for the Alternatives I and 111 is revised from the original 38
masl in the Pre-F/S to 46 m and the level for the Alternative IV was
estimated at 18 masl; both levels were estimated on a topographic map of -
scale 1:10,000 with 6 meters contour intervals.

- Diameters of headrace and tailrace tunnels were determined by adopting an
empirical equation which has been obtained with statistical processing of

the existing data of power tunnels.

- Installed capacity of the power plant was determined with plant discharge
of 86 m3/s ( the same as the value of Pre-F/S), rated water level of the
reservoir at 235 masl, tailwater levels as estimated above, loss head as
calculated with the diameter above, and combined efficiency of the

generating equipment of 0.9.

Comparison criteria

- Present worth of net benefit at discount factor of 10% was adopted; EIRR
was also calculated for reference purpose.

- Costs and benefits are 1988 price base, as same as the Pre-F/S.

Benefits calculations

- Monthly inflow series and reservoir area-storage curve which has been
derived with newly obtained 1:10,000 map, were adopted.

- Firm energy, Ef (GWh/yr) was calculated with 100% guarantee during the

- period of the same flow series.
- - Dependable power, Pd (MW) was calculated with an equation below.

Pd = Ef/ (PF x 8,760); PF = Plant Factor = 0.3, as same as Pre-F/S

6A.2-5



- Unit benefits of the power production are 0.052 US%/kWh (Energy value)
and 100 USS/kW ( Capacity value), as same as the Pre-F/S.

Costs calculations

- Where applicable, costs were estimated from the costs in the Pre-F/S with
comparison of basic dimensions, in case the dimensions are similar.

- 1In case the dimensions are different from the those of the Pre-F/S, work
quantities were derived and unit prices in the the Pre-F/S were adopted.

- Rate of mobilization cost, rate of O&M costs, conversion factors for
economic costs and disbursement of the capital costs are assumed to be the

same as those in the Pre-F/S.

Results of comparisons

- Salient features, benefits, costs and economic indicators are listed on the
Table 6A.4 as summarized below.

Item AlLIl Alt11I AltIV
Dependable capacity (MW) 126 127 149
Firm energy (GWh/yr) 331 334 392
Secondary energy (GWh/yr) 60 60 70
Benefit (mio $/yr) 29.8 30.1 35.3
Cost (mio $/yr) 20.0 19.9 20.9
Net benefit (mio $/yr) 9.8 10.2 14.4
IRR (%) 12.0 12.2 13.5

- In conclusion:
- Alternative 11 and 111 have almost same net benefits and EIRR; slightly in
preference to Altemnative I1I from view point of economic indicator as well

as operation and maintenance since the latter is underground powerhouse.

- Alternative IV has the largest economic indicators among alternatives,
therefore this is deemed the most promising layout of the K-P Plan.

6A.2-6



(1)

(2)

Alternatives of K-P Plan in Location of Dam and Qutfall

Identification of Alternatives

Comparison study of the waterway alternatives of the K-P Plan revealed
that the Alternative IV is the most promising layout, with which the
additional head in the downstream of the original location of the power
outfall will be effectuated. This plan however still has unfavorable
circumstance in inundation effect in the reservoir area (on Kukule Ganga)
and in the downstream reach of the power outfall (on Peleng Ganga).

‘Therefore, a review was made to find out competitive general arrangement

of project's works to mitigate the same unfavorable circumstances, with
findings of two alternatives (K-D and K-K Plans). Drawings No.3 and 4
illustrate the river profiles and locations of the three alternatives. Table

6A.4 shows the salient features of the alternatives, which particulars are:

Kukule-Peleng (K-P) Plan: Alternative IV of the K-P Plan; modified-

previously proposed plan to get advantage of developing the additional head

(about 30 m) with river drops in the downstream.

Kukule-Delwitiya (K-D) Plan: Alternative to K-P plan with an aim to mitigate

reservoir inundation; about half of inundation effect.

Kukule-Kukule (K-K) Plan: Another alternative to mitigate flooding in the

downstream of the power outfall due to power discharge; almost no flooding
effect.

Comparison of Alternatives

Assumptions, comparison criteria, benefits/costs calculations

Assumptions, comparison criteria and methods of benefits/costs
calculations are the same as adopted for the comparison in the above
Section 2. As for K-D Plan estimates of power outputs were worked out
by preparing area-storage curve with 1:10,000 map and dam costs were
estimated by preparing a preliminary design on a scale 1:3,600 map which .

was newly obtained.

6A2-7



(1)

" Results of comparison

- Salient features, benefits, costs and economic indicators are listed on the

Table 6A.4, as summarized:below.

Item K-D K-K K-P (Alt.1V)
Dependable capacity ~ (MW) 99 145 149
Firm energy (GWh/yr) 259 383 392
Secondary energy (GWh/yf) 144 71, 70
Benefit (mio $/yr) 233 34.5 353
Cost = - (mio $/yr) 21.0 20.5 20.9
Net benefit (mio $/yr) 2.3 14.0 14.4
IRR (%) 9.1 13.4 13.5

In conclusion: ¢

K-D Plan is discarded because the economic viability of this plan is too low
compared to other plans to be compensated with an appreciable decrease of
inundation effect in the reservoir area.

K-P and K-K Plans are competitive. Final selection of the plan should
wait until further comparison study clarifies merits and demerits of

respective plan.

Preliminary Examination of Run-of-River Scheme

Scheme for Mitigating Inundation Effect of Reservoir

In the Pre-F/S it is reported that the largest constraint of the project is the
inundation due to reservoir, displacement of about 1,900 households (or
9,500 persons) and loss of about 1,600 ha agricultural land.

To mitigate this constraint, examination was carried out in the foregoing
Section 3 for an alternative arrangement 'K-D Plan' which locates the dam
at an upstream site with an aim of remarkable decrease of inundation area,
however this. plan was discarded because economic viability of the project

06A2-8



(2)

is far inferior to the other alternatives due to considerable increase of dam

costs and decrease of power benefits.

Run-of-river scheme should be another idea of mitigating the inundation
effect. Large part of the effective head of the project depends on the gap of
river bed elevations gained with waterway; 170 m head (80%) depends on
the gap among rated head of 215 m with waterway length of about 7.5 km
in the case of the Alternative IV of K-P Plan. Average hydraulic gradient
for the 170 m gap is 1:44, which is deemed a feasible value for
conventional hydropower scheme, therefore run-of-river scheme should be

worth for consideration.

Preliminary Examination of Run-of-River Scheme

Methodology

Alternative IV of K-P Plan was taken as basf: scheme. Run-of-river (ROR)
scheme is a modified base scheme by changing the dam to diversion

facilities which will have a pond for regulating one day inflow volume.

Plant discharge was assumed to be 59 m3/s; about two times of the average
inflow. Dimensions of works were determined and energy output were

estimated.

Project costs were estimated by adopting the unit prices for the base

- scheme.

Power outputs and benefits were estimated with the same method and
criteria as adopted for the base scheme except for the value of the
secondary enérgy, for which 50% of the total secondary value was
assumed to be effectively consumed in the power system.

Net benefit and EIRR were calculated.

Results of examination

- Table 6A.4 shows r¢sulls of economic evaluation, as summarized below.
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Item R-O-R._“K-P (AlLIV)
Dependable capacity - MW) 86 149
Firm energy (GWh/yr) 50 392
Secondary energy (GWh/yr) 313 70
Benefit (mio $/yr) 19.3 353
Cost (mio $/yr) 13.3 20.9
Net benefit (mio $/yr) 6.0 14.4
IRR (%) 1.7 13.5

Economic indicator of the run-of-river scheme is inferior to the dam
scheme, however the scheme would still remain economically viable and
will contribute to drastic decrease of inundation effect due to reservoir,

from 20.3 km2 in case of the dam scheme to an area less than 3 km2 only.'

One of disadvantage of the run-of-river type power plant is its relatively
low rate of producing primary energy, or low capacity dependability, to be
compared to dam type plant if the plant should be operated in an isolated
power system. The plant of the project is however to be linked to the
integrated power grids in which existing dam type plants are also linked. It
is therefore expected that the integrated‘system would effectively absorb
both the primary and secondary energies of the run-of-river piant with a
mutual compensation effect of multi-reservoir operation of the system,
which will be examined in detail in the power system studies to be carried

out in further screening of development alternatives.

Adduction of Water from Qther Basins to Kukule

(1) Identification and Selection of Adduction Site

Identification

- On inch-mile map, possible sites for adduction were identified, assuming

that the operation levels of the Kukule reservoir are at FSL 242 masl and
MOL 221 masl. Target area was in principle within.the Kalu Ganga basin
and adjacent basin area nearby the Kukule basin, eg. Watugala basin which
is in another basin of the Gin Ganga but has been identified and suggested
to be attractive for joint use of its water with the water of the Kukule basin
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Drawing No.5 illustrates the locations of identified two. prospective
adduction schemes with their basin boundaries, they are 'Watugala' and
'Hangamuwa Oya-Niricll Ganga' schemes. Other possible sites were
identified on the map but discarded with reasons of small basin area and/or

long distance to the Kukule reservoir.

Selection

Unit cost of water for adduction from the identified site to the Kukule
reservoir was estimated by analyzing the basin average flow (m3/s), by

- estimating the construction costs of diverting works including intake dam

and trans-basin tunnel, and calculating the unit cost as a term of

‘construction costs/average flow', which were estimated at 59 million
Rs/m3/s for Watugala and 440 million Rs/m3/s for Hangamuwa-Nirielle.

Watugala site was selected for the adduction site for further examinations.

Effect of Watugala Water Adduction to Hydropower Development

Objective

Watugala site has been identified in the Masterplan study for hydropower
development as 'GING074' with salient feature as listed in Table 6A.4.
This scheme was ranked third or fourth for the future hydropower
development in LCGEP.

Objective of the study was to compare benefits of Watugala water for
hydropower development in case diverted to Kukule and in case used as

GINGO074.

Methodology

Incremental net benefit of the Alternative IV of the K-P due to Watugala
water adduction was compared with the net benefit of GING074.

- To evaluate the incremental benefit of the Alternative IV, dam at Watugala

site was assumed as same as that of GING074, 50 m high concrete gravity
dam with FSL at 263 masl.

6A.2-11



- Adduction tunnel with diameter of 3.5 m, from the Watugala reservoir to

the Kukule reservoir, was routed as shown on the Drawing NO.5.

Dam at the Kukule si.te was assumed as same as that of the Alternative IV
of the K-P Plan, while the dimensions of the power system was changed
according to the change of the plant discharge, from the original 86 m3/s to
124.5 m3/s (= (29.7 + 13.1) x 2.91), where 13.1 m3/s is the average
inflow from Watugala to Kukule which will be effective after the regulation
of the inflows to Watugala (average 16.4 m3/s)” with the Watugala

reservoir.

Reservoir operation was carried out with the inflow series into the Kukule
and Watugala reservoirs to estimate the power outputs, with the results of

which power benefit was calculated.

¢

- To make even the comparison level, cost of GING074 was assumed to be
33% higher than the cost estimated in the Masterplan study, and power
outputs were assumed as same as estimated in the Masterplan study but the
benefits were re-calculated by adopting the same unit power values as

adopted for the Alternative 1V.

Results of comparison

- Referring to the Table 6A.4, incremental benefit of the adduction scheme is
estimated negative at (-) 2.2(=12.2-14.4) million $/year to be compared to
the net benefit of the GING074 at 4.6 million $/year. ’

- It is therefore concluded that Watugala water adduction to Kukule is less
feasible than the water use for GINGO074 for single-purpose hydropowér
development, and eliminated from further consideration.

Topographical Effect on Inundation of the Reservoir

Referring to the 1:10,000 map, topographical conditions in the reservoir area

show the following particulars:

6A.2 - 12



- The reservoir surface area at FSL of 242 masl, which was proposed in the
Pre-F/S, is obtained to be 18.3 km2 for the K-P damsite. In addition to the
reservoir area above, 41 islands having a total area of 2.3 km2 would be
isolated in the reservoir of K-P Plan. Areas of these islands range from

0.2 ha to 40.5 ha.

- The reservoir area of K-P plan will much increase when FSL exceeds
about 207 - 210 masl because of the start of inundation of the flood plain
on both river banks; it will again remarkably increase at about 232 masl
because of the reservoir starting extension towards the Kalawana area in
the Koswatta Ganga basin. A series of water fall and rapids create a drop
of more than 30 m on the Koswatta Ganga near the confluence with the
Kukule Ganga. These block the Kukule reservoir from extending to
Koswatta Ganga as far as FSL of the Kukule reservoir is set at or below

232 masl.
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Annex 6A.3 Data and Results of Analysis for Optimization
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DETERMINATION OF MONTHLY EFFECTIVE FLOWS FOR ROR ALTERNATIVES

1. METHODOLOGY

The hydrological data base for the Kukule Feaaiblllty;Study -
contains reconstitued monthly time series for the period ;949—
1989. It is clear however that the direct use of monthly inflow
series would lead to a significant overestimation of the energy
production, and hence the benefits, of the Kukule run-of-river

alternatives.

Daily, partly infilled, flow series are available for the
Kukulegama hydrometric station for the period 197? to }989.

These daily series were subjected to an analysis in which values
exceeding the product of installed capacity factor (ICF) and mean
flow (equivalent to the turbine discharge capacity) have been cut
off at this level. Then the resulting daily series were o
aggregated in monthly time series and compared to the original
monthly flow series. This was done for ICF's of 1.0 to 3.0.

2. RESULTS

The results of the analysis are presented in Annexes 1 and 2,
showing a scatter diagram with original versus cut-off monthly
flows for the period 1972-1989. Annex 1 with the first set of 5
figures shows the diagrams for the full series for ICF’s of 1.0,
1.5, 2.0, 2.5 and 3.0.

Annex 2 with the second set of 12 figures show the same sort of
diagram on a calendar-monthly basis for an ICF of 1.5. These
monthly diagrams contain too few data points to draw general
conclusions.

The relationship between cutoff flow series and original flow
series for the full data set can however quite well be used to
transform the extended monthly flow series 1949-1989 for the Run-
of-River alternatives to be studied. Basically low monthly flows
can be used for 100%. A straight line or exponential curve can
then be fitted through the remaining data points which cannot be
turbined for the full 100%, ignoring however those exceeding the
turbine discharge capacity. )
Applying such a relationship to the original flow series will
split these into two, i.e. one series of flows which can be used
for hydropower generation and the difference between these and
the original series, being the spill.
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Generation Load Peak

es Annual Losses
rear ?géh) Growth(%) (% of gen- (GWh) Factor(%) Demand(MW)
-ration)
1989 2353 -0.8 17.7 2859 52.8 618
1990 2608 10.8 17.2 - 3150 56.2 640
1991 2804 7.5 16.0 3338 54.0 706 -
1992 3014 7.5 15.0 3546 54.0 750
1993 3240 7.5 14.5 3789 54.5 794
1994 3483 7.5 14.0 4050 . 55.0 841
1995 3744 7.5 13.0 4304 i 56.0 877
1996 4025 7.5 13.0 4626 57.0 927
1997 4327 .7.5 13.0 4973 58.0 979
1998 4651 7.5 12.0 5286 58.0 1040 .
1999 5000 7.5 12.0 5682 58.0 1118
2000 5375 7.5 12.0 6108 58.0 1202
2001 5805 8.0 12.0 6597 58.0 1298
2002 6270 8.0 12.0 7125 58.0 1402
2003 6771 8.0 12.0 7695 © 58.0 1514
2004 7313 8.0 12.0 8310 58.0 1636
2005 7898 8.0 12.0 8975 58.0 1766
2006 8530 8.0 12.0 9693 58.0 1908
2007 9212 8.0 12.0 10468 58.0 2060
2008 9949 8.0 12.0 11306 58.0 2225
2009 10745 8.0 12.0 12210 58.0 2403
2010 11605 8.0 12.0 13187 58.0 2595
2011 12533 8.0 12.0 14242 58.0 2803
Table 4.2 - Base Forecast 1991
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Table 8.1- Results of E?i;ratinn.ixplnsion Planping Studies - BASE CASE 1991

TEAR ETDRO THERNAL THERNAL LoL?
ADDITIORS ADDITIONS RETIRENENTS {
1992 - - - 1.121
1993 Samanalaveva - - 0.269
[20 XV
1994 - - - 1.008
1995 Sapugaskanda Ext. - 0.857
- Diesel &0 NV
1996 - Diesel 20 NV - “1.199
: 1997 Broadlands ¢0 NV Gas Turbine ¢4 NV - 1.307
é ..................................................................................................
1998 - - - $.101
1999 - Coal Mavella - 0.344
! Unitl 150 NV
2000 - - - 2.519
2001 - Coal Mavella EPS 0il Steam 2%25 NV 1.231
k Uait2 150 NV
2002 - Coal Trince Unit! 150 MW {Gas Turbine J*18 KNV 1.403
:‘ ..................................................................................................
2003 - Refurbished GT 3*20 NV Gas Turbine 3t18 NV 5.117
2004 - Coal Trinco Unit2 150 NV |Sapu Diesel 2t18 NW 2.670
Refurbished GT 3%20 NV
2005 - Coal Trinco Unit3 300 XW - 1.330
\ 2006 - - - 1.593
jTotal PY cost uptec 2011 © 1069.7 million US§ (42,789.4¢ nillion Rs.)
Long Tern averagei  upto 2011 5.61 USCts/t¥h (2.24 Rs/¥h)
generation cost )

Yote :

Discount rate i0%,
existing hydro plants,

6A.3-39

Long term average cost calculation excludes epergy contribution froi
plant commissioning and retirement at the begining of the year indicated.
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THERMAL PLANTS

BEAT RATES  FUEL COSTS FULL FORCED 0L 0k
§0. CAPA kCal/k¥h USCENTS/ L0AD OUTAGE SCEL CosT cosT
OF  CITY NI, AVGE NILLION KCAL EFFICIENCY RATE  MAIN  (FIXED) (VARIABLE)
BAME SETS MW . LOAD INCR t t  (DAYS/TR) §/kVW-NOXTH  USCts/k¥h
KELENITISSA (6T) 6  18. 1754, 3754,  1959.0 - 2.9 20.0 1] 0.250 0.439
KELENITISSA (ST) 2 24, 3496, 3245.  L415.0 6.0 20.0 {0 0.208 0.372
SAPU (DIESEL) ¢ 18, 2457. 2297, 1132.0 1.8 25,0 60 1.086 C0.325 .

KELANITISSA (GT) - to be overhauled in 2001 and 2002, three units each yea}

EELABITISSA (ST) - to be retired by end of 2000
SAPU (DIESEL) - to be retired by end of 2003 and 2007, tvo units each year

HYDRO PLANTS

Hydro Installed  Apnual Storage  Remarks
Project Capacity Energy (NCX) .
(X¥) (G¥h)
Canyon’ 2130 161 123.4
Winalasurendra 2 1 2§ 112 .8
Nev Laxapana 2150 {91 1.2
014 Laxapana 318.33)
2 12.5] .99 0.4
Polpitiya 2x31.5 W7 0.¢
Kotmale 1167 482 172.6
Victoria 1170 72 1.2
Randenigala 216l 78 875.0
Rantazbe 231205 6 21.0
Ukuvela._ 2119 177 1.2
Bovatenna I x40 53 49.9
Salanalave'a._ 2x60 157 278.0  To be Commissioned before

the begining of 1993.

Operation and raintenance costs 1.872 USS/KV.year

Table 3.4 - Characteristics of Existing and Firmly Committed
Generating Plants, as input to planning studies.
All costs are in January 1991 USS border prices.
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THERMAL PLANTS

HEAT' RATES FUEL COSTS FULL LOAD FORCED 08X 08X
CAPA  kCal/k¥Wh USCENTS/ EFFICIENCY OUTAGE SCHL CosT COST
CITY NIN. AYGE NILLION KCAL i REATE  NAIN (FIXED)  (VARIABLE)
HAKE NY  LOAD IHCR ’ t (DAYS/YR) §/kV-NONTH USCtsIkﬂh'
DIESEL .20. 2301, 2134, 1132.0 39.6 15.0 30 1.086 0.325
DIESEL(SAPU EXT) 20. 2301, 2134, 1132.0 39.8 15.0 0 1.086 0.325
COAL MAWELLA 146. 3200. 2269. 755.0 3¢ 17.0 35 . 453 0.0
COAL TRINCO UNIT1/2 143. 3386. 2285. 635.0 11.% 17.0 315 .451 0.0
COAL TRINCO UNIT3/4 285. 3546. 2212. 635.0 33.6 20.0 50 .45 0.439
GAS TURBINE 22. 2908. 2908. 1959.0 29.6 15.0 30 .250 0.439
CONBINED CYCLE 68. 2025. 7915 1ts8 9 $2.2 15.0 30 .693 n.e
GAS TURBINE(REEAB)  20. 3754. 13754. 1959.0 22.9 20.0 ] .250 0.439
HYDRO PLANTS
Hydro Installed Annual Storage
Project -Capacity Enerqy  (NCN)
(X¥) (GWh)
GING GANGA 49 194 17,5
UPPER KOTMALE 248 191 32.0
NORGOLLA n 111 5.0
KUEULE 144 398 300.0
BROADLANDS 0 145 0.2
UMA OYA (SEDZ) 150 425 18.0
BELIBUL OYA 17 1 5.8
Operation and maintenance ccsts 1.872 USS/kVW.year
Table 5.3 - Characteristics of Generating Plants Considered
as Expansion Candidates. All Costs are in
January 1991 USS boarder prices.
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SRR S
Plant ' Effective Pure construction  Total Cost Const Interest durinmg Total including. Economic Lifeé
Unit cost USS/k¥ (USS/kW) period const (IDC) at 108 [DC (US§/kW) (years) 't
Size(HW) (yrs) (% of pure costs) "
THERNAL
Local Foreign Local Foreign
Diesel 20 166.0 963.2 1129.2 3 13.5¢ 188.¢  1093.6 20
Diesel{Sapu Ext) 20 98.3 662.9 761.2 3 13.5¢ 111.6 75;.6 1]
Combined Cycle 68 15¢.¢ 716.13 870.7 3 13.54 ~175.3 813.3 20
Coal Mavella Units 182 146 185.1 1325.4 1510.7 b 29.11 219.6 1713.9 30
" Coal Trinco Units 182 143 228.8 1189.1 1417.9 6 29.31 295.9  1537.6 30
Units 384 285 141.2 814.8 956.0 b 29.31 - 182.6  1053.6 30
Gas turbine 2 5¢.7 468.9 523.6 2 8.79 59.5 . 510.2 20
Gas turbime (Rehabilit.) 20 - il.3 112.5 125.0 l 29 13.0 ii7.3 w
Candidate Capacity Pure construction  Total Cost Const Interest during  Total including Economic Life
Plant (NV) cost USS/k¥ (USS/k¥)  period - const (IDC) at L0% IDC (US§/kW) (years)
(yrs) (% of pure costs)
AYDRO .
Local Foreign : Local  Foreign
Upper Sotmale 248 551.% 720.2 1271.7 b 29.31 111.:2 931.2 50 -
Ginganga Y] 361.9 1173.8 1534.8 { 18.513 7.9 1391.3 1]
Broadlands {0 91.1 1186.1 1477.2 { 18.53° 5.6 1405.9 50
Noragolia 27 131.5 1734.8 2168.3 { 18.53 513.8  2056.2 50
Kukule 144 486.9 1168.7 . 1655.6 6 29.31 629.6  1511.2 5
Belihulova 17 531.9 1897.3 41312 { 18.53 $32.8 22489 50
Una Oya/SEDZ 150 ' 280.9 966.0 1246.9 { 18.53 3133.0  1145.0 50

--------------------------------------------------------------------------------------------------------------------------

Table 5.:- Capital cost detaiis o expansion candidates considered in
the study. ALl costs are in January 1991 ‘prices. Exchange rate US§1 = Bs 40
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ANNEX B of 6A3
~ RESULTS FROM PROJECT APPROACH

Included in this annex are the results of:

EVALS calculations for the KK-205 (ROR) -2.0
project alternatives .........ccveiiiiiiiiiieiiiieieiieeae

e

- EVALS summaries for all KK project alternatives......

Calculation of specific energy costs
for all project alternatives ................ccevviiiinnnnnn..

Graphical comparfsons of specific energy costs
for all project alternatives .............ccoceeviinvennnnn.n.
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KUKULE COST ESTIMATES
FOR PROJECT OPTIMIZATION

October 1991

Annex 1
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Lahmeyer International - Consulting Engineers Frankturt(N) - Germany

Project KURUL-K * TABLE OF CONTENTS EVALS LISTING OCT 1931 Page 1

Project Alternative A Installed Capacity Factor ICF= 2.00

Contents Page
ELEMERT CO - IN-RIVER DIVERSIOR ......c¢vvveiennnnniennneresnnanesnsonnasacanosnarasesstsnnnnonnss SEREEERERREREREETERERRERERERS 2
ELEKENT DA - MAIN DAN {CONCRETE WEIR) o vuvvteneeenusensesenesonosennoasnssenssssnsssnussontsosaesssnsttoanssssattsosstsioatsonss 3
ELEMENT DA - GROUTING FOR MAIN DAM (COBCRETE WEIR) ..vvvveevnenensenaneneesnsnsnsnensasassessentesstossssssostinioestsssaens ¢
ELEMENT SP - SERVICE SPILLWAY (10000 YR FLOOD) ....cvvuvernnnvineenetinneesennssanssasanssssasastassssstosiosstasesossasssnassne, 5
ELEMENT IN - INTAKE FOR HEADRACE TUNBEL .......uvvuneitininnneeronesaneessennanoessssssnonssesserannsaatssassnssssnaststotossoas )
ELEMENT HR - HEADRACE TUNBEL ...ovvviinittttenenetesinnsseeennnneeseonneaanassessnsssssssionesraetsasssssssasansnsstsssesanuns 9
ELEMENT ST - UHDERGROUND SURGE TANK .......cvvuniiiiiiiiiiiiiiitiiiie et iiaiaeei s iaas s iae st stassoanns 10
ELEMENT PS - VERTICAL PRESSURE SHART ..i.tnttttiiinter it iiteeerennneneeeeraneassasatsonesssosesaeananssatsessssssennssnessssos 11
T OMENT TR = TAILBACE TUNNEL . o.ivtvrneiittveeeseenesesenanseenaessaesorosennonsenesesnsossnssossnsesnsesosnssessrsetsnnssennnss 13
WwuEMENT TR = OUTLET STRUCTURE ..vvvttiirttintientrinnrenntrennsennssonsnoonnsesenseanensonsssane i aesrerer e reeriene. 1!
ELEMENT PH = POWER CAVE RN .o\t virttiittettentteneeennesennsennaosnssensasssnessoanssenssssansoonsassansssennsotsnsnnsinees 15
ELEMENT TL - FEEDER LINE TO PANBIPYTIA ....oouiinniiiiitii i tiint ittt tsies e s esataaaisatesasstaeasstasecnsssones 18
ELEMEHT CT - VERTICAL SHAFT FOR POWER CABLES ....evvvvrvunsnsenersnssnenensenssnsnsanssesessrensnnsnssssasosasessnssssssonens 19
ELEMENT AT - ACCESS TO0 POWER CAVERN .....vvitttnttit it eiesannereasesassonnseeenoneenssoessssssasssssnsesesnnsssstossnnns 20
ELEXENT AR = ACCESS ROAD TO DAN SITE ...vvviirtiint ittt inseienstenaesasneeseseeenseseseoaraoseononsnsansstonnestsinsssnnns 2
ELEMENT BR - BRIDGES IN ACCESS BOAD ....vviirtiittiintie s snssnssraenonenneesnsssenssesennesetessonnssessnsssestossancssante 22
- SUMMARY PER COST CATEGORY ABD ELEMENT ........ooiviiiiiiiinntirininnoneesaetonsessesinnennnnas PP 23
= OVERALL SUMMARY OF PROJECT 08T v ivivtvverinitnseennnensneseennannsnnsesesonnnaseeeetonosnnnnrsrassessonsennnnnnns 25
= FILE O ERVIEN oovvivrtrtr ettt ers et enneerternases et e 27.
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" Lahmeyer Internatiobal - Cépsulting Engineers . A Prankfurt(M) - Germany
Project KUKUL-E, Element CO - IN-RIVER DIVERSION EVALS LISTING  OCT 1991 Page 2

Project Alternative A

-ENBANKNENT COFFERDAM WITH SHEETPILE WALL : - =-Calculated physical parameters

-Elevation cofferdam crest 195.0 msl -Larsen profile IV (185 kq/m2)

-Maxinun height of cofferdam 12.0 & -Area of steel in sheetpile wall 2500.0 m2
-Length of cofferdan 200.0 m -Total weight of steel ) 462.5 ton
-Haulipg distance fill material 1.0 kn

COST ESTIMATE FOR CIVIL STRUCTURES . Cost level: Sep 1991 .

: URIT RATE (US§) TOTAL COST (US§)

{LINE CODE  DESCRIPTION QUANTITY UNIT  -----=---mmmeemmomeeees e et L L L Lo

- Loc  For  Tax Total Loc For Tax Total
13 C00013 -supply+install sheetpile str. 463 to 29.49 408 - 517 13639 225528 - 239167

"~ 17 C00017 -earth fill to straight wall 25550 m3 1.05 4.58 - 5.64 26889 117231 - 144120

+ 18 C00018 -extra transport earth fill 25550 m3km 0,02 0.50 - 0.52 721 12811 - 13538

» ; -Niscellaneous items 10 % §126 35557 - 39683

TOTAL  (v/o0 taxes) in US$ 45381 391127 - 436508
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Lahmeyer Interpational - Coﬁsultinq Enqineers'
Project KUKUL-K, Element DA - NAIN DAX (CONCRETE WEIR)

Project Alternative A

© ~CONVENTIONAL CONCRETE GRAVITY DAX

-Elevation dam crest 207.3 msl
_-Embankment slope upstrean 0.10
-Embankment slope downstrear 0.74
-Bauling distance concrete aggregates 1.0 kn
-Clearing area covered with heavy jungle
. .ross-gection identification number 1
-Cross-section id number excavated section 3
185.0 msl

-Sediment level at power intake after 50 years

COST ESTIMATE FOR DAX

LINE CODE  DESCRIPTION

1.00
5.02

0.03
8.08
7.64

Frankfurt(¥) - Germany

EVALS LISTING

OCT 1991 Page 3

-Calculated physical parameters

-Beight of dam

-Width of dam crest

-Length of dam crest

-Length of dam perimeter
-Maxinum dam vidth at dam base
-Dan base area

-Total dam volume

-Average depth of excavation

-Reinforcement per m3 conventional concrete
-Crushed rock used as concrete aggregate
in the absence of gqravel and sand deposita

1349. n2
12539, m3
7.8 »

5.0 kg

Cost level: Sep 1991

719984

5953
57851
121429
154136

2 DA000Z -site clearing heavy jungle 0.26 ha

3 DAOPOI -excavation for dam base 10516 a3

4 DA0O04 -preparation of foundation 1349 m2

25 DA0025 -clay backfill to dam base 5932 n3

*4 DA0036 -crushed stone concrete § 12539 03

39 DA0039 -extra transport crushed stone 12539 miknm
40 DA0040 -bar reinforcement complete 62.69 to 2
41 DA004l -formwork § 5601 mn?

-Miscellaneous items 15.%
TOTAL  (v/o taxes) in US§

For Tax Total Loc For
4107 - 4516 110 1108
5.90 - 6.73 8787 62053
1.67 - 10.16 3361 10352
5.16 - 6.16 5970 30616

52.19 - 57.42 63037 656946
0.43 - 0.47 446 5506
895 - 23 1761 56091
14.03 - 21.68 42799 78630
18941 135195

145213 1036498
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Lahmeyer [nternational - Comsylting Engineers : ) ’ Frunliurt[“).- Germany
Project KUEUL-K, Element DA - GROUTIHG FOR MAIN DAN (CONCRETE WEIR) ' : EVALS LISTING "OCT 19917 Page
Project Alternative A

-Foundation rock mass is moderately pervious . .
-Consolidation grouting

-Grouting area : 812. w2
-Average grout depth 6.8 m
-Humber of rows of drainage holes ) 2
-Spacing of holes : 0

-Deep curtain grouting

-Grouting area 1999, m2
-Average qrout depth 16.9 n
-Number of rows of drainage holes l
-Spacing of holes . 3.0
COST ESTIMATE FOR GROUTING FOR DAN Coqt level: Sep 1991
UNIT RATE iUSS) TOTAL COST (US$)
LINE - CODE  DESCRIPTION . QUANTITY UNIT  ---------rmemmee- mmemme= | eeemcmceeeceececcceescccseceeanaoaooae
Loc For  Tax Total Loc For Tax Total
46 DA0D046 -percussion drillind open 1068 = 419 28.80 - 3 4485 30771 - 35256
49 DA004S -grouting open incl. cement 66.64 to 106 124 - 430 7053 21603 - 28656
53 DA0053 -rotary drilling (check hole) 1331 e 4,19 28.80 - Kk 140 960 - 1099

-Miscellaneous items 15 % 1752 8000 - 9752
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Lahmeyet Internétibnal -'Consuljihg Engineers
Project KURUL-K, Element SP - SERVICE SPILLWAY (10000 YR FLOOD)

Project Alterpative A

-RADiAL GATED SRILLWAY IN A CONCRETE DAN

-Peak inflov . , 2365.0 n3/s

-Maximum dam height . 8.3 n
-Maxinum flood level 205.0 msl
-Maximum operating level 205.0 msl

-Spillvay crest level . 195.0 msl

COST ESTIMATE FOR CIVIL STRUCTURES .

Frankfurt(N)} - Germany

EVALS LISTING  OCT 1991

Page §

-Calculated physical parameters

-Spillvay design discharge

-Number of radial gates .

-Gate vidth

-Gate height

-Surcharge all gates operating
-Surcharge one gate malfunctioning
-Crest width (wall to wall):
-Thickness of piers

-Bydraulically effective crest vidth -

-Thickness of side walls
-Total force on each pier

-Number of pre-stressed bars of 500 ki

2365.0 a3/s

—
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Cost level: Sep 1991

881
126300
269461

821%9.
29223

142649

2779194

114616
30410

' UNIT BATE (US$)

LINE CODE DESCRIPTION QUANTITY UNIT e L L R L L L Lt
' Loc  For  Tax Total Loc
3 SP0003 -concrete to bridges 15.98 nl 6.72 55.12 - §1.85 108
{ SP0004 -concrete to structures 2494 n3 6.55 50.64 - §7.20 16349
5 SP00OS -reinforcement 01 to  28.08 895 - 8458
6 SP0006 -formwork 1483 m2 9.31 23.59 - 32,91 12457
7 SP0007 -prestressing 8 to 148 3653 - 3801 1187
-Niscellaneous items 0% 5856
TOTAL  (w/o taxes) in US$ 64414
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Lahmeyer Interpational - Cowsulting Engineers ' Frankfurt(N) - Geriany

Project EURUL-K, Element SP - SERVICE SPILLWAY {10000 TR FLOOD) EVALS LISTING OCT 1991 Page

Project Alternative A

-Calculated physical parameters

-Number of qates [ -Number of stop logs 3
-Height of gates 10.0 m -Beight of stop logs 3.ln
-Width of gates 8.5 n .
COST ESTIMATE FOR MECHANICAL EQUIPMENT AND HYDRAULIC STEEL STRUCTURES Coaf'level: Sep 1991
) URIT RATE (USS) TOTAL COST (USS§)
NE CODE  DESCRIPTION e e
Loc For Tax Total Loc For Tax Total
19 NECH19 -Radial spillway gates ... Lumpsun Value .... = 49122 1596457 - 1645579
20 MECH20 -Spillway stop logs - ... Lumpsum Value .... 10214 131945 - 342159
21 MECH21 -Stop log slots for spillway «o.. Lumpsum Value .... 4596 149375 - 153971
-Miscellaneous itens 5% 3197 103889 - 107085
TOTAL  (w/o taxes) in US$ 67128 2181666 - 2248795
TOTAL COST SPILLWAY Cost level: Sep 1991
PERCENTAGE OF TOTAL COST TOTAL COST (1000 US$)
ELEXERT | eeeesmeceecccmcccccccess | ceeecemeecesseseeemccccececmccneeeoee
Loc For Tax Total Loc For Tax Total
CIVIL STRUCTURES 2.2 19.5 0.0 2.7 64, 559, 0. 623,
MECHANICAL EQUIPMENT AND HYDRAULIC STEEL STRUCTURES 2.1 76.0 0.0 78.3 67 2182, 0 2249
OVERALL TOTAL  {without taxes) 4.6 95.4 6.0 100.0 132 2740 0. 2872
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Lahmeyer Iaternational - Consulting Engineers ~ Frankfurt(N) - Germany

Project KURUL-K, Element IN'- INTAKE FOR BEADRACE TUNNEL EVALS LISTING OCT 1991 Page 7

Project Alternative A Installed Capacity Factor-ICF= 2.00”

-INTEGRATED INTARE STRUCTURE -Calculated physical parameters

-Surface slope ¢ 35 degrees

-Elevation of dam crest 207.3 masl -Freeboard 2.1 !_
-Maxinum flood level 205.0 masl  -Surcharge ] 0.0 a
-Maximum operating level 205.0 masl -Roof of conduit below min op level {7 n
-Minimum operating level 205.0 masl  -Shaft height (incl open air structure) 6.4 p
. -Design discharge 56.8 m3/s  -Lenqgth of underground intake section 6.7 m
-Number of intake structures 1 -Width of intake canal 13.0m -
-Inner conduil diameter §9n -Width of entrance 6.5
‘lope at intake face 30.0 deg . -Width of trash rack 5.5 n
" -yeological rating good rock -Beight of trash rack {inclined) 12.1 n
-Diameter of tumnel excavation 57
-Inlet centerline below max op level 1.7 n
-Wall thickness in gate section L.ln
COST ESTIMATE FOR CIVIL STRUCTURES Cost level: Sep 1991
. URIT RATE _(US§) TOTAL COST (US$)
LINE CODE  DESCRIPTION QUANTITY UNIT ~ =-=--s-smmmmmesmmemmmm=s  =eeeeeeoscsoceceoooeoaoooooooooooe _
Loc  For  Tax Total Loc For Tax Total
3 INO0OO3 -shaft excavat.cl.1-2-3 L 20m2 635 03 7.715 26.17 - 1.9 4924 16606 - - 21530
11 INOOLl -shortcrete lining ) 20 m2 26,93 3 1147 84.22 - 95,70 286 2100 - 2386
13 INO013 -concrete lining ) 20 ml 1054 n3  10.35 55.50 - 65.86 10916 58534 . - 69450
14 INOOL4 -steel reinforcement 78.33 to  28.08 895 - 923 2200 70086 - 12286
1 IN0019 -formw.intake struc.tunnel 60m2 1171 n2 1.59 10.90 - 12.50 1873 12172 - 14645
21 IN002L -rockbolt 1.06 to  88.80 1Ll - 1200 94.48 1182 - 121
24 1IN0024 -excavation open cut 15285 n3 0.71 6.96 - 1.68 10985 106491 - 117476
25 IN0025 -concrete in superstructure 299 m3 6.91 46.09 - 53.00 2066 13780 - 15846
26 IN0026 -reinforcement superstructure 15.87 to 28.08 895 - 923 1007 32099 - 33106
27 IK0027 -formwork in superstructure 1098 m2 9.64 25.02 - 34.66 10583 17469 - 18051
30 IN0O0O30 -tun.exc. cl. I-2-3, 30mZ, 500m 1085 n3 1.82 21.60 - 3.4 1982 234136 - 25418
-Miscellaneous items 10 % 4692 36456 - {1147
TOTAL  {w/o taxes) in US§ 51608 401011 - 452619

6A.3 - 56



Lahmeyer I[nternational - Censulting Engineers ' Frankfurt(¥} - Germany

Project KUKUL-K, Element IN - INTARE FOR BEADRACE TUNNEL EVALS LISTING OCT {991 DPage 8
Project Alternative A Installed Capacity Factor ICF= 2.00
-BYDRAULIC STEEL STRUCTURES ) . -Calculated physical parameters
-Type of turbine{s) Francis -Number of qate sets 1
-Number of turbines 2 -Width of gatels) 3.8 1
-Total turbine design discharge 56.8 nd/s -Beight of gate(s) 4.9.8
-Maximum operating water level 205.0 masl
-Hinimum operating water level 205.0 masl
COST ESTIMATE FOR MECHANICAL EQUIPMENT ' Cost level: Sep 1991
; UNIT RATE (USS) TOTAL COST (US$)
LINE CODE DESCRIPTION eeeememememcmeecs e emmceeeceaas
’ Loc For Tax Total Loc For Tax Total
3 MECHO3 -Intake gates ... Luepsum Value .... 5709 365384 - 371093
4 XECHO4 -Rake ... Lumpsum Value .... 2946 188542 - 191468
5 MECHOS5 -Trashrack - .... Lumpsum Value .... 1619 103592 - 105210
TOTAL  (w/o taxes) in US§ 10274 657517 - 667791
JTAL COST INTAKE STRUCTURE - ) . Cost level: Sep 1991
PERCENTAGE OF TOTAL COST TOTAL COST {1000 US§)
ELEMENT | meeeeec-eseedcccdcccccss | emececemeecceeemccccecssswaoecocesane
Loc For Tax Total Loc For Tax Total
CIVIL STRUCTURES . 4.6 35, 0.0 40.4 52, 401, 0 453
'MECHANICAL EQUIPMENT AND BYDRAULIC STEEL STRUCTURES 0.9 58.7 0.0 59.6 10. 658. ] 668
OVERALL TOTAL  (without taxes) 5.9 94.9 0.0 100.0 62 1059 0 1120
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Lahmeyer International - Consulting Enqineer§

Project KUEUL-E, Element HR - EEAD?ACE TUNNEL

Project Rlterndtive A

Frankfurt{M) - Germany
EVALS LISTING OCT 1991 Page 9

Installed Capacity Factor ICF= 2.00

-HEADRACE TUNKEL STRICTUZE
-Number of tunnels

-Tunnel length
in very good roch
in gqood rock
.in fair rock
" in poor rock
-Flow velocity
“ead losses
~ 1ype of lining
-No steel lined section specified

COST ESTIMATE FOR TUNNEL CIVIL STRUCTURES

-Calculated physical parameters

-Inner tunuel diameter - {91
-Thickness of lining / Diameter of excavation

“in very good rock 9cen/ 5.5n
in good rock 9cn/ 5.5n
in fair rock 4.cn/ 5.7n
in poor rock ‘ . dem/ 57w

Cost level: Sep 1991

LINE™ CODE  DESCRIPTION

12 PTO0I2 -tum.exc. cl.1-2-3, 30m2, 5000m
32 PT0032 -tun.excavat. cl.4, 30m2, 5000m
63 PT0063 -concrete lining ¢ 20m2

65 PT0065 -reinforcement

66 PT0065 -mesh reinforcement

84 PTO0084 -formwork tunmels 5000m, 30m2
87 PT0087 -rockbolt
1 PT0088 -steel rib
-Miscellaneous items

129443 m3
3605 n3
11123 m3
703 to
25.05 to

75596 m2
66.23 to

URIT BATE [(US§) ' TOTAL COST (US$) i
........................................................... j
For  Tax Total Loc For Tax Total’
41,66 - 45,21 458642 5391572 - 5852214~
42.79 - 46,35 12834 154273 - 1671084
113 - 125 358285 3532062 - 1890347
888 -9 4370 624543 - 648914
680 - 692 308 17030 - - 17338
2.4% - 6.78 327408 185537 - 512945
2115 - 2500 12255 153340 - 165595
1667 - 1694 11417 692602 - 704019
120552 1075296 - 1195848
1326071 11828256 - 13154228
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Lahmeyer [ntermational - Geagulting Engineers

Project XUKUL-K, Element

P

ST - UNDERGROUND SURGE TANK

Project Alternative A

-SURGE TANK STRUCTURE

EVALS LISTING

0cT 1991 P

Frankfurt(M¥) - Germany

age 10

Installed Capacity Factor ICF= 2.00

-Calculated physical parameters

-Inner surge tank diameter selected 17.7 n,
-Min surge tank diameter (Thoma cross section) 9.4 1
-Number of headrace tunanels 1 -Haximum upsurge 16.0- »
-Type of lining concrete -Maximum downsurge -19.9 e
-Tunpel diameter {.9nm -Oscillation without friction 18.9 n
-Lenath of headrace tunpel - 4960.0 o -Bottom elevation of surge tank 180.5 masi
-Flow velocity in tunoel 3.1 n/s -Top elevation of surge tank . 220.3 masl
-Turbine discharge (all units) 56.8 md/s -Height of surge tank 9.9
ound elevation at taok site 300.0 masl -Tunnel slope (v/h) 5.0 o/o0
=sround slope at surge tank site 30.0 deg -Head losses at min roughness {.7n
-Geological site rating good rock -Bead losses at max roughness 7.9m
-Maximum operating level 205.0 masl -Excavation diameter at upper tauk section 19.7 n
-Minimum operating level ©205.0 nasl -Excavation diameter at lover tank section 19.7n
-Length of waterway surge tank to powerhouse 3200 m -Ground level at suggested tank site 225.3 masl
-Height of ventilation shaft of 2.0 m of diameter 5.0 m
COST ESTIMATE FOR CIVIL STRUCTURES Cost level: Sep 1991
UNIT RATE (US$) TOTAL COST (US$)
LINE CODE DESCRIPTION QUANTITY UNIT . ------mmmemmemmecmcicoe cecmee e e e e
Loc For Tax Total Loc For Tax Total
3 ST0003 -shaft excavat.cl.l-2-3 L 20m2 12591 m3 7.75 26.17 - 13.92 97698 329510 - 427208
10 ST0010 -shortcrete lining 126 m3 11.28 76.89 - 88.18 o 1428 9724 - 11152
ST0011 -concrete lining 2838 n3 8.29 61.50 - 69.80 23546 174559 - 198105
‘12 ST0012 -reinforcement 85.14 to 34.65 888 - 923 2950 75611 - 78561
14 ST0014 -Eormwork 2402 n2 6.12 30.39 - 36.51 14709 73001 - 87711
15 STOO0LS -rockbolt 8.94.t0  88.80 11l - 1200 795 9942 - 10737
18 ST0018 -excavation open cut 57812 »3 0.71 6.96 - 7.68 §1547 402774 - 444221
-Miscellaneous itens 10 % 18267 107512 - 125779
TOTAL  (w/o taxes) in US§ 200941 1182633 - 13813573
= ;;;mme)o% )
L ' ~uwn:r\\\$; ‘X
CO e LB e Yy
& . P I
“ O, X S~— — ’."_{P K4
) A S i) . - O] ra
6A.3 - 59 M, ORC @Y DET



Lahmeyer International - Consulting Engineers

Project KURUL-K, Element PS - VERTICAL PRESSURE SEAFT

Project Alternative A

-PRESSURE SEAFT STRUCTURE

-Number of pressure shafts
-Inner shaft diameter
-Pressure shaft length
in very good rock
-Flow velocity
_ -Head losses
-No intake to be provided

COST ESTIMATE FOR CIVIL STRUCTURES

LINE COGE  DESCRIPTION

¢ PS0004 -shaft excavat.cl.l-2-3 ¥ 10m2
20 PS0020 -concrete lining
24 PS0024 -rockbolt

-Miscellaneous items

6365 m3  11.82
1824 n3  11.64

Frankfurt(N) - Germany
EVALS LISTING  OCT 1991 Page Ii’

Installed Capacity Fdctor ICF= 2.00

-Calculated physical paraneters

-Maximum diameter of excavation t.tn

Cost level: Sep 1991

UNIT RATE (USS) . TOTAL COST (US$) |
For Tax Totgl Loc For Tax Total

60.85 - 72.68 75235 387349 - 462585
86.35 - 98.00 21241 157470 - 1787111
215 - 2500 74.39 931 - 1005

14483 81862 - 96348

111034 627612 - 738646

0.40 to 189
15 %
in US§
6A.3 -
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Lahreyer International - Cousplting Engineers Frgnk(urt(!) - Germany

Project KUKUL-K, Element PS - VERTICAL PRESSURE SHAFT EVALS LISTING OCT 1991 Page 12
Project Alternative A Installed Capacity Factor ICF= 2.00

-PRESSURE SHAFT MECHANICAL COMPOMENT -Calculated physical parameters

-Program decision on safety valve

-Type of turbine(s) Francis -Inner pressure shatt diameter 8
-Total turbine design discharge 56.8 mnd/s -Calc length upper/lower press shaft 165.3 / 228.4 n
-Gross head 186.8 = -Thickness upper/lower press shaft 1.1/ 1.9 cn
-Horizontal distance surge tank to poverhouse 393.7 n -Max theor/actual waterhammer 82.7/7 82.7n
ST ESTINATE FOR NECHANICAL EQUIPMENT AND HYDRAULIC STEEL STRUCTURES Cost level: Sep 1991
UNIT RATE {US$) TOTAL COST (USS)
LINE CODE DESCRIPTION e B e e L e TP R
. Loc For Tax Total Loc For Tax Total
10 MECHL0 -Penstock/pressure shaft stlin ... Lumpsum Valde cien 55232 2043570 - 2098801
11 KECHLL -Safety valve .v.. Lumpsun Value .... 3009 111338 - 114347
TOTAL  (w/o taxes) in US$§ 58241 2154907 - 2213148
TAL COST PRESSURE SHAFT Cost level: Sep 1991
PERCENTAGE OF TOTAL COST TOTAL COST (1000 USS)
ELEMENT mmmmeseemeeceoscsmceoos | eeeeeeememeecnecesecmeeneecaeoescsaoe-
Loc  For  Tax Total Loc For Tax Total
CIVIL STRUCTURES . 3.8 21.3 0.0 25.0 111, 628. 0 719
MECHANICAL EQUIPMENT AND BYDRAULIC STEEL STRUCTURES 2.0 73.0 0.0 75.0 58 2155 0 2213
OVERALL TOTAL  {without taxes) 5.7  94.3 0.0- 100.0 169 2783 0 2952
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Labmeyer International - Consulting Engineers Frankfurt(K) - Germany ‘

Project EUEUL-K, Elemeat TR - TAILRACE TUNNEL EVALS LISTING OCT 1391 Page 13

Project Alternative A Ingtalled Capacity Factor ICF= 2.00

TAILRACE TUMNEL STRUCTURE -Calculated physical parameters
-Number of tunnels 1
-Ioner tunnel diameter §.9n -Naxipum diameter of excavation 5.7 n
-Tunnel length 2370.0 m
in very good rock 67.1 %
in good rock 2.4 %
in fair rock 9.4 %
in poor rock 1.1%
-Flov velocity 3.1 n/s
‘ead losses 2.4
-Type of lining Concrete
-No steel lined section specified
COST ESTIMATE FOR TUNNEL CIVIL STRUCTURES B ' Cost level: Sep 1991
UNIT RATE (US§) TOTAL COST (USS)
LINE CODE DESCRIPTION QUANTITY UNIT = -----==-s-m==-s-ms-ssmmmos mommomescmooooomooooomoocomoooeooo oo
Loc For Tax Total Loc For Tax Total
12 PT00L2 -tun.exc. cl.1-2-3, 30m2, 5000m 62619 n3 3.5¢ 41.66 - 4521 221872 2609185 - 2831057
32 PT0032 -tun.excavat. cl.4, 30m2, 5000m 729 ml 3.5 42.79 - 45.35 2595 31187 - 33782
63 PT0063 -concrete lining ¢ 20m2 14044 n3 11.51 113 - 125 161678 1593865 - 1755543
65 PT0065 -reinforcement 294 to 34.65 888 - 923 10184 260980 - 271164
66 PT0066 -mesh reinforcement 5.21 to 12.28 680 - 692 64.05 3543 - 3607
84 PT0084 -formwork tunnels 5000m, 30ml 36122 m2 4.3 2.45 - 6.78 156443 88654 - 245097
87 PT0087 -rockbolt 18.63 to 185 2315 - 2500 1448 §3141 - 46589
8 PT0088 -steel rib 84.01 to 27.47 1667 - 1694 2308 140014 - 142322
-Miscellaneous items 10t 55859 477057 - 532916
TOTAL  (w/o taxes) in US§ 614450 5247626 - 5862076
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Lahseyer International - Coastlting Engineers

Project KUKUL-K, Element TR - OUTLET STRUCTURE

Projéct Alternative A

-OUTLET STRUCTURE

-Elevation of dam crest

-Maximun £lood level

-Maxinum operating level

-Minimum operating level

-Slope of face at outlet structure
-Slope outlet structure

ST ESTIMATE FOR OUTLET CIVIL STRUCTURES

LINE CODE  DESCRIPTION

1 0L000L -excavation in open cut

2 0L0002 -shotcrete lining ¢ 20 m2

4 O0L0004 -concrete lining ¢ 20 m2

6 0L0006 -steel reinforcement

0 OLOO0L0 -formw.intake struc.tunnel 30m2

13 0LO013 -rockbolt

14 OLO014 -steel rib

18 O0L0018 -tum.exc. cl.l-2-3, 30m2, 500m
-Miscellaneous items

207.3 masl -Width of outlet canal
205.0 masl -Depth of outlet canal
205.0 masl -Length of outlet canal

205.0 masl
30.0 deg
85.0 deg

UNIT BATE {US§)

Frankfurt(¥) - Germany
EVALS LISTING OCT 1991 Page L4

Installed Capacity Factor ICF= 2.00

Cost level: Sep 1991

TOTAL COST (US$)

Loc For Tax Total Loc For Tax Total
2331 m3 0.71  6.96 - 1.68 1675 16237 - 17912
3.62 m3 9.70 72.62 - 82.32 35.19 264 - 299
304 m3 .38 43.20 - 47.58 1334 13150 - 14484
7.39 to  28.08 895 - 323 769 24508 - 25217
480 n2 1.51  5.45 - 6.96 727 2618 - kI
0.1l m 0.7 9.45 - 10,21 0.08 1.12 - 1.21
26.01 n 27,47 1667 - 1694 115 43348 - 44063
421 m3 0.91 10.80 - 1Ll 385 4548 - 4933
10 % 564 10467 - 11031
in US$§ 6203 115142 - 121345
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Lahmeyer International - Consulting Engineers Fraokfurt(N) - Germany

Project EUKUL-K, Element PE - POWER CAVERN EYALS LISTING OCT 1991 Page 157

Project Alternative A Installed Capacity Factor ICF= 2.60

-POWEREOUSE (CAVERN) AND SWITCHRYARD -Calculated physical parameters
-Length 791
-Depth/width below generator floor 15.9 / 18.9 n
-Height/vidth above generator floor 15.6 / 13.8 n
-Volume above generator floor 9854.1 m
-Volume belov generator floor 8937.0 n3
CosT ESTIHATE FOR CIVIL STRUCTURES Cost level: Sep 1991
URIT RATE (US§) TOTAL COST (US$)
LINE CODE DESCRIPTION QUANTITY UNIT = ---=-------smmmmmmommee o R e bbb bt
Loc For Tax Total Loc For Tax Total
8§ PHO008 -excavat.cavern cl.l-Z-J; 120m2 18791 m3 1.42 19.48 - 22.91. 64403 366156 - 430559j
15 PHOOLS -rock bolt 30.43 to 185 2315 - 2500 5630 70451 - 76081
16 PHOOL6 -vire mesh 23.71 to 12.28 680 - 692 291 16120 - 16411
17 “PHOOL7 -shortcrete lining 568 3  20.78 159 - 180 11812 90485 - 102297
18 PH0O018 -concrete to cavern 6722 n3 10.35 59.50 - 65.86 69587 373133 - 442720
19 PHOOL9 -reinforcement to cavern 74) to 34,65 888 .~ 923 25722 659186 - 684907
20 PHO020 -formwork to cavern lining 11252 m2  22.06 16.93 - 38.99 248264 190534 - 438798 ©
-Miscellaneous items 7% 157513 653444 - 810957
TOTAL  (w/o taxes) in US§ 583222 2419509 - 3002731
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Lahmeyer International - Copsulting Engineers

Project KUKUL-K, Element PH - POWER CAVERN

Project Alterpative A

-MECHANICAL

EQUIPNENT FOR POWERHOUSE

-Turbine type selected by user
-Target pumber of turbines set by user

-Gross head

-Maxinum operating level

-Minimum operating level

-Naxinum tailvater level

-Hormal tailwater level
" -Lov tailwater level

‘tal head

loss

-1otal design discharge

Francis

2
186.8
205.0
205.0

4.7
18.2
16.7

8.4
56.8

COST ESTIMATE FOR MECHANICAL EQUIPMENT AND EYDRAULIC STEEL

LINE CODE

DESCRIPTION

EVALS LISTING

Fraokfurt(M) - Germany

0CT 1991 Page 16

Installed Capacity Factor ICF= 2.00

B
nasl
nasl
masl
pasl
pasl
]

nl/s

-Calculated physical parameters

-User-selected number of turbines

-Rated head

-Turbine rated efficiency
-Turbine design discharge
-Turbine design capacity

-Turbine design speed

-Approx. runner inlet diameter
-Approx. runner outlet diameter
-Type of turbine valve
-Dimension of valve

STRUCTURES

178.4n
90.0 %
28.4 nd/s
.7 W
375.0 rpm

2.0n

1.8 n
Spherical valve

1.9n

1 MECHOL
2 NECHO2
12 MECB12
13 NECHI3
14 NECH14

MECHLS
16 MECHL6
17 MECHL7
18 NECH18

-Turbines

-Emergency turbine valves
-Poverhouse crane
-Workshop

-Air conditioning

-Drainage

-Dratt tube stop logs

-Slot lin. draft tube stop logs
-Lift for draft tube stop logs
-Miscellaneous items

Cost level: Sep 1991
UNIT RATE (USS) TOTAL COST (USS)
For  Tax Total Loc¢ For Tax Total
.. Lumpsun Value - 5180295 - 5180295
.. Lumpsun Value 21515 1742680 - 1764195
.. Lumpsumn Value 14175 864675 - 878850
.. Lumpsun Value 2406 146760 - 149166
. Lumpsumn Value 8893 542453 - 551346
.. Lumpsun Value 11694 713320 - 725014
. Lumpsun Value .. 1702 114012 - 115714
.. Lumpsum Value .. 2589 17102 - 17357
. Lumpsum Value . {49 30108 - 30558
6109 935141 - - 941249
67197 10286548 - 10353744
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Lahmeyer International - Consulting Engineers Frankfurt(M) - Germany

Project RURUL-E, Element PH-- POWER CAVERN EVALS LISTING  OCT 1991 Page 17

"Project Alternative A [nstalled Capacity Factor ICF= 2,00

-ELECTRICAL EQUIPMENT FOR POWERHOUSE -Calculated physical parameters
-Net frequency 50.0 Hz -Unit generator capacity 0 NVA
-Generator efficiency 97.2 % -Unit transformer capacity 8 MW
-Transtormer efficiency 97.2 %
-Pover factor 0.85
COST ESTINATE FOR ELECTRICAL EQUIPMENT : Cost level: Sep .1991
UNIT RATE (US§) TOTAL COST (US§)
LINE CODE DESCRIPTION =essesesssmeescecsoeo-ee . mememmmmeemsm-ce-o-occes-ssssosmosocses
Loc For Tax Total Loc For Tax Total
1 ELO00L -Synchronous generator .v.. Lumpsum Value .... 67027 6903776 - 6970803
2 EL0002 -Step-up transformer ... Lumpsum Value .... 21544 2219021 - 2240565
3 EL0003 -High voltage switchyard ... Lumpsur Value .... 19176 1975082 - 1994257
4 EL0O004 -Control,protection & telemet ... Lumpsur Value .... 8828 909267 - 918095
5 EL000S -Electrical auxiliaries .... Lumpsur Value .... 8176 842087 - 850262
TOTAL  {w/0 taxes) in US$ 124750 ~ 12849232 - 12973982
TOTAL COST POWERHOUSE . Cost level: Sep 1991
PERCENTAGE OF TOTAL COST TOTAL COST (1000 US$)
ELEMERT  eeeeeceeeiececses-smmcas eeemmeeeeeceeceeeeme—e—esecesecaceeeee
Loc  For  Tax Total - Loc For Tax Total
CIVIL STRUCTURES ) 9.2 0.0 583, 2420. 0 3003
MECHANICAL EQUIPMENT AND HYDRAULIC STEEL STRUCTURES 0.3 9.1 0.0 67. 10287. 0 10354
ELECTRICAL EQUIPMENT 0.5 48.8 0.0 125. 12849, 0 12974
OVERALL TOTAL  (without taxes) 2.9 97.1 0.0 100.0 175 25585 0 26330



Lahmeyer International - Consulting Engineers

-

Project KURUL-K. Element TL - FEEDER LINE TO PARNIPYTIA

Project Alternative A

Fraokfurt(M} - Germany
EVALS LISTING OCT 1991 Page 18

Installed Capacity Factor ICF= 2.00

-TRANSMISSION LINE AND NETWORE CONRECTION

-Calculated design parameters

-Pover 103.0 MVA -Conductor cross-section 490.0 mm2
-Distance to feeder point 64.0 kn -Line length 70.4 kn
-Netwvork voltage 220.0 kv -Line voltage 132.0 kv
-Nountainous terrain, cost increased by 5.0 % -Number of conductors per phase 1
-Pover factor 0.850 -Bumber of circuits 2
-Economic line loading per mm2 1.0 A -Number of towvers 281
-Interconnection to substation of higher voltage
COST ESTIMATE FOR TRANSMISSION LINES Cost level: Sep 1991
URIT BATE (US$) TOTAL COST (US§)
LINE CODE DESCRIPTION @ =meeeeeeccecccccec;cccos | memeeceeeeceemeeecccccmeoeaoeoemeeoeoe
Loc For  Tax Total Loc For Tax Total
7 TL0007 -Towers 132 kV ... Lumpsun Value - 2487282 - 2487282
8§ TL0008 -Conductors 132 kv ... Lumpsun Value .... 71085 2274087 - 2345152
9 TLOO09 -Hardware 132 &V . Lumpsur Value .... - 142130 - 142130
10 TLOOLO -Insulators 132 kV ... Lumpsum Value ..., - 497456 - 497456
11 TLOOLl -Foundation 132 &V ... Lumpsum Value £26391 - - $26391
12 TL0012 -Miscellaneous 132 kV . Lumpsum Value 142130 71065 - 213196
20 TL0020 -Feeders . Lumpsur Value - 713000 - 713000
TOTAL  (w/o taxes) in US$ 639587 6185021 - 6824608
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Laheeyer International - Consulting Engineers
Project KURUL-E, Element -CT - VERTICAL SEAFT FOR POWER CABLES

Project Alternative A

-CABLE TUNNEL STRUCTURE - CONCRETE LINED

-Inner tunnel diameter ;
-Tunnel length 250.
in very good rock 9
in good rock
in fair rock

COST ESTINATE FOR CIVIL STRUCTURES

EVALS LISTING

-Calculated physical parameters

-Tupnel diameter within permissible rang
y -Nax diameter of excavation

Frankfurt{¥) - Germanmy

0CT 1991 Page 19

35

Cost level: Sep 1991

TOTAL

(Us§)

Tax Total
- 57.24
- 180
- 98
- 923
B 692

- 11,99
- 2500

135412
15532
67157
20109

1890

12334

UNIT RATE

LINE CODE DESCRIPTIOR QUANTITY UNIT  ---------memmemmmommene-
Loc For
I TU000! -tun.exc. cl.1-2-3, 5|2,-500n 1774 n3 8.43 48.81
61 TU006! -shotcrete ¢ 20 m2 93.70 m3 14.25 166
63 TU0063 -concrete lining ¢ 20m2 755 m3 9.02 88.97
65 TUO065 -reinforcement 22.64 to 34,65 888
66 TU0O066 -mesh reinforcement 2.78 to 12.28 680
67 TU0067 -formwork tunnels 500m, 5m2 1938 n? 5.62 6.6
87 TU0087 -rockbolt . 4.84 to 185 2315

-Miscellaneous items 10 ¢
TOTAL  (v/o taxes) in US$

COST (US§)
Tax Total
- 158820
- 16867
- 73970
- 20893
- 1924
- 23246
- 1210F
- 30782
- 338602
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Lahmeyer International - Cobswulting Enq@neera
Project KUEUL-K, Element AT - ACCESS TO POWER CAVERN

Project Alternative A

Frankfurt(M) - Germany

EVALS LISTING

0CT 1991 Page 20

-ACCESS TUNNEL STRUCTURE

-Type of lining to be selected by program
-Inper tupnel diameter

-Tunnel length

in very good rock

in good rock

in fair rock

-0ST ESTIMATE FOR CIVIL STRUCTURES

-Calculated phyaicql parameters

-Tunnel diameter within permissible range
-Max diameter of excavation

6.9 m

Cost level: Sep 1991

JNE CODE DESCRIPTION QUANTITY UNIT ----
) Loc

2 TU0002 -tun.exc. cl.1-2-3, 5n2, 1000m 25500 m3 9.23
61 TU006L -shotcrete ¢ 20 m2 1975 n3 14.25
63 TU0063 -concrete lining ¢ 20m2 147 n3 9.02
65 TU006S -reinforcement 53.56 to 14.65
66 TU0066 -mesh reinforcement 0.32 to 12.28
72 TU0072 -formwork tumnels 1000m, 5m2 236 m2 5.62
87 TU0087 -rockbolt 2.68 to 185

-Miscellaneous items 10
TOTAL  (w/o0 taxes) in US$

6A.3 -

UNIT RATE (USS) TOTAL COST (US$)
For Tax Total Loc For Tax Total
52.43 - 6l.67 235609 1337132 - 1572741
166 - 180 28150 3273491 - 355541
88.97 - 98 1325 13061 - 14386
888 - 923 1856 47570 - 49427
680 - 692 4,03 bhA] - 227
1.18 - 8.8l 1327 750 - 2077
2315 - 2500 496 6205 - 6701
26877 173233 - 200110
. 295643 1905566 - 2201209
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Lahneyer [nternational - Consulting Engineers

Project RUKUL-K, Element AR - ACCESS ROAD TO DAM SITE

Project Alternative A

Frankfurt(X) - Germany

EVALS LISTING OCT 1991 Page 213

-WIDE ACCESS ROAD

-Road length

-Ground cross slope
-Transport distance of metal
-§idth of pavemeant

-§idth of embankment

LINE CODE  DESCRIPTION

1 AR000L -site clearing light jungle

2 AR0002 -site clearing heavy jungle

3 AR0003 -removal of top soil

5 'AR000S -rock excavation and form bank
7 AR0007 -hardcore foundation

8 AR0008 -upper layer of ballast

9 AR0009 -ashalt base and wearing course

10 ARO0IO -extra transport for road metal

12 AR0OOL12 -rock excavation f.side drain
-Miscellaneous items

10 ha
130045 03
126697 m3
11250 m3

9000 m3
90000 n2
931500 m3k
7500 n3

-Calculated physical parameters

UNIT BATE (USS)

Cost level: Sep 1991

(US§)

TOTAL COST

41074
835908
905496
119619

95695
1181476
09068
1481340
373914

1003341
127575

102060 -
1244355 7
442236
180508
406002
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Lahmeyer International - Consulting Engineers ‘ Frankfurt(¥) - Germany
Project KUKUL-K, Element BR - BRIDGES IN ACCESS ROAD EVALS LISTING OCT 1991 Page 22

Project Alternative A

- = = e e o e e

-CONCRETE BRIDGE(S) IN HIGHLANDS -Calculated physical parameters
-Number of bridges 2 -Number of spans 2
-Total length of bridge 15.0 n
-Depth of water during design flood 15.0 » -Height of columns 17.5-n
-Depth of water during design flood (default) 15.0 o -Height of columns 17.5n
COST ESTIMATE FOR CIVIL STRUCTURES Cost level: Sep 1991
UBIT BATE (US§) TOTAL COST (US$)
K CODE DESCRIPTION QUANTITY UNIT  -------mcmmmcomcmccmmmn cmemc e
Loc For  Tax Total Loc For Tax Total
1 BRO0O! -excavation common, foundation 3150 »3 0.16 2.55 - 2.1 511 8033 - 8543
3 BRO003 -excavation rock to foundation $9¢ 3 1.33  8.67 = 10.00 657 4284 - 4941
4 BRO00O4 -backfill with excavat.material 6975 m3 0.45 1.71 - 2.16 . 1143 11940 - 15082
9 BRO00Y -lean concrete 19 m3 5.58 30.60 - 36.18 106 581 - 688
10 BR0010 -reinforced concrete . 3612 m3 5.98 48.27 - 53.86 20182 174371 A - 194553
11 BROOLI -reinforcement 368 to 28.08 895 - 923 10335 329267 - 339601
12 BRO012 -formwork 5926 mn2 9.64 25.02 - 34.66 57135 148298 - 205433
13 BR0013 -bridge bear precast - 56 n3 7.5¢ 85.71 - 93.2% 4§22 4800 - 5222
14 BRO0O14 -bridge hand rail 289 n 0.62 52.11 - 52,74 182 15072 - 15253
-Miscellaneous items 51 ) 4634 34832 - 39466
TOTAL  (w/o taxes) in US$ 97306 731478 - 828784
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Lahmeyer International - Consulting Engineers FrankfurttM) - Germany

.Project KURUL-K .- SUMMARY PER COST CATEGORY AND ELEMENT EVALS LISTING OCT 1991 Page 237

Project Alternative A Installed Capacity Fattor ICF= 2.00

COST ESTIMATE (DIRECT) FOR CIVIL STRUCTURES Cost level: Sep 1991
PERCENTAGE OF TOTAL COST TOTAL COST (1000 USS)
2011 Al
Loc For Tax Total Loc For Tax Total
fafferdan - 0.1 .1 0.0 1.3 45 191, 0 437,
i 0.5 3.1 0.0 1.6 159 1098. 0 1256.
Spillvay 0.2 1.6 0.0 1.8 bé 559. 0 623.
Power intake 0.1 .2 0.0 1.3 52 401. 0 453.
Headrace tunnel 1.8 33.9 0.0 37.7 1326 11828. 0 13154,
Surge tank 0.6 3.4 0.0 4.0 201 1183. 0 138¢.
Pressure shaft 0.3 1.8 0.0 2.1 111 628. 0 139.
Access tunnel 0.8 5.9 0.0 6.3 296 1906. 0 2201.
Cable tunmnel 0.1 0.8 0.0 1.0 49 290. 0 139,
Poverhouse, including switchyard 1.7 6.9 0.0 8.6 583 2420, 0 3003
Tailrace tunnel 1.8 15.1 0.0 16.8 614 5248, 0 5862,
Outlet structure 0.0 0.3 0.0 0.3 b 115. 0 121.
Access road L.o 11.8 0.0 12.8 353 4113, 0 4466,
Bridges 0.3 2.1 0.0 2.4 97 731, 0 829.
SUBTOTAL {v/o taxes) 11.3 88.7 0.0 100.0 3956 30910 0 34866
COST ESTIMATE lDIRECT + INDIRECT) FOR MECHANICAL EQUIPMENT AND HYDRAULIC STEEL STRUCTURES Cost level: Sep 199
: PERCENTAGE OF TOTAL COST TOTAL COST (1000 US$)
ELENENT | eeeeeeesicessemesmemeoss emmeeeememmeeeeeeeecmmeeceeemeecemeaoe-
: Lloc  For  Tax Total Loc For Tax Total
Spillvay 0.4 W1 0.0 1S 67 2182 0 2249.
Power intake : . 0.1 4.2 0.0 4.3 10 658 0 668
Pressure shaft 0.4 11.9 0.0 14.3 58 2155 0 2213,
Powerhouse, including switchyard 0.4 66.4 0.0 66.9 67 10287 0 10354,
SUBTOTAL {w/o taxes) 1.3 98.7 0.0 100.0 203 15281 0 15483



Labmeyer International - Comsulting Engineers _ Frankfurt(M) - Germany

Project KUKUL-K - SUMMARY PER COST CATEGORY AND ELEMENT ' EVALS LISTING. 0CT 1991 Paqe' 214
Projéct Alternative A Installed Capacity Factor ICF= 2.00
COST ESTIMATE (DIRECT + INDIRECT) FOR ELECTRICAL EQUIPMENT Cost level: Sep 1991
: PERCENTAGE OF TOTAL COST TOTAL COST (1000 US§)
ELENENT T Tt T U
Loc For Tax Total Loc For Tax Total
Poverhouse, including switchyard 1.0 99.9 0.0 100.0 125 12849 0 12974
SUBTOTAL (w/o taxes) 1.0 99.0 0.0 100.0 125 12849 0 12914
COST ESTINATE (DIRECT + INDIRECT) FOR TRANSMISSION FEEDER LINE . Cost level: Sep 1991
PERCENTAGE OF TOTAL COST TOTAL COST " (1000 US$)
ELEMENT | emeeeemeeeceeeeenaceecn | eeeeemeaeeemecocmecccocecamenoeoooas
Loc For Tax Total Loc For Tax Total
Transmission feeder line 9.4 90.6 0.0 100.0 640 6185 0 6825
SUBTOTAL (w/0 taxes) 9.4 90.6 0.0 100.0 640 6185 0 6825
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Lahneyer International - Conmsulting Engineers

Project RURUL-K

BREAKDOWN OF COST ITEMS

VIL WOREKS
- Direct cost
- Indirect cost
- Contingencies
- Total for civil works

© - OVERALL SUMMARY OF PROJECT COST

" Project Alternative A

Frankfurt{N} - Germany

EVALS LISTING OCT 1991 Page 25 i

Installed Capacity Factor ICF= 2.00

Loc For Tax Total
4.0 31.2 0.0 35.2
i1 9.8 0.0 13.9
1.6 8.2 0.0 9.8
9.8 49.2 0.0 59.0 -

Cost level: Sep 1991

MECHANICAL EQUIPMENT AND HYDRAULIC STEEL STRUCTURES

- Direct and indirect cost

- Contingencies

- Total for mechanical equipment

ELECTRICAL EQUIPMENT

- Direct and indirect cost

- Contingencies

- Total for electrical equipment

ANSMISSION FEEDER LINE
- Direct and indirect cost

- Contingencies

- Total for transmission feeder lin

TOTAL DIRECT AND INDIRECT CONSTRUCTION COST -
- Engineering, administration & supervision

- clients ovn cost

TOTAL COST (1000 US$)

Loc For Tax Total
3956, 30910, 0 34866
§100. 9693. 0 1}793
1611 8120. 0 9732
9668 48721. 0 58391

203 15281 0 15483

0 2292 0 2123.

233 17573 ] 17806

125 12849, 0 12974

19 1927. 0 1946

143 14777. 0 14920

640 6185 0. 6825.

96 928 0. 102¢.

7136 7113 0 7848.

10780. 88185. 0 98965

1139, 6778. 0 7917.

54 441, 0 495,

11973. 95404. 0 107377
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Lahmeyer International - Consulting Engineers

.-

Project EURUL-K

Project Alternative A

- BESULTS OF RESERVOIR OPERATION AND ECONONIC EVALUATION

Frankfurt(¥) - Germany

EVALS LISTING OCT 1991 Page 26

Installed Capacity Factor ICF= 2.00

-Plant factor

-Nean streamflow { -1-1989), 480 months of data
-Total spillage / total inflow
-Reservoir surface area

-Reservoir operating levels: Ninimum/Naximum
(Run-of-river project)

-Tailvater elevation: Maxinum
Nean
Minimum

-Total head losses

-Reservoir storage volume: Maximum
Mean
Nininum

-Degree of regqulation

-Capacity / inflov ratio

irhines installed Francis

-Generated capacity: Maxinum
Mean
Ninimun

Guaranteed | 95. %).

Maxinum
" Mean
Nininum
Guaranteed | 95. %)

" -Continuous pover:

Maximum

Mean

ird driest year
2nd driest year
Driest year

-Annual energy output for '
40 years time series:

45

28.4 nd/s
10.
3.

205,

iy
18.
16.

17.
.8 NCX
i7.

17

L O OO b

“ oh o

St

03
2 km2

0 msl

7 msl
2 nsl
7 msl

8 MCN

8 NCH

91
0

2 turb

=58 ESESs

-Marginal cost of 1 k¥ of gquaranteed capacity ©375.0 %
-Marginal cost of 1 kvWh of guaranteed energy 5.6 cents
-Marginal cost of 1 k¥Wh of secondary energy 2.8 cents
{Used for optimising arrangesent of power components)
-Basic project cost 107.4 Mio §
-Annval OMR cost 0.9 Nio §
-Cash disbursement (%) over 5 years of construction
11.9/7 23.17 30.0/ 23.1/ 11.9
-PV Project cost @ 10.0 % discount rate 153.1 Mio §
(Lifetime 50 years)
-Cost per kW capacity @ 8.0 % discount rate 1601, §
. @ 10.0 % discount rate 1695. §
§ 12.0 % discount rate 1794, §
-Cost per kWh average @ 8.0 % discount rate 3.5 cents
g 10.0 % discount rate £.5 cents
g 12.0 % discount rate 5.7 cents
-Cost per kWh weighted @ 8.0 t discount rate 6.0 cents
Guaranteed = 100 § @ 10.0 ¥ discount rate 7.7 cents
Secondary = 50 ¢ @ 12.0 % discount rate 9.6 cents
-Energy production per MCM of inflov 379.3 Mih
-Employment (local direct labour during construct 7300 M-yrs




", Labneyer International - Consulting Engineers Frankfurt(M) - Germany

EVALS LISTING OCT 1991 Page 2}

l Ptbject KURUL-K - FILE OVERVIEW

Pr&ject Alternative A Installed Capacity Factor ICF= 2:00

File name Activity Contents
zucost. t*t Loput Unit cost file system
evals.fix [nput File with fixed input data
ucost.ugt [oput File vith cost veighting factors
evals.turb [nput .File with turbine characteristics
PKURUL-K Input Project definition file
" REUKUL-K Input File with reservoir data
VEURUL-K Input File with valley cross section data
TRURUL-K - Input File with tailvater rating curve
ZURUL-EK Input Hydrology master file
RIMDEURUL-PA Input Moothly streamflow data file
AMEXRURK Input Spillway design flood data file
BMEXKURK Toput Diversion design flood data file
KUEUL-E.1p Qutput Results to line printer
KUKUL-K.sunm Update Project evaluation summary
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TI PRURUL-K KUKULE HYDROPOWER PROJECT, ALTERNATIVE K-
AL GRAVITY DAM (WEIR), FSL 205 M ASL, POWERHOUSE AT KURULE A

AL L -1 1 -1205.0185.0999.0 ~-1. ~-L. ~-t. -l.. -I. ~-L. ~-l. -I.
AL ROCKFILL DAN, FSL 230 M ASL, POWERHOUSE AT KURULE B .
AL 1 -1 [ -1230.0193.7 500 ~-1. ~-1. ~-L. ~-l. ~-1. ~-1L. ~-1. -I.
AL ROCKFILL DAM, FSL 242 M ASL, POWERHOUSE AT KURULE C

AL -1 -1 1-1 242 193.7 §.00 -1. -1. ~-I. ~-1. ~-i. ~-1. ~-L. -l
CO IN-RIVER DIVERSION A

0 4-1-1-1195.0195.012.00 200.0 -I. -1. -1. 5.00 L.00 ~-1. 2.00
CO UPSTREAM COFFERDAM . BC
0 [ -11112210.0 210.0 0.00 0.00 0.00 0.00 0.00 0.00 1.00 -1. 2.00

CO DOWNSTREAM COFFERDANM BC

0 2-11112197.0 197.0 0.00 0.00 0.00 0.00 1.00 0.00 L.00 ~-L. -2.00
DA NAIN DAN (CONCRETE WEIR) . A

bA¢ 01 3 -1. -1. -1I. ~-1. ~-L. ~-1. L.00 ~-L. 1.00 1.00 2.00
DA MAIN DAM (ROCKFILL DAM) B

DA 4 01112 000 -1. ~-L. -1. ~-1. -t. 1.00 ~-1. 2.00 1.00 2.00
DA MAIN DAM (ROCKFILL DAM) C .

DA ¢ 01112 o0.00 -1. -I. ~-1. ~-1. -1. L.00 ~-1. 2.00 1.00 2.00
SP SERVICE SPILLWAY 110000 YR FLOOD) A

§P 2 -1-1-140.00 40.00 0.00 195.0 0.00 0.00 0.00 0.00 0.00 0.00 2.00
5P GATED SPILLWAY WITH CHUTE B

SP 4 -1-1-140.00 40.00 0.00 220.0 100.0 6.66 10.00 5.00100000 1.00 2.00
SP GATED SPILLWAY WITH CHUTE C

SP 4 -1-1-1 40 40 0.00 232 120 7 10.00 5.00L00000 1.00 2.00
DT DIVERSION TUNNEL BC

0T 0 I -1-1600.0 ~-I. ~-1.35.00 2.00 -1. 50.00 30.00 20.00 0.00 0.00
CT VERTICAL SHAFT FOR POWER CABLES - ABC

(r 2-1-1-125.0 3.00 -1. ~-1. -1. -1.90.00 8.00 2.00 0.00 0.00
AT ACCESS TO POWER CAVERN ABC

AT 0 -1-1-1760.0 6.00 -1. ~-1. -L. -1.90.00 8.00 2.00 0.00 0.00
HR HEADRACE TUNNEL A

BR -1 1 2 14960. 0.00 -1.30.00 2.00 -1. 60.80 15.20 21.40 2.60 0.00
HR HEADRACE TUNMEL BC

HR -1 1 2 15690. 0.00 -1.30.00 2.00 -1. 60.80 15.20 21.40 2.60 0.00
PS VERTICAL PRESSURE SHAFT ABC

PS-1 0 0-1400.0 ~-1. " -1. ~-1. -1. -1.100.0 0.00 0.00 0.00 0.00
TR TAILRACE TUNNEL . ABC

TR -1 -1 2 -12370. 0.00 30.00 30.00 2.00 ~-1.67.1 22.4 9.40 L1.10 0.00
ST UNDERGROUND SURGE TANK ABC

ST 1 -1-1-1320.0 30.00 300.0 30.00 0.00 0.00 -1. ~-I. ~-L. -1. 2.00
PE POWER CAVERN ABC -

PR 221 0 2.00 -1.0 0.00 0.00 ~-1. -1. -L. ~-L. ~-L. ~-1. -L
TL FEEDER LINE TO PANNIPYTIA . ABC

T 2 2-1-1e4.002200 ~-1. ~-1. ~-t. ~-L. -L. ~-1. ~-L. -1L. -L
AR ACCESS ROAD TO DAM SITE ABC

AR 1 -1-1-120.0015.00t0.00 1,00 100.0 ~-1. ~-1. ~-I. ~-L. ~-lL. ~-L
BR BRIDGES IN ACCESS ROAD ABC

BR 3-1-1-1 2.00 0.00 0.00 15.00 15,00 ~-1. ~-L. -1I. -l. ~-L. ~-L

CP 5-YEAR CONSTRUCTION PERIOD ~ ABC . =~
CP §5-1-1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 anca°
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'KUKULE COST ESTIMATES
FOR PROJECT OPTIMIZATION
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Data for Hydroproject KUKUL-K

HYDROLOGY '

-Data Period -1-1989
—~Mean Inflow (OM) 28..4
—-Catchment Area 305.2
WATER MANAGEMENT

-Spillage as % Inflow 23.3
-Degree of Regulation 15.9
-Ave Water Demand n.0

POWER CHARACTERISTICS .
1.25

—-Installed Capacity Factor
-Ave Plant Factor 61.8
-Ave Head Losses 6.1
-No. of Turbines ' 2
-Turbine Type FRANCIS
CAPACITY
~Max Generating Capacity 53.9
-Ave Generating Capacitv 53.7
-Min Generating Capacitv 52.9
-Guar Generating Capacitv 44.6
-4ax Continuous Power 53.6
-Ave (Continuous Power 32.6
-Min Continuous Power 3.7
—-Guar Continuous Power 7.0
COST (Million USS)
-Basic Project Cost 88.9
-Local Cost Component 11.3
-Foreign Cost Component 88.7
-Taxes & Govt Charges 0.0
8

-Annual Costs for OMR 0.

SPECIFIC CAPACITY COST (USS/KW)

-at " 8.0 7% Discount Rate 2096.
-at 10.0 % Discount Rate 2219.
-at 12.0 % Diséount Rate 2349,

MW
MW
MW
MW
MW
MW
MW
MW

A
A

ICF= 1.25

RESERVOIR

-Max Storage

—Ave Storage

-Min Storage

-Max Operating Level
—-Ave Operating Level
~-Min Operating Level
~Reservoir Area

TAILWATER LEVELS

-Max Level (Design Flood)

—~Ave Level (Max Power Rel)
2 -=Min Level (Zero Outflow)

TRANSMISSION

-Transmitted Power
-Transmission Voltage
-No. of Circuits
-Distance to Feeder Point

ENERGY OUTPUT

-Max Annual Energy Qutput

—-Ave Annual Energy Output

-Qutput in 3rd Driest Year
-Output in 2nd Driest Year
-Qulput in Driest Year

-Enerpgv per MCM Inflow

CONSTRUCTION

-Man-Years (Local Labour)

~Duration of Construction

-Split-Up over Years
/12./23./730./23./12./

Alternative

17.
17.
17.
205.
205.
205.
3.

24,
17.
16.

55.
132.

64.

459.
285.
110.

79.

17

326.

‘NOCOCOD® O ®

ONO N ~N WO N

LW oOuwvox

MCH
MCM
MCM
m asl
m asl
m asl
km2

m asl
m asl
m asl

MVA
kV

km

GWh
GWh
GWh
GWh
GWh

HMWh

Yrs

AVERAGE SPECIFIC GENERATION COST (c/kWh)
3.41
4.37
5.46

-at 8.0 % Discount Rate
-at 10.0 % Discount Rate
-at 12.0 % Discount Rate

WEIGHED SPECIFIC GENERATION COST (c/kWh)
5.62
7.22

-at 8.0 % Discount Rate
-at 10.0 % Discount Rate
-at 12.0 % Discount Rate
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Data for Hydroproject KUKUL-K ICF= 1.50 Alternative A
HYDROLOGY B ' RESERVOIR
-Data Period -1-1989 -Max Storage 17.8 MCH
-Mean Inflow (QW) 28.4 m3/s -—-Ave Storage 17.8 MCH
~Catchment Area 305.2 km2 -Min Storage 17.8 MCH
. -Max Operating Level 205.0 m asl
-Ave Operating Level 205.0 m asl
-Min Operating Level 205.0 m asl
-Reservoir Area 3.2 km2
- WATER MANAGEMENT TAILWATER LEVELS
~Spillage as % Inflow 17.6 % QM4 -Max Level (Design Flood) 24.7 m asl
-Degree of Regulation 15.9 % -Ave Level (Max Power Rel) 18.0 m asl
-Ave Yyter Demand 0.0 m3/s -Min Level (Zern Qutflow) 16.7 m asl
POWER CHARACTERISTICS TRANSMISSION
-Installed Capacity Factor 1.50 -Transmitted Power 66.0 MVA
-Ave Plant Factor 55.5 % -Transmission Voltage 132.0 kV
—-Ave Head Losses 7.6 m -No. of Circuits 2
-No.. of Turbines 2 -Distance to Feeder ‘Point 64.0 km
~Turbine Type FRANCIS
CAPACITY ENERGY OUTPUT
-Max Generating Capacity 64.1 MW -Max Annual Energy Output 535.4 GWh
-Ave Generating Capacity 63.9 MW -Ave Annual Energy Output 311.5 GWh
-Min Generating Capacity 63.0 MW -Qutput in 3rd Driest Year 109.1 GWh
-Guar Generating Capacity A8.7 MW -Qutput in 2nd Driest Year 78.7 GWh-
-Max Continuous Power 63.7 MW -Qulput in Driest Year 76.6 GWh
-Ave Coutinuous Power 35.5 MW
-Min Continuous Powver 3.6 4W -Energy per 4CH1 Inflow 348.1 4h
-Guar Continuous Power 6.9 MW B
COST (Million USS) CONSTRUCTION
-Basic Project Cost 94.5 ~-4Man-Years (Local Labour) 6420
-Local Cost Component 11.2 % -Duration of Construction 5 ¥rs
-Foreign Cost Component 88.8 7% -Split-Up over Years
-Taxes & Govt Charpges 0.0 % /12./23./30./23./12./
-Annual Costs for OMR 0.8
SPECIFIC CAPACITY COST (USS$/kW) " AVERAGE SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 1872. -at 8.0 % Discount Rate 3.40
-at 10.0 % Discount Rate 1982. -at 10.0 % Discount Rate 4.36
-at 12.0 % Discount Rate 2098. -at 12.0 % Discount Rate 5.44
. WEIGHED SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 5.68
-at 10.0 % Discount Rate 7.28
-at 12.0 % Discount Rate 9.09
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Data for Hydroproject

HYDROLOGY
-Data Period -1-1989
-Mean Inflow (QM) 28.4 m3/s
-Catchment Area 305.2 km2
WATER MANAGEMENT
-Spillage as % Inflow 13.3 % QM
-Drgree of Regulation 15.9 %
-Ave Water Demand 0.0 m3/s
POWER CHARACTERISTICS
-Installed Capacity Factor 1.75°
-Ave Plant Factor 50.1 %
-Ave Head Losses 8.5 m
~No. of Turbines 2
-Turbine Tvpe FRANCIS
CAPACITY
-Max Generating Capacity 74.4 MW
-Ave Generating Capacity 74.2 MW
-Min Generating Capacity 73.1 MW
-Guar Generating Capacitv 73.7 HW
-Max Continuous Power 73.9 MW
-Ave Continuous Power 37.2 MW
-Min Continuous Power 3.6 MW
-Guar Continuous Power 6.9 MW
COST (Million USS)
-Basic Project Cost 100.0
-Local Cost Component 11.1 %
-Foreign Cost Component 88.9 %
-Taxes & Govt Charges 0.0 %
-Annual Costs for OMR 0.9
SPECIFIC CAPACITY COST (USS$/kW)
-at 8.0 % Discount Rate 1706.
-at 10.0 % Discount Rate 1806.
-al 12.0 % Discount Rate 1912.

E P F

g .a l

ICF= 1.75 Alternative A
RESERVOIR
—-Max Storage 17.8 MCM
—-Ave Storage 17.8 MCM
—-Min Storage 17.8 MCM
—-Max Operating Level 205.0 m asl
—Ave Operating Level 205.0 m asl
-Min Operating Level 205.0 m asl
-Reservoir Area 3.2 km2
TAILWATER LEVELS
-Max Level (Design Flood) 24.7 m asl
—Ave Level (Max Power Rel) 18.1 m asl
-Min Level (Zero Outflow) 16.7 m asl
TRANSMISSION )
-Transmitted Power . 76.6 MVA
-Transmission Voltage" 132.0 kV
-No. of Circuits 2
-Distance to Feeder Point 64.0 km
ENERGY OUTPUT
-Max Annual Energy Output 604.0 GWh
-Ave Annual Energy Output 326.7 GWh
-Qutput in 3rd Driest Year 108.5 GWh

" =Qutput in 2nd Driest Year 78.3 GWh
-Output in Driest Year 76.2 GWh
-Energy per MCM Inflow 365.0 MWh
CONSTRUCTION .
-Man-Years (Local Labour) 6720
-Duration of Construction 5 Yrs
-Split-Up over Years
/12./23./30./23./12./
AVERAGE SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 3.43
-at 10.0 % Discount Rate 4,40
-at 12.0 % Discount Rate 5.49
WEIGHED SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 5.78
-at 10.0 % Discount Rate 7.41
-at 12.0 % Discount Rate 9.25

.ml"&‘bmimqm
. 7 2 -
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Data for Hydroproject KUKUL-K ICF= 2.00 Alternative A

HYDROLOGY RESERVOIR

-Data Period -1-1989 -Max Storage 17.8 MCH

-Mean Inflow (QM) 28.4 m3/s -—Ave Storage 17.8 MCH

~Catchment Area 305.2 km2 -Min Storage 17.8 MCM
-Max Operating Level 205.0 m asl
-Ave Operating Level 205.0 m asl
-Min Operating Level 205.0 m asl
-Rescrvoir Area 3.2 km2

WATER MANAGEMENT TAILWATER LEVELS '

-Spillage as % Inflow 10.0 % QM -Max Level (Design Flood) 24.7 m asl

-Degree of Regulation 15.9 % -Ave Level (Max Power Rel) ~ 18.2 m asl

-Ave Water Demand 0.0 m?¥/s =-Min Lavel (Zero OQutflow) 16.7 m asl

POWER CHARACTERISTICS TRANSMISSION

-Installed Capacity Factor 2.00 -Transmitted Power . 87.6 MVA

~Ave Plant Factor : 45.5 % -Transmission Voltage 132.0 kV

~Ave Head Losses . 8.4 m -No. of Circuits 2

-No. of Turbines 2 -Distance to Feeder Point 64.0 km

-Turbine Type FRANCIS

CAPACITY ENERGY OUTPUT

-Max Generating Capacity 85.2 MW -Max Annual Energy Output 669.7 GWh

-Ave Generating Capacity 84.8 MW —-Ave Annual Energy Output 325.0 GWh

-Min Generating Capacityv 83.6 MW -Qutput in 3rd Driest Year 108.6 GWh

-Guar Generating Capacity 50.8 MW -Qutput in 2nd Driest Year 78.3 GWh

-4ax Continuous DPower 84.5 MW -Qutput in Driest Year 76.3 GWh

-Ave Continuous Power 37.1 MW ’

-4in Continuous Power 3.6 MW -Energy per MCH Inflow 379.3 HvWh

-Guar Continuous Power 6.9 MW

COST (Million USS) CONSTRUCTION

-Basic Project Cost 107 .4 ) —Man-Years (Local Labour) 7300

-Local Cost Component 11.1 % -Duration of Construction 5 Yrs

-Foreign Cost Component 88.9 % -Split-Up over Years

-Taxes & Govt Charges 0.0 % /12./23./30./23./12./

-Annual Costs for OMR 0.9

SPECIFIC CAPACITY COST (USS/kW) AVERAGE SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 1601. -at 8.0 % Discount Rate 3.55

—-at 10.0 % Discount Rate 1695. -at 10.0 % Discount Rate 4.55

-at 12.0 % Discount Rate 1794. -at 12.0 % Discourtt Rate 5.67
WEIGHED SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 6.01
-at 10.0 % Discount Rate 7.71

-at 12.0 % Discount Rate 9.62
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Data for Hydroproject KUKUL ICF= 2.25 Alternative A

HYDROLOGY ' RESERVOIR

-Data Period -1-1989 -Max Storage 17.8 MCM

—Mean Inflow (QM) 28.4 m3/s -Ave Storage 17.8 MCH

~Catchment Area 305.2 km2 -Min Storage 17.8 MCM
-Max Operating Level 205.0 m asl
-Ave Operating Level 205.0 m asl
-Min Operating Level 205.0 m asl
~-Reservoir Area 3.2 km2

WATER MANAGEMENT TAILWATER LEVELS

-Spillage as % Inflow 7.5 % QM -Max Level (Design Flood) 24.7 m asl

-Degree of Regulation 15.9 % —-Ave Level (Max ‘Power Rel) 18.3 m asl

-Ave Waler Demand - 0.0 m3/s -Min Level (Zero Outflow) 16.7 m asl

POWER CHARACTERISTICS TRANSMISSION

-Installed Capacity Factor 2.25. -Transmitted Power 98.3 MVA

-Ave Plant Factor 41.6 % -Transmission Voltage: 220.0 kV

-Ave Head Losses 8.7 m -No. of Circuits 2

-No. of Turbines 2 -Distance to Feeder Point 64.0 km

-Turbine Type FRANCIS

CAPACITY ENERGY OUTPUT

-Max Generating Capacity 95.6 MW -Max Annual Energy Output 731.3 GWh

-Ave Generating Capacity 95.3 MW —-Ave Annual Energy Output 348.7 GWh

-Min Generating Capacity 93.9 MW —-Qutput in 3rd Driest Year 108\4 GWh

—-Guar Generating Capacitv 94 .7 MW .=0Qutput in 2nd Driest Year 78.2 GWh

-Max Continuous Power 94.8 MW -Qutput in Driest Year 76.1 GWh

-Ave Continuous Power 39.7 MW

-Min Continuous Power 3.6 MW —-Energy per MCH Inflow 389.6 MWh

-Guar Continuous Power 6.9 MW

COST (Million USS) CONSTRUCTION

-Basic Project Cost 114.8 -Man-Years (Local Labour) 7610

-Local Cost Component 11.1 % -Duration of Construction 5 Yrs

-Foreign Cost Component 88.9 % -Split-Up over Years

-Taxes & Govt Charges 0.0 % /12./23./30./23./12./

—Annual Costs for OMR 1.0

SPECIFIC CAPACITY COST (USS/kW) AVERAGE SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 1524. -at 8.0 % Discount Rate 3.70

-at 10.0 % Discount Rate 1614. -at 10.0 % Discount Rate 4.74

-at 12.0 % Discount Rate -at 12.0 % Discount Rate 5.91

1708.

WEIGHED SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 6.29
-at 10.0 % Discount Rate 8.07
-at 12.0 % Discount Rate 10.06

o
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Data for Hydroproject KUKUL-K
HYDROLOGY

-Data Period -1-1989
-Mean Inflow (QHM) 28.4
~Catchment Area 305.2
WATER MANAGEMENT

~-Spillage as % Inflow 5.5
-Degree of Regulation 15.9
-Ave Water Demand 0.0

POWER CHARACTERISTICS

-Installed Capacity Factor 2.50
-Ave Plant Factor 38.3
-Ave Head Losses 9.0
-No. of Turbines 2
~Turbine Type FRANCIS
CAPACITY

-Max Generating Capacity 106.1
-Ave Generating Capacity 105.7
-Min Generating Capacity 104.2
-Guar Generating Capacity 53.0
-Max Continuous Power 105.1
-Ave Continuous Power 38.7
-Min Continuous Power 3.6
—Guar Continuous Power 6.9
COST (Million USS)

-Basic Project Cost 120.0
-Local Cost Component 11.5
—-Foreign Cost Component 88.5
-Taxes & Govt Charges 0.0
-Annual Costs for OMR 1.1

SPECIFIC CAPACITY COST (USS/kW)

-at 8.0 % Discount Rate 1436.
-at 10.0 % Discount Rate 1521.
-at 12.0 % Discount Rate 1609.

% QM
A
m3/s

4

MW
MW
MW
MW
MW
MW
MW
MW

4
4

ICF= 2.50 Alternative A
RESERVOIR

-Max Storage 17.8 MCM
-Ave Storage 17.8 MCH
-Min Storage 17.8 MCiH
-Max Operating Level 205.0 m asl
-Ave Operating Level 205.0 m asl
-Min Operating Level 205.0 m asl
-Reservoir Area 3.2 km2
TAILWATER LEVELS

-Max Level (Design Flood) 24.7 m asl
-Ave Level (Max Power Rel) 18.4 m asl
-Min Level (Zero OQutflow) 16.7 m asl
TRANSMISSION

-Transmitted Power 109.1 HMVA
-Transmission Voltage 220.0 kV
-No. of Circuits : 2
-Distance to Feeder Point 64.0 km
ENERGY OUTPUT

-Max Annual Energy Output 791.5 GWh
-Ave Annual Energyv Output 339.3 GWh
-Qutput in 3rd Driest Year 108.2 GWh
-Qutput in 2nd Driest Year 78.0 GWh
-Qutput in Driest Year 76.0 GWh
-Energy per MCH4 Inflow 397 .4 HWh
CONSTRUCTION

-Man-Years (Local Labour) 8610
-Duration of Construction 5 Yrs

-Split-Up over Years
/12./23./30./23./12./

AVERAGE SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 3.79
-at 10.0 % Discount Rate 4.86
-at 12.0 % Discount Rate 6.06

. WEIGHED SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 6.47
-at 10.0 % Discount Rate 8.30
-at 12.0 % Discount Rate 10.35
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Data for Hydroproject KUKUL
HYDROLOGY
-Data Period
-Mean Inflow (QM)
-Catchment Area

-1-198
28.
305.

WATER MANAGEMENT

-Spillage as % Inflow
-Degree of Repulation T
-Ave Water Demand

cC v

POWER CHARACTERISTICS

-Installed Capacity Factor 2.7
—-Ave Plant Factor 35.
-Ave Head Losses 8.
-No. of Turbines

~Turbine Tyvpe FRANCI
CAPACITY

-Max Generating Capacily 116,
—-Ave Generating Capacilv 116.
-4in Generating Capacity 114.
~Guar Generating Capacitv 115.
-4ax Continuous Power 115.
-Ave Continuous Power 41.
-4in Continuous Power 3.
—-Guar Continuous Povwer 6.
COST (Million USS)

-Basic Project Cost 127.
~Local Cost Component 11.
~Foreign Cost Component 88.
-Taxes & Govt Charges 0.
—Annual Costs for OMR 1.

SPECIFIC CAPACIfY COST (USS/kW)

9 .

4
2

O o =

5
3
8
2
S

[==]

-3

Nolte W =N BN N o]

oo a

-at 8.0 % Discount Rate 1385.
-at 10.0 % Discount Rate 1466.
-at 12.0 % Discount Rate

1552.

% QM
%
m3/s

A

MW
MW
W
MW
MW
MW
Hw
MW

%
%
%

ICF= 2.75 Alternative A
RESERVOIR

-Max Storage 17.8 MCH
—-Ave Storage 17.8 MUCH4
-Min Storage 17.8 MCH
-Max Operating Level . 205.0 m asl
~Ave Operating Level 205.0 m asl
-Min .Operating Level 205.0 m asl
—Reservoir Area 3.2 km2
TAILWATER LEVELS

-Max Level (Design Flood) 24.7 m asl
—-Ave Level (Max Power Rel) 18.5 m as]|
-Min Level (Zero Outflow) 16.7 m asl
TRANSHISSION

—-Transmitted Power . 120.1 MVA
-Transmission Voltage 220.0 kV
-No. of Circuits 2
-Distance to Feeder Point 64.0 km
ENERGY OUTPUT

-Max Annual Energy Output 851.4 GWh
-Ave Annual Energyv Output 361.6 Gkh
=Qutput in 3rd Driest Year 108.3 GWh
—Qutput in 2nd Driest Year 78.1 GWh
-Qutput in Driest Year 76.1 GWwh
-Energy per 41CHM Inflow 404 .0 Mwh
CONSTRUCTION

-Man-Years (Local Labour) 9190
—Duration of Construction 5 Yrs

~-Split-Up over Years
/12./23./30./23./12./

AVERAGE SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 3.96
-at 10.0 % Discount Rate 5.08
-at 12.0 % Discount Rate 6.33

WEIGHED SPECIFIC GENERATION .COST (c/k¥h)

-at 8.0 % Discount Rate 6.78
-at 10.0 %X Discount Rate 8.69
-at 12.0 % Discount Rate 10.84
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Data for Hydroproject KUKUL ICF= 3.00 Alternative A
HYDROLOGY RESERVOIR
-Data Period -1-1989 . -Max Storage 17.8 MCH
-Mean Inflow (QM) 28.4 m3/s -Ave Storage ) 17.8 MCH
-Catchment Area 305.2 km2 -Min Storage 17.8 MGH
-Max Operating:Level 205.0 m asl
‘-Ave Operating Level 205.0 m asl
-Min Operating Level 205.0 m asl
—Reservoir Area 3.2 km2
WATER MANAGEMENT TAILWATER LEVELS .
'-Spillage as % Inflow 3.0 % QM -Max Level (Design Flood) 24.7 m asl
—Degree of Regulation 15.9 % -Ave Level (Max Power Rel) 18.6 m asl
-Ave Water Demand 0.0 m3/s -iin Level! (Zero Qutflow) 1.7 m asl
POWER CHARACTERISTICS TRANSMISSION
-Installed Capacitv Factor 3.00 -Transmitted Power 130.8 MVA
-Ave Plant Factor ’ 32.8 % -Transmission Voltage 220.0 kV
-Ave Head Losses 9.1 m -No. of Circuits 2
-No. of Turbines 2 -Distance to Feeder Point 64.0 km
-Turbine Type FRANCIS
CAPACITY ENERGY OUTPUT
-Max Generating Capacity 127.2 MW -Max Annual Energy Output 904.0 GWh
-Ave Generating Capacitv 126.8 MW —-Ave Annual Energyv Qutput 365.3 GWwh
-4in Generating Capacity 125.1 MW -Output in 3rd Driest Year 108.2 GWh
—-Guar Generating Capacity 126.0 HW -Output in 2nd Driest Year 78.0 GWwh
-Max Continuous Power 125.9 MW -Qutput in Driest Year 76.0 Gwh
-Ave C(Continuous Power 41.6 MW '
-Min Continuous Power 3.6 MW -Energy per MC{ Inflow 408.1 MWh
-Guar Continuous Power 6.9 MW
COST (4illion USS) CONSTRUCTION
-Basic Project Cost 132.5 -Man-Years (Local Labour) 9520
-Local Cost Component 11.4 % -Duration of Construction 5 Yrs
-Foreign Cost Component 88.6 % -Split-Up over Years
-Taxes & Govt Charses 0.0 % /12./23./30./23./12./
-Annual Costs for OMR 1.2

SPECIFIC CAPACITY COST (USS/kW)

AVERAGE SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 1321. -at 8.0 % Discount Rate 4.08
-at 10.0 % Discount Rate  1399. -at 10.0 % Discount Rate 5.23
-at 12.0 % Discount Rate 1481. -at 12.0 % Discount Rate 6.52

-WEIGHED SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 7.00
-at 10.0 % Discount Rate 8.97
-at 12.0 % Discount Rate 11.18

6A.3 - 86



Data for Hydroprojégt KUKUL-K
HYDROLOGY .

-Data Period 1949-1989
-Mean Inflow (QM) 30.4
—-Catchment Area 308.4
WATER MANAGEMENT

-Spillage as % Inflow 4.2
-Degree of Repgulation . 83.0
-Ave Water Demand .0

POWER CHARACTERISTICS

-Installed Capacity Factor 1.50
~Ave Plant Factor 63.0
-Ave Head Losses 8.2
-No. of Turbines 2
-Turbine Type FRANCIS
CAPACITY

-Max Generating Capacity 77.8
-Ave Generating Capacity 74.9
-Min Generating Capacity 60.9
-Guar Generating Capacity 59.8
-Max Continuous Power 77.8
-Ave Continuous Powver 43.7
-Min~ Continuous Power 9.4
-Guar Continuous Power 43.7
COST (Million USS)

-Basic Project Cost 133.7
-Local Cost Component 11.5
-Foreign Cost Component 88.5
-Taxes & Govt Charges 0.0
-Annual Costs for OMR 1.1
SPECIFIC CAPACITY COST (USS/kW)
-at 8.0 % Discount Rate 2260.
-at 10.0 % Discount Rate  2393.
-at 12.0 % Discount Rate 2532.

% QM
%
m3/s

%

MW
MW
MW
MW
MW
MW
W
HW

%
b4
%

ICF= 1.50 Alternative B
RESERVOIR :
~Max Storage 209.0 MCH
-Ave Storage 144.9 MCH
-Min Storage 3.6 MCHM
—-Max Operating Level 230.0 m asli
-Ave Operating Level 223.0 m asl
-Min Operating Level 198.7 m asl
-Reservoir Area 12.8 km2
TAILWATER LEVELS
-Max Level (Design Flood) 24.7 m asl
—Ave Level (Max Power Rel) 18.0 m asl
-Min Level (Zero Outflow) 16.7 w as:
TRANSMISSION
-Transmitted Power 80.0 MVA
-Transmission Voltage ©132.0 kV
-No. of Circuits 2
-Distance to Feeder Point 64.0 km
ENERGY OUTPUT
-Max Annual Energy Output 526.7 GWh
~-Ave Annual Energy Output 382.8 GWh
-Qutput in 3rd Driest Year 382.8 G¥h
-Output in 2nd Driest Year 366.4 GWh
-Qutput in Driest Year 338.1 GWh
—-Enerpy per MCM Inflow 445.3 MWwh
CONSTRUCTION
-lan-Years (Local Labour) 9470
~Duration of Construction 5 Yrs
-Split-Up over Years
/12./23./30./23./12./
AVERAGE SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 3.48
-at 10.0 % Discount Rate 4.47
-at 12.0 %'Discpunt Rate 5.57
WEIGHED SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 3.68
-at 10.0 % Discount Rate 4.72
-at 12.0 % Discount Rate 5.89
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Data for Hydroproject KUKUL ICF= 1.75 Alternative-. B

HYDROLOGY  ~ RESERVOIR
-Data Period 1949-1989 —-Max Storage 209.0 MCHM
-Mean Inflow (QM) 30.4 m3/s -—Ave Storage 197.8 MCM
—-Catchment Area 308.4 km2 -Min Storage - 3.6 MCH
: -Max Operating Level 230.0 m asl
-Ave Operating Level 229.0 m asl
-Min Operating Level 198.7 m asl
-Reservoir Area 12.8 km2
. WATER MANAGEMENT TAILWATER LEVELS -
-Spillage as % Inflow 5.8 % QM. -Max Level (Design Flood) - 24.7 m asl
-Degree of Regulation - 53.1 7% —-Ave Level (Max Power Rel) 18.2 m asl
~Ave Water I'cmand 0.0 m3/s -Min Level (Zero Outflow) 16.7 m asl
POWER CHARACTERISTICS TRANSMISSION
~Installed Capacity Factor 1.75 -Transmitted Power 92.9 MVA
- -Ave Plant Factor : 54.3 % -Transmission Voltage 220.0 kV
-Ave Head Losses 8.9 m -No. of Circuits 2
-No. of Turbines 2 -Distance to Feeder Point 64.0 km
~Turbine Type FRANCIS
CAPACITY ENERGY OUTPUT
-Max Generating Capacity 90.4 MW -Max Annual Energy Output 550.5 GWh
-Ave Generating Capacity 90.2 MW —Ave Annual Energy Output 430.0 GWh
-Min Generating Capacity 85.4 MW -Output in 3rd Driest Year 352.1 GWh
—Guar Generating Capacitv 88.7 MW —Output in 2nd Driest Year 348.9 GWh
-Max Continuous Power 90.4 MW —Output in Driest Year 335.0 GWh
-Ave Continuous Power 49.0 MW
-Min Continuous Power 27.8 MW -Enerpgyv per MCHM Inflow 4148 .0 MWh
~Guar Continuous Power 27.8 MW
COST (Million USS) . CONSTRUCTION
-Basic Project Cost 142.1 —Man-Years (Local Labour) 9920
-Local Cost Component 11.5 % -Duration of Construction 5 Irs
—-Foreign Cost Component 88.5 % -Split-Up over Years
-Taxes & Govt Charges 0.0 % /12./23./30./23./12./.
-Annual Costs for OMR 1.2 ‘
SPECIFIC CAPACITY COST (US$/kW) AVERAGE SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 1993. -at 8.0 % Discount Rate 3.70
-at 10.0 % Discount Rate 2110. -at 10.0 % Discount Rate 4.74
—at 12.0 % Discount Rate 2233. -at 12.0 % Discount Rate 5.92
WEIGHED SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 4.71
-at 10.0 % Discount Rate 6.05

-at 12.0 % Discount Rate 7.55
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Data for Hydroproject - KUKUL-K
HYDROLOGY '

-Data Period 1949-1989
-Mean Inflow (QM) 30.4 m3/s
-Catchment Area 308.4 km2
WATER MANAGEMENT

—-Spillage as % Inflow 3.8 7 QM
-Degree of Regulation 53.1 %
~Ave Water Demand 0.0 m3/s
POWER CHARACTERISTICS

-Installed Capacity Factor 2.00 -
-Ave Plant Factor 48.6 %
-Ave Head Losses 9.3 m
-No. of Turbines 2
~Turbine Type FRANCIS
CAPACITY

-Max Generating Capacity 103.1 MW
-Ave Generating Capacitv 102.9 MW
-Min Generating Capacity 97 .4 MW
-Guar Gencrating Capacity 67.2 MW
-Max Continuous Power 103.1 MW
-Ave Continuous Power 49.0 MW
-4in Continuous Power 27 .7 MW
-Guar Continuous Power 27.7 MW
COST (Million USS)

-Basic Project Cost 149.9
-Local Cost Component 11.4 %
~-Foreign Cost Component 88.6 %
-Taxes & Govt Charges 0.0 %
-Annual Costs for OMR 1.3

SPECIFIC CAPACITY COST (USS/kW)

-at 8.0 % Discount Rate  1844.
-at 10.0 % Discount Rate 1952.
-at 12.0 % Discount Rate 2066 .

ICF= 2.00 Alternative
RESERVOIR ‘ -
-Max Storage 209.0 MCH
—-Ave Storage 197.8 MCH
-Min Storage 3.6 MCM
-Max Operating Level 230.0 m asl
—-Ave Operating Level 229.0 m asl
~Min Operating level 198.7 m asl
-Reservoir Area 12.8 km2
TAILWATER LEVELS

-Max Level (Design Flood) 24.7 m asl
—-Ave Level (Max Power Rel) 18.3 m asl
-Min Level (Zero Outflow) 16.7 @ acl
TRANSMISSION

-Transmitted Power 106.0 MVA
-Transmission Voltage 220.0 kV
-No. of Circuits ' 2
-Distance to Feeder Point 64.0 km
ENERGY OUTPUT

-Max Annual Enerpgy Output 573.7 GWh
-Ave Annual Energyv Output 430.0 GWwh
—Qutput in 3rd Driest Year 360.3 GWh
-Qutput in 2nd Driest Year 352.7 GWh
-Qutput in Driest Year 335.7 GWkh
-Energy per MCHM Inflow 457 .2 HMkh
CONSTRUCTION

-Man-Years (Local Labour) 10470
-Duration of Construction 5 Yrs

-Split-Up over Years
/12./23./30./23./12./

AVERAGE SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 3.82
-at 10.0 % Discount Rate 4.91
-at 12.0 % Discount Rate 6.12

WEIGHED SPECIFIC GENERATION COST (c/kWhi

-at 8.0 % Discount Rate 4.92
-at 10.0 % Discount Rate 6.31
-at 12.0 % Discount Rate 7.87
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Data for Hydroproject  KUKUL ICF= 2.25 Alternative B

HYDROLOGY - _ RESERVOIR
-Data Period 1949-1989 -Max Storage 209.0 MCH
-Mean Inflow (QM) 30.4 m3/s -Ave Storage 197.8 MCM
-Catchment Area 308.4 km2  -Min Storage 3.6 MCH
-Max Operating Level 230.0 m asl
—-Ave Operating Level 229.0 m asl
-Min Operating Level 198.7 m asl
-Reservoir Area 12.8 km2
WATER MANAGEMENT TAILWATER LEVELS ) : .
—-Spillage as % Inflow 2.5 % QM -Max Level (Design Flood) 24.7 m asl
-Degree of Regulation . 53.1 % -Ave Level (Max Power Rel) 18.4 m asl
-Ave Wator .Demand 0.0 m3/s -Min Level (Zero Cutflow) 16.7 m asl
POWER CHARACTERISTICS TRANSMISSION
-Installed Capacity Factor 2.25 -Transmitted Power 119.0 MVA
- —Ave Plant Factor . 43.8 % -Transmission Voltage 220.0 kV
-Ave Head Losses 9.7 m -No. of Circuits 2
-No. of Turbines 2 -Distance to Feeder Point 64.0 km
-Turbine Type FRANCIS
CAPACITY ENERGY OUTPUT
-Max Generating Capacity 115.8 MW —Max Annual Epergy Output 593.5 GWh
-Ave Generating Capacitv 115.5 MW —-Ave Annual Energyv Output 444 .2 GWh
-Min Generating Capacity 109.3 MW -Qutput in 3rd Driest Year 363.1 GWh
—Guar Generating Capacity 113.5 MW —Qutput in 2nd Driest Year 351.9 Gkh
-4Max Continuous Power 115.8 MW -Qutput in Driest Year 334.9 Gkh
-Ave Continuous Power 50.6 MW
-Min Continuous Power 27.7 MW —-Energy per MCHM Inflow 462.8 MwWh
~Guar Continuous Powver 27 .7 MW
COST (Million USS) . CONSTRUCTION
-Basic Project Cost 156.2 —Man-Years (Local lLabour) 11620
-Local Cost Component 11.7 % -Duration of Construction . 5 Yrs
-Foreign Cost Component 88.3 % -Split-Up over Years
-Taxes & Govt Charges 0.0 % /12./23./30./23./12./
~Annual Costs for O4R 1.4 ’
SPECIFIC CAPACITY COST (USS/kW) "~ AVERAGE SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 1711. -at 8.0 % Discount Rate 3.94
-at 10.0 % Discount Rate 1811. -at 10.0 % Discuunt Rate 5.05
-at 12.0 % Discount Rate 1917. -at 12.0 % Discount Rate 6.31
WEIGHED SPECIFIC GENERATION COST (c/kWh)
-at 8.0 % Discount Rate 5.09
-at 10.0 % Discount Rate 6.53
—at 12.0 % Discount Rate 8.15



Data for Hydroproject ~ KUKUL-K
HYDROLOGY ‘

-Data Period 1949-1989
-idean Inflow (QM) 30.4
-Catchment Area 308.4
WATER MANAGEMENT

-Spillage as % Inflow 1.8
-Degree of Regulation 53.1
-Ave Water Demand 0.0

POWER CHARACTERISTICS

-Installed Capacity Factor 2.50
-Ave Plant Factor 39.8
—-Ave Head Losses 8.6
-No. of Turbines 2
-Turbine Type FRANCIS
CAPACITY

-Max Generating Capacity 129.4
-Ave Generating Capacitv 129.0
-Min Generating Capacity 122.1
-Guar Generating Capacity 65.8
-4ax Continuous Power 129.4
-Ave Continuous Power 48.0
-Min Continuous Power 27.8
-Guar Continuous Power 27.8
COST (Million USS)

-Basic Proiject Cost 166.2
~Local Cost Component 11.7
-Foreign Cost Component 88.3
-Taxes & Govt Charges 0.0
-Annual Costs for OHMR 1.5
SPECIFIC CAPACITY COST (USS/kW)
-at 8.0 % Discount Rate 1629.
—-at 10.0 % Discount Rate 1726.
-at 12.0 % Discount Rate 1826.
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ICF= 2.50 Alternative B
RESERVOIR )

—-Max Storage 209.0 MCHM
~Ave Storage 197.8 MCM
-Min Storage 3.6 MCHM
-Max Operating Level 230.0 m asl
—Ave Operating Level 229.0 m asl
-Min Operating Level 198.7 m asl
-Reservoir Area 12.8 km2
TAILWATER LEVELS

—-Max Level (Design Flood) 24.7 m asl
-Ave Level (Max Power Rel) 18.5 m asl
-Min Level (Zero Outflow) 16.7 m asl
TRANSMISSION

-Transmitted Power 133.0 MVA
-Transmission Voltage 220.0 kV
-No. of Circuits ' 2
-Distance to Feeder Point 64.0 km
ENERGY OUTPUT

-Max Annual Energy Output 608.5 GWh
—-Ave Annual Energy Output 420.8 GWh
—Output in 3rd Driest Year 365.0 GWh
-Qutput in 2nd Driest Year 353.7 GWh
—Qutput in Driest Year 336.6 GWh
~Energy per MCH Inflow 469.4 4wh
CONSTRUCTION

-Man-Years (Local Labour) 12440
-Duration of Construction 5 Yrs

-Split-Up over Years
/12./23./30./23./12./

AVERAGE SPECIFIC GENERATION COST (c/kWh)

-at 8.0 % Discount Rate 4,14
-at 10.0 % Discount Rate 5.31
-at 12.0 % Discount Rate 6.62

_WEIGHED SPECIFIC GENERATION COST (c/kWh)

—-at 8.0 % Discount Rate 5.36
-at 10.0 % Discount Rate 6.88
-at 12.0 % Discount Rate 8.58
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Data for Hydrqproject KUKUL ICF= 2.75 Alternative B

IIYDROLOGY . RESERVOIR

-Data Period 1949-1989 -Max Storage 209.0 MCM

-Meéan Inflow (QM) - 30.4 m3/s -Ave Storage 197.8 MCM

—Catchment Area 308.4 km2 -Min 