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ANNEX 6A.1 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 Kaki Ganga Basins, 1968 (abbreviated as Three basins studv 
report)

- Masterplan for The Electricity Supply of Sri Lanka, 1989 (Masterplan 
studv 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
4 »

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 
diversión tunnel to an open-air power station equipped with power 
generating facility of 102 MW to be located on the Peleng Ganga at a 
tailwater level of 38 masl. The project aimed to control the floods 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 
! wel I ..s íü p r  dncehydroe lee trie power with fimi capacity of 50.8 MW 
‘ attd 7ifm 3hid averáge 'energies respectively at 445 and 456 GWh/yr. 
• Inóndátion eítéct’r '  é ‘to reservoir, 60.7 km^ at FSL, was estimated at 
: 4/700 personé and 2; 8Ü0 ha agricultural land.

Economic viability under the current situation was gauged relatively low 
due to project’s heavy reliance on the hydroelectric power benefits.

(2) "-".A íe'iíatíve ai.álysiSof trans-basin diversión of the water to the South- 
Éast-Bry-Zúiié (SEDZ) for agricultural development purpose was 
lépórted to cóntribÉite! to an appreciable betterment of the economic 
viability of the project.

'■JVffá a.i study {1989)
■ • 1 .  í*.

* ,¡ r'

(1) ; : The Vabl~6A.2TshOws the salient feature of the project.
l¡ *' . *■

The-project was siíigTe-purpose for hydropower development with an
• « . r  » __

impiieatton of contributions to irrigation and flood control. The dam is 
lbcáted ón the' same site as that of the Three basins study with FSL at 
279'thásl >atid active storage of 1,154 MCM, and the power system is 
etoiriposcd of áW'uftderground powerhouse with 116 MW generating 
eqúipfnetti lócáte'd orí 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 
project vvfili yield & firm capacity of 59.2 MW and firm and average 
Jnergre's respectively of 508 and 512 GWh/yr. Inundation effect, with 
reservoir a tea :óf 49v6 km^, was estimated at 9,100 in population and 

' 4,260; ha in agricultural land.

•The próject was cdncluded to be marginally attractive according to the 
results of analysis of the CEB's integrated power system to seek for the 
ieasreost generafioh'expansión plan (LCGEP) in 1991/2010.

(2) Re-analysis of LCGEP with the lower dam scheme as proposed in the 
Pré-F/S hówevér íevealed that the project is viable in the integrated 
power syistem tó bé ranked at the third or fourth for commissioning in 
1998' amorig-cándidátes for future hydropower development schemes.
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(3) Further it sliould be noted that Watuigaja ;s¿teiOR; Ging;Ganga, which has 
been taken up for additional irrigador ¡v^aíernsoiaiice to the SEDZ as 
explained in the succeeding parag{jiph,CPrp-F/S);.b^,S;also listed in the 
Masterplan study as GING074 v/hichiis iran¡ked af vtb¿rd or fourth among 
hydro candidates in the LCGEP.

Pre-F/S (1989)

(1) The Table 6A.2 shows the salient .Teatwre jof Jhevproject for single- 
purpose hydropower development and Fig.ii'r^ó.l .ia Volume 1 (Main 
Report) illusirates arrangement and; seotiorsiof ¡the.dam and power 
system.

The dam is to be located at a site':about400;m Án-f^jjps&í&ni.of the 
proposed site in the above introduced studies (Three basins study and 
Masterplan study), with FSL at 24.2-mas.l}anidf.3ctive stor^ige of 300 
MCM, and the power system has an underground power house with 
144 MW installed capacity locate<LpiLttoe; m¡id,fipoi,íU of a 6 km long 
trans-basin tunnel with its outfall leve] ̂ ¡38 m;asl,Qr|,the Peleng Ganga, 
with which the project will yield,afiirm capacity o í 4^.2 MW and firm 
and average energies respectively of;379;and 414,GWh/yr. Inundation 
effect, with reservoir area of 2Qui8nkm\iWS<estimated at 9,500 in 
population (1,900 households) an4 T,580 ha in agi^eultural land.

■ -yo;  ‘ i

The project was concluded to be feasifelerwichan econemic intemal rate 
of return (EIRR) at 14% in comparispn.to qlternatiye.tkermal generation 
and about 20% when evaluated orna \ViJUngness to pay approach. The 
LCGEP analysis showed that the¡¿K¡ukiuie.competes well with other 
hydropower projects, with an indication of preferably two stage 
construction; 72 MW initially in 199Sanda;fui;ther 72 ¡MW in 2007.

(2) Table 6A.3 shows salient feature>of mUiHi.-purpo.se. development of the 
project for hydropower and irrigation.

The dam is the same as that for tbevsinglevpurppse hydropower 
developmcnt. The power system has alsoiíthe same^lignment as the 
single-purpose case except for th®; íir4s;t-allq.̂ L■ oapacity ,which is 72 MW
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i ! insteadiOf :144'M,W; 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 diversión works composed of a 33 km long 

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

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.

(3) 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 nw/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.

Sum m ary

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 rn high with i(s FSL at 242 masl) located on the Kukule Gangc* and 
power outfall at the Peleng Ganga (TWL at 38 masl) should be feasible.

- Trans-basin diversión (14.1 mfys in the máximum, about half of the inflow 
to the reservoir of the K-P Plan) from the Kukule Ganga to the SEDZ is
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not justified, which may however be imjtaovéd toith ah áddition of water
i

from the Watugala on the Gin Ganga.

The reservoir (20.8 km^) will cause reTáfiWly lárge’arilbtint of inundation 
of cultivated land (1,600 ha) and dispiácbríient'6f'po’pulation (9,500
persons of 1,900 households).
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,-TabIe 6A.1 ' LIST OF PREVIOUS STUDY REPORTS

Pre-Feasibiljiy, Reppr 

Exec u t i V e ’S u m m ary

989.TAMS)
i i

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

, * , 9 «

Supporting Report A-Hydrology 
Supporting Report B-Geology
Supporting Report C-Land and Resource Balance in SEDZ 
Support’ing Report D-Land Capability 
Supporting Report E-Agriculture
Supporting Report F-Environmental Studies-Parts 1 and 2

-Environmental Studies-Part 3 
Supporting Report G-Phase II Work Planr1 í * -; < * : ’ . ■ .j. ■

M asterplán Repórt (1989,LI)
.* -i * . • ' . . ■\ * ■ * i

Executive Summary

Main Repon

Appéndix Volumen •' « ¡
■íi- • '

A-l Gandidate Hydroprojects. - Psrt I
í ■ ■; ’

---- 'Project Report GING 07;4
-----Project Report KUKU022

A-3 Thennal Plant 
A-4 Electricity Demand 
A-5 System Operation Studies 
A-6 System Expansión Studies

SuDDorting Volumes
’ 1 '  , 1

t  i

S-l Water Resources 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 Socio-Economic and Environmental Impact
S-6 Computer Program Documentations

Three Basins Report (19.68,ECI)
. i  i ¡ i  . »* t

Volume 1-Text ánd Tabiés■ " ir:
Volume 2-Figures
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Table 6A.2 Salient Features of Kukule Hydropowér'Devélópment
in Previous Studies

Item Unit Pre-F/S Maslerplán
_ > • i '

Thrée Básirí 
Study.

Report submiltal year 1989 1989 1968

Reservoir

FulI Supply Level mASL 242 279 282
Mínimum Opcraling Level mASL 221 .* i 2 4 8 ..-259
Active Storage MCM 300 ;:U54 .1050
Total Storage MCM 400.l , ,  . 1603 , 1850.

t | , ,
Reservoir Area km2 20,8 U r . t . .  í • r4?„6| *, ■ >60.7.
Catchmcnl Area km2 334. . ; 3,34, -...-i : •. 3.22-.

Kukule Dam

Type CFRD CCRD CCED
Crest Level mASL 247 . ' ' • • ■ ; .284 -■ :29i
Crcst Lcnglh m 410 516 490
Height 

Power Plañí

m 53 ,. ■ 99 1 ' • ■ ■■. 99 : 

.1;

Power Tunnel,D/L m/km 6.1/4.5 4.9-3.9/4.;l.,!’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-á£r
Powerhouse, Span/Lcngth m/m 15/70 15/39
Installed Capacity MW 144 : 116 102
Tailwalcr Level mASL 38‘ -  38 ' 38

Performance

Reservoir Yield m3/s 28:3¡j 29.6! •28.9
Peak Power Discharge m3/s 85': 59.'2 !;-5'l
Firm Capacity MW 43.2 58 50.8
Firm Energy Production GWb/yr 379 508- ’445;
Avcrage Energy Production GWh/yr 414 512 456.

Innundalion Effcct

Total Submcrgcd Arca km2 2CÜ8 ’ 49.6 '60! 7
fópulalion persons 10500 910Ó 4700
Agricullural Land ha 1580 4260' 28Ó0

Note:
r . f  - 1 r

CFRD: Concrete faced róckíill dam 
CCRD: Ccnter core type.rockfiIl dam, 
CCED: Centcr core type éarthfill dam
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Table 6A.3 Salient Features of Kukule Multi-Purpose Project
in Pre-F/S

Kukule Dam and Appurtenant Works

Crest Level
Full Supply Level (FSL) 
Mínimum Operating Level (MOL)

247 masl 
242 masl 
221 masl

Dam Height above Foundations 
Dam Type

53 m
Concrete faced rockfill

■I

Dead Storage 100 MCM
Active Storage 300 MCM
Total Storage 400 MCM

Long Term Yield 28.3 nw/s
Reservoir Area at FSL 1,920 ha
Number of Households Displaced 1,890

Peleng Ganga Hvdropower Plant

Average Power Plant Discharge 14.2 nw/s
Average Net Head 192 m
Plant Factor ,

• ' i
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 Diversión Works

Average Transbasin Diversión Discharge

Transbasin Tunnel - Length
- Diameter (min. possible)
- Capacity

South East Dry Zone Irrigation Development

14.2

33
3.40
22.5

nrw/s

km
m
m^/s

Main Canal to Mau Ara Reservoir
- Length 37.5 m
- BedWidth 5 m

* - Design Capacity 22.5 nw/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 EarthfíU
- Height 21 m

Net Irrigation Area 21,650 ha
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ANNEX 6A.2 SELECTION OF ALTERNATIVEÍ
FOR OPTIMIZATION

1 . OverView

(1) Project Layout in the Previous Studies

Review was carríed out at the outset of the study on the outputs of previous 
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 walerway, 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 tó 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.

i

- 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 niasl, about 8 meters higher than the previous estímate.

- Some 30 meters drop will be gained in the downstream of the proposed 
power outfall with a distance of about 1.5 km.
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- Average flow in the Peleng Ganga is estimated to be so small at severál 
cumecs only that the river over 10 km distance to the junction of the 
Kukule Ganga próper may be flooded with the proposed peaking power 
discharge of 85 cumecs.

(3) Map Study on Alternátives lo 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 cültivated land (1,600 ha) and displacement of population 
(1,900 households).

I »
• • * r . * ,

< < i

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. IG 
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 énjoy almost the same water head as that of the K-P 
plan, as seen on Drawing No.4.

i

- Run-of-river schérrie 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 básins are found nearby the Kukule site for adduction of 
water. Transbasin adduction from Watugala site on Ging Ganga however 
seems to 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.
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(4) Concept of Screening Altematives

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

Altematives for plan formulation were identified to bé:

a. Altematives of the K-P plan in its waterway system (to maximize the 
power benefits).

b. Altematives of the K-P plan in its location of dam and outfall (to minimize 
the inundation impact).

c. Altematives in adduction of water from other basins.

d. Altematives in dam scale including run-of-river scheme.

e. Altematives in power plant scale.

f . Altematives in commissioning year of the power plants

t *

To arrange the altematives for the system analysis in manageable number, 
preliminary screening was carried out for the Ítems a, b and c, as explained in 
the following sections.

t *

2 . A ltem atives of K-P Plan in W aterway System

(1) Identification of Altematives

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.

6A.2 - 3



the dam to be locaied in the same gorge but about 0.5 km in the downstream 
of the site selected in the Pre-F/S, since the downstream site will offer better 
geológica] 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: Open-air powerhouse with a straight headrace tunnel

(2) Comparison of Alternatives 

Assumptions

Alternative I was discarded because this altemative has similar layout as
that of Alternative II and may be less attractive due to costly provisión of
Steel lining required at the intermediate section of the headrace tunnel where 
rock cover is thin.

toward surge tank and power outfall nearby the 
Atweltota bridge over the Peleng Ganga

Altemative II: Open-air powerhouse with a bent headrace tunnel 
toward surge tank; location of the powerhouse can be 
the same as the Altemative I while the the tunnel route 
is bent to get enough rock cover over the route

Alternative III: 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.

Alternative IV: Underground powerhouse with power outfall nearby 
the Morapitiya bridge over the Delwitiya Dola; 
modified plan of Alternative III to get advantage of 
additional head
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- Resérvoir 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 Altematives II and III 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 nw/s ( the same as the valué 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; HIRR 
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 = Hf / (PF x 8,760); PF = Plant Factor = 0.3, as same as Pre-F/S
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- Unit benefits of the power production are 0.052 US$/kWh (Energy v'alue) 
and 100 US$/kW ( Capacity valué), 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.

- In 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, conversión 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 AltJI Alt.IlI A ltiV
Dependable capacity (MW) 126 127 149
Firm energy (GWh/yr) 331 334 392
Secondary energy (GWh/yr) 60 60 70
Benefít (mió $/yr) 29.8 30.1 35.3
Cost (mió $/yr) 20.0 19.9 20.9
Net benefít (mió $/yr) 9.8 10.2 14.4
IRR (%) 12.0 12.2 13.5

- In conclusión:

- Altemative II and III have almost same net benefits and EIRR; slightiy in 
preference to Altemative III from view point of economic indicator as well 
as operation and maintenance since the latter is underground powerhouse.

Altemative IV has the largest economic indicators among altematives, 
therefore this is deemed the most promising layout of the K-P Plan.
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3 Alternátives of K-P Plan in Location of Da ni and Outfall

(1) Identification of Alternátives

- Comparison study of the waterway alternátives 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 mitígate the same unfavorable circumstances, with 
findings of two alternátives (K-D and K-K Plans). Drawings No.3 and 4 
illustrate the river profiles and locations of the three alternátives. Table 
6A.4 shows the salient features of the alternátives, 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-Delwitiva (K-D^ Plan: Alternative to K-P plan with an aim to mitígate 
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.

(2) Comparison of Alternátives

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 estímales 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.
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Results of comparison

- Salient features, benefits, costs and economic indicators are Usted on the 
Table 6A.4, as summafized:below.

Item K-D K-K K-P (Alt.IV)
Dependable capacity (MW) 99 145 149
Firm energy (GWh/yr) 259 383 392
Secondary energy (GWh/yr) 144 71 70
Benefit (mió $/yr) 23.3 34.5 35,3
Cost (mió $/yr) 21.0 20.5 20.9
Net benefít (mió $/yr) 2.3 14.0 14.4
IRR (%) 9.1 13.4 13.5

- In conclusión:

- 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.

4 Prelim inary Exam ination of Run-of-River Scheme

(1) Scheme for Mitigating Inundation Effect of Reservoir

- In thé 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 mitígate 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
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is far inferior to the other altematives 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 valué for 
conventional hydropower scheme, therefore run-of-river scheme should be 
worth for consideration.

(2) Preliminary Examination of Run-of-River Scheme

Methodologv

- Alternative IV of K-P Plan was taken as base scheme. Run-of-river (ROR) 
scheme is a modified base scheme by changing the dam to diversión 
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 valué of the 
Secondary enérgy, for which 50% of the total secondary valué was 
assumed to be effectively consumed in the power system.

- Net benefit and EIRR were calculated.

Results of examination

- Table 6A.4 shows results of economic evaluation, as summarized below.
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Item R-O-R > K-P (Alt.IV)

Dependable capacity (MW) 86 149

Firm energy (GWh/yr) 5° 392

Secondary energy (GWh/yr) 313 70

Benefil (mió $/yr) 19.3 35.3

Cost (mió $/yr) 13.3 20.9
Net benefit (mió $/yr) 6.0 14.4
IRR (%) 11.7 13.5

Economic indicator of the run-of-river scheine is inferior to the dam 
sclieme, however the schenie would still remain economically viable and 
will contribute to drnstic dccrea.se of inundatión effect due to reservoir, 
from 20.3 km^ in case of the dam scheme to an area less than 3 km^ 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 plañís 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 plant 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.

5 . Adduction of W ater from O ther Basins to Kükule

(1) Identification and Selection of Adduction Site 

Identification

On inch-mile tnap, possible sites for adduction were idenlified, assuming 
that the operation levels of the Kukule reservoir are at FSL 242 masl and 
MOL 221 masl. Target area was in principie 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 ¡Ilústrales the locations of identified two prospective 
adduction schemes with their basin boundaries, they aré 'Watugala' and 
'Hangamuwa Oya-Niriell Ganga' schemes. Other possible sites wére 
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 (nw/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/m^/s for Watugala and 440 million Rs/infys for Hangamuwa-Nirielle. 
Watugala site was selected for the adduction site for further examinations.

(2) Effect of Watugala Water Adduction to Hydropower Development

f

Obiective

- 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 
GING074.

— Methodologv

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

- To evalúate 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 N0.5.

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

- Reservoir operation was carried out with the inflow series into the Kukule 
and Watugala reservoirs to estímate the power outputs, with the results of 
which power benefit was calculated.

t

- 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 ás estimated in the Masterplan study but the 
benefits were re-calculated by adopting the same unit power valúes as 
adopted for the Alternative IV.

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 GING074 for single-purpose hydropowér 
development, and eliminated from further consideration.

Topograpliical Effect on Inundation of the Reservoir

Referring to the 1:10,000 niap, topographical conditions in the reservoir area
show the following particulars:
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The reservoir surface arca at FSL of 242 masl, which was proposed in the 
Pre-F/S', is obtained to be 18.3 km^ for the K-P damsite. In addition to the 
reservoir arca above, 41 islands having a total arca of 2.3 km^ would be 
isolated in the reservoir of K-P Plan. Areas of these islands range fróm
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 reimirkably increase at about 232 masl 
because of the reservoir starting extensión towards the Kalawana area in 
the Koswatta Ganga basin. A series of water fall and rapids create a drop

t

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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DETERMINATION OF MONTHLY EFFECTIVE FLOWS FOR ROR ALTERNATIVES
1. METHODOLOGY
The hydrological data base for the 
contains reconstitued monthly time 
1989. It is clear however that the series would lead to a significant 
production, and henee the benefits, 
alternatives.
Daily, partly infilled, flow series are available for the 
Kukulegama hydrometric station for the period 1972 to 1989.
The se daily series were subjected to an analysis in which valúes 
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 
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- 
°f-Riv6r 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.

Kukule Feasibility Study 
series for the period 1949- 
direct use of monthly inflow overestimation of the energy 
of the Kukule run-of-river
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Year Sales Annual Losses Generation Load Peak
(GWh) Growthí %) (% of gen- 

-ration)
(GWh) Factor(%) Demand(MW)

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 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 /. 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* Pesóles of Generatioa- Expansión Flanning Stodien * BASE CASE 1991
TEAI HTDSO

ADDITIOHS
THEIMAL
ADDITIOHS

TBEIXAl
EETIIEXE1TS

LOLP
X

1992 t
- - 1.121

. 1993 Sanana laveva 
120 XV

- - 0.269

1994 - - - 1.008
1995

-

Sapngaskanda Ext. 
Diesel 40 XV

- 0.857

1996 - Diesel 20 XV - 1.799

1997 Broadlands 40 XV Gas Tnrbine 44 XV - 1.307

1998 - - - 4.101
1999 - Coal Ha ve 11 a 

Unitl 150 XV
- 0.344

2000 -

•

2.539
2001 Coal Xavella 

Uni12 150 XV
EPS Oil Steai 2*25 XV 1.231

:oo: - Coal Trines Unitl 150 XV Gas Turbine 3*18 XV 1.403

2003 - Sefurbisbed GT 3*20 XV Gas Turbine 3*18 XV 5.317

2004 - Coal Trinco Uni12 150 XV 
Eefurbished GT 3*20 XV

Sapo Diesel 2*18 XV 2.670

200* - Coal Trinco Unit3 300 XV - 1.330

2006
I

a

- 3.593
Total PY cost opto 2011 1069.7 íillion US$ ( 42,789 . 4 lili ion E s .)

Long T e m  averagei opto 2011 5.61 USCts/kVh (2.24'Ps/kVb)
generation cose h

Hoce : Discount rate 101, Long t e n  average cost calculación escindes energy contribución froi
existing hydro planta, plañe c o n i i s s i o n i n g  and retirenent at tbe begining of tbe yeir i n d i c a t e d .
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T H ER H A L PLA N T S

HEAT DATES FUEL COSTS FULL FORCEO 06K Q6M
10. CAPA kCai/kVh USCENTS/ LOAD OUTAGE SCSI COST COST

■ 0? c m XII. AVGE MILLI0H ICAL EFFICIEXCT DATE MAIN (EIXED'J (VARIABLE)
BAHE SETS XV . LOAD IHCD \ t (DAYS/7R) $/kV-X0STH USCta/kVh

EELEHiriSSA (GT) 6 10. 3754. 3754. 1959.0 22.9 20.0 40 0.250 0.439
EELEHITISSA (ST) 2 24. 3496. 3245. 1415.0 26.0 20.0 40 0.206 0.372
SAPU (DIESEL) 4 10. 2457. 2297. 1132.0 36.8 25 ..0 60 1.086 0.325 .

KELAXITISSA (GT) - to be overhanled in 2001 and 2002, Chree onics each year
IELANITISSA (ST) - Co be rétired by end of 2000
SAPU (DIESEL) - Co be- retirad by end of 2003 and 2007, evo uní es each year

HYDRO PLANTS

Bydro Inscalled Annnal Storage Renarks
Project Capacity Energy (KCX) t

• (XV) (GVh)

Canyon 2 z 30 161 123.4
Viialaenrendra 2 z 25 112 44.8
Ser Lazapana 2 z 50 491 1.2
Oíd Lazapana 3 z 8.33)

2 z 12.5| . 299 0.4
Poipiciya 2 z 37.5 (27 0.4
lotaalp 3 z 67 482 172.6
Victoria 3 z 70 726 721.2
Randenigala 2 z 61 378 875.0
Rantaibe 2 z 24.5 216 21.0
Ukuiela

m 2 z 19 177 1.2
Bovatenna 1 z (0 53 49.9
Saianalaveva.

1
2 z 60 357' 278.0 To be Coniasioned befare

• che begining of 1993.
mOperación and naincenance costs 1.872 USS/kV.year •

Table 3.4 — Characteristics of Existing and Firsily Cosun.ittad
Generating Planta, as input to planning studiea.
All costa are in January 1991 US$ border pricea.

6A.3 - 40



TH ERM A L P LA N T S

HEAT' BATES FUEL COSTS FULL LOAD FORCEO 06M OIM
CAPA kCal/kVh Ü S C E H T S / EFFICIEHCY OUTAGE SCHL COSI COSI
CITY MIS. AV6E HILLIOB KCAL \ BATE X A H ÍFIXED) (VARIABLE)

SAME NV LOAD IBCR ■ t [DA7S/TBI $ /kV-XOBTff USCts/kVh

DIESEL 20. 2301. 2134. 1132.0 39.6 15.0 30 1.086 0.325
DIESELISAPU EXT) 20. 2301 . 2134. 1132.0 39.8 15.0 30 1.086 0.325
COAL MAVELLA 146. 3200. 2269 . 755.0 34.4 17.0 35 .453 0.0
COAL TRINCO UNIT1/2 143. 3386 . 2285. 635.0 33.6 17.0 35 .453 0.0
COAL TRINCO UNIT3/4 285. 3546 . 2232. 635.0 33.6 20.0 50 .453 0.439
GAS TURBIIE 22. 2908. 2908. 1959.0 29.6 15.0 30 .250 0.439
CONBINED CTCLE 68. 2025. 20 25 1-955 0 42.2 15.0 30 .693 0.0
GAS TURBINE(REHAB) 20. 3754 . 3754 . 1959.0 22.9 20.0 40 .250 0.439

H Y D R O  P L A N T S
Hydro Insta 1led Annnal aStorage
Project -Capacicy Energy (MCM)

fKVI (G V h )

GING GANGA 49 194 17.5
UPPER KOTMALE 248 791 32.0
XORGOLLA 27 111 5.0
KURULE 144 398 300.0
BROADLANDS 40 145 0.2
UMA OTA ISEDZ) 15C 425 18.0
BELIHUL OTA 17 64 5.8

Operación and naintenance ceses 1.872 lfS$/kV.year
i

Table 5.3 - Characteristics of Generating Planta Considered
as Expansión Candidates. All Costs are in 
January 1991 US$ boarder prices.
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<
%

P l a n t Effecti7e Puré construction 
Unit cost US$/kV 
SizeíMV)

Total Cost Const 
(US$/kV) period 

lyrs)

Interest during 
const ÍIDC) at 104 
(4 of puré costs)

Total including- Econoiic Life* 
IDC (US$/k¥) (years) ■ii (!

TÍERKAL
Local Foreign Local Foreign

Diesel 20 166.0 963.2 1129.2 3 13.54 188.4 1093.6 20
DiesellSapu Ext) 20 98.3 662.9 761.2 3 13.54 111.6 752.6 20
Coibined Cycle 68 154.4 716.3 870.7 3 13.54 175.3 813.3 •20
Coal Mavella Units 162 146 185.3 1325.4 1510.7 6 29.31 239.6 1713.9 30
Goal Trinco Units 1&2 143 228.8 1189.1 1417.9 6 29.31 295.9 1537.6 30

Units 344 285 141.2 814.8 956.0 6 29.31 182.6 1053.6 30
Gas turbine 22 54.7 468.9 523.6 2 8.79 59.5 . 510.2 20
Gas turbine (Rehabilit.) 20 ■ ¿2.5 112.5 125.0 l 4.29 13.0 i ■ i *

11/. j ¿\)

Candidate Capacity Puré coostructioa Total Cost Const luterest during Total including Econoiic Life
Plant (XV) cost US$/kV (USS/kV) period * const (IDC) at 104 IDC (US$/kV! (years) '

lyrs) (4 of puré costs) i

H7DR0 ■
-

Local Foreign ■ Local Foreign
Upper Kotiale 248 551.5 720.2 1271.7 6 29.31 713.2 931.3 50Ginganga 49 361.0 1173.8 1534.8 4 18.53 427.9 1391.3 50Broadlands 40 291.1 1186.1 1477.2 4 18.53 345.0 1405.9 50Horagolla 27 433.5 1734.8 2168.3 4 18.53 513.8 2056.2 50Kukule 144 486.9 1168.7 . 1655.6 6 29.31 629.6 1511.2 50 *Belihulova

■ 17 533.9 1897.3 2431.2 4 18.53 632.8 2248.9 50Uia Oya/SEDZ 150 280.9 966.0 1246.9 4 18.53 333.0 1145.0 50 :
Table 5.2- Capital cost detaiis o: expansión candidates considerad in

the study. All costs are in January 1991 prices. Exchange rate US$1 = Rs 40
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ANNEX B of 6A.3

RESULTS FROM PROJECT APPROACH

Included in this annex are the results of:

B1 EVALS calculations for the KK-205 (ROR) -2.0
project altematives......................................................  6A.3 - 48

o

B2 EVALS summaries for all KK project altematives.....  6A.3 - 79

B3 Cal cu la don of specific energy costs
for all project altematives............................................ 6A.3 - 101

B4 Graphical corríparisons of speciñc energy costs
for all project altematives............................................ 6A.3 -107

6A.3 - 47



KUKULE COST ESTIMATES 
FOR PROJECT OPTIMIZATION

October 1991

Annex 1
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Lahneyer International - Consulting Engineers
Project KUKUL-K - TABLE OF COHTEHTS EVALS LISriMG 0CT 1991 Pa®e 1

Project Alternativo A Installed Capacity Factor ICF- 2.00

Frankfurt(N) * Gernany

Contenta Fage
ELEMEBT CO - IN-EIVER DIVERSION .............
ELEHEBT DA - MAIN DAN (CONCRETE VEIS) .........
ELEMENT DA - GROUTIHG F08 MAIN DAN (CONCRETE VEIS) 
ELENENT SP - SERVICE SPILLVAY 110000 VE FLOOD) ...
ELEMENT IN - INTAKE FOR HEADSACE TUNNEL .......
ELENENT HS - HEADSACE TUNNEL ................
ELENENT ST - UNDERGROUND SURGE TANK ..........
ELENENT PS - VERTICAL PRESSURE SHAFT !.........
EMENT TR - TAILRACE TUNNEL ................

u-EMENT TR - OUTLET STSUCTURE ...............
ELENENT PH - POVER CAVERN ..................
ELENENT TL - FEEDES LINE TO PANNIPYTIA ........
ELENENT CT - VERTICAL SHAFT FOR POVER CABLES ...
ELENENT AT - ACCESS TO POVER CAVERN ..........
ELENENT AR - ACCESS ROAD TO DAN SITE .........
ELENENT BS - BRIDGES IN ACCESS ROAD ..........

- SUNNARV PER COST CATEGOSV AND ELENENT
- OVERALL SUNNARV OF PROJECT COST ...
- FILE OVERVIEV ..................

23
45 7 
9

10
11131415 1819
20 
21 
22 23 25 27
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' Lahneyer International - COffNTl'tinq Engineera PrankfortlK) * Gernany 
EVALS LISTING OCT 1991 Page 2Project KUKUL-K, Elenent CO - IH-K-IVEB DTVERSION

Projéct Alternative A

EMBANRMENT COFFERDAN VITH SREETPILE VALL
Elevation cofferdan crest 195.0 nsl
Maxinun height of cofferdan 12.0 i
Length of cofferdan 200.0 n
Hauling distance fill naterial 1.0 kn

-Calculated pbysical paraneters 
-Larsen profile IV (185 kg/n2)
-Area of Steel in aheetpile valí 2500.0 n2
-Total veight of Steel 462:5 ton

COST ESTIMATE FOR CIVIL STRUCTÜRES Cost level: Sep 1991
I1

U N E
«

L

CODE DESCRIPTION QUAHTITY UNIT
UNIT RATE (US$1 TOTAL COST (US$1

Loe For Tax Total Loe For Tax Total
13 C00013 -supply+install sheetpile str. 463 to 29.49 488 -. 517 13639 225528 - 23916717 C00017 -earth fill to straight valí 25550 n3 1.05 4.58 - 5.64 26889 117231 - 144120

■ 18 C00018 -extra transport earth fill 25550 n3kn 0.02 0.50 - 0.52 727 12811 - 13538
-Xiscellaneous itens 10 \ 4126 35557 - 39683

TOTAL (v/o taxes) in US$ 45381 391127 - 436508
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FrankfurtIM) - Geraany

. Project Alternative A

Lahneyer International - Consulting Engineers
Project KUKUL-K, Elenent DA : MAIN DAM ICONCRETE VEIS) EYALS LISTING OCT 1991 Page 3

-CONVENTIONAL CONCRETE GEAVITY DAM
-Elevation dan crest 207.3'asi
-Enbankaent slope upstreaa 0.10
-Eabanknent slope dovnstreaa 0.74
-Hauling distance concrete aggregates 1.0 kn
-Clearing area covered vith heavy jungle

,ross-section Identification nunber 1
-Cross-section id nunber excavated section 3

-Sediment level at pover intake after 50 years 185.0 asi

-CalculaCed physical paraaeters
-Heigbt of daa 28.3 a
-Width of daa crest 4.7 a
-Length of daa crest 120.3 a
-Length of daa periaeter 131.8 a
-Maxiaun daa vidth at daa base 23. a
-Daa base area 1349. n2
-Total daa voluae 12539. i3
-Average depth of excavation 7.8 i

-Reinforceaent per a3 conventional concrete 
-Crushed rock used as concrete aggregate 
in the absence of gravel and sand deposita

5.0 kg

COST ESTIMATE FOR DAM Cost level: Sep 1991
UHIT RATE (US$) TOTAL COST (ÜSS)

U N E  CODE DESCRIPTION QUANTITY UHIT
Loe For Tax Total Loe For Tax Total

2 DA0002 -site clearing heavy jungle 0.26 ha 409 4107 4516 110 1108 1218
3 DA0003 -excavation for dan base 10516 a3 0.83 5.90 6.73 8787 62053 . 70840
4 DA0004 -preparation of foundation 1349 a2 2.49 7.67 10.16 3361 10352 13713

25 DA0025 -clay backfill to daa base 5932 a3 1.00 5.16 6.16 5970 30616 36586
DA0036 -crushed stone concrete S 12539 a 3 5.02 52.39 57.42 63037 656946 719984

39 DA0039 -extra transport crushed stone 12539 a3ka 0.03 0.43 0.47 446 5506 5953
40 DA0040 -bar reinforceaent coaplete 62.69 to 28.08 895 923 1761 56091 57851
41 DA0041 -formwork S 5601 a2 7.64 14.03 21.68 42799 78630 121429

-Miscellaneous iteas 15.1 18941 135195 154136
TOTAL (v/o taxes) in US$ 145213 1036498 - 1181710Í
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Project KUEUL-E, Elenent DA - GROUTING F08 MAIN DAM ICOHIBETE VEIRI EVALS LISTING 'OCT 199T Page 4
Project Alternative A

Lahieyer Internacional - ConsflJKing Engineers FrunkfurtlM) - Gernuny

-Foundation rock nasa is loderately pervious
-CoDsolidatioD grouting
-Grouting area 812. j 2
-Average groot depth 6.8 i
-Hunber of roas of drainage boles 2
-Spaciog of holeB 4.0 ■
-Deep curtain groutiog
-Grouting aréa 1999. i2
-Average grout depth 16.6 n
-Nunber of roas of drainage holes i
-Spacing pf holes 3.0 i

COST ESTIMATE FOB GROUTING FOB DAM Cost ievel: Sep 1991

U N E  - CODE DESCRIPCION QUANTITT UNIT
UNIT BATE 1

(US$1 TOTAL COST (US$)
Loe For Tax Total Loe For Tax Total

46 DA0046 -percussion drillind opea 1068 i 4.19 28.80 33 4485 30771 - 35256
49 DA0049 -grouting open incl. cenent 66.64 to 106 324 430 7053 21603 - 28656
53 DA0Ú53 -rotary drilling (check hole) 33.31 i 4.19 28.80 33 140 960 - 1099

-Miscellaneous i cees 15 \ 1752 8000 9752
TOTAL (a/o taxes) 1Q US$ 13429 61333 - 74762

i
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Frankfurt(H) - Gernány

Project KUKUL-K, Elenent SP - SERVICE SPILLVAY (10000 U  FL00D1
I

i I

Project Alternative A

Lahneyer International -Consulting Engineers
EVALS LISTING OCT 1991 Pagé 5

i?

-RADIAL GATEO SP-ILLWAY IN A CONCRETE DAN -Calculated physical paraneters
i

-Peak infloi 2365,0 n3/s -Spillvay design discharge 2365.0 i3/s
-Maxinun dan height 28.3 n -Nunber of radial gates .■ 4
-Haxinun flood level 205.0 nsl -Gate vidth 8.5 ■
-Maxinun operating level 205.0 nsl -Gate height 10.0 i

-Spiliway crest level 195.0 nsl -Surcharge all gatés operating 0.0 n
-Surcharge one gate ralfunctioning 2 1 3 b

‘ -Crest vidth (valí to valí) 40.2 n.
-Thicknesa of piers 2.0 n
-flydraoiically effeetive crest vidth • 3 2 . 8 b
-Thickness of side valla LO. i

-Total forcé on each pier 4250.0 kN
-

-Nunber of pre-stressed barb of 500 kN 32

COST'ESTIMATE FOR CIVIL STRUCTURES . Cost level: Sep 1991
i i 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
it 
li 
11 
11 
11II 
i 1 
11 
11 
11 
11 
11 
11 
i* 
11 
11 
11 
11 11 
li 
11 
11 
n

 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11

11 
li 
II 
11 
11 
11 
11 
11 
II 
11 
II 
II 
11 
II 
II 
11 
II 
ii 
11 
11 
II 
ti 
II 
II 
11 
11 
li 
11 
11 
11 
11 
II 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
n

LINE CODE DESCRIPTION Q U A N T i n  UNIT - -

UNIT RATE IUS$) TOTAL COST (1JS$)
Loe For Tax Total Loe Por Tax Total^

3 SP0003 -concrete to bridges 15.98 n3 6.72 55.12 - 61.85 108 881 - 988
4 SP0004 -concrete to structures 2494 n3 6.55 50.64 - 57.20 16349 126300 - 142649
5 SP0005 -reinforcenent 301 to 28.08 895 - 923 8458 269461 - 277919
6 SP0006 -fornvork 3483 n2 9.31 23.59 - 32.91 32457 82159. - 114616
7 SP0007 -prestressin.g 8 to 148 3653 - 3801 1187 29223 i 30410

-Hiscellaneous itens 10 \ 5856 50802 - 56658
TOTAL (v/o taxes) iü US$ 64414 558826 - 623240 i

i
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Lahieyer International - Conml'ting Engineers Frankfurt(M) - Geraany
Project KÜKÜL-K, Elenent SP - SERVICE SPILLVA7 110000 78 FLOOD)

Project Alternative A
EVALS LISTIHG OCT 1991 Page 6

-Nunber of gates 
-fíeight of gates 
-Vidth of gates

-Calculated physical paraaeters
/

4 -Nunber of stop logs 3
10.0 a -Height of stop logs 3.3 a
8.5 a

COST ESTIMATE F08 MECHANICAL EQUIPHENT AND H7DRAULIC STEEL STRUCTURES CoBt'level: Sep 1991.
UNIT BATE IUS$) TOTAL COST |US$)'NE CODE DESCRIPTION . . . . . . . . . .. . . . . . . . -. . . . . . . . . . . . . . . . . . . . .

Loe For Tax Total Loe For Tax Total
19 KECH19 -Radial spillvay gates _ _  Luapsua Valué .... 49122 1596457 - 164557920 MECH20 -Spillvay stop logs ~ _ _  Luapsua Valué _ 10214 331945 34215921 MECH21 -Stop log slots for spillvay —  Luapsua Valu.e .... 4596 149375 153971-Miscellaneous i tees 5 \ 3197 103889 107085

TOTAL (v/o taxesl ID US$ 67128 2181666 - 2248795

TOTAL COST SPILLVAY Cost level: Sep 1991

ELEHENT
PERCENTAJE OF TOTAL COST TOTAL COST (1000 US$)
Loe For Tax Total Loe For Tax Total

CIVIL STRUCTURES
MECHAHICAL EQUIPHENT AND H7DRAULIC STEEL STRUCTURES

2.2
2.3

19.5 0.0 21.7 
76.0 0 . 0 ’ 78.3

64.
67.

559.
2182.

0.
0.

623.
2249.

-OVERALL TOTAL (vithout taxes) 4.6 95.4 0.0 100.0 132. 2740. 0. 2872.
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Frankfurt(K) - GemanyLahaseyer International - CoqbuLti.ng Engineera
Project KUKUL-K. Eleoent I N -  IHTAKE FOR HEADRACE TUNNEL EVALS LISTING OCT 1991 Pagé 7

Project Alternative Installed Capacity Factor-ICF= 2.00

-INTEGRATED INTAKE STRUCTURE -Calculated pbyeical paraieters
l

-Surface slope < 35 degrees , - 2.3 i-Elevation of dan crest 207.3 lasl -Freeboard
-Máximum flood Level 205.0 nas1 -Surcharge 0 . 0  i

i m-Máximum operating leve! 205.0 masl -Roof of conduit belov min op level 4.7 i
-Mininun operating level 205.0 nasl -Shaft height ( i n d  open air atructure) 26.4 i
-Design discharge 56.8 n3/s -Length of underground intake section 36.7 n
-Number of intake structures 1 -Vidth of intake canal 13.0 ii -
-Inner conduit diameter 4.9 n -Vidth of entrance 6.5 i

lope at intake face 30.0 deg . -Vidth of trash rack 5.5 i
-üeological rating good rock -Height of trash rack (inclined) 

-Diameter of tunnel excavation
12.1 n 
5.7 i

-Inlet centerline belot max op level 7.2 n
-Valí thickness in gate section 1.1 i

COST ESTIMATE POR CIVIL STRUCTÜRES Cost level: Sep 1991

LINE CODE DESCRIPTION OUABTITY UHIT
UHIT RATE ,IUS$) TOTAL COST (US$1

Loe For Tax Total Loe For Tax Total
3 IN0003 -shaft excavat.el.1-2-3 L 20n2 635 m3 7.75 26.17 - 33.92 4924 16606 T 21530

11 IN0011 -shorterete lining ) 20 n2 24.93 m3 11.47 84.22 - 95.70 286 2100 - 2386
13 IN0013 -concrete lining ) 20 n2 1054 m3 10.35 55.50 - 65.86 10916 58534 - 69450
14 IN0014 -Steel reinforcement 78.33 to 28.08 895 - 923 2200 70086 t 72286

1 IN0019 -formv.intake struc.tunnel 60n2 1171 m2 1.59 10.90 - 12.50 1873 12772 - 14645
21 IN0 0 21 -rockbolt 1.06 to 88.80 lili - 1200 94.48 1182 - 1277
24 IN0024 -excavation open cut 15285 n3 0.71 6.96 - 7.68 10985 106491 - 117476
25 IN0025 -concrete in superstructure 299 n3 6.91 46.09 - 53.00 2066 13780 - 15846
26 180026 -reinforcement superstructure 35.87 to 28.08 895 - 923 1007 32099 - 33106
27 180027 -fornvork in superstructure 1090 «2 9.64 25.02 - 34.66 10583 27469 - 38051
30 IH0030 -tun.exc. el. 1-2-3, 30m2, 500n 1085 m3 1.82 21.60 - 23.43 1982 23436 - 25418

-Miscellaneous Ítems 10 \ 4692 36456 - 41147
TOTAL (*/o taxesl in US$ 51608 401011 - 452619
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Lahneyer International - Conaulting Engineere
Project KUKUL-K. Elenent IN - INTAKE FOR BEADRACE TUNNEL

Frankfurt(M) - Gernany
EYALS LISTING OCT Í991 Page 8
Installed Capacity Factor ICF= 2.00Project A l t e m a t i v e  A

-HYDRAULIC STEEL STRUCTURES -Calcelated phyaical paraneters _

-Type of turbine(s) Francia -Nunber of gate sets 1-Nunber of turbines 2 -Vidth of gate(s) 3.8 i-Total turbine design discharge 56,8 n3/s -Height of gate(s) 4,9 b-Haxinun operating vater level 205.0 naal-Xininun operating vater level 205.0 aasl
-

COST ESTIMATE FOR MECBANICAL EQUIPMENT Coat level: Sep 1991

LINE CODE DESCRIPTION
-

UBIT RATE (US$) TOTAL COST (US$)
Loe For Tax Total Loe For Tax Total

3 MECH03 -Intake gatea _  Lunpsun Valué _ _ 5709 365384 - 3710934 XECH04 -Rake —  Lunpsun Valué _ 2946 188542 - 191488
5 HECH05 -Traahrack _ _  Lunpsun Valué _ 1619 103592 - 105210

TOTAL (vio taxes) in US$ 10274 657517 - 667791

1TAL COST INTAKE STRUCTUEE
PERCENTAGE OF TOTAL COST

Coat level: Sep 1991 
TOTAL COST (IODO US$)

Loe For Tax Total Loe For Tax Total
CIVIL STRUCTURES 4.6 35.8 0.0 40.4 52. 401. 0. 453.
MECHANICAL EQUIPMENT AND HYDRAULIC STEEL STRUCTURES 0.9 58.7 0.0 59.6 10. 658. 0. 668.
OVERALL TOTAL (vithout taxes) 5.5 94.5 0.0 100.0 62. 1059. 0. 1120.
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Projert Alternative A

Lahneyer International - Consulting Engineers
Project KUKUL-E, Elenent HR - HEADBACE TUNNEL

Frankfurt(H) - Gernany
EVALS LISTING OCT 1991 Page 9
Installed Capacity Factor ICF= 2.00

-HEADBACE TUNNEL STRUCTURE -Calculated physical paraaeters
-Nunber oí tunnels 1, * i. -Inner tunnel diaaeter ■
-Tunnel length 4960.0 o -Thickness oí lining / Oíaneter oí excavation
in very good roe!; 66.9 \ in very good rock 29 en /
in good rock 15.2 \ in good rock 29 en /

.in Eair rock 2!.4 1 in fair rock 44 .en /
in poor rock 2..6 \ in poor rock 44 CB /

-Fió* velocity 3.1 n/s
’ead loases 5.0 b  .
iype oí lining Concrete

-No Steel lined section specified

4.9 n
5.5 i
5.5 i
5.7 a
5.7 i-

COST ESTIMATE FOB TUNNEL CIVIL STBUCTURES 

UNE'- CODE DESCBIPTION QIMNIITV UNIT
-------

UNIT BATE (US$)
: : : : : : : : : : :

Cost 
TOTAL COST

level: Sep 1991 
(US$)

i

Loe For Tax Total Loe For 1Tax Total
12 PT0012 -tun.exe. el.1-2-3, 30n2, 5000b 129443 n3 3.54 41.66 t- 45.21 458642 5393572 - 5852214*
32 PT0032 -tun.excavat. el.4, 30n2, 5000n 3605 n3 3.56 42.79 - 46.35 12834 154273 167108-i
63 PT0063 -concrete lining < 20n2 31123 n3 11.51 113 - 125 358285 3532062 - 3890347
65 PT0065 -reinforcenent 703 to 34.65 888 - 923 24370 624543 648914
66 PT0066 -nesb reinforcenent 25.05 to 12.28 680 - 692 308 17030 17338
84 PT0084 -íornvork tunnels 5000n, 30n2 75596 b 2 4.33 2.45 - 6.78 327408 185537 51294587 PT0087 -rockbolt 66.23 to 185 2315 - 2500 12255 153340 165595PT0088 - S t e e l  r i b 416 to 27.47 1667 - 1694 11417 692602 704019

-Kiscellaneous itens 10 \ 120552 1075296 - 1195848
TOTAL Iv/o taxes) in US$ 1326071 11828256 - 13154328 :

í
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Lahneyer International - fooplting Engineers Frankfurt(H) - Gernany
Projecc SÜKÜL-K, Eienent ST - UNDERGROUND SUHGE TANK EVALS LISTING OCT 1991 Pagé 10

Project Alternative A Installed Capacity Factor■ ICF= 2.00

11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 n 11 11 11 11 11 11 11 11 11 11 i i 11 11 11 if 11 11 11 11 11 11 11 11 11 11 11 :::::::::::::::::: i:::::::::::::::::::::::::::::::::;:::::’:::::;:::::::;::::::::::::
-SURGE TANK STEUCTURE -Calculated physical paraneters

/

1Ioner surge tank dianeter selected 17.7 n, •
-Kin surge tank dianeter {Thona cross section) 9.4 n-Nunber of headrace tunnels i . -Haxinun upsurge 16.0 n-Type oí lining concrete -Haxinun dovnsurge -19.9 n-Tuonel dianeter 4.9 m -Oscillation vitbout friction 18.9 n-Lenath of headrace tunnel ' 4960.0 n -Bottom elevation of surge tank 180.5 nasl-Fio» velocity in tunnel 3.1 n/s -Top elevation of surge tank 220.3 nasl-Turbine discharge (all u m t s ) 56.8 n3/s -Height of surge tank 39.9 nound elevation at tank site 300.0 mas 1 -Tunnel slope (v/h) 5.0 o/oo'^eíound slope at surge tank site 30.0 deg -Read losses at nin roughness 4.7 n-Geological site rating good rock -Bead losses at nax roughness 7.9 n-Maxinun operating level 205.0 nasl -Excavation dianeter at upper tank section 19.7 n-Mininun operating level ' 205.0 nasl -Excavation dianeter at lover tank section 19.7 n-Length of vatervay surge tank to poverhouse 320.0 d -Ground level at suggested tank site 225.3 nasl
-Height of ventilation shaft of 2.Ó n of dianeter 5.0 n

COST ESTIMATE FOfi CIVIL STRUCTURES
-

CoBt level: Sep 1991

LIBE CODE DESCRIPTION 0ÜANTITY UNIT
UNIT RATE (US$) TOTAL COST (US$)

Loe For Tax Total Loe For Tax Total
3 ST0003 -shaft excavat.el.1-2-3 L 20n2 12591 n3 7.75 26.17 - 33.92 97698 329510 - 42720810 ST0010 -shorterete lining 126 n3 11.28 76.89 - 88.18 1428 9724 - 111525T0011 -concrete lining 2838 n3 8.29 61.50 - 69.80 23546 174559 - 198105'12 ST0012 -reinforcenent 85.14 to 34.65 888 - 923 2950 75611 - 7856114 ST0014 - E o r i n m k 2402 n2 6.12 30.39 - 36.51 14709 73001 - 87711

15 ST0G15 -rockbolt 8.94 to 88.80 lili - 1200 795 9942 - 10737
18 ST0018 -excavation open cut 57812 n3 0.71 6.96 - 7.68 41547 402774 - 444321

-Miscellaneous itens 10 \ 18267 107512 - 125779
TOTAL (v/o taxes) in US$ 200941 1182633 - 1383573
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Project Alternative A

Lahmeyer International - Consulting Engioeer3

Project KUEUL-K, Elenent- PS - VERTICAL PRESSURE SHAFT

FrankfurtlM) - Gernany
EVALS LISTING OCT 1991 Page li:
lastalled Capacity Factor ICF- 2.00

P8ESSÜRE SBAFT ST8UCTURE
Nunber of pressure shatts l
Inner sbaft dianeter 3.8 n
Pressure shaft iength 400.0 n
in very good rock 100.0 \
Fio» velocity 5.0 tis
Read loases 1.0 n
No intake to be provided

-Calculated physical paraneters

-Haxinun dianeter o£ excavation 4.4 n

COST ESTIMATE F08 CIVIL STRUCTURES Coot level: Sep 1991n*

U N E  CODE DESCRIPTION QUANTITY UNIT
UNIT RATE (US$) . TOTAL COST IUS$) ni¡

Loe For Tax Total Loe For Tax Totaí
4 PS0004 -shaft excavat.el.1-2-3 H 10n2 6365 n3 11.82 60.85 - 72,68 75235 387349 - 462585

20 PS0020 -concrete lining 1824 n3 11.64 86.35 - 98.00 21241 157470 - 178711
24 PS0024 -rockbolt 0.40 to 185 2315 , - 2500 74.39 931 - 100-5

-Miscellaneous itens 15 1 14483 81862 - 96345"
TOTAL (v/o taxes) in US$ 111034 627612 - 738646
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Lahaeyer Interuational - Co,Qftfi.l*tiag Eagiaeers FrankfurtlM) - Gernany
Project KUKUL-K, Elenent PS - VERTICAL PEESSlfBE SHAFT EVALS LISTING OCT 1991 Page 12

Project Alternative A Installed Capacity Factor ICF= 2.00

-PRESSURE SHAFT HECHAHICAL COMPOHEHT -Calculated physical paraneters
-Progran decisión ou safety valve

*

-Type of turbinels) Francis -Inner pressure shaft diaaeter 3.8 a-Total turbine deaign diecharge 56.8 b 3/s -Cale length upper/loier press shaft 165.3 / ,228.4 a-Groes head 186.8 a -Thickness upper/lover press shaft 1.1 / 1.9 en-Horizontal distance surge tank to poverhouse 393.7 a -Max theor/actual vaterhanner 82.7 / 82.7 a

ST ESTIMATE FOR KECHANICAL EQUIPKENT AND HYDRAULIC STEEL STRÜCTURES Cost level : Sep 1991
ÜNIT RATE |US$) TOTAL COST (US$)LINE CODE DESCRIPTION . . . . . . . . . . . . . .  ' . . . . . . . . . . -. . . . . . . . . . . .

Loe For Tax Total Loe For Tax Total
10 HECH10 -Penstock/pressure shaft stlin .... Lunpsui V a h e . . . .  55232 2043570 - 2098801
11 HECH11 -Safety valve ....Lunpsun Valué,... 3009 111338 - 114347

TOTAL I»/o taxesl id US$ 58241 2154907 - 2213148

TAL COST PRESSURE SHAFT Cost level: Sep 1991

ELEHENT
PERCENTAGE OF TOTAL COST TOTAL COST (1000 US$)
Loe For Tax Total Loe For Tax Total

CIVIL STRÜCTURES
HECHAHICAL EQUIPKENT AND HYDRAULIC STEEL STRÜCTURES

3,8
2.0

21.3
73.0

0.0 25.0 
0.0 75.0

111.
58.

628.
2155.

0.
0.

739.
2213.

OVERALL TOTAL ivithout taxés) 5.7 94.3 0.0' 100.0 169. 2783. 0. 2952.

--— -----
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Project Alternative A

Lahneyer International - Consulting Engineers
Project KUKUL-K, Elenent Tí - TAILEACE TUHNEL

Frankfurt(H) ■ Geriany
EVALS LISTIHG OCT 1991 Page 13
Installed Capacity Factor 1CF= 2.00

TAILBACE TUHHEL STEUCTURE -Calculated pbysical paraneters
-Nunber of tunnels 1
-Inner tunnel diameter 4.9 b -Haxinun diaaeter of excavation
-Tunnel length 2370.0 n
in very good rock 67.1 1
in good rock 22.4 l
in fair rock 9.4 t
in poor rock 1.1 \

-Fio» velocity 3.1 a/s
*ead loases 2.4 b

-l’ype of lining Concrete
-No Steel lined section specified *

5.7 b

COST ESTIMATE FOR TUNNEL CIVIL STRUCTURES 

LINE CODE DESCRIPTION QUANTITÍ UNIT
UNIT BATE IUS$)

::::::::: COBt 
TOTAL COST

level: Sep 1991 
(US$)

Loe For Tax Total Loe For Tax Total
12 PT0012 -tun.exc. el. 1-2-3, 30b 2 , 5000b 62619 n3 3.54 41.66 t 45.21 221872 2609185 - 2831057
32 PT0032 -tun.excavat. el.4, 30b 2, 5000b 729 b 3 3.56 42.79 - 46.35 2595 31187 33782
63 PT0063 -concrete lining < 20n2 14044 b 3 11.51 113 - 125 161678 1593865 1755543
65 PT0065 -reinforcenent 294 to 34.65 888 - 923 10184 260980 271164
66 PT0066 -aesh reinforcenent 5.21 to 12.28 680 - 692 64.05 3543 3607
84 PT0084 -fornvork tunnels 5000b , 30b 2 36122 b 2 4.33 2.45 - 6.78 156443 88654 24509787 PT0087 -rockbolt 18.63 to 185 2315 - 2500 3448 43141 465899 PT0088 -S tee l  rib 84.01 to 27.47 1667 - 1694 2308 140014 142322

-Miscellaneous i tesis 10 \ 55859 477057 532916
TOTAL |v/o taxes) in US$ 614450 5247626 - 5862076

6A.3 - 62



Projéct Alternative A

Lahneyer International - Co&sülting Engineers
Project EUKUL-R, Elenent TR - OUTLET STBUCTUBE

Frankfurt(M) * Gemany
EVALS LISTING OCT 1991 Page 14
Installed Capacity Factor ICF= 2.00

-OUTLET STRUCTURE •

-Elevation of dan erest 207.3 iasl -Vidth of outlet canal-Maxinun flood level 205.0 nasl -Depth of outlet canal-HaxinuB operating level 205.0 nasl -Length of outlet canal-Hinisun operating level 205.0 nasl-Slope of face at outlet strnctare 30.0 deg-Slope outlet structure 85.0 deg

9.7 n 
9.1 i 

15.0 ii

%.aST ESTIMATE FOR OUTLET CIVIL STRUCTURES
UNIT RATE (US$1LIBE CODE DESCRIPTION QiJANTITY UNIT

Loe For Tax Total
1 OL0001 -excavation in open cut 2331 b 3 0.71 6.96 - 7.682 OL0002 -sboterete lining ( 20 n2 3.62 i3 9.70 72.62 - 82.324 OL0004 -concrete lining ( 20 n2 304 n3 4.38 43.20 - 47.586 OL0006 -Steel reinforcenent 27.39 to 28.08 895 - 92310 OL0010 -fornv.intake struc.tunnel 30n2 480 n2 1.51 5.45 - 6.96

13 OL0013 -rockbolt 0.11 i 0.75 9.45 - 10.2114 OL0014 -Steel rib 26.01 b 27.47 1667 - 169418 OL0018 -tun.exc. el.1-2-3, 30n2, 500n 421 n3 0.91 10.80 - 11.71
-Miscellaneous itess 10 \

TOTAL li/o taxes) id US$

Cost level: Sep 1991
TOTAL COST (US$1

Loe For Tax Total
1675 16237 - 17912

35.19 264 - 299
1334 13150 - 14484
769 24508 - 25277
727 2618 - 3345

0.08 1.12 - 1.21
715 43348 - 44063
385 4548 - 4933
564 10467 m 11031

6203 115142 • 121345
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Project KUKUL-K, Eleient PH - POWER CAVERN EVALS LISTING 0CT 1991 Pa9 e U }

Project Alternative A Inatalled Capacity Factor ICF- 2.00

Lahneyer International - Consulting Engineers Frankfurt(H) Genany

-POVERHOUSE (CAVERN1 AND SVITCRYARD -Calculated physical paraneters 
-Leño th 27.9 a
-Depth/vidth belov generator floor 15.9 / 18.9 a
-Height/vidth above generator floor 
-Volune above generator floor 
-Voluae belov generator floor

15.6 / 13.8 a 
9854.1 a3 
8937.0 a3

COST ESTIMATE FOR CIVIL STRUCTURES Co8t level: Sep 1991• - - ::::::::::::::: ZZZZZZZ’ZZZZZZZZZ -------- ::::::::

LINE CODE DESCRIPTION QUANTITY UNIT
UNIT RATE IUSSI TOTAL COST (US$1

Loe For Tax Total Loe For Tax Total
“ ” ̂ Z zzzzzzzzzzzzzzzZZZZZZZ ::::::::: ZZZZZZZZZZZZ ----------- z z z z z z z z z z z z z z z z Z Z Z Z Z Z Z Z

8 PH0008 -excavat.cavern el.1-2-3, 120a2 •18791'a3 3.42 19.48 - 22.91. 64403 366156 - 430559 i
15 PB0015 -rock bolt 30.43 to 185 2315 - 2500 5630 70451 - 76081
16 PH0016 -vire aesh 23.71 to 12.28 680 692 291 16120 - 16411
17 PH0017 -shorterete lining 568 a3 20.78 159 180 11812 90485 - 102297
18 PH0018 -concrete to cavern 6722 a3 10.35 55.50 - 65.86 69587 373133 - 442720
19 PH0019 -reinforceaent to cavern 742 to 34.65 888 ,- 923 25722 659186 - 684907
20 PH0020 -foravork to cavern lining 11252 b 2 22.06 16.93 - 38.99 248264 190534 - 438798 'k-Miscellaneoua iteas 37 \ 157513 653444 - 810957

TOTAL Iv/o taxes) in US$ 583222 2419509 - 3002731
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Labieyer International - 'Cojoaultinq Engineers
Project KUKUL-K, Elenent PH - POWER CAVESN

Frankfurt(K) * Gernany

Project Alternative
EVALS LISTING OCT 1991 Page 16 
Installed Capacity Factor ICF= 2.00

-MECHANICAL EQUIPMENT FOR POVERHOUSE -Calculated physical parameters
-Turbine type se lee ted by user Francia-Target nuiber of turbines set by user 2 -User-selected nunber of turbines 2-Gross bead 186.8 n -Rated bead 178.4 n-Maxinun operating level 205.0 nasl -Turbine rated efficiency 90.0 X-Hiniiui operating level 205.0 nasl -Turbine design disebarge 28.4 n3/s-Maxinun taiIvater level 24.7 nasl -Turbine design capacity 44.7 MU-Nornal taiIvater level 18.2 nasl -Turbine design speed 375.0 rpn-Lov tailvater level 16.7 nasltal bead loss 8.4 n-iotal design disebarge 56.8 n3/8 -Approx. runner inlet dianeter 2.0 n

-Approx. runner outlet dianeter 1.8 n-Type of turbine valve Spherical valve
- -Disensión of valve 1.9 n

COST ESTIMATE FOR MECHANICAL EQUIPKENT AND HYORAULIC STEEL STRUCTURES Cost level: Sep 1991

LINE CODE DESCRIPTION
UNIT BATE (US$) TOTAL COST (US$)

Loe . For Tax Total Loe For Tax Total
1 MECH01 -Turbines _  Lunpsun Valué _ - 5180295 - 5180295
2 MECH02 -Energency turbine valves .... Lunpsun Valué .... 21515 1742680 - 1764195

12 MECH12 -Poverhouse crane —  Lunpsun Valué .... 14175 864675 - 878850
13 MECH13 -Vorksbop _ _  Lunpsun Valué _ 2406 146760 - 149166
14 MECH14 -Air conditioning —  Lunpsun Valué _ _ 8893 542453 - 551346

MECH15 -Drainage _ _  Lunpsun Valué _ _ 11694 713320 - 725014
16 MECH16 -Draft tube stop logs _ _  Lunpsun Valué _ _ 1702 114012 - 115714
17 MECH17 -Slot lin. draft tube stop logs .... Lunpsun Valué _ _ 255 17102 - 17357
18 MECH18 -Lift for draft tube stop logs .... Lunpsun Valué _ _ 449 30108 - 30558

-Miscellaneous itens 10 X 6109 935141 - 941249
TOTAL {v/o taxes) in US$ 67197 10286548 - 10353744



Lahneyer Internatiooal - Consulting Engineers 
Project KUKUL-K. Elenent PH -  POVER CAVERN

Frankfurt(M) - Gernany
EVALS LISTING OCT 1991 Page 17

Project Alternative InstaILed Capacity Factof ICF= 2.00

-ELECTRICAL EQUIPHENT FOR POVERHOUSE
-Net frequency 
-Generator efficiency 
-Transforner efficiency 
-Power factor

-Calculated pbysical paraneters
50.0 Hz -Unit generator capacity
97.2 \ -Unit transforner capacity
97.2 \
0.95

53.0 UVA 
43.8 KV

COST ESTIMATE FOR ELECTRICAL EQUIPHENT Cost level: Sep 1991

II ll II ll 11 11 ll ll 11 ll ll ll 11 ll ll II ll ll ll ll ll 11 11 11 ll ll ll 11 ll ll ll ll ll 11 11 11 11 ll ll ll 11 11 11 11 ll f i ll 11 ll 11 ll 11 11 11 11 i i r i z i m i n z z

LINE CODE DESCRIPTION
UNIT RATE (U S S ) TOTAL COST (US$) .

Loe For Tax Total Loe For Tax Total11 11 11 11 11 11 11 ll 11 ll 11 11 11 11 11 11 11 ll 11 11 11 11 11 11 ll 11 11 11 11 ll 11 ll ll ll 11 II ll ll 11 11 ll 11 ll ll 11 11 ll ll ll 11 ll 11 ll II 11 : : : : : : : : : : : : : : : : : : : : : : ZZZZZZZZZZZZ ZZZZZZZZZZZZ z z z z z z z z z z

1 EL0001 -Synchronous generator .... Lunpsun Valué _ 67027 6903776 - 6970803
2 EL0002 -Step-up transforner _ _  Lunpsun Valué _ 21544 2219021 - 2240565
3 EL0003 -High voltage svitchyard _ _  Lunpsun Valué _ _ 19176 1975082 - 1994257
4 EL0004 -Control,protection 1 telenet _ _  Lunpsun Valué _ 8929 909267 918095
5 EL0005 -Eleetrical auxiliarles _  Lunpsun Valué .... 8176 842087 850262

TOTAL Iv/o taxes) in USS 124750 12849232 - 12973982

TOTAL COST POVERHOUSE Cost level: Sep 1991

ELEMENT
PERCENTAGE OF TOTAL COST TOTAL COST (1000 US$)
Loe For Tax Total ' Loe For Tax Total

CIVIL STRUCTURES 2.2 9.2 0.0 11.4 583. 2420. ' 0. 3003.
MECHANICAL EQUIPKENT AND HYDRAULIC STEEL STRUCTURES 0.3 39.1 0.0 39.3 67. 10287. 0. 10354.
ELECTRICAL EQUIPHENT 0.5 48.8 0.0 49.3 125. 12949. 0. 12974.
OVERALL TOTAL (without taxes) 2.9 97.1 0.0 100.0 775. 25555. 0. 26330.
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Lahneyer Internationa 1 - ConsuLting Engineers 
Project KUKUL-K. Eleient TL - FEEDES U N E  TO PANNIPTTIA

Frankfnrt(M) - Gernany

Project Alternative
EVALS LISTING OCT 1991 Page 19 
Inatalled Capacity Factor ICF= 2.00

-TRANSKISSION LINE AND NETVORR CONNECTION
-Power 103.0 HVA
-Distance to feeder point 64.0 kn
-Hetvork voltage 220.0 kV
-Monntainons terrain, coat increased by 5.0 \
-Power factor 0.850
-Econonic line loading per nn2 L O A
-Interconnection to aubatation of bigher voltage

-CalcuLated design paranetera
-Conductor cross-section 490.0 nn2
-Line lengtb 70.4 kn
-Line voltage 132.0 kV
-Nueber of conductora per phaBe 1
-Nuaber of circuita 2
-Nueber of tovers 281

COST ESTIMATE FON T8ANSKISSION LINES Coa t level: Sep 1991

LINE CODE DESCRIPTION
UNIT BATE (US$) TOTAL COST (US$)

Loe For Tan Total Loe For Tax Total
7 TL0007 -Towera 132 kV _ _  LunpauB Valué _ _ - 2487282 - 2487282
8 TL0008 -Conductora 132 kV _ _  Lunpaun Valué .... 71065 2274087 - 2345152
9 TL0009 -Hardware 132 kV .... Lunpaun Valué _ _ - 142130 - 142130

10 TL00I0 -Inaulatora 132 kV _ _  Lunpaun Valué _ _ - 497456 497456
11 TL0011 -Foundation 132 kV _  Lunpaun Valué _ _ 426391 - - 426391
12 TL0012 -MisceLlaneous 
20 TL0020 -FeederB

132 kV .... Lunpaun 
.... Lunpaun

Valué .... 
Valué ....

142130 71065
713000 -

213196
713000

TOTAL (w/o taxes) in U S 5 639587 6185021 - 6824608

o ' :* : i > ; ei
/ >

. .O.
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Lahaeyer International ■ Consulting Engineers FrankfurtlKI - Geraany

Project KUKUL-E. Eleaent CT - VERTICAL SHAFT FOR
Project Alternative

POVER CABLES 
A

EVALS LISTING OCT 1991 Page 19

-CABLE TUNNEL STRUCTURE - CONCRETE LINEO -Calculated physical paraieters
-Inner tunnel dianeter 3.0 a -Tunnel dianeter vithin pernissible range
-Tonnel length 250.0 b / -Max diaieter of excavation 3.5 i
in very good rock 90.0 \
in good rock 8.0 \
in fair rock 2.0 \

COST ESTIMATE FOR CIVIL STRUCTURES Cost level: Sep 1991
z z z z \ 11 ll II 11 ll ll ll 11 ll ll ll 11 ll ll ll 11 ll ll ll ll 11 ll ll ll 11 11 ll 11 11 11 11 11 11 11 11 11 11 11 11 “ Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z 11 11 ll 11 11 11 ll ll ll z z z z z z z z z z z z

ll ll ll ll 1! II II II II II II 11 11 II z z n i m ll ll li li ll 11 ll ll ll ll ll ■ i ll ll ll ll ll ll ll li 11

LINE CODE DESCRIPTION Q U A N T i n  UNIT
UNIT RATE IUS$) TOTAL COST IUS$)

Loe For Tax Total Loe For Tax Total
:::: 11 11 II M 11 11 II II 11 II 11 11 11 11 II II II II 11 II II II 11 11 11 11 11 11 11 11 11 II 11 11 11 11 11 II 11 \ z z z z z z z z z :Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z z z z z z z z z z z z z z z z z z 11 it ti n ll ll ll 11 ii

1 TU0001 -tun.exc. el.1-2-3, 5i2, 500b 2774 a3 8.43 48.81 - 57.24. 23407 135412 - 158820
61 TU0061 -sboterete < 20 b 2 93.70 a3 14.25 166 - 180 1335 15532 - 16867
63 TU0063 -concrete lining ( 20b 2 7 55 a3 9.02 88.97 - 98 6812 67157 - 73970
65 TU0065 -reinforceaent 22.64 to 34.65 888 - 923 785 20109 - 20893
66 TU0066 -aeah reinforceaent 2.78 to 12.28 680 * 692 34.16 1890 — 1924
67 TU0067 -foravork tunnels 500a, 5a2 1938 a2 5.62 6.36 t 11.99 10913 12334 - 23246
87 TU0087 -rockbolt 4.84 to 185 2315 - 2500 896 11205 - 1210f

-Kiscellaneous i teas 10 \ 4418 26364 - 30782
TOTAL (v/o faxes 1 in US$ 48600 290002 - 338602
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Lahneyer International - CohN-lting Engineers
Project KUKUL-K, Elenent AT - ACCESS TO POVEB CAVESN

Frankfnrt(K) - Gernany 
EVALS LISTIHG OCT 1991 Page 20

Project Alternative A

ACCESS TUHNEL STRUCTUBE
Type of lining to be selected by progran
Inner tunnel dianeter 6.0 i 
Tunnel length 760.0 n 
in very good rock 90.0 1 
in good rock 8.0 \ 
in fair rock 2.0 t

-Calcnlated pbysical paraieters
/

-Tnnnel dianeter vithin pernisaible range
-Max dianeter of excavation 6.9 n

:OST ESTIMATE FOfi CIVIL STBUCTÜBES 

,INE COOE DESCRIPTION
'

QÜAHTITY UNIT
UNIT BATE (US$1

: : : : : : : : : : :
Cont level: Sep 1991 

TOTAL COST (US$)
Loe For Tax Total Loe For Tax Total

2 TU0002 -tnn.exc. d . 1-2-3, 5n2, 1000b 25500 n3 9.23 52.43 - 61.67 235609 1337132 - 1572741
61 TU0061 -shotcrete < 20 n2 1975 n3 14.25 166 - 180 28150 327391 355541
63 TU0063 -concrete lining < 20n2 147 n3 9.02 88.97 - 98 1325 13061 14386
65 TU0065 -reinforcenent 53.56 to 34.65 888 - 923 1856 47570 49427
66 TU0066 -nesh reinforcenent 0.32 to 12.28 680 - 692 4.03 223 227
72 TU0072 -forniork tunnels lOOOn, 5n2 236 n2 5.62 3.18 - 8.81 1327 750 2077
87 TU0087 -rockbolt 2.68 to 185 2315 - 2500 496 6205 6701

-Miscellaneous itens 10 \ 26877 173233 200110
TOTAL (v/o taxesl in US$ . 295643 1905566 - 2201209
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Project Alternative A

Lahieyer International - Consulting Engineers Frankfurt(K) Gernany
Project RURUL-R, Elenent AR - ACCESS ROAD TO DAH SITE EVALS LISTISG OCT 1991 Page 21

-BIDE ACCESS ROAD -Calculated physical paraneters
-Road length 20.0 kn
-Ground cross slope 15.0 deg
-Transport distance of setal 10.0 kn
-Vidth of pavenent 1.5 *
-tfidth of enbanknent 2.0 b

COST ESTIMATE FOR CIVIL STRUCTURES Cost level: Sep 1991
zz'zz z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z ~  ~  —  “ ™  —  —  ™ —  ™  —  —  ™  ™ *  •  •  •  •  ^  —  ^ ™  —  ^  ™  ̂ z z z z z z z z z

UNIT RATE IUSS) TOTAL COST (US$)
LIME CODE DESCRIPTI0N QUANTITY UNIT •

Loe For Tax Total Loe For Tax Total
1 AR0001 -site clearing light junóle 10 ha 58.72 246 - 305 587 2462 - 3049
2 AR0002 -site clearing heavy jungle 10 ha 409 4107 - 4516 4085 41074 - 45159
3 AR0003 -renoval of top soil 190045 n3 0.39 4.39 - 4.79 75831 835908 - 911738
5 AR0005 -rock excavation and f o n  bank 126697 n3 0.77 7.14 - 7.91 97845 905496 1003341
7 AR0007 -hardcore foundation .11250 n3 0.70 10.63 - 11.34 7957 119619 - 127575
8 AR0008 -upper layer of ballast 9000 i3 0.70 10.63 í" 11.34 6365 95695 - 102060
9 AR0009 -asbalt base and vearing course 90000 n2 0.69 13.12 - 13.82 62879 1181476 - 1244355 r

10 AR0010 -extra transport for road netal 931500 n3kn 0.03 0.43 - 0.47 33168 409068 - 442236
12 AR0012 -rock excavation f.side drain 7500 n3 4.28 19.77 - 24.06 32168 148340 - 180508

-Miscellaneous i teas 10 \ 32089 373914 - 406002
TOTAL (v/o taxes) in US$ 352974 4113051 - 4466025
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Project Kl/KÜL-K, Elenent 88 - BBIDGES 18 ACCESS ROAD EVALS LISTIHG OCT 1991 Page 22
Project Alterna tive A

Lahieyer International - Cao&sltiog Eogioeers Fraokfurt(H) - Gemany

CONCRETE BR1DGEIS) IN BIGHLANDS
Nuiber of bridges 2
Total lengtb of bridge 15.0 n
Depth of water during desiga flood 15.0 ■
Depth of water during desiga flood (default) 15.0 i

-Calculated physical paraieters
4

-Nunber of spaas 2
-Height of colanas 1 7 . 5 b
-Height of coluiaB 17.5 i

COST ESTIMATE FOR CIVIL STRUCTURES 

,E CODE DESCRIPTION QUANTITÍ UNIT
z z z z z z :

UNIT BATE (US$)
======== Cost level: Sep 1991 

TOTAL COST |US$)
Loe For Tax Total Loe For Tax Total

1 BR0001 - e x c a v a d o s  coiioa, fouodation 3150 i3 0.16 2.55 - 2.71 511 8033 85433 BR0003 -excavation rock to foundatioo 494 i3 1.33 8.67 -i 10.00 657 4284 49414 BR0004 -backfill witb excavat.Raterial 6975 i3 0.45 1.71 - 2.16 • 3143 11940 15082
9 BR0009 -leas concrete 19 n3 5.58 30.60 - 36.18 106 581 688

10 BR0010 -reinforced concrete . 3612 n3 5.58 48.27 - 53.86 20182 174371 194553
11 B R 0 0 U  -reinforceient 368 to 28.08 895 - 923 10335 329267 339601
12 BR0012 -foriwork 5926 i2 9.64 25.02 - 34.66 57135 148298 205433
13 BR0013 -bridge bean precast 56 i3 7.54 85.71 - 93.25 422 4800 5222
14 BR0014 -bridge haad rail 289 i 0.62 52.11 - 52.74 182 15072 15253

-Misce1laoeous iteas 5 \ 4634 34832 39466
TOTAL Iw/o taxes) in US$ 97306 731478 828784

' '  K /
A  ^  ¡ l  # * “ " t  '**  - 1

£  ‘ .

C '
-o
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Lahneyer International - Consulting Engineers FrankfnrtlHI ■ Gernany
Project KUKUL-K • - SUMNABY FES COST CATEGOBY AND ELEMENT EVALS LISTING OCT 1991 Page 23?.

Project Alternative In8talled Capacity Faítor ICF= 2.00

COST ESTIMATE IDIBECT) FOB CIVIL STBÜCTÜBES Cost level: Sep 1991
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ELEMENT
PEBCENTAGE OF TOTAL COST TOTAL COST 11000 US$)
Loe For Tax Total Loe For Tax Total
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rnfferdan 0 . 1 1.1 0 . 0 1.3 45. 391. 0 . 437.
i 0.5 3.1 0 . 0 3.6 159. 1098. 0 . 1256.

Spiilvay 0.2 1.6 0 . 0 1.8 - 64. 559. 0 . 623.
Power intake 0 . 1 1.2 0 . 0 1.3 52. 401. 0 . 453.
Headrace tunnel 3.8 33.9 0 . 0 37.7 1326. 11828. 0 .  . 13154.
Surge tank 0.6 3.4 0 . 0 4.0. 201. 1183. 0 . 1384.
Pressure shaft 0.3 1.8 0.0 2 . 1 111. 628. 0 . 739.
Access tunnel 0.8 5.5 0 . 0 6.3 296. 1906. 0 . 2201.
Cable tunnel 0 . 1 0.8 0 . 0 1 . 0 49. 290. 0 . 339.
Powerhoose, including switcbyard 1.7 6.9 0 . 0 8.6 583. 2420. 0 . 3003.
Tailrace tunnel 1.8 15.1 o. ó 16.8 614. 5248. 0 . 5862.
Outlet structure 0 . 0 0.3 o,, o 0.3 6. 115. 0 . 121.
Access road 1 . 0 11.8 0 . 0 12.8 353. 4113. 0 . 4466.
Bridges 0.3 2.1 0 . 0 2.4 97. 731. 0 . 829.
SUBTOTAL (w/o taxes 1 11.3 88.7 0 . 0 100.0 3956. 30910. 0 . 34866.

COST ESTIMATE IDIBECT ♦ INDIBECTI FOR HECHANICAL EQUIPMENT AND HYDBAULIC STEEL STBUCTUSES Cost level: Sep 1991

ELEMENT
PERCENTAGE OF TOTAL COST TOTAL COST (Í000 US$1
Loe For Tax Total Loe For Tax Total

Spiilvay 0.4 14.1 0.0 14.5 67. 2182. 0. Z249.
Power intake 0.1 4.2 0.0 4.3 10. 658. 0. 668.
Pressure shaft 0.4 13.9 0.0 14.3 58. 2155. 0. 2213.
Powerhouse, including switcbyard 0.4 66.4 0.0 66.9 67. 10287. 0. 10354.
SUBTOTAL Iw/o taxes) 1.3 98.7 0.0 100.0 203. 15281. .0. 15483.
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Project KUKUL-K - SUMMA6Y PES COST CATEGORY AND ELEHENT
Projéct Alternative A

Lahieyer International - Coisalting Engineers FrankfnrtlH) - Gernany 
EVALS LISTING- OCT 1991 Page 24 
Installed Capacity Factor ICF= 2.00

COST ESTIMATE IDIRECT 4 IHDIRECT) FOR ELECTRICAL EQUIPMENT 

ELEHENT

Poverbouse, i n d u d i n g  svitchyard 
SUBTOTAL Iv/o taxesI

PERCENTAGE OF TOTAL COST 
Loe For Tax Total
1.0 99.0 0.0 100.0
1.0 99.0 0.0 100.0

Cost levei: Sep 1991 
TOTAL COST (1000 US$)

Loe For Tax Total
125. 12849. 0. 12974.
125. 12849. 0. ' 12974.

COST ESTIMATE IDIRECT 4 INDIRECT) FOR T R A N S M I S I O N  FEEDER LINE Cost level: Sep 1991

ELEMENT PERCENTAGE OF TOTAL COST TOTAL COST (1000 US$)

II II II II II II

Loe For Tax Total Loe For Tax Total
Transnission feeder line 9.4 90.6 0 . 0 100.0 640. 6185. 0 . 6825.
SUBTOTAL 1v/o taxes) 9.4 90.6 0 . 0 100.0 640. 6185. 0 . 6825.
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Lahneyer International - Consulting Engineers FrankfurtlH) - Gernany

Project KUKUL-K ■ - OVEBALL SUHKARY OF PROJECT COST EVALS LISTING OCT 1991 Page 25 '
Project Alternative Installed Capacity Factor ICF= 2.00
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BREAKDOVN OF COST ITEMS Cost level: Sep 1991
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ELEHENT
PERCENTAGE OF TOTAL COST TOTAL COST 11000 US$)
Loe For Tax Total Loe For Tax Total
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/IL WORKS
- Direct cost 4.0 31.2 0.0 35.2 3956. 30910. 0 . 34866.
- Indirect cost 4.1 9.8 0.0 13.9 4100. 9693. 0 . 13793.
- Contingentes 1.6 8.2 0.0 9.8 1611. 8120. 0 . "9732.
- Total for civil Works 9.8 49.2 0.0 59.0 ■ 9668. 48723. 0 . 58391.

MECBANICAL EQUIPMENT AND HYDRAULIC STEEL STRUCTURES
- Direct and indirect cost 0.2 15.4 0.0 15.6 203. 15281. 0 . 15483.
- Contingencies 0.0 2.3 0.0 2.3 30. 2292. 0 . 2323.
- Total for nechanical equipnent 0.2 17.8 0.0 18.0 233. 17573. 0 . 17806.

ELECTRICAL EQUIPMENT ■
- Direct and indirect cost 0.1 13.0 0.0 13.1 125. 12849. 0 . 12974.
- Contingencies 0.0 1.9 0.0 2.0 19. 1927. 0 . 1946.
- Total for electrical equipnent 0.1 14.9 0.0 15.1 143. 14777. 0 . 14920.

.ANSKISSION FEEDER LINE
- Direct and indirect cost 0.6 6.2 0.0 6.9 640. 6185. 0. 6825.
- Contingencies 0.1 0.9 0.0 1.0 96. 928. 0 . 1024.
* Total for transnission feeder line 0.7 7.2 0.0 7.9 736. 7113. 0 . 7848.

TOTAL DIRECT AND INDIRECT CONSTRUCTION COST - 10.9 89.1 0.0 100.0 10780. 88185. 0 . 98965.- Engineering, administration 1 supervisión 1.2 6.8 0.0 8.0 1139. 6778. 0 . 7917.
* clients ovn cost 0.1 0.4 0.0 0.5 . 54. 441. 0 . 495.

9

BASIC PROJECT COST (v/o taxesl 12.1 96.4 0.0 108.5 11973. 95404. 0 . 107377.
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Lahneyer International ■ Consulting Engineerg Frankfurt(M) - Gernany
Project KUKUL-K - RESULTE OF RESERVOIR OPERATION AND ECONONIC EVALUATION EVALS LISTING OCT 1991 Page 26

Project Alternative A Installed Capacity Factor ICF= 2.00
:::::::::::::::::::::::::::: 11 
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ll ll ll ll ll ii ll ll ll ll ll ll ll ll ll ll ii ll :::::::::::
-Plant factor 45.5 t -Karginal cost of 1 kV of guaranteed capacity 375.0 $-Harginal cost of 1 kVb of guaranteed energy 5.6 cents-Kean streanfiow ( -1-19891, 480 nonths of data 28.4 i3/s -Karginal cost of 1 kVb of secondary energy 2.8 cents-Total spillage / total inflov 10.0 t (Used for optiiising arrangeient of pover coiponents)-Reservoir surface area 3.2 kii2

-Basic project cost 107.4 Kio $-Reservoir operating levels: Kininui/Kaxiiiui 205.0 nsl -Annual OHR cost 0.9 Kio $(Run-of-river project) -

-Cash disburseient (t) over 5 years of construction
11.9/ 23.1/ 30.0/ 23.1/ 11.9

-PV Project cost 8 10.0 1 discount rate 153.1 Kio $ILifetine 50 yearB)

-Tailvater elevation: Kaxiiun ' 24.7 nsl -Cost per kV capacity § 8.0 \ discount rate 1601. $Kean 18.2 nsl 8 10.0 \ discount rate 1695. $Kininun 16.7 nsl 8 12.0 1 diBcount rate 1794. $

-Total head loases 8.4 n -Cost per kVh average 8 8.0 t discount rate 3.5 cents
8 10.0 t discount rate 4.5 cents-Reservoir storage voluie: Haxinoi 17.8 HCK 8 12.0 \ discount rate 5.7 centsKean 17.8 KCK

Kininui 17.8 KCK -Cost per kVh veighted 8 8.0 \ discount rate 6.0 cents
Guaranteed = 100 1 8 10.0 \ discount rate 7.7 cents
Secondary = 50 \ 8 12.0 t discount rate 9.6 cents

-Degree of regulation 15.9 \ -Energy production per KCK of inflov 379.3 KVh-Capacity / inflov ratio 2.0 t
-Enploynent (local direct labour during construct 7300 K-yrs

irbines installed Francia 2 turb
-Generated capacity: Haxiiui 85.1 KV

Kean 84.8 KV
Kininui 83.6 KV
Guaranteed 1 95. \). 84.3 KV

-Continuous pover: Maxinun 84.5 KV
' Kean 38.6 KV
Miniaun 3.6 KV
Guaranteed 1 95. ») 6.9 KV

-Annual energy output for Kaxiiui 669.7 GVh
40 yearB tine series: Kean 339.5 GVh

3rd driest year 108.6 GVh
2nd driest year 78.3 GVh
Driest year 76.3 GVh
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, Lah’neyer International - Consulting Engineers Frankfurt(M) - Geriany
Project KUKUL-K - FILE OVERVIEW EVALS LISTING OCT 1991 Page 2)

Project Alternative Installed Capacity Ftfctor ICF= 2.OC

File naie Activity Contenta
zucost.*** Input Unit eost lile systen
evals.íix Input File vith fixed input data
ucost.vgt Input File vith cost veighting factors
evals.turb Input File vith turbine characteristics
PKUKUL-K Input Project definition file

' RKUKUL-K Input File vith reservoir data
v k u k u l -í Input File vith valley croas section data
TKUKUL-K Input File vith tai Iva ter rating curve
IUKUL-K Input Hydrology mas ter file

RIMDKUKUL-PA Input Monthly streanflov data file
HMHXKUKK Input Spillvay design flood data fileHHHXKUKK Input Diversión design flood data fileKUKUL-K.lp Output Results to line printerKUKUL-K.sun (Jpdate Project evaluation s u n a r y
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ECBOPRINT OF PROJECT DEFINITION FILE PKUKUL-K
• ̂ ——-————————------ z z z z z z ------- z z z z z z ----- z z z z z z

TI
i

PKUKUL-K KUKULE BYDROPOVER PROJECT. ALTERNATIVE K-KAL GRAVITY DAM (VEIR), FSL 205 M ASL, POVERBOUSE AT KUKULE AAL l -l 1 - 1  205.0 185.0 999.0 -1. -1. -i. -1. -I. -1. -l. :1.AL ROCKFILL DAN. FSL 230 M ASL, POVERBOUSE AT KUKULE B •
AL 1 - 1  1 - 1  230.0 193.7 5.00 -1. -1. -i. -1. -1. -1. -1. -1.AL ROCKF1LL DAM, FSL 242 M ASL, POVERBOUSE AT KUKULE cAL 1 -1 1 -1 242 193.7 5.00 -1. -1. -i. -1. -1. -1. -1. -1.CO IN-RIVER DIVERSION ACO 4 -1 -1 -1 195.0 195.0 12.00 200.0 -1. -i. -1. 5.00 1.00 -1. 2.00CO UPSTREAH COFFERDAM * BCCO 1 -1 11 12 210.0 210.0 0.00 0.00 0.00 0.00 0.00 0.00 1.00 -1. 2.00CO DOVNSTREAM COFFERDAM BCCO 2 -1 11 12 197.0 197.0 0.00 0.00 0.00 0.00 1.00 0.00 1.00 -1. 2.00DA MAIN DAM 1 CONCRETE VEIRI • ADA 6 0 1 3  -1. *1. -1. -1. -1. -1. 1.00 -1. 1.00 1.00 2.00DA MAIN DAM (ROCKFILL DAM) BDA 4 0 11 12 0.00 -1. -1. - 1 . -1. - 1 . 1.00 - 1 . 2.00 1.00 2.00DA MAIN DAM (ROCKFILL DAM) CDA 4 0 11 12 0.00 -l. -1. -1. - 1 . - 1 . 1.00 -1. 2.00 1.00 2.00SP SERVICE SPILLVAY (10000 YR FLOODI ASP 2 -1 -1 -1 40.00 40.00 0.00 195.0 0.00 0.00 0.00 0.00 0.00 0.00 2.00SP GATEO SPILLVAY VITB CBUTE BSP 4 -1 -1 -1 40.00 40.00 0.00 220.0 100.0 6.66 10.00 5.00100000 1.00 2.00SP 6ATED SPILLVAY VITB CBUTE CSP 4 -1 -1 -1 40 40 0.00 232 120 7 10.00 5.00100000 1.00 2.00DT DIVERSION TUNNEL BCDT 0 1 - 1 - 1  600.0 -1. -1. 35.00 2.00 - 1 . 50.00 30.00 20.00 0.00 0.00CT VERTICAL SBAFT FOR POVER CABLES ■ ABC •
CT 2 -1 -1 -1 250.0 3.00 -1. - 1 . -1. -1. 90.00 8.00 2.00 0.00 0.00AT ACCESS TO POVER CAVERN ABCAT 0 -1 -1 -1 760.0 6.00 -l. - 1 . -1. - 1 . 90.00 8.00 2.00 0.00 0.00es BEADRACE TUNNEL AHS - 1 1 2 1  4960. 0.00 -1. 30.00 2.00 -1. 60.80 15.20 21.40 2.60 0.00BR BEADRACE TUNNEL BCBR - 1 1 2 1  5690. 0.00 -1. 30.00 2.00 -1. 60.80 15.20 21.40 2.60 0.00PS VERTICAL PRESSURE SBAFT ABCPS - 1 0 0 - 1  400.0 -1. ' -1. - 1 . - 1 . -1. 100.0 0.00 0.00 0.00 0.00
TR TAILRACE TUNNEL ABC
TR -1 -1 2 -1 2370. 0.00 30.00 30.00 2.00 - 1 . 67.1 22.4 9.40 1.10 0.00
ST UNDERGROUND SURGE TANK ABC
ST 1 -1 -1 -1 320.0 30.00 300.0 30.00 0.00 0.00 - 1 . - 1 . -1. -i. 2.00
PB POVER CAVERN ' ABC
PB 2 2 1 0 .  2.00 -1.0 0.00 0.00 - 1 . - 1 . - 1 . -1. -1. - 1 . -1.
TL FEEDEK LIÑE TO PANNIPYTIA ABC
TL 2 2 - 1 - 1  64.00 220.0 -i. - 1 . -1. -1. -1. - 1 . -1. -1. -1.
AR ACCESS ROAD TO DAM SITE ABC
AR 1 -l -1 -1 20.00 15.00 10.00 1.00 100.0 -1. - 1 . -1. - 1 . - 1. -1.
BR BRIDGES IN ACCESS ROAD ABC
BR 3 -1 -1 -1 2.00 0.00 0.00 15.00 15.00 -i. - 1 . -1. - 1 . *1. -1.
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 0.00
EN 6A.3 -77
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Data fo r  Hydroproject  KUKUL-K ICF= 1.25 A l te rn a t iv e  /

HYDR0L0GY
-Data Period -1-1989
-Mean Inflow (0M) 28.4
-Catchment Area 305.2

WATER MANAGEMENT 
-Spillage as X Inflow . 23.3
-Degree of Regulation 15.9
-Ave Water Demand 0.0
POWER CHARACTERISTICS
-Installed Capacity Factor 1.25
-Ave Plant Factor 61.8
-Ave Head Losses 6.1
-No. of Turbines 2
-Turbine Type FRANGIS

RESERVOIR 
-Max Storage 

m3/s -Ave Storage
km2 -Min Storage

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

TAILWATER LEVELS 
X QM -Max Level (Design Flood)
X -Ave Level (Max Power Reí) 

-Min Level (Zero Outflow)

TRANSMISSION 
-Transmitted Power 

X -Transmission Voltage
m -No. of Circuits

-Distance to Feeder Point

CAPAC1TY
-Max Generating Capacity 53.9 MW
-Ave Generating Capacity 53.7 MW
-Min Generating Capacitv 52.9 MW
-Guar Generating Capacitv 44.6 MW
-Max Continuous Power 53.6 MW
-Ave Continuous Power 32.6 MW
-Min Continuous Power 3.7 MW
-Guar Continuous Power 7.0 MW

COST (Mi 11 ion US$)
-Basic Project Cost 88.9
-Local Cost Component 11.3 X
-Foreign Cost Component 88.7 X
-Taxes & Govt Charges 0.0 X
-Annual Costs fór OMR 0.8

ENERGY OUTPUT 
-Max Annual Energy Output 
-Ave Annual Energy Output 
-Output in 3rd Driest Year 
-Output in 2nd Driest Year 
-Output in Driest Year

-Energy per MCM Inflow

C0NSTRUCTI0N
-Man-Years (Local Labour) 
-Duration of Construction 
-Split-Up over Years 
/12./23./30./23./12./

17.8 MCM
17.8 MCM
17.8 MCM

205.0 m asi
205.0 m asi
205.0 m asi 

3.2 km2

24.7 m asi 
17.9 m asi
16.7 m asi

55.4 MVA 
132.0 kV 

2
64.0 km

459.8 GWh 
285.5 GWh
110.0 GWh
79.3 GWh
77.3 GWh

326.0 MWh

6070 
5 Yrs

SPECIFIC CAPACITY COST (US$/kW) 
-at 8.0 X Discount Rate 2096. 
-at 10.0 X Discount Rate 2219. 
-at 12.0 X Discount Rate 2349.

AVERAGE SPECIFIC GENERATI0N COST (c/kWh) 
-at 8.0 X Discount Rate 3.41
-at 10.0 X Discount Rate 4.37
-at 12.0 X Discount Rate 5.46

WEIGHED SPECIFIC GENERATI0N COST (c/kWh) 
-at 8.0 X Discount Rate 5.62
-at 10.0 X Discount Rate 7.22
-at 12.0 X Discount Rale 9.01
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Data for Hydroproject KUKUL-K ICF= 1.50 Alternative A

HYDROLOGY RESERV0IR
-Data Period 1-1989 -Max Storage 17.8 MCM
-Mean Inflow (QM) 28.4 m3/s -Ave Storage 17.8

i
MCM

-Catchment Area 305.2 km2 -Min Storage 17.8 MCM
. -Max Operating Level 205.0 m asi

-Ave Operating Level 205.0 m asi
-Min Operating Level 205.0 m asi
-Reservoir Area 3.2 km2

WATER MANAGEMENT TAILWATER LEVELS
-Spillage as X Inflow 17.6 X QM -Max Level (Design Flood) 24.7 m asi
-Degree of Regulation 15.9 X -Ave Level (Max Power Reí) 18.0 m as l
-:\v̂  Water Demand 0 . 0 m3/s -Min Level f Z e m  Outflow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacity Factor 1.50 -Transmitted Power 6 6 . 0 MVA
-Ave Plant Factor 55.5 X -Transmission Voltage 132.0 kV
-Ave Head Losses 7.6 m -No. of Circuits 2
-No., of Turbines 2 -Distance to Feedér 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 -Output in 3rd Driést Year 109.1 GWh
-Guar Generating Capacity 4 8 . 7 MW -Output in 2nd Driest Year 78.7 GWh
-Max Continuous Power 6 3 . 7 MW -Output in Driest Year 7 6 . 6 GWh
-Ave Continuous Power 35.5 MW
-Min Continuous Power 3 . 6 MW -Energy per MCM inflow 348.1 MWh
-Guar Continuous Power 6 . 9 MW

COST (Mi 11 ion US$) C0NSTRUCTI0N
-Basic Proiect Cost 94.5 -Man-Years (Local Labour) 6420
-Local Cost Component 11.2 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.8 X -Split-üp over Years
-Taxes & Govt Charges 0 . 0 V

/• /12./23./30./23./12./
-Annual Costs for OMR 0.8

SPECIFIC CAPACITY COST (US$/kW)
•

AVERAGE SPECIFIC GENERATION COST (c/kWh)
-at 8.0 X Discount Rate 1872. -at 8.0 X Discount Rate 3.40
-at 10.0 X Discount Rate 1982. -at 10.0 X Discount Rate 4.36
-at 12.0 X Discount Raté 2098. -at 12.0 X Discount Rate 5.44

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 5.68
-at 10.0 X Discount Rate 7.28
-at 12.0 X Discount Rate 9.09
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KUKUL ICF= 1.75 Alternative AData for Hydroproject

HYDROLOGY 
-Data Period 
-Mean Inflow (QM) 
-Catchment Area

RESERVOIR
-1-1989 -Max Storage

28.4 m3/s -Ave Storage
305.2 km2 -Min Storage

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

17.8 MCM
17.8 MCM
17.8 MCM

205.0 m asi
205.0 m asi
205.0 m asi 
3.2 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree of Regulation 
-Ave Water Demand

TAILWATER LEVELS
13.3 X QM -Max Level (Design Flood). 24.7 m asi
15.9 X -Ave Level (Max Power Reí) 18.1 m asi
0.0 m3/s -Min Level (Zero Outflow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacity Factor 1.75 -Transmitted Power 76.6 MVA
-Ave Plant Factor 50.1 X -Transmission Voltage 132.0 kV
-Ave Head Losses 8.5 m -No. of Circúits 2
-No. of Turbines 2 -Distance to Feeder Point 64.0 km
-Turbíne Tvpe FRANCIS

CAPACITY ENERGY 0UTPUT
-Max Generating Capacity 74.4 MW -Max Annual Energy Output 604.0 GWh
-Ave Generating Capacity 74.2 MW -Ave Annual Energy Output 326.7 GWh
-Min Generating Capacity 73.1 MW -Output in 3rd Driest Year 108.5 GWh
-Guar Generating Capacitv 73.7 MW -Output in 2nd Driest Year 78.3 GWh
-Max Continuous Power 73.9 MW -Output in Driest Year 76.2 GWh
-Ave Continuous Power 37.2 MW
-Min Continuous Power 3.6 MW -Energy per MCM Inflow 365.0 MWh
-Guar Continuous Power 6.9 MW

COST (Miliion US$) C0NSTRUCT10N .
-Basic Project Cost 100.0 -Man-Years (Local Labour) 6720
-Local Cost Component 11.1 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.9 X • -Split-Up over Years
-Taxes & Govt Charges 0.0 X /12./23./30./23./12./
-Annual Costs for 0MR 0.9

SPECIFIC CAPACITY C0ST (US$/kW) 
-at 8.0 X Discount Rate 1706. 
-at 10.0 X Discount Rate 1806. 
-at 12.0 X Discount Rate 1912.

AVERAGE SPECIFIC GENERATI0N C0ST (c/kWh) 
-at 8.0 X Discount Rate 3.43
-at 10.0 X Discount Rate 4.40
-at 12.0 X Discount Rate 5.49

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 5.78
-at 10.0 X Discount Rate 7.41
-at 12.0 X Discount Rate 9.25
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Data for H.vdroproject KUKUL-K I C F =  2 . 0 0
HYDR0L0GY "
-Data Period 
-Mean Inflow (QM) 
-Catchment Area

RESERVOIR
—1—1989 -Max Storage

28.4 m3/s -Ave Storage
305.2 km2 -Min Storage

-Max Operating Level 
-Ave Operating Level 
-Min Operating Level 
-Rescrvoir Area

Alternative A
•  «

17.8 MCM
17.8 MCM
17.8 MCM
205.0 m asi
205.0 m asi
205.0 m asi 
3.2 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree of Regulation 
-Ave Water Demand

TAILWATER LEVELS
10.0 X QM -Max Level (Design Flood) 24.7 m asi
15.9 X -Ave Level (Max Power Reí) 18.2 m asi
0.0 m.Vs “Min Level (Zero Outflow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacity Factor 2.00 -Transmitted Power 87.6 MVA
-Ave Plant Factor 45.5 X -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 Capacity 83.6 MW -Output in 3rd Driest Year 108.6 GWh
-Guar Generating Capacity 50.8 MW -Output in 2nd Driest Year 78.3 GWh
-Max Continuous Po.wer 84.5 MW -Output in Driest Year 76.3 GWh
-Ave Continuous Power 37.1 MW
-Min Continuous Power 3.6 MW -Energy per MCM Inflow 379.3 MWh
-Guar Continuous Power 6.9 MW

C0ST (Mi11 ion US$) C0NSTRUCTI0N
-

-Basic Project Cost 107.4 -Man-Years (Local Labour) 7300
-Local Cost Component 11.1 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.9 X -Split-Up over Years
-Taxes & Govt Charges 0. 0 X /12./23./30./23./12./
-Annual Costs for 0MR 0.9

SPECIFIC CAPACITY C0ST (US$/kW) 
-at 8.0 X Discount Rate 1601. 
-at 10.0 X Discount Rate 1695. 
-at 12.0 X Discount Rate 1794.

AVERAGE SPECIFIC GENERATI0N C0ST (c/kWh) 
-at 8.0 X Discount Rate 3.55
-at 10.0 X Discount Rate 4.55
-at 12.0 X Discount Rate 5.67

WEIGHED SPECIFIC GENERATI0N C0ST (c/kWh) 
-at 8.0 X Discount Rate 6.01
-at 10.0 X Discount Rate 7.71
-at 12.0 X Discount Rate 9.62
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Data for Hydroproject KUKUL ICF= 2.25 Alternative A

HYDROLOGY RESERV0IR •

-Data Period 1-1989 -Max Storage 17.8 MCM
-Mean Inflow (QM) 28.4 m3/s -Ave Storage 17.8 MCM
-Catchment Area 305.2 km2 -Min Storage 17.8 MCM

-Max Operating Level 205.0 m asi
-Ave Operating Level 205.0 m asi
-Min Operating Level 205.0 m asi
-Reservoir Area 3.2 km2

WATER MANAGEMENT TAILWATER LEVELS
-

-Spillage as X Inflow 7.5 X QM -Max Level (Design Flood) 24.7 m asi
-Degree of Regulation 15.9 X -Ave Level (Max Power Reí) 18.3 m asi
-Ave Water Demand ■ 0.0 m3/s -Min Level (Zero Outilow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSION
-Installed Capacity Factor 2.25 ■ -Transmitted Power 98.3 MVA
-Ave Plant Factor 41.6 X -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 0UTPUT
-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 -Output in 3rd Driest Year 108,4

78.7
GWh

-Guar Generating Capacity 94.7 MW -Output in 2nd Driest Year GWh
-Max Continuous Power 94.8 MW -Output in Driest Year 76.1 GWh
-Ave Continuous Power 39.7 MW
-Min Continuous Power 3.6 MW -Energy per MCM Inflow 389.6 MWh
-Guar Continuous Power 6.9 MW

COST (Mi 11 ion US$) C0NSTRUCTI0N
-Basic Project Cost 114.8 -Man-Years (Local Labour) 7610
-Local Cost Component 11.1 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.9 X -Split-Up over Years
-Taxes & Govt Charges 0.0 X /12./23./30./23./J2./
-Annual Costs for OMR 1.0

SPECIFIC CAPACITY COST (US$/kW) 
-at 8.0 X Discount Ra.te 1524. 
-at 10.0 X Discount Rate 1614. 
-at 12.0 7* Discount Rate 1708.

AVERAGE SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 3.7Ó
-at 10.0 X Discount Rate 4.74
-at 12.0 X Discount Rate 5.91

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 6.29
-at 10.0 X Discount Rate 8.07
-at 12.0 X Discount Rate 10.06
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Data for Hydroproject KUKUL-K ICF= 2.50 Alternative

HYDROLOGY RESERVOIR
-Data Period 1-1989 -Max Storage 17.8 MCM
-Mean Inflow (QM) 28.4 m3/s -Ave Storage 17.8 MCM
-Catchment Area 305.2 km 2 -Min Storage 17.8 MCM

-Max Operating Level 205.0 m asi
-Ave Operating Level 205.0 m asi
-Min Operating Level 205.0 m asi
-Reservoir Area 3.2 km2

WATER MANAGEMENT TAILWATER LEVELS
-Spillage as 7* Inflow 5.5 X QM -Max Level (Design Flood) 24.7 m asi
-Degree of Regulation 15.9 X -Ave Level (Max Power Reí) 18.4 m asi
-Ave Water Demand 0.0 m3/s -Min Level (Zero Outflow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacity Factor 2.50 -Transmitted Power 109.1 MVA
-Ave Plant Factor 38.3 X -Transmission Voltage 220.0 kV

-Ave Head Losses 9.0 m -No. of Circuits 2
-No. of Turbines 2 -Distance to Feeder Point 64.0 km
-Turbine Type FRANCIS

CAPACITY ENERGY 0UTPUT
-Max Generating Capacity 106.1 MW -Max Annual Energy Output 791.5 GWh
-Ave Generating Capacity 105.7 MW -Ave Annual Energy Output 339.3 GWh
-Min Generating Capacity 104.2 MW -Output in 3rd Driest Year 108.2 GWh
-Guar Generating Capacity 53.0 MW -Output in 2nd Driest Year 78.0 GWh
-Max Continuous Power 105.1 MW -Output in Driest Year 76.0 GWh
-Ave Continuous Power 38.7 MW
-Min Continuous Power 3.6 MW -Energy per MCM Inflow 397.4 MWh
-Guar Continuous Power 6.9 MW

COST (Miliion US$) C0NSTRUCTI0N
-Basic Project Cost 120.0 -Man-Years (Local Labour) 8610
-Local Cost Component 11.5 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.5 X -Split-lip over Years
-Taxes & Govt Charges 0.0 X /12./23./30./23./12./
-Annual Costs for 0MR 1.1

SPECIFIC CAPACITY COST (US$/kW) *

AVERAGE SPECIFIC GENERATION COST (c/kWh)
-at 8.0 7, Discount Rate 1436. -at 8.0 X Discount Rate 3.79
-at 10.0 7, Discount Rate 1521. -at 10.0 X Discount Rate 4.86
-at 12.0 X Discount Rate 1609. -at 12.0 X Discount- Rate 6.06

. W'EIGHED SPECIFIG GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 6.47
-at 10.0 X Discount Rate 8.30
-at 12.0 X Discount Rate 10.35
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Data for Hydroproject KüKüL ICF= 2.75

HYDROLOGY RESE.RVOIR
-Data Period -1-1989 -Max Storage
-Mean Inflow (QM) 28.4 m3/s -Ave Storage
-Catchment Area 305.2 km 2 -Min Storage 

-Max Operating Level
-Ave Operating Level
-Min.Operating 
-Reservoir Area

Level

Alternative A

17.8 MCM
17.8 MCM
17.8 MCM

205.0 m asi 
205.6 m asi
205.0 m asi
3.2 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree of Regulation 
-Ave Water Demand

TAILWATER LEVELS
4.1 X QM -Max Level (Design Flood) 24.7 ra asi
15.9 % -Ave Level (Max Power Reí) 18.5 m asi
0.0 m3/s -Min Level (Zero Outflow) Ib./ m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacitv Factor 2.75' -Transmitted Power 120.1 MVA
-Ave Plant Factor 35.3 X -Transmission Voltage 220.0 kV
-Ave Head Losses 8.8 m -No. of Circuits 2
-No. of Turbines 2 -Distance to Feeder Point 64.0 km
-Turbine Type FRANCIS

CAPACITY ENERGY OUTPUT
-Max Generating Capacitv 116.8 MW -Max Annual Energy Output. 851.4 GWh
-Ave Generating Capacitv 116.4 MW -Ave Annual Energy Output 361.6 GWh
-Min Generating Capacitv 114.8 MW -Output in 3rd Driest Year 108.3 GWh
-Guar Generating Capacitv 115.7 MW -Output in 2nd Driest Year 78.1 GWh
-Max Continuous Power 115.7 MW -Output in Driest Year 76.1 GWh
-Ave Continuous Power 41.1 MW
-Min Continuous Power 3.6 MW -Energy per MCM Inflow 404.0 MWh
-Guar Continuous Power 6.9 MW

COST (Mi 11 ion US$) C0NSTRUCTI0N
-Basic Project Cost 127.4 -Man-Years (Local Labour) 9190
-Local Cost Component 11.4 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.6 X -Split-üp over Years
-Taxes & Govt Charges 0.0 X /12./23./30./23./12./
-Annual Costs for 0MR 1.1

SPECIFIC CAPACITY COST (US$/kW) 
-at 8.0 % Discount Rate 1385. 
-at 10.0 X Discount Rate 1466. 
-at 12.0 X Discount Rate 1552.

AVERAGE SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 3.96
-at 10.0 X Discount Rate 5.08
-at 12.0 X Discount Rate 6.33

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 6.78
-at 10.0 X Discount Rate 8.69
-at 12.0 X Discount Rate 10.84



Data for Hydroproject KUKUL

HYDROLOGY 
-Data Period 
-Mean Inflow (QM) 
-Catchment Area

-1-1989 . 
28.4 m3/s 

305.2 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree pf Regulation 
-Ave Water Deman^

3.0 % QM 
15.9 X 
0.0 m3/s

POWER CHARACTERISTICS 
-Installed Capacitv Factor 3.00 
-Ave Plant Factor 32.8
-Ave Head Losses 9.1
-No. of Turbines 2
-TuFbine Type FRANCIS

X
m

CAPACITV
-Max Generating 
-Ave Generating 
-Min Generating 
-Guar Generating 
-Max Continuous 
-Ave Continuous 
-Min Continuous 
-Guar Continuous

Capacitv 127..2 MW
Capacitv 126..8 MW
Capacitv 125.,1 MW
Capacitv 126.,0 MW
Power 125.,9 MW
Power 41., 6 MW
Power 3.,6 MW
Power 6.,9 MW

C0ST (Miliion US$)
-Basic Pro.iect Cost 132.5
-Local Cost Component 11.4 X
-Foreign Cost Component 88.6 X
-Taxes & Govt Charges 0.0 X
-Annual Costs for 0MR 1.2

SPECIFIC CAPACITY COST (US$/kW) 
-at 8.0 X Discount Rate 1321. 
-at 10.0 X Discount Rate 1399. 
-at 12.0 X Discount Rate 1481.

ICF= 3.00 Al ternative

RESERV0IR
-Max Storage 17.8 MCM
-Ave Storage 17.8 MCM
-Min Storage 17.8 MGM
-Max Operating;Leve 1 205.0 m asi
-Ave Operating Level 205.0 m asi
-Min Operating Level 205.0 m asi
-Reservoir Area 3.2 km2

TAILWATER LEVELS.
-Max Level (Design Flood) 24.7 m asi
-Ave Level (Max Power Reí) 18.6 m asi
-Min Level (Zero Outflow) 16.7 .ti asi

TRANSMISSI0N •

-Transmitted Power 130.8 MVA
-Transmission Voltage 220.0 kV
-No. of Circuits 2
-Distance to Feeder Point 64.0 km

ENERGY OUTPUT
-Max Annual Energy Output 904.0 GWh
-Ave Annual Energy Output 365.3 GWh
-Output in 3rd Driest Year 108.2 GWh
-Output in 2nd Driest Year 78.0 GWh
-Output in Driest Year 76.0 GWh

-Energy per MCM inflow 1«

coO MWh

C0NSTRUCTI0N
-Man-Years (Local Labour) 
-Duration of Construction

9520
5 Yrs

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

AVERAGE SPECIFIC GENERATI0N COST (c/kWh) 
-at 8.0 X Discount Rate 4.08
-at 10.0 X Discount Rate 5.23
-at 12.0 X Discount- Rate 6.52

WE1GHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 7.00
-at 10.0 X Discount Rate 8.97
-at 12.0 X Discount Rate 11.18
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Data for H.vdroproject KUKÜL-K ICF= 1.50 Alternative

HYDROLOGY RESERVOIR
-Data Period 1949-1989 -Max Storage 209.0 MCM
-Mean Inflow (OM) 30.4 m3/s -Ave Storage 144.9 MCM
-Catchment Area 308.4 km 2 -Min SJLorage 3.6 MCM

-Max Operating Level 230.0 m asi
-Ave Operating Level 223.0 ra asi
-Min Operating Level 198.7 m asi
-Reservoir Area 12.8 km2

WATER MANAGEMENT TAILWATER LEVELS
-Spillage as X Inflow 4.2 X QM -Max Level (Design Flood) 24.7 m asi
-Degree of Regulation 83.0 X -Ave Level (Max Power Reí) 18.0 m asi
-Ave Water Demand 0.0 m3/s -Min Level (Zero Outflow) 16. 7 ::i asi

POWER CHARACTERISTICS TRANSMISSION
-Installed Capacity Factor 1.50 -Transmitted Power 80.0 MVA
-Ave Plant Factor 63.0 X -Transmission Voltage 132.0 kV
-Ave Head Losses 8.2 m -No. of Circuits 2
-No. of Turbines 2 -Distance tó Feeder Point 64.0 km
-Turbine Type FRANGIS

CAPACITY ENERGY 0UTPUT
-Max Generat ing Capacity 77.8 MW -Max Annual Energy Output 526.7 GWh
-Ave Generating Capacity 74.9 MW -Ave Annual Energy Output 382,8 GWh
-Min Generating Capacity 60.9 MW -Output in 3rd Driest Year 382.8 GWh
-Guar Generating Capacity 59.8 MW -Output in 2nd Driest Year 366.4 GWh
-Max Cont inuous Power 77.8 MW -Output in Driest Year 338.1 GWh
-Ave Continuous Power 4 3.7 MW
-Min Continuous Power 9.4 MW -Energy per MCM Inflow 445.3 MVh
-Guar Continuous Power 43.7 MW

COST (Mili ion US$)
-Basic Pro/ject Cost 1.33.7
-Local Cost Component 11.5 X
-Foreign Cost Component 88.5 X
-Taxes & Govt Charges 0.0 X
-Annual Costs for OMR 1.1

CONSTRUCTION
-Man-Years (Local Labour) 9470
-Duration of Construction 5 Yrs
-Split-üp over Years 
/12./23./30./23./12./

SPECIFIC CAPACITY COST (US$/kW) 
-at 8.0 X Discount Rate 2260. 
-at 10.0 X Discount Rate 2393. 
-at 12.0 X Discount Rate 2532.

AVERAGE SPECIFIC GENERATION 
-at 8.0 X Discount Rate 
-at 10.0 X Discount Rate 
-at 12.0 XDiscount Rate

COST (c/kWh) 
3.48 
4.47 
5.57

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 3.68
-at 10.0 X Discount Rate 4.72
-at 12.0 X Discount Rate 5.89
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Data for Hydroproject KUKUL ICF= 1.75 Al ternative--

HYDROLOGY RESERVOIR
-Data Period 1949-1989 -Max Storage 209.0 MCM
-Mean Inflow (QM) 30.4 m3/s -Ave Storage 197.8 MCM
-Gatchment Area 308.4 km2 -Min Storage 3.6 MCM

-Max Operating Level 230.0 m asi
* -Ave Operating Level 229.0 m asi

-Min Operating Level 198.7 m asi
-Reservoir Area 12.8 km2

WATER MANAGEMENT TAILWATER LEVELS ■
-Spillage as X Inflow 5.8 X QM. -Max Level (Design Flood) 24.7 m asi
-Degree of Regulation 53.1 X -Ave Level (Max Power Reí) 18.2 m asi
-Ave Water Dcmand 0.0 m3/s -Min Level (Zero Outflo*.;) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacitv Factor 1.75 -Transmitted Power 92.9 MVA
-Ave Plant Factor 54.3 X -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
-T.urbine Type FRANCIS

CAPACITY ENERGY OUTPUT
-Max Generating Capacitv 90.4 MW -Max Annual Energy Output 550.5 GWh
-Ave Generating Capacitv 90.2 MW -Ave Annual Energy Output 430.0 GWh
-Min Generating Capacitv 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 -Energy per MCM Inflow 448.0 MWh
-Guar Continuous Power 27.8 MW

COST (Mili ion US $) C0NSTRUCTI0N
-Basic Project Cost 142.1 -Man-Years (Local Labour) 9920
-Local Cost Component 11.5 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.5 X -Split-Up over Years
-Taxes & Govt Charges 0 . 0 X /12./23./30./23./12./, ■

-Annual Costs for 0MR 1.2 •

SPECIFIC CAPACITY COST (ÜS$/kW) 
-at 8.0 X Discount Rate 1993. 
-at 10.0 X Discount Rate 211Ó. 
-at 12.0 X Discount Rate 2233.

AVERAGE SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 3.70
-at 10.0 X Discount Rate 4.74
-at 12.0 X Discount Rate 5.92

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 4.71
-at 10.0 X Discount Rate 6.05
-at 12.0 X Discount Rate 7.55
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Data for Hydroproject KUKUL-K ICF= 2.00 Alternat ive  B

HYDR0L0GY 
-Data Period 
-Mean Inflow (QM) 
-Catchment Area

RESERVOIR
1949-1989 -Max Storage

30.4 m3/s -Ave Storage
308.4 km2 -Min Storage

-Max Operating Level 
-Ave Operating Level 
-Min Operating I.evel 
-Reservoir Area

209.0 MCM 
197.8 MCM
3.6 MCM

230.0 m asi
229.0 m asi 
198.7 ni asi
12.8 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree of Regulation 
-Ave Water Demand

TAILWATER LEVELS
3.8 X QM -Max Level (Design Flood) 24.7 m asi

53.1 X -Ave Level (Max Power Reí) 18.3 m asi
0.0 m3/s -Min Level (Zero Outflow) 16.7 ,r. ¿si

POWER CHARACTERISTICS
-Installed Capacitv Fa 
-Ave Plant Factor 
-Ave Head Losses 
-No. of Turbines 
-Turbine Tvpe

ctor 2.00
48.6 7. 
9.3 m 

2
FRANCIS

TRANSMÍSSI0N 
-Transmitted Power 
-Transmission Voltage 
-No. of Circuits 
-Distance to Feeder Point

106.0 MVA
220.0 kV 

2
64.0 km

CAPACITY ENERGY 0UTPUT
-Max Generating Capacitv 103.1 MW -Max Annuai Energy Output 573.7 GWh
-Ave Generating Capacitv 102.9 MW -Ave Annuai Energy Output 430.0 GWh
-Min Generating Capacitv 97.4 MW -Output in 3rd Driest Year 360.3 GWh
-Guar Generating Capacitv 67.2 MW -Output in 2nd Driest Year 352.7 GWh
-Max Continuous Power 103.1 MW -Output in Driest Year 335.7 GWh
-Ave Continuous Power 49.0 MW
-Min Continuous Power 27.7 MW -Energy per MCM Inflow 457.2 MWh
-Guar Continuous Power 27.7 MW

C0ST (Mili ion US$) CONSTRUCTION
-Basic Project Cost 149.9 -Man-Years (Local Labour) 10470
-Local Cost Component 11.4 7. -Duration of Construction 5 Yrs
-Foreign Cost Component 88.6 X -Split-Up over Years
-Taxes & Govt Charges 0. 0 X /12./23./30./23./12./
-Annuai Costs for 0MR 1.3

SPECIFIC CAPACITY C0ST (US$/kW) 
-at 8.0 7. Discount Rate 1844.
-at 10.0 7» Discount Rate 1952.
-at 12.0 X Discount Rate 2066.

AVERAGE SPECIFIC GENERATI0N C0ST (c/kWh) 
-at 8.0 X Discount Rate 3.82
-at 10.0 X Discount Rate 4.91
-at 12.0 % Discount Rate 6.12

WEIGHED SPECIFIC GENERATI0N C0ST (c/kWhj 
-at 8.0 X Discount Rate 4.92
-at 10.0 7» Discount Rate 6.31
-at 12.0 7. Discount Rate 7.87
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ICF= 2.25Data for Hydroproject KUKUL A lte rna t ive  B

HYDROLOGY 
-Data Period 
-Mean Inflow (QM) 
-Catchment Area

1949-1989
30.4 m3/s 

308.4 km2

RESERVOIR 
-Max Storage 
-Ave Storage 
-Min Storage 
-Max Operating Level 
-Ave Operating Level 
-Min Operating Level 
-Reservoir Area

209.0 MCM 
197.8 MCM
3.6 MCM

230.0 m asi
229.0 ni asi 
198.7 m asi
12.8 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree of Regulation 
-Ave Water Demand

2.5 X QM 
53.1 X 
0.0 m3/s

TAILWATER LEVELS 
-Max Level (Design Flood) 
-Ave Level (Max Power Reí) 
-Min Level (Zero Outflow)

24.7 m asi 
18.4 m asi
16.7 m asi

POWER CHARACTERISTICS TRANSMISSION
-Installed Capacity Factor 2.25 -Transmitted Power 119.0 MVA
-Ave Plant Factor 43.8 X -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 Energy Output 593.5 GWh
-Ave Generating Capacity 115.5 MW -Ave Annual Energy Output 444.2 GWh
-Min Generating Capacity 109.3 MW -Output in 3rd Driest Year 363.1 GWh
-Guar Generating Capacity 113.5 MW -Output in 2nd Driest Year 351.9 GWh
-Max Continuous Power 115.8 MW -Output in Driest Year 334.9 GWh
-Ave Continuous Power 50.6 MW
-Min Continuous Power 27.7 MW -Energy per MCM Inflow 462.8 MWh
-Guar Continuous Power 27.7 MW

COST (Mi 11 ion US$) C0NSTRÜCTI0N
-Basic Project Cost 156.2 -Man-Years (Local L3bour) 11620
-Local Cost Component 11.7 X -Duration of Construction . 5 Yrs
-Foreign Cost Component 
-Taxes & Govt Charges 
-Annual Cosls for OMR

88
0
1

3 
0
4

X
X

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

SPECIFIC CAPACITY COST (US$/kW) 
-at 8.0 X Discount Rate 1711.
-at 10.0 X Discount Rate 1811.
-at 12.0 X Discount Raté 1917.

AVERAGE SPECIFIC GENERATI0N COST (c/kWh) 
-at 8.0 X Discount Rate 3.94
-at 10.0 X Discount Rate 5.05
-at 12.0 X Discount Rate 6.31

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 5.09
-at 10.0 X Discount Rate 6.53
-at 12.0 X Discount Rate 8.15



Data for Hydroproject KUKUL-K ICF= 2.50 Alternative B

HYDR0L0GY 
-Data Period 
-Mean Inflow (QM) 
-Catchment Area

RESERVOIR

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree of Regulation 
-Ave Water Dcmand

POWER CHARACTERISTICS 
-Installed Capacity F; 
-Ave Plant Factor 
-Ave Head Losses 
-No. of Turbines 
-Turbine Tvpe

CAPACITY 
-Max Gene 
-Ave Gene 
-Min Gene 
-Guar Gene 
-Max Cont 
-Ave Cont 
-Min Cont 
-Guar Cont

rating
rating
rating
rating
inuous
inuous
inuous
inuous

Capacity
Capacity
Capacity
Capacity
Power
Power
Power
Power

COST (Mili ion ÜS$) 
-Basic Proiect Cost 
-Local Cost Component 
-Foreign Cost Component 
-Taxes & Govt Charges 
-Annuai Costs for OMR

>49-1989 -Max Storage 209.0 MCM
30.4 m3/s -Ave Storage 197.8 MCM

308.4 km 2 -Min Storage 3.6 MCM
-Max Operating Level 230.0 m asi
-Ave Operating Level 229.0 m asi
-Min Operating Level 198.7 m asi
-Reservoir Area 12.8 km2

TAILWATER LEVELS -

1.8 X QM -Max Level (Design Flood) 24.7 m asi
53.1 X -Ave Level (Max Power Reí) 18.5 m asi

0. 0 m3/s -Min Level (Zero Outflow) 16.7 m asi

TRANSMISSI0N
r 2.50 -Transmitted Power 133.0 MVA

39.8 X -Transmission Voltage 220.0 kV
8.6 m -No. of Circuits 2

2 -Distance to Feeder Point 64.0 km
FRANCIS

ENERGY 0UTPUT
129.4 MW -Max Annuai Energy Output 608.5 GWh
129.0 MW -Ave Annuai Energy Output 420.8 GWh
122.1 MW -Output in 3rd Driest Year 365.0 GWh
65.8 MW -rOutput in 2nd Driest Year 353.7 GWh

129.4 MW -Output in Driest Year 336.6 GWh
48.0 MW
27.8 MW -Energy per MCM Inflow 469.4 MWh
27.8 MW

C0NSTRUCTI0N
166.2 -Man-Years (Local Labour) 12440
11.7 X -Duration of Construction 5 Yrs
88.3 X -Split-Up over Years

0 . 0 X /12./23./30./23./12./
1.5

SPECIFIC CAPACITY' COST (ÜS$/kW) 
-at 8.0 X Discount Rate 1629. 
-at 10.0 X Discount Rate 1726. 
-at 12.0 X Discount Rate 1826.

AVERAGE SPECIFIC GENERATI0N COST (c/kWh) 
-at 8.0 X Discount Rate 4.14
-at 10.0 X Discount Rate 5.31
-at 12.0 X Discount Rate 6.62

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 5.36
-at 10.0 X Discount Rate 6.88
-at 12.0 X Discount Rate 8.58

6A.3-91



Data for Hydroproject KUKUL ICF= 2.75 Alternative

IIYDROLOGY . RESERVOIR
-Data Period 1949-1989 -Max Storage 209.0 MCM
-Mean Inflow (QM) 30.4 m3/s -Ave Storage 197.8 MCM
-Catchment Area 308.4 km2 -Min Storage 3.6 MCM

-Max Operating Level 230.0 m asi
-Ave Operating Level 229.0 m asi
-Min Operating Level 198.7 m asi
-Reservoir Área 12.8 km2

WATER MANAGEMENT TAILWATER LEVELS
-Spillage as 7. Inflow 1.2 X QM -Max Level (Design Flood) 24.7 m asi
-Degree of Regulation 53.1 X -Ave Level (Max Power Reí) 18.5 m asi
-Ave Water Demand 0.0 m3/s -Min Level (Zero Outflow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacity Factor 2.75 -Transmitted Power 146.3 MVA
-Ave Plant Factor 36.4 X -Transmission Voltage 220.0 kV
-Ave Head Losses 8.6 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 142.3 MW -Max Annual Energy Output 617.9 GWh
-Ave Generating Capacity 141.9 MW -Ave Annual Energy Output 453.3 GWh
-Min Generating Capacity 134.2 MW -Output in 3rd Driest Year 364.9 GWh
-Guar Generating Capacity 139.4 MW -Output in 2nd Driest Year 353.6 GWh
-Max Continuous Power 142.3 MW -Output in Driest Year 336.5 GWh
-Ave Continuous Power 51.6 MW •

-Min Continuous Power 27.8 MW -Energy per MCM Inflow 472.3 MWh
-Guar Continuous Power 27.8 MW

COST (Mi 11 ion ÜSS) C0NSTRUCTI0N
-Basic Pro.iect Cost 173.2 -Man-Years (Local Labour) 12920
-Local Cost Component 11.7 X -Duration of Construction 5 Vrs
-Foreign Cost Component 88.3 X -Split-üp over Years
-Taxes & Govt Charges 0.0 X /12./23./30./23./12./
-Annual Costs for OMR 1.5 •

SPECIFIC CAPACITY COST (US$/kW) . AVERAGE SPECIFIC GENERATION COST (c/kWh)
-at 8.0 X Discount Rate 1544. -at 8.0 X Discount Rate 4.29
-at 10.0 7. Discount Rate 1635. -at 10.0 X Discount Rate 5.50
-at 12.0 X Discount Rate 1730. - -at 12.0 X Discount Rate 6.86

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 5.57
-at 10.0 X Discount Rate 7.14
-at 12.0 7% Discount Rate 8.91
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Data for Hydroproject ' KÜKUL ICF= 3.00 Alternative B

HYDR0L0GY 
-Data Period 
-Mean Inflow (QM) 
-Catchment Area

1949-1989.
30.4 m3/s 

308.4 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree of Regulation 
-Ave Water Demand

POWER CHARACTERISTICS

0.8 X QM 
53.1 X 
0.0 m3/s

RESERVOIR 
-Max Storage 
-Ave Storáge 
-Min Stora^e 
-Max Operating Level 
-Ave Operating Level 
-Min Operating Level 
-Reservoir Area

TAILWATER LEVELS 
-Max Level (Design Flood) 
-Ave Level (Max Power Reí) 
-Min Level (Zero Outflow)

TRANSMISSION

209.0 MCM 
197.8 MCM
3.6 MCM

230.0 m asi
229.0 m asi 
19-8.7 m asi
12.8 km2

24.7 m asi
18.6 m asi
16.7 m asi

-Installed Capacity Factor 3.00 -Transmitted Power 159.3 MVA
-Ave Plant Factor 33.5 X -Transmission Voltáge 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 Tvpe FRANCIS

CAPACITY ENERGY 0UTPUT
-Max Generating Capacity 155.0 MW -Max Annual Energy Output 618.7 GWh
-Ave Generating Capacity 154.6 MW -Ave Annual Energy Output 454.4 GWh
-Min Generating Capacity 146.1 MW -Output in 3rd Driest Year 364.1 GWh
-Guar Generating Capacitv 151.8 MW -Output in 2nd Driest Year 352.8 GWh
-Max Continuous Power 155.0 MW -Output in Driest Year 335.8 GWh
-Ave Continuous Power 51.8 MW
-Min Continuous Power 27.7 MW -Energy per MCM Infíow 473.4 MVh
-Guar Continuous Power 27.7 MW

COST (Mili ion US$) C0NSTRUCTI0N •

-Basic Pro.ject Cost 179.7
4

'-Man-Years (Local Labour) 13320.
-Local Cost Component 11.7 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.3 X -Split-Up over Years
-Taxes & Govt Charges 0. 0 X /12./23./30./23./12./
-Annual Costs for 0MR 1.6

SPECIFIC CAPACITY COST -(ÜS$/kW) 
-at 8.0 X Discount Rate 1471.
-at 10.0 X Discount Rate 1558.
-at 12.0 X Discount Rate 1648.

AVERAGE SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 4.44
-at 10.0 X Discount Rate 5.69
-at 12.0 X Discount Rate 7.10

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 5.78
-at 10.0 X Discount Rate 7.41
-at 12.0 X Discount Rate 9.24



Data for Hydroproject KUKUL-K ICFr 1.50 Alternative C

HYDROLOGY ■ RESERVOIR
-Data Period 1949-1989 -Max Storage 395.6 MCM
-Mean Inflow (QM) 30.4 m3/s -Ave Storage « 293.6 MCM
-CatchmenfcArea 308.4 km 2 -Min Storage 3.6 MCM1

-Max Operating Level 242.0 m asi
. • -Ave Operating Level 235.4 m asi

. -Min Operating Level 1 198.7 m asi
■ -Reser.voir Area 18.5 km2

WATER MANAGEMENT
■ TAILWATER LEVELS

-Spillage as X Inflow 3.0 X QM -Max Level (Design Flood) 24.7 m así'
-Degree of Regulation 87.9 X -Ave Level (Max Power Reí) 18.0 m asi
-Ave Water Demand 0.0 m3/s -Min Level (Zero Outflow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacity Factor 1.50 -Transmitted Power 84.6 MVA
-Ave Plant Factor 64.0 X " -Transmission Voltage 132.0 kV
-Ave .Head Losses 8.2 m -No. of Circuíts 2
-No. of Turbines 2 -Distance to Feeder Point 64.0 km
-Turbine Tvpe FRANCIS

CAPACITY ENERGY 0UTPUT
-Max Generating Capacity 82.3 MW -Max.Annual Energy Outnut 558.4 GWh
-Ave Generating Capacity 80.2 MW -Aye Annual Eñergy Output 382.4 GWh
-Min Generating Capacity 68.3 MW -Output in 3rd Driest Year 427.7 GWh
-Guar Generating Capacity 59.8 MW -Output in 2nd Driest Year 427.7 GWh
-Max Coñtinuous Power 82.3 MW -Output in Driest Year 427.7 GWh
-Ave Coñtinuous Power 43.6 MW -

-Min. Coñtinuous Power 48.8 MW -Energy pér MCM Inflow 478.4 MWh
-Guar Coñtinuous Power 48.8 MW

i:

COST (Mili ion US$) C0NSTRUCTI0N
 ̂r

-Basic Project Cost 141.5 -Man-Years (Local Labour) 10280
-Local Cost Component 11.7 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.3 X -Split-üp over Years
-Taxes & Govt Charges 0.0 X /12./23./30./23./12./
-Annual Costs for 0MR 1.1 • •

SPECIFIC CAPACITY COST (US$/kW) • AVERAGE SPECIFIC GENERATION COST. (c/kWh)
-at 8.0 X Discount Rate 2232. -at 8.0 X Discount Rate 3.42
-at 10.0 X Discount Rate 2364. -at 10.0 X Discount Rate 4.39
-at 12.0- X Discount Rate 2502. -at 12.0 X Discount Rate 5,48

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 3.55
-at 10.0 X Discount Rate 4.55
-at 1.2,0 7% Discount Rate 5.69
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Data for Hvdroproject. KUKUL ICF= 1.75 Alternative C

HYDROLOGY ' RESERVOIR
-Data Period 1949-1989 -Max Storage
-Mean Inflow (QM) 30.4 m3/s -Ave Storage
-Catchment Area 308.4 km2 -Min Storage

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

395.6 MCM
306.3 MCM 
3.6 MCM

242.0 m asi
236.3 m as 1
198.7 m asi 
18.5 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree of Regulation 
Ave Water Demand

TAILWATER LEVELS
2.0 % QM -Max Level (Design Flood) . 24.7 m asi

•87.1 X -Ave Level (Max Power Reí) 18.2 m asi
0.0 m3/s -Min Level (lera Outflow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSI0N
-Installed Capacity Factor 1.75 - -Transmitted Power 98.3 MVA
-Ave Plant Factor 55.8 X -Transmission Voltage 220.0 kV
-Ave Head Losses 8.9 m -No. of Circuits 2
-No. of Turbines 2 -Distance tó Feeder Point 64.0 km
-Turbine Type FRANCIS

CAPACITY ENERGY OUTPUT
-

-Max Generating Capacity 95.7 MW -Max Annual Energy Output 585.3 GWh
-Ave Generating Capacity 93.7 MW -Ave Annual Energy Output 467.5 GWh
-Min Generating Capacity 82.1 MW -Output in 3rd Driest Year 422.4 GWh
-Guar Generating Capacitv 86.6 MW -Output in 2nd Driest Year 422.4 GWh
-Max Continuous Power 95.7 MW -Output in Driest Year 422.4 GWh
-Ave Continuous Power 53.3 MW
-Min Continuous Power 48.2 MW -Energy per MCM Inflow 484.5 MWh
-Guar Continuous Power 48.2 MW

C0ST (Mili ion US $)
-Basic Proiect Cost 150.1
-Local Cost Componént 11.7 X
-Foreign Cost Componént 88.3 X
-Taxes & Govt Charges 0.0 X
-Annual Costs for 0MR 1.2

C0NSTRUCTI0N
.-Man-Years (Local Labour) 10760
-Duration of Construction 5 Yrs
-Split-Líp over Years 
/12./23./30./23./12./

SPECIFIC CAPACITY COST (USS/kW) AVERAGE SPECIFIC GENERATI0N COST
-at 8.0 X Discount Rale 2026. -at 8.0 X Discount Rate 3.58
-at 10.0 X Discount Rate 2145. -at 10.0 X Discount Rate 4.60
-at 12.0 X Discount Rate 2270. -at 12.0 X Discount Rate 5.74

WEIGHED SPECIFIC GENERATI0N COST
-at. 8.0 X Discount Rate 3.76

• ~at 10.0 X Discount Rate 4.83
-at 12.0 X Discount Rate 6.03

(c/kWh)

(c/kWh)

*** SZ j-p> *>**
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Data, for Hydroproject' KUKUL-K ÍCF= 2.00 Al ternative •• C

HYDR0L0GY 
-Data Period . 
-Mean Inflow (QM) 
-Catchment Area

1949-1989
30.4 m3/s 

308.4 km2

WATER MANAGEMENT 
-Spillage as; X Inflow 
-Degree of Regulation 
-Ave Water Demand

POWER CHARACTERISTICS 
-Installed Capacity Factor 
-Ave Plant Factor 
-Ave Head Losses 
-No. of Turbines

1.1 X QM 
87.4 X 
0.0 m3/s

2.00 
49.2 X 
9.3 m 

2

RESERV0IR
-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 Reí) 
-Min L e v e l  (Zero Outflow)

TRANSMISSI0N 
-Transmitted Power 
-Transmission Voltage 
-No. of Circuits 
-Distance to Feeder Poirit

395.6 MCM 
301.9 MCM

3.6 MCM 
242.0. m asi 
236.0 m asi
198.7 m asi 
18.5 km2

24.7 m asi 
18.3 m asi 
Í 6.7 m asi

112.2 MVA 
220.0 kV 

. 2
64.0 km

-Turbine Type 

CAPACITY

FRANCIS

ENERGY 0UTPUT
-Max Generating Capacity 109.2 MW -Max Annual Energy Output 607.5 GWh
-Ave Generating Capacity 106.7 MW -Ave Annual Energy Output 416.4 GWh
-Min Generating Capacity 92.4 MW -Output irt 3rd Driest Year 422.9 GWh
-Guar Generating Capacity 65.1 MW -Output in 2nd Driest Year 422.9 GWh
-Max Continuous Power 109.2 MW -Output in Driest Year 422.9 GWh
-Ave Continuous Power 47.5 MW *

-Min Continuous Power 48.3 MW -Energy per MCM Inflow 487.3 MWh
-Guar Continuous Power 48.3 MW

COST (Miliion US$) C0NSTRUCTI0N
-Basic Pro.ject Costi 158.2 -Man-Years (Local Labour) 11330
-Local Cost Component 11.6 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.4 X -Split-Up over Years
-Taxes & Govt Charges 0.0 X /12./23./30./23./12./
-Annual Costs for 0MR 1.3

SPECIFIC CAPACITY COST (üS$/kW) 
-at 8.0 X Discount Rate 1877. 
-at 10.0 X Discount Rate 1987. 
-at 12.0 X Discount Rate 2103.

AVERAGE SPECIFIC GESERATI0N COST (c/kWh) 
-at 8.0 X Discount Rate 3.76
-at 10.0 X Discount Rate 4.83
-at 12.0 X Discount Rate 6.02

WEIGIIED SPECIFIC GENERATI0N COST (c/kWh) 
-at 8.0 X Discount Rate 3.96
-at 10.0 X Discount Rate 5.08
-at 12.0 X Discount Rate 6.34
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Data for Hvdroproject. KUKU.L ICF= 2.25 Alternative C

H Y D R O L O G Y R E S E R V O I R •

- D a t a  P e r i o d  1 9 4 9 - 1 9 8 9 - M a x  S t o r a g e 3 9 5 . 6 M C M- M e a n  I n f l o w  ( Q M ) 3 0 . 4 m 3 / s - A v e  S t o r a g e 3 0 6 . 5 M C M- C a t c h m e n t  A r e a 3 0 8 . 4 k m 2 - M i n  S t o r a g e 3 . 6 M C M
- M a x  O p e r a t i n g  L e v e l 2 4 2 . 0 m  a s i
- A v e  O p e r a t i n g  L e v e l 2 3 6 . 3 m  a s i
- M i n  O p e r a t i n g  L e v e l 1 9 8 . 7 m  a s i
- R e s e r v o i r  A r e a 1 8 . 5 k m  2

W A T E R  M A N A G E M E N T
* T A I L W A T E R  L E V E L S -

- S p i l l a g e  a s  X  I n f l o w 0 . 6 X  Q M - M a x  L e v e l  ( D e s i g n  F l o o d ) 2 4 . 7 m  a s i- D e g r e e  o f  R e g u l a t i o n 8 7 . 1 % - A v e  L e v e l  ( M a x  P o w e r  R e í ) 1 8 . 4 m  a s i- A v e  W a t e r  D e m a n d 0 . 0 m 3 / s - M i n  L e v e l  ( Z e r o  O u t f l o w ) 1 6 . 7 m  a s i
P O W E R  C H A R A C T E R I S T I C S

1 T R A N S M I S S I Ó N
- I n s t a l l e d  C a p a c i t y  F a c t o r 2 . 2 5 « - T r a n s m i t t e d  P o w e r 1 2 6 . 0 M V A
- A v e  P l a n t  F a c t o r 4 4 . 0 X - T r a n s m i s s i o n  V o l t a g e 2 2 0 . 0 k V
- A v e  H e a d  L o s s e s . 9 . 7 m - N o .  o f  C i r c u i t s 2
- N o .  p f  T u r b i n e s 2 - D i s t a n c e  t o  F e e d e r  P o i n t 6 4 . 0 k m
- T u r b i n e  T v p e  F R A N C I S •

C A P A C I T Y E N E R G Y  0 U T P U T -

- M a x  G e n e r a t i n g  C a p a c i t y 1 2 2 . 6 M W - M a x  A n n u a l  E n e r g y  O u t p u t 6 2 6 . 4 G W h
- A v e  G e n e r a t i n g  C a p a c i t y 1 1 9 . 9 M W - A v e  A n n u a l  . E n e r g y  O u t p u t 4 7 2 . 3 G W h
- M i n  G e n e r a t i n g  C a p a c i t y 1 0 5 . 0 M W - O u t p u t  i n  3 r d  D r i e s t  Y e a r 4 2 0 . 2 G W h
- G u a r  G e n e r a t i n g  C a p a c i t y 1 1 0 . 7 M W - O u t p u t  i n  2 n d  D r i e s t  Y e a r 4 2 0 . 2 G W h
- M a x  C o n t i n u o u s  P o w e r 1 2 2 . 6 M W - O u t p u t  i n  D r i e s t  Y e a r 4 2 0 . 2 G W h
- A v e  C o n t i n u o u s  P o w e r 5 3 . 9 M W
- M i n  C o n t i n u o u s  P o w e r 4 7 . 9 M W - E n e r g y  p e r  M C M  I n f l o w 4 8 9 . 5 M W h
- G u a r  C o n t i n u o u s  P o w e r 4 8 . 0 M W •

C O S T  ( M i l i  i o n  U S $ ) C O N S T R Ü C T I O N •

- B a s i c  P r o j e c t  C o s t 1 6 4 . 7 - M a n - Y e a r s  ( L o c a l  L a b o u r ) 1 2 5 0 0
- L o c a l  C o s t  C o m p o n e n t 1 1 . 9 X - D u r a t i o n  o f  C o n s t r u c t i o n 5 Y r s
- F o r e i g n  C o s t  C o m p o n e n t 8 8 . 1 X - S p l i t - U p  o v e r  Y e a r s
- T a x e s  &  G o v t  C h a r g e s 0 . 0 X / 1 2 . / 2 3 . / 3 0 . / 2 3 . / 1 2 < /
- A n n u a l  C o s t s  f o r  O M R 1 . 4
S P E C I F I C  C A P A C I T Y  C O S T  ( U S $ / k W ) A V E R A G E  S P E C I F I C  G E N E R A T I O N C O S T  ( c / k W h )
- a t  8 < 0  X  D i s c o u n t  R a t e 1 7 3 6 . - a t  8 . 0  X  D i s c o u n t  R a t e 3 . 9 0
- a t  1 0 . 0  X  D i s c o u n t  R a t e 1 8 3 9 . - a t  1 0 . 0  X  D i s c o u n t  R a t e 5 . 0 0 •

- a t  1 2 . 0  X  D i s c o u n t  R a t e 1 9 4 6 . - a t  1 2 . 0  X  D i s c o u n t  R a t e 6 . 2 4 1

W E I G H E D  S P E C I F I C  G E N E R A T I O N  C O S T  ( c / k W h )  
- a t  8 . 0  X  D i s c o u n t  R a t e  4 . 1 2
- a t  1 0 . 0  X  D i s c o u n t  R a t e  5 . 2 9
- a t  1 2 . 0  X  D i s c o u n t  R a t e  6 . 6 1

i
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Data for Hydroproject KUKUL-K ICF- 2.50 Alternative C

H Y D R 0 L 0 G Y  
- D a t a  P e r i o d  
- M e a n  I n f l o w  ( O M )  
- C a t c h m e n t  A r e a

R E S E R V O I R
1 9 4 9 - 1 9 8 9  - M a x  S t o r a g e

3 0 . 4  m 3 / s  - A v e  S t o r a g e  »
3 0 8 . 4  k m 2 - M i n  S t o r a g e

- M a x  O p e r a t i n g  L e v e !  
- A v e  O p e r a t i n g  L e v e l  
- M i n  O p e r a t i n g  L e v e l  
- R e s e r v o i r  A r e a

3 9 5 . 6  M C M  
3 0 5 . 5  M C M

3 . 6  M C M  
2 4 2 . 0  m  a s i  
2 3 6 . 2  m  a s i
1 9 8 . 7  m  a s i  
1 8 . 5  k m 2

W A T E R  M A N A G E M E N T  
- S p i l l a g e  a s  X  I n f l o w  
- D e g r e e  o f  R e g u l a t i o n  
- A v e  W a t e r  D e m a n d

T A I L W A T E R  L E V E L S
0 . 4  X  Q M  - M a x  L e v e l  ( D e s i g n  F l o o d )  2 4 . 7  m  a s i

8 7 . 2  X  - A v e  L e v e l  ( M a x  P o w e r  R e í )  1 8 . 5  m  a s i
0 . 0  m 3 / s  - M i n  L e v e l  ( Z e r o  O u t f l o w )  1 6 . 7  m  a s i

P O W E R  C H A R A C T E R I S T I C S  
- I n s t a l l e d  C a p a c i t y  F a c t o r  2 . 5 0
- A v e  P l a n t  F a c t o r  3 9 . 7 .  
- A v e  H e a d  L o s s e s  9 . 6  
- N o .  o f  T u r b i n e s  2  
- T u r b i n e  T y p e  F R A N C I S

X
m

T R A N S M I S I O N  
- T r a n s m i t t e d  P o w e r  
- T r a n s m i s s i o n  V o l t a g e  
- N o .  o f  C i r c u i t s  
- D i s t a n c e  t o  F e e d e r  P o i n t

1 4 0 . 0  M V A
2 2 0 . 0  k V  

2
6 4 . 0  k m

C A P A C I T Y
- M a x G e n e r a t i n g C a p a c i t y 1 3 6 . 3 M W
- A v e G e n e r a t i n g C a p a c i t y 1 3 3 . 3 M W
- M i r i G e n e r a t i n g C a p a c i t y 1 1 6 . 5 M W
- G u a r G e n e r a t i n g C a p a c i t y 6 8 . 4 M W
- M a x C o n t i n u o u s P o w e r 1 3 6 . 3 M W
- A v e C o n t i n u o u s P o w e r 4 9 . 9 M W
- M i n C o n t i n u o u s P o w e r 4 8 . 0 M W
- G u a r C o n t i n u o u s P o w e r 4 8 . 0 M W

E N E R G Y  O l ' T P U T
- M a x  A n n u a l  E n e r g y  O u t p u t  6 3 9 . 0  G W h  
- A v e  A n n u a l  E n e r g y  O u t p u t  4 3 7 . 8  G W h  
- O u t p u t  i n  3.rd D r i e s t  Y e a r  4 2 0 . 8  G W h  
- O u t p u t  i n  2 n d  D r i e s t  Y e a r  4 2 0 . 8  G W h  
- O u t p u t  i n  D r i e s t  Y e a r  4 2 0 . 7  G W h  ■
- E n e r g y  p e r  M C M  I n f l o w  ■ 4 9 0 . 9  M W h

r
C 0 S T  ( M i l i  i o n  U ' S $ )
- B a s i c  P r o . j e c t  C o s t  1 7 3 . 9
- L o c a l  C o s t  C o m p o n e n t  1 1 . 9  X.
- F o r e i g n  C o s t  C o m p o n e n t  8 8 . 1  X
- T a x e s  &  G o v t  C h a r g e s  0 . 0  X
- A n n u a l  C o s t s  f o r  Ó M R  1 . 5

C 0 N S T R U C T I 0 N
- M a n - Y e a r s  ( L o c a l  L a b o u r )  . 1 3 2 1 0  
- D u r a t i o n  o f  C o n s t r u c t i o n  5 Y r s
- S p l i t - ü p  o v e r  Y e a r s  

/ 1 2 . / 2 3 . / 3 0 . / 2 3 . / 1 2 . /

S P E C I F I C  C A P A C I T Y  C O S T  ( U S $ / k W )  
- a t  8 . 0  X  D i s c o u n t  R a t e  1 6 5 0 .  
- a t  1 0 . 0  X  D i s c o u n t  R a t e  1 7 4 7 .  
- a t  1 2 . 0  X  D i s c o u n t  R a t e  1 8 4 9 .

A V E R A G E  S P E C I F I C  G E N E R A T I 0 N  C O S T  ( c / k W h )  
- a t  8 . 0  X  D i s c o u n t  R a t e  - 4 . 1 1
- a t  1 0 . 0  X  D i s c o u n t  R a t e  5 . 2 7
- a t  1 2 . 0  X  D i s c o u n t  R a t e  6 . 5 8
W E I G H E D  S P E C I F I C  G E N E R A T I 0 N  C O S T  ( c / k W h )  
- a t  8 . 0  X  D i s c o u n t  R a t e  4 . 3 5
- a t  1 0 . 0  X  D i s c o u n t  R a t e  5 . 5 8
- a t  1 2 . 0  X  D i s c o u n t  R a t e  6 . 9 6
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Data for Hydroproject KUKl'L ICF= 2.75 Alternative C

HYDROLOGY 
-Data Period 
-Mean Inflow (QM) 
-Catchment Area

1949-1989
30.4 m3/s 

308.4 km2

RESERVOIR 
-Max Storage 
-Ave Storage 
-Min Storage 
-Max Operating Level 
-Ave Operating Level 
-Min Operating Level 
-Reservoir Area

395.6 MCM
306.0 MCM 
3.6 MCM

242.0 m asi 
236.3 m asi
198.7 m asi 
18.5 km2

WATER MANAGEMENT 
-Spillage as X Inflow 
-Degree oí Regulation 
-Ave Water Demand

TAILWATER LEVELS.
0.2 X QM -Max Level (Design Flood) 24.7 m asi
87.1 X -Ave Level (Max Power Reí) 18.5 m asi
0.0 in3/s -Min Level (Zero Outflow) 16.7 m asi

POWER CHARACTERÍSTICS 
-Installed Capacity Factor 2.75
-Ave Plant Factor 36.1 X
-Ave Head L
-No. of Turbines 2
-Turbine Type FRANCIS

TRANSMISSION
-Transmitted Power 154.1 MVA
-Transmission Voltage 220.0 kV

-Distance to Feeder Point 64.0 km

CAPACITY ENERGY OÜTPUT
-Max Generating Capacity 149.9 MW -Max Annual Energy Output 649.1 GWh
-Ave Generating Capacity 146.6 MW -Ave Annual Energy Output 474.6 GWh
-Min Generating Capacity 128.2 MW -Output in 3rd Driest Year 420.4 GWh
-Guar Generating Capacity 135.2 MW -Output in 2nd Driest Year 420.4 GWh
-Max Continuous Power 149.9 MW -Output in Driest Year 420.4 GWh
-Ave Continuous Power 54.1 MW
-Min Continuous Power 48.0 MW -Energy per MCM Inflow 491.8 MWh
-Guar Continuous Power 48.0 MW

COST (Mi 11 ion US$) C0NSTRUCTI0N
-Basic Project Cost 181.0 -Man-Years (Local Labour) 13720
-Local Cost Component 11.8 X -Duration of Construction 5 Yrs
-Foreign Cost Component 
-Taxes & Govt Charges 
-Annual Costs for 0MR

88.2 X 
0.0 X 
1.5

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

SPECIFIC CAPACITY COST (ÜS$/kW) 
-at 8.0 X Discount Rate 1562. 
-at 10.0 X Discount Rate 1654. 
-at 12.0 X Discount Rate 1750.

AVERAGE SPECIFIC GENERATI0N COST (c/kWh) 
-at 8.0 X Discount Rate 4.27
-at 10.0 X Discount Rate 5.48
-at 12.0 X Discount Rate 6.84

WEIGHED SPECIFIC GENERATION COST (c/kWh) 
-at 8.0 X Discount Rate 4.53
-at 10.0 X Discount Rate 5.81
-at 12.0 X Discount Rate 7.25
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Data for Hydroproject KUKUL ICF= 3.00 Alternative C

HYDROLOGY RESERVOIR
-Data Period 19491-1989 -Max Storage 395.6 MCM

-Mean Inflow (QM) 30.4 m3/s -Ave Storage 301.1 MCM

-Catchment Area 308.4 km2 -Min Storage 3.6 MCM
-Max Operating Level 242.0 m asi
-Ave Operating Level 235.9 m asi
-Min Operating Level 198.7 m asi

\

-Reservoir Area 18.5 km2

WATER MANAGEMENT TAILWATER LEVELS
-Spillage as X Inflow 0.1 X QM -Max Level (Design Flood) 24.7 m asi
-Pogree ?í Ragúlation 87.5 X -Ave Level (Max Pov°’* Rcl) 18.6 m asi
-Ave Water Demand 0.0 m3/s -Min Level (Zero Outflow) 16.7 m asi

POWER CHARACTERISTICS TRANSMISSION
-Installed Capacity Factor 3.00 -Transmitted Power 167.8 MVA
-Ave Plant Factor 33.1 X -Transmission Voltage 220.0 kV
-Ave Head Losses 9.8 m -No. of Circuits 2
-No. of Turbines 2 -Distance to Feeder Point 64.0 km
-Turbine Type FRANCIS

CAPACITY ENERGY 0UTPWT
-Max Generating Capacity 163.3 MW -Max Annual Energy Output 650.1 GWh
-Ave Generating CaDacity 159.4 MW -Ave Annual Energy Output 473.6 GWh
-Min Generating Capacity 137.6 MW -Output in 3rd Driest Vear 421.4 GWh
-Guar Generating Capacitv 146.0 MW -Output in 2nd Driest Year 421.4 GWh.
-Max Continuous Power 163.1 MW -Output in Driest Year 421.4 GWh .
-Ave Continuous Power 54.0 MW
-Min Continuous Power 48.1 MW -Energy per MCM Inflow 490.8 11 Vh
-Guar Continuous Power 48.1 MW - •

COST (Mili ion US$) CONSTRUCTION
-Basic Proiect Cost 187.6 -Man-Years (Local Labour) 14150
-Local Cost Componen! 11.8 X -Duration of Construction 5 Yrs
-Foreign Cost Component 88.2 X -Split-Up over Years
-Taxes & Govt Char.ges 0.0 X /12./23./30./23./12./
-Annual Costs for 0MR 1.6

SPECIFIC CAPACITY COST (US$/kW) 
-at 8.0 X Discount Rate 1489. 
-at 10.0 X Discount Rate 1577. 
-at 12.0 X Discount Rate 1669.

AVERAGE SPECIFIC GENERATION COST (c/kW'h) 
-at 8.0 X Discount Rate 4.44
-at 10.0 7» Discount Rate 5.69
-at 12.0 7, Discount Rate 7.10

WEIGHED SPECIFIC GENERATION COST (c/kVh) 
-at 8.0 7» Discount Rate 4.69
-at 10.0 7* Discount Rate 6.02
-at 12.0 X Discount Rate 7.52

6A.3 - 100



##
##

##
# 

;* 
# 

# 
# 

##
*#

# 4fc 41
41
41:
4 t
41
41

4tr 41 41

4 l 41 41 4 t 41

4 t
41
4fc
4 l
41

41
41
4 t
41
41
41
41

41 41 
41 41

41 41
41

41 41
4 t 41 

41 41

41 41 41

41 41

41 41

41
41 41 41

41
41
41
41

41 41 41 41

41

41 
41 
41 
41 
41 
41 

4 t 41

41 4* * t 51 
41 

41 
41

41 41 41
4 t 41 41

41
41

41

41 41 41
41 41
41 41
4* 41
41 41 41 41 41 41 4t

41 41 41 41 "H
41 41 O'

41 41 CT'
4* 41 —4

41 41
41 41 M|

4 l 41 41 44 L il
LO

41 41 41 41: 41 4t 41
41 O

41 * en
4t

4*
41

41 41 41 41 41 41 41

41 41 41 41 41 41 41
41

41
41

41
41

41 41 41 41 41 41 41

41 41 41 41 41 41
41 T í
41 <D
41 4-J
41 íU
41 U

41 41 41 41 41 41 0)
e l

41 41 41 (U
41 41 41 en
41 41 41
41 41 41 <u
41 41 41 XJ
41 41 41 rü

41 41 41 Q

j

6 A . 3 -  101



> , ' •H 11 0/
c 11 o
m 11 rd .
6 11 cu
u Oí 11
ttJ o. 11

O ó) II \
0 * 11 í

i 11 ■

11
— . II
y: i—1 ' II
— . o\ II
i i II
i « II
tí 11

'4-1 Ci* II
U l II

tí ■ 1/1 II
tí II
u II

u . II
í y II
#• • II

II
H II
U) II

II
. J II

II
II

.5 11
LO íl

II
W .11

M
II
II
II
II
II
II
n
ii
ii
n
n
n
n
M
l.l
11
II

■ II
II
II
11 tí

o í II ' O
- i ' • II H
>r‘• II 1 >
2 : II 0 .
:*) II * i
m II tí

II o  .
*■ * II in
o ‘ II tu
i - i II d
H II
< II vU

II >
.tí II
•c II t í

II rü
l o II t í

II t í
H II <U
U II t í
Til II .—1

II <
O II
Oí II
Oí II

II
m ! 11 0)
O ll t í
o . 11 ni

II O
Ul Ul lí
l l L* 11 t í
<Ü II t í
01 til II O*
t í H II
H II
CJ: O II
tí  ■ u II

UJ II *
u , II

o o II . i-J
tí II . u
H LO II fd
i J II Ll.
.-Á co II
tí < II O.
M H II m
tí II L>
0 1 ' II

II i-J
II tn

.i II t í
.11 >—i

* H
o) II
tí II
O II
- i II t í
i-» II ’ t í
id II (U
tí II t í
t í II — i
0) 11 <tí II
tí II
1—1 II

II
u •l

■ II
.0) II u

II O
ai II 0)
ÉH II r~

x : i r O
fd n*- tí

m IJ-I

6A.3 - 102



•—i II M tn \ TJ II — ii •
c M II U 1 tí 11 X ii m tn o vfi 00 O lD VO Oí aotí II II tn 1 u II 3 n •-1 n 00 ó tn Oh en Oí tn o*G II II O 1 X 11 ti ■ . . . • * m • 9u tí II II o 1 On II s. il 00 00 ao co en en en Tí* va va vatí a* II II 1 -i-i II U iiO tí II II tí 1 tí II M04 II II o 1 3 II n1 II II r \ 1 II iiII II i i 1 II — ti— 11 11 tí 1 tí II X MX II II U 1 O* II 3 it en tn o —4 tn en en va rH tnen II II tí 1 tí II n 00 00 en OJ Oí tn vO va en rH OJjj en II II d 1 L. II N li ■ • * . . • « • • 9 9u II II tí 1 tí II LJ íl "3* TT ’U* tn tn m tn TT TÍ* tn tn3 II 11 IP 1 > II -— iiVIH o< II II 1 < II ii tcu M II 11 ittí LO II II II iití II II u II — .. il

u II II ■r| u II 3 tiU.
o

II II >4 1■H u II ii TT o tn tn . tí* tn Oh CO .o> aoII II ■rl u tn II "N. ii en OI v£3 00 O* H Oí OI OI tn enz II II U tí o II 1/> ii r i Ó ao o- lO LO tn tn OJ o c ot—i II II ai a II >-- ii el OJ rH - H rH rH OJ OI ÍM rHH II II a tí II u •
Vi II II LO u M iin II II II nII II II ii. II II i 03 II — ii *
s II II i X II t/> ii m O» a* O »—i r i OJ ' rH OI O) Oí
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ICASE AF.S.L = 205.0‘inaslSETTLEMENT COST = 0.00 miilion US$

TOTAL COST ' SPÉCIFIC COST • SPECIFIC COST (INC SETTLEMENT)
ICF '-ALT P ALT K P(AVG) P(WTG) . R.(AVG) K(VTG) P (AVG) P(WTG) K(AVG) .K(WTG)

1.00 -
• >

1.25 ,

1.50 106.30 94.50 4.87 8.15 4.36 • 7.28 4.87 8.15 . 4.36 7.28
1.75 111.80 100.00 4.89 8.25 4.40 7.41 4.89 8.25 4.40 7.41
2.. 00 117.50 107.40 4.95 8.40 4.55 7.71 4.95 8.40 4.55 7.71
2.25 126.60 114.80 5.20 - 8.86 . 4.74 8.07 5.20 8.86 - 4.74 8.07
2.50 131.80 120.00 5.31 9.08 4.86 8.30 5.31 9.08 4.86 8.302.75’ 140.50 128.70 5.55 9.50 5.10 8.73 5.55 9.50 5.10 8.73
3.00 145.50 133.60 5.69 9.76 5.25 9.00 5.69 -9.76 5.25 9.00

CASE BF.S.L = 230.0 maslSETTLEMENT COST = 15.12 miilion US$ (14.00 * 1.08)

ICF TOTAL COST ALT P ALT K SPECIFIC COST P(AVG) P(WTG) K(AVG)
1

K (WTG). ' SPECIFIC COST (INC SETTLEMENT) P(AVG) P(VTG) K(AVG) K íWTG)
1.00 •

•
1.251.50 141.00 133.70 4.69 4.96 4.47 4.72 5.19 5.49 4.98 5.251.75 149.90 142.10 4.96 6.33 4.74 . 6.05 5.46 6.97 5,24 6.62>2.00 157.50 149.90 5.11 6.57 4.91 6.31 5.60 7.20 5.41 6.95-2.25 163.60 156.20 5.25 6.78. 5.05 6.53 5.74 7.41 5.54 7.162.50 173.30 166.20 5.48 7.11 5.31 6.88 5.96 7.73 5.79 7.512.75 179.50 173.20 5.65 7.34 5.50 7.14 6.13 7.96 5.98 7.763.. 00 186.60 179.70 5,85 7.61' 5.69 7.41 6.32 8.23 6.17 8.03

CASE C
F.S.L = 242.0 mas 1
SETTLEMENT COST = 21.60 miilion US$ (20.00 /  1.08 )

TOTAL COST SPECIFIC COST SPECIFIC COST CINC SETTLEMENT)ICF ALT P ALT i ' P(AVG) P(WTG) K(AVG) K(VTG) P í AVG) P(WTG) KIAVG) K(VTG)
1.00 - ■ ■

%1/25 ■ * *

1.50 149.60 141.50 4.61 4.78 4.39 . 4.55 • 5.28 ~-5.47 5.06 f  5.241.75-2./00 ■ 157.80 
• 165.80 150.10158.20. 4.81 ' 5.01 5.035.29 4.604.83 4.835.08 5.47

5.66 5.98 . .5.26- 
5.49 * |*5.53 

■ ,5.7.7‘2.25 1 7 2 . ir 164.70 ■. 5.19 5.48 5.00 • 5.29 i 5.84 6.17 5.66 ' 5.98'21.50 181.30 173.90 5.45 5.77 5.27 ” 5.58 6.10 6.46 ,,-.*5.92 .• V 6.272.75 187.60 181.00 5.63. 5.97 5.48 5.81 . 6/28 6.66 6.1-3 6.503.00' / m a o .188.80 5.85. 6.21 5.70 .. 6.04 6.50 6.90 6.35 6.73
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ANNEX C of 6A.3

RESULTS OF SYSTEM OPERATION ANALYSIS

Included in this annex are detailed simulation results of System operation with 
SYSIM, as summarized in Section 5.4.4, for the :

C1 Base-case 1998 system............................................  6A .3-113

C2 205 (ROR)-1.5 project altemative added to the 1998 system, 
with the 1998 demand incremented
by the amount of the expected project contribution... . .  6A.3 - 123

C3 230-2.0 project altemative added to the 1998 system, 
with the 1998 demand incremented
by the amount of the expected project contribution......  6A.3 - 134

C4 242-2.0 project altemative added to the 1998 system, 
with the 1998 demand incremented
by the amount of the expected project contribution......  6A.3 - 145
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0 11 i0 4) 41 1n 0 0 0 CP 0 0 0 II 41
• 11 0 0 0 0 0 0 0 0 0 0 0 CP II 4 BB

0 11 II
11 II O

• 11 II *■ BB UI
0 11 41 —* 0 4 CP 0 0 0 0 0 CP ui » B

0 11 0 4 4 4 4 ID 4) 41 0 0 CP CP II 0- UI .

■ 11 cp 0 CP CP CP CP CP CP CP CP CP CP II TU L
0 11 II 0 O II

11 II O ¿J
11 II • U P

0 11 4 0 ni 0 0 — « <P 0 0 CP 0 41 -II «~-i 01 c
0 11 41 0 0 01 0 O o- 0 *-B 0 4 0 II ■h Ol

# 11 O- CP cp CP CP O CP 0 O 0 0 O II i- c
0 11 v H 9 ^ — ■ 9—* •"H II Ol JC £ c 0

11 II . H 3 3 0 a
11 II 0 0 i H X

99 11 II a p 01
u 11 II . * 4 u
a 11 II • M £ 3 X
0 11 II *-4 f r i TJ > 01

11 II 3 > C 0) i - CP - o

u i 11 II E 01 O L 01 L c
4  a i  4  O  4  o  
4  r*  4  O I  4  O Ir- 4) r- r* r*

4  4  o  4  o  4
4 4 ai 4  oj 4r- r* r- r* r* r-

m  11 
ni 11 oí 11 
ai 11 11

-« 0  0  4  10 a r- 0  cp o  0

T )
C
01
E
ai

T I

r
j j

1-  u  ai 01 
a  a
>* >  
CP CP
u  u  gj ai c cUI Ui

c
a
4-»
u

•^4

u
4-»
Ifl

o c a ui T J
c
«o
€
01

o

\
I

6A.3- 137



tf
Xru
£
Z

Ü13O
_J
UL
LlI
0<X
CEU>
<Z

4 aj 43 OJ CU 0* c 4 43 tu O 43 r* Oi Ul m 0 m o- in n  4 -« 1 CD
a: m Ch cu 0 en OJ 0 4 4 4 Ul a 0* Ul en a tn a- 0 o e n  4) 1 4
<z r^m  0

| 1
LU 0 Ul ni cu 0" r- en nj tn CU tu ni r- ai 4 ni m ai 0 0 4) 4) 1 r-
> m ni cu -̂4 41 •H cu 4̂ *4 ^  ni 1 4) 

1 n1

4) n o* cu CU ■—« en OJ tn 0 03 en 0 “ «>* r- c 43 ai en cu n o -  a-
1
1

OL 4 in n 4 43 0- en tn «-« a CU r- c en a 4 m Ul 43 Ul 4  43 0 1 n
LU 0 0  4

| *
0 O 4 ÜJ CO o- 4- tn en tn 4) en tn o- m 0 0 0 0 0 0 0 1 r-

4 4 m -4 •-* —• n 1 Ul
1 cu 
1

in 4) en w~4 0- cu ru 43 0" en 4 4) 0 ru ni 4) 0 Ul a- Ul cd 4) en
1
1 r*

0 0- ui 0- O ui nj aj CD en m en 03 tn ru *—» ru ■̂40 0 4 en o t n  r- 1 n
13

a  0 03
1 •

<r 4 4) 0- r- cu 0 tn en 4 O m en cu en 0 0 0 0 0 0 0 1 cu
4 4 cu ^  cu 1 4

1 cu

0 a i 4 4) tn _ t 1 4 0 4 0 43 n 0 4) 4) en 0 O cu 0 n o -  cu
1
1 Ul

_i 0* 4 4- 4 en O' tn en cu ai 4 tn •~4 en ni 4 0 O ru en tn in  0- 1 4)
3

o a i  n
| 9

n CD m 0 0 ai li‘l X 4 ir tn r 0 4 0 0 0 0 0 O 0 1 Ul
4 in ni w-4 *—1 —« v« n 1 r-

1 cu 
1

n r* cu tn tn a O 0* a- m r- r* 4) Ul en •H 0 Oi 43 0- 0-
1
1 (U

z co 0 41 cu 0 0 en —• cu m •—* 4 0* 0 0 O 0 *-• 0 o c ^  0  ■ 1 0
3 | 9
n n r- 0- u 4- 43 4 m 4 4 tn en 4 0 0 0 O 0 0 0 41 ui ni 1 Ul

4 1n *-i OJ ai -•  Ul 1 H
.

1 n  
1

ro m cu tn tn 43 •—« 4 tn 4 n 43 ■0 4) o r- Ul Ul tn —4 0- 0- 0
1
1

> nj tn ai m OJ OJ OJ —• 0 4 m tn O' 0 Ul en tn 0- en tu 0 0 sí- O  -0 1 43
<r | t
z 4 4 o- 0 r- 0 CD 41 tn r- en en 0- tn OI —• 0 0 4 tu CU —< 43 1 4

ru en _ -~i m • ru — 4 1 o-
■ 1 a i 

1
a- tn o- 0 (U tn m ni o- -0 m U) Ul ai r- 0 4) •—* a i ui 0 0- r- 4

1
1 r-

a:
<L

ai r* T' 0 0 r 4̂ tn •̂,1 IU Ul ni cu cu ai O tn 0 m m *-• cu 1 cu

n 01 m 0 ai — cu 43 r- >•« m-4 tn »*-« 43 nj nj Oi 0 Ul 4 4 4) tn n 1 o-
•-1 cu tn -H c a i cu 1 4)

1 a i 
1

4) cu 0- 43 4 r- a 0" . .. tn ai cu 43 r- 0 «-4 Ul t^ n i n
1
1 0-

CE 4) r- m ai cu 0- tn 43 a m 0' Ch en r* tn 4 Oi tn 4 nj O  O 1 OJ
<1 1 *
z ai r- r ■« O tn 0 0 0 en m 0 0 ru 0 Oi »■ 0 4) en m n  n 1 a i

•—« ^-9 —■ •“H ni 1 n
1 cu 
1

4 ni 41 O 43 0- tn aj r* tn cu m cu Ul 4 n 4 4 0 43 0» rs 00
1
1

m tu o- in en r- en 4 a- 0 4 0 ai tn ai •0 4 -0 0 0- **>. 4 43 0 in 1 4
u 1 #
u. 0 CD 0 n 0 aj cu cu ai ni 0 0 OJ 0 cu M ni ni 0 43 o- r- (U CU 0 1 4V. cu OJ cu ■H tn 1 43—« 1 n  

1
tn 4- in O' |H 4 4 4 m 4 cu OJ a- OJ 43 a i cu 4 0 >0 cu

1
1 nz cu 41 en cu O n CD O 0" Oi a- OJ CU a en r- 4) Oi r- aj 0- 1 43

a I w
»-> 4* 0 T tn O n -4 0 0 3 0 Ul 4 4 en •—1 -0 r* 4 tn n  4 1 43

•—9 «—1 en 4- m cu en r* tu «—* 1 4)
1 Ul 
1

n 0- 0 •-* 0 o* tn 0- ••0 4 43 r- en 4 Ch Oi ni 03 tn 0- —• 0-
1 s 
1 Ou r- r* 43 o- 0 cu tn Ch Oi 4 tn en ai 4) OJ m r- CU 0 0- ni o- 1 O-

íjj 1 9

0 43 4 aj 4 en tn ai —• 0- 0 w-4 tn —̂4 r* 4 0* en OD Ul en m in  n 1 4
ni m 4 4" m in en en r- —• en m ni Oi cu 1 0-

43

j ' C M j i n c o c D n i n o a j - ' a j t D ' O n r n ^ n o ^ o i n i n ^  
>  4 r- o- -•  n n a i 4 u i n j 4 0 - u i 4 > m r - o * n r u u i o u i o - - * r oo ........... ............................
z  o * 4 0 k O M u o - f l n p ) n j a i a i a j n h O ‘ ' O a j a ) > o n i n ^ o  

n i n n n a j h n i - a j -  —• —« • cu 4

o-
43
ai
•H
ui

n j ( > 4 ( D i M > - ' O a ' 4  
n n m i H ^ n a i ' O o - o  u  ..............................................................

o  4 i n r ^ r - m i n a i m a ) 4 3 m  j ifi nj ̂  h —<

•̂ 4 J 4 M M U O ) h ^ l M T)n(TJ C'-o*nj0t̂ oo43cuajnjLino-(u
n t M n ^ a j n n j o i n n m i n o i nH H ^

4)

CU

n

z CE z 2_ X 0 z z 11— 0 a UJ Ui z Uj z z I z Ui 0 • 1tn n a 0 í- a H <t i <t UJ a. 0 c > <r m 0 1Ui 11 y _J u z Z m <r 0 -J •—« y s <c > H • a 1 0*-■ 11 X» □ •—1 <L a z z -i r J <L 0 X i—» z a <E J <1 z 1 3CE 11 UJ Q_ > X CE z UJ <r LÜ z CE Z <E a X <r 1 <EUl 11 -i x X X X X UJ X X y Z <r Ui z <r M J a 3 X UJ <z 3 1 HUl II <1 3 3 3 3 3 h* Z Z <E a a. a 0 0 <E y X 1- a. z a 1 aII z <r <r <E <L <1 <r <E <1 t/1 > <r I- H X X H <£ 3 M 1—1 <x <r 3 1 H3  II H . 1 X X I X 3 CD m z X 0 CE -i Z Z a I Z z a y 1O  II O <r <E <r <L <r 0 Z z a <1 <E 4 O a H _J <r <X <E -1 M <r X 3 1_i II 
11 11

y z Z z Z z en <x <t z u -I U Z y z <r y a. z 3 z 0 m y 1ILL II
Z  II W-* ru n ■ 4tn 43 r ai 3 0 —« Oi n 4 tn r- CD 0- 0 CU n 4 0 41

11HH || *-4 H ■-« —• iH OJ ai OJ ni ni Ul tn 1

6A.3- 138



in
Nh
en
£
Z

m
u

UJ
en
<r
(J

in
o
o-

a:<x
Lii
>

o:a
u.

ena
z
<i
zül
a

a:
UJ
fr -
<E
3
ÜJ
en
<ntr
UJ
:>
<i

u
m
Q

O

fr—
u
a

000-4—4m rn*—«*0 inena-cucr 43 o 0"OInij-eno cuo -0<EUJ CUenennj43r*43m UIm ruo*4> CU i m
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UI 4 (U 41 o •0 0' m nj ê in m m o  in h- 4 en ^ 4 4  Q  4  0* P* O
(3 en 00 a- in en r* PI 4 er 41 4 41 oo ui en 4i 4 4i o .e r 4  41 O  41 in
<x
a

lil
u. o 00 o pi o ru en oo ru en O o cu o  ni CU cu eu O 4  o- r* ni iu o

UI cu ru m IT) 4̂ *4 *4
>
<r

in ui er v «< 4 4 4 r* 00 P- 4 ai ni o> n i 4 u o < t o 4 n i
z en ■0 m 00 o en m o 4̂ •«4 rv er ni ni CU er ^ en p* 41 cu eu cr
<1
n r* .r 4 in O PI 4 o o en o  in 4 4  en •4 4  P» 4  ID PI 4

■4 w - 4 m 4 en r*•—t ru en CU 4  H  4  *4

en cr O ■0 o- in o- 41 4 <o en 4 er cu o i o n o - ^ p
u r r- 0 cr o- m m er ni 4 Pl rn ru 41 CU Pl P- pv oo o  ch ni (h
liJ
Cl •0 í (U 4 PI in ru 0- -0 v« -4 tn — h •-4 4  p- en oo ui m fu m n

ni m r t PI in
• -«

en m p>4 m cu ni ni cu

■
4 >0 -o UI UJ 00 m m o  iu 4̂ ni oo 4  m r* en 4 m o  ^  o  in in 4-

> 4 p* cr • -« en n en 4 m ru 4 er tn 4  ao Ĉ c r n e u m o i n e r ^ e n
a
z

•

0*
•

4 <r O ni o 41 pi rn cu ru oo cu en o - 4 f l j a 4 D i n o > o
en in en n ru cu cu ~4 •4 h  h  h  m J

en 4 er 4 00 cr er 4̂ o tr 4 »4 4 4 4 i ^ e r e u t n r ^ 4 e r r n e n t n
i - en CU ni m en 41 O *4 o  r- er ru oo o  o 41 eu cu cu tn er cu
u
a 4 ui 00 m ni 00 en 41 en en er en 4i cu en oj o n n n i n o i n

-j in ni ■ -« ^>4 4 • "4 4̂ 4
4  4 ^

pi
•

r*
in
ai

r*
en
•

00 
4
01

m
>o

in

OI

cuo
trív4
tn

41■
4
O-
cu

r*
cu«
er
o
cu

trcu
ni
encu

4t
4
>0
en

in 
>o

4i
>0
in

o
tr*
4
CT
41

Ch
4)

•
00
rH
tn

4i

ni
p*en

tn ii ui ii
ntr ii

Ui II
en ii 

ii
3a
u.

E ..I OI
r - a  a
Ü L T H  
*  -I  U  
v . a  -• ui a. > 
j  ^  ^  <C3 3 E <1 <1 i- X Io <i <x
1* E  E

r  E  
IU UI 
O  *- 
71 Z  
<1 <t a: ac
\  s  
3  3  
<L <T 
X I
a  a
E  E

Z
am <x 
E  Z  
a  Z  v üj 
3  H  
<r <t 
X  3  a o  
E  00

atu E 
x <x 
<x a  -J E 
ai a  
s  s  Z Z 
<i a  
oq aoE E
a  a

oZ Xui a  o
_J w
_J <i UJtu z oc y z <r ui a a  o. -i ui > « r- a  z x  en a  <i <r <t CU J  (J

z
a
y

Ez a  -« 
o  o  a
h  S  Ncr ;j  z  
a «  «Z.y E

ÍH

i
H  H  D.Z
-J  ?  
<t y

¡Z E ,Ui UI

E 
<[
0C
y  
a  
a: 
a
OL

— nj n íin4)MDo-o^iuin 4,n p*
H  ^  H  H  H

oo:cr o
•4 r* CU

<£
>  H
a a

.cr
a: h
o . í

cu'Si

oo1* en 
•; o  J a  z  

•J <[Ul <x -Ja  z a
w  í  í  3
z  e  a  y  «air 3 
e  en oo y  •

en 4  o  *ov‘ 
cuicu tn in

en
J
a
» -a

6A.3 - 149



AV
ER

AG
E 

WA
TE
R 

DE
MA

ND
S 

FD
R 

YE
AR
 J

99
S 

. 
CA

SE
 C

B 
IN
 m

3/
s.

00 H  H en 4̂ en vB 41 r* in en 0* ni 1 o
CE 41 o- 4i &■ ni ni 4 n o m o 41 1 H CE
a • ■ ■ • • a a a a a a a a | a <L
Ul ni en m m 41 r** 41 en 4 m en ni vt 1 00 Ul
> ni *-« m 1 H  

j ai 
1

>

*0 io o ni (D 41 O 4 00 o o> O

V
1
1 o

■

a. ni en r* ni 41 io -a vi 4 m en o o i ni CL
Ul • a a a a a a • a a a a i * Ul
Ul o

00

O en O ni 0- O O 4 ni O i 4 Ul

<rui
ce

<'
Z
C

<r
m
►-t
cc
ce

in 41 4- 0* 00 00 4*en in 4̂ O O I H
ÍD

O O
es 41 in in 00 41 O th in in O o O ni i r* 0* 0-
3 • a a ■ a a a ■ a • ■ a a | a 3 a a
a ni 4- 0- ni 41 00 CU 41 in in o ni CU 1 41 <r O o

H i r* ii -

cu en.41 en 00 41 0* in 4 o in
■i
1 0* o  o-i ■ •«4 0- 00 m m in m 00 O o o 4 1 H -i 0- o-

3 a í | a 3 a a
n r< c- in 4- m ni ni o- 0- o ni ni i en n O o

•
m •H •-a n 4 1 00 

1 H  |
• »

en 4 O o a in ni o  o  a- in
1
11 00 o  o

Z O O' <0 in 41 m oo rn o- n o o 41 1 Z 0- 0-
3 a a a a a a B a a a a a a | a 3 a a
►n 4- 0* H Óin 00 UD41 • a ni o ni ni | H í- í O om CU *4 ^  n h *-a «-4 i n

>
oz

h*uo

1 Ul- ' 1 E
ni en o  r* 00 n o n ni o  fr 10 1 O H o  o

> ni 4 01 4) oo o 4̂ io  io  rn o  Ch i r - ÍD > o* a*
<r a | a UJ a a a
E oo r* 41 4 en rn 4 ni o  a  -a- ni va 1 41 - CE E O  o

ni vi vi -* m 1 H
i ni Z
i O ■
i H

*-« 00 00 IO 41 ■ 0 o 0* r* 41 o * 10 I o 1- o  o
CE 41 o 4  CN IO o  - 00 m m o  p i I o u CE 0» 0*
CL fl 0 | a M CL a a
<Z va • •ni o 41 ni 4 IO wm va 4 ni va i m CE a O  o

va va 10 1 o H
1 Ul■ 1 UJ
1 CE

in ■-4 0- 41 O a  en io n o o a IO 1 10 o  o
CE o 00 4  rn •H 10 00 Ch •-a 41 en o 0* i n CE CE o- 0*
a a | a UJ a a ■
E en —a 4 -• n m ni o- ni ni 4 ni o i ni . Q E O  o
• 1 4 Z

ii 3
i
i H

r* 41 01 41 41 O  10 4 r* 4  o o* IO 1 41 UJ o  o
ffi 10 n  m u 41 -  r O CD en en o ni i rn E en 0* 0*
Ul a a a a 0 a ■ a ■ a a a a | a Ul a a
u. 4 4 o  n  io oo en 4 m 41 4 ni ru i en O IL o  o

n ** v« i *"* z
1 «■* a
1 E
» Ul

0- OI 4  ^ vi 41 a-a ni 41 O  O 0■ 10 i ni a o  o
z r* m 41 O Ch o  r* 41 10 o  en o 00 1 0* z 0* 0>
a a a a a a a a 0 a a a a a | a tL a a ■
n r* 01 4i ni io IO 00 o *-a 4  4 ru vi i ni a n o  o

rn rn 1 va
1 *4 z
1 o
1 M

•«a o  ni in v4 r* 4 4 41 <0 o 0* IO 1 *4 H o  o
u lO ni —  10 4 ni io m v. rn O ni 1 4 U u 0* 0*
Ul | a a Ul a a
o n  ni m — vi 4  10 en cu rn 4 ni va 1 CU CE o O  o

(U va i r* IL

m-inai^ino4O4O0'inin-CD4)CD4-cDO-mom
n 4- m oj j-' r- -o r» a- n a- ni o  
en iu

o»4- — f^mr^i^oniooo-in 0‘0ni<onmo'0‘~ft(n0'0
m-(Vi04-(U4^-'-4ni-
M H  41

y :
y

Ü  O  h
n  y  y

I  Ü Q

e :e  r
u i u i Ui
h l h  h(n. in en > > > 01,01 01

~  m
Q  Q  Q  CJ

E C £  £10 UI ÜJ UJ
0) 0) Oí 0)
> > , > ■ >
o) cii . cn oí

n ui a
£ £ £ UI UI UI 
h  h  h  01 01 0) > > > 01 01 01

I  I  E£  «  01
£ £ a
UI UI 3  
h  h  UI 
01 01 3  
>  >  E  01 01 01

~ « n j m 4 t o 4 i r ' O D o - o ~ 4 n i 4

ni

ni

r*
r*
v4
ni

en
4

■

r*
o*

>oz

I-ua

o o o o o o o o o o o o o
• ■ • ■ ■ ■ • • ■ ■ • • a

o o o o o o o o o o o o o

o o o o o o o o o o o o o

a a a a a a a a a a t
O O O O O O O O O O O O O

• • a a a a a a a a a
O O O O O O O O O O O O O

o o o o o o o o o o o o o

o o o o o o o . o o o o o <

o o o o o o o o o o o o o

o o o o o o o o o o o o o

o o o o o o o o o o o o o^ ^ D* ^ ^ ^ ^ ^ ^ ^ 0* ^‘ • ■ ■ a a a a a a a a a a
o o o o o o b o o o o o o

o o o o o o o o o o o o o0*0k0,(h^0l‘̂0l‘0k^5l0'í'a a a a a a a a a a a a a
O O O O O O O O O O O O O

yy íD Q h
e  ^ y

en-iai-o

^ ni 1 1  £IQQQQQUniIlClHin
£ £ £ £ £ £  
UI UI Ul Ul UI UI h h h h h hcn en en en en en > > - > > > >  Ul Ul U) Ul U) Ul

£ £ C £  Ul Ul Ul Ul h h r  h Ul U) Ul Ul > > > > Ul Ul Ul Ul

c e a
Ul UJ 3  h h ü J  
Ul Ul 3  >■ > E Ul Ul Ul

~ « n i r i ' ± i n ' O r ' ' C D < h o - ' * n j ' t

6A . 3 - 150



9 «-> 9 9 9 9 9 0 0
9 - O o O o O O o O o 9 O 9 O o o 0 o• O • o • o ■ o ■ o a o a O a o a o

u 9 O 9 o r - o 9 o 9 o 4) o 41 O 9 o 9 o
O 0 9 o o 0" o 9 O 9 O 9 0 0 0 0 in o 0 o

• a 0* • p > ■ • 9 # 9 • 0 a 0 a 41 a 41 a

O 0- —•a n o 0 O 0 O 0 O «-• O ^4 O o o
9 w w w

- 1 w

0* <*»» p* 9 9 9 9 . 0 A 0
0* o o o o o O O O o 9 o 9 o 0 o 0 o

O • o • o • o 9 o • o a o a o a o a o• > 0* o o r- o 9 o 9 o O o 41 o 9 o 9 o
o □ 0* o o 0^ o 9 O 9 O 9 0 0 0 0 in o 0 o

z 0■ • 9 • • 9 • 9 • 0 a 0 a 41 a 41 a

a* n o 0 O 0 O 0 O «-4 O a-a O o o
(h w w w w

o 9 p 9 9 9 9 0 0• > 9 o o o o o O o O o 9 o 9 o 0 o 0 o
o _J ■ o • o • o ■ o • o a o a o a o ■ o

OL i- a o p- o o 9 o 9 o 41 o -.41 o 9 o 9 o
a u 9 o o ib o 9 O 9 O 9 0 0 0 ‘ 0 ■ - 0 o 0 o
<E a 9 • 9 m r- • r • 9 ■ 0 a • 41 a 41 a

9 n O 0 O 0 O 0 O •-4 O Va o o o
en 9 w

o UJ
0 • E

0 009 o ►H 0" 9 —■ 9 9 9 A 9 A
9 (9 a O o o o o O o O o 9 o 9 o 0 o 0 o
*-« UJ • o • o » o • o • o a o a o a o a o

cr a . 0* o 9 o o 9 o 9 o 41 o 41 o f 9 o 9 o
O u 0* o Q o 9 O 9 O 9 0 0 0 0 0 o 0 o
H (9 0 0" a 9 • • 9 • 9 • 0 a 0  ' a 41 a 4) •

o z 0* *-« en o 0 O 0 O 0 O H O a-4 o o o
09 • M . 9 w w<

& o 0
9 <r p 1

9 ‘ 0
■

0
<r

a : 9 9 *- r* P 9 9 A 0
UJ 9 o o o o O O o O o 9 o 9 o 0 o 0 o o

E a . ■ o • o • o • o ■ o a o a o a o a o H
a a 0 9 o 9 o -r^ o 9 o 9 o 41 o 41 o 9 o 9 o 0
0 o 3 9 o o 0* o 9 O 9 O 9 0 0 0 0 0 o 0 o

0lL • 0 CE 9 ■ 9 m p « 9 • 9 • 0 a 0 a 41 ■ a 4) a

o z a n D 0 O 0 O 0 O *4 O i. o o o >
O ►-» 0" w* < - w 11 w w
a 3

■
/ • ■fe • 1 1 1-

a i 1 _
0

u
cr 9 - » 9 r* 9 9 <"* 9 0» . 0 <1
UJ - j 9 o o O o o O o O o 9 O 0- o 0 o 0 o
Q. o a • o • O • o • o • o a o a o a o a o lL

• u . -J o* o 9 O r* o 9 o 9 o 41 - o 41 o 9 o 9 o Q

z o 3 9 o o 0* o 9 O 9 O 9 0 0 0 0 0 o 0 o
a UJ h a * • 9 • ft 9 • 9 ■ 0 a 0 a 41 a 41 a z

* -i I 9 o 0 O 0 O 0 O H O ^4 o o1 o o

» -
<r
j
3
E

o

b -

X
C J

9

9 9

'W

9 9 9 9 0 0

%<*

* *

H

H
u

• M 0" o o o o O O o O o 9 o 9 o 0 . o 0 o 0
M o x ■ o • o • o ■ o • o a o ■ • i o a o a o 0
(11 3 z o * o 9 o p - o 9 o 9 o 41 o 41 o 9 o 9 o

0D o o o a o 9 O 9 O 9 0 0 0  • 0 0 o 0 o
3 i - l o • 9 • « r 9 9 ■ 0 a 0  ' a <0 .■

o
41 ■ H

a 0" «— • n o 0 O 0 O C1 O w-4 O M o o CE
j 9 w u

0 o UJ Q
a
( k

•

o
m

Q > J_L A 9 9 *"«l 9 9  • 0 *** 0
P i|

z
I T

rn a o o o o o o o O o 9  ' o 9 o 1 0 o 0 o ►H

e • o m o ■ o • o ■ o a o a o a o ■ o
0

O f
E
E > 0 * o 9 o o 9 o 9 o 41 o 4) o 9 o 9 oEL¿r <1 9 o o 0" o 9 O 9 O 9 0 0 0 0 0 o 0 o »-am

UJ
>
(E

o •
o

Z
M

en

E 9
9
9

• 9
0 o 0

•
O

9
0

•
Ow

9
0

a
O

0
a-4

a

O
0
•-4

«

a

o
41 a

o
41 a

o
0
0
X
H
z

a
u.
h-
0
<c
u
UJ

UJ
E
3
-Jn ir

9
9 •
£h

o
o
o

9
o•
9

o
o
o

o i
r *

A
o
o
o

9
O

•

P

o
o
o

9
O

•

9

***Ni

O
o
o

9
9

a

41

O
o
o

9
9

a*

41

A

o
o
o

0
0

a

9

o
o
o

0
0

a

9

o
o
o

0
0
<1
0

o
•

o
>

UJ

■Afe
Ql
CE

9
9
0"

o
■

o
9
0

0"
■

o

o
r-
0

9
•

O

O
9
0

9
•

O
O
9
0

9
a

O
0
0
H

0
a

0 “
0
0
« H

0
a

o
0
41

o
a

o
■fcj*

0
41

o
a

o
z
» - l

a : 0 0* %■* w w <
0

□ <1 i i 1 0u.
o
z
<E
E
0
Q

o
■

o

X
a _
i -
0

E
UJ
H

a :
< i

E

9 “
0

•

O í
9
9
9

o
o
o
o

•

«-4

9
o

•

9
o
9
0

o
o
o

■

o

r *
o

•

o
p *
0

o
o
o
9

■

O

P
O

•

9
O
9
0

o
o
o
9

m

O

9
O

■

9
O
9
0

o
o
o
9

a

O

9
9

a

41
0
0H

o
o
o
0

9
9

a

41
0
0
a-4

o
o
o
0

a

o

0
0

a

9
0
41

o
o
o
o

a

o
w

0
0

a

9
0
41

o
o
o
o

■

o

0
3
0
H

\L

0 9 w

0

J
<r
H
O '
1-

m
0
0

0*
0*

•

9
9
9
9

■̂N

o
o
o
o

■

r-
o

■

r*
o
0

(
0

0
0

6
 * 0

o
•

p*
o
0

o
o
o
9

•

O

r
o

■

r*
o
9
0

O
o
o
9

•

O

9
O

•

9
O
9
0

o
o
o
9

a

O

9
9

a

41
0

- 0
w-4

o
o
o
0

a

o

9
9

a

41
0
0
*•4

o
o
o
0

a

o

0
0

a

9
0
41

o
o
o
o

a

o

0
0

a

9
0
41

o
o
o
o

■

o

0 9
0 -

3
E

J

a
a :
0

z
<E

0*
0“

•

0*
0*
9
0*

o
o
o
o

■

o
•

o
r *
0

> s

o
o
o
9 -

•

O

o
•

o
0

o
o
o
9 ■
O

9
O•
9
O
9
0

O
o
o
9 •
O

9
O•
9
O
9
0

•
o
o
o
9

a

O

9
9

a

41 
W , 
0  «-a

A
o
o
o
0‘ 1 a •
O '

9
9

a

41
0
0
*-4

A
o
o
o
0

a

o

0
0

a

9
0
41

o
o
o
o•
O

0
0

a

9
0
4)

i . ■V

**
o
o
o
o

a

o
CE a w w
E
0
UJ

3
E

3
E

3
E

3
E «

**3 i  1
fJ- 1

0
z
H

0i z ,
it

i
b -

o
0
o

O
0

O
4-

O
0 * 1 I«

‘SU ’ I ■ 1

■1*
• 'O  
.■•2

0
0
0

. 0 -  
• 0  

0
E
3
E
M

>
X

•

•
I-
0

•
-J
O  —•

•
-J
a ■

•
-J
a •

1
1 1 • 1 

v  .
M d ‘
m

3

¡ I' a

* ^  
0'

0
0
1—

t
\  i—*
.. a
• UJ

z
►-a

E

X
CE
E

•
_J
*

-S
0
Z

m
z

in
0

0
Z

-1
y

a
3

* - i
0

f .  1

6A.3 -151



W
AT

ER
 

R
ES

O
UR

CE
 

SU
M

M
AR

Y
—  OI 
- h U F) « CE 
U  «  E
Q| *4

> *■  , a  jo

o o o o o o o o o o o o o o o o• • • • • • • • ■ ■ •  • • • • •o o o o o o o o o o o o o o o o
n•
n
n
ai
4
>o
4

L.
O

Q l 4

Q l U  
« «U MQ| H 
> — 
0 -

ai c m ni ru o r j -t o •• f •n «o a n o  r in ^ nj
...................................................................... ■ «

n n j i u M D o n o t D O ^ o n ^ ^ í ' i w o r i ' j i n c ,
i na  vi j  n  ni 4 1  * 0  t* w H •o

u
- • e n  
«  a i E  c -m r  
-  c
li- O

u  1[

E ** 1
3 c n
E 01 E4J E
c c -  o ,
E  U

4 i o - « 4 i r * 4 m 0 - « i n 0 i ^ 4 0 - « 4 i
a a a  a a a a a a a a a a a a a0O4O4i!o0in0inr*on44in 

- h n a n i H o o n i n ^ o ^ n i ^ O ' O 1 ni cd •*' n —*—■ n

* * - ************
o  c  n  4i*r* ^  ^ o o o o o í• • ■ • ■ • • • « • • • • ■ • a
o i ^ ^ o a ^ ^ i M n n o o n n o F  
n i m n i n i ^ ^ n  ni o  4 1  n  n 1 -«

3
o

* 4

c

EOlu
IR
>tn

u
c
4

•—a
4
m

n
E

o  a  - c o h o o n i J  ^  ^ ^ S S í S t S á r .  2 « S 50 0  0 - 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0  c5
O O O O O O O O O O O O O O O O O O - ^ O O
o ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  c3 

7 1 I I I I  I I

x _

ft ** I 
o »  C i n  
4 ft.E 
L  - P . E
a c f
> °i0  u1

E  * *
3 c  n  
e  ai E 
-  *»;e
x c
4  o *

C  U i

■ o* —  0
c n • a a

—* *» E *n «■ o
4 a c 0  O  0
u 4 —  m —
O > w4
H ai

t 9

• |

ft O  O  ’o
o>m a ata

4 4 E O  O  O
u a E 1
O 4
1— 01 «

4

-  h n
4 ^ 6** M Ea a H M

4 0 0 ^ 0 0 0  —  -  0 0 0 * 4 1 0 0 0  ......................
a i a i H o ^ a n r u i M n o o ^ í ^ O '
^ O M U P ) O t O O O k 0 ^ n 4 ( U ' 0 ^h ni h h -« h n h ^ ni

* * * * * * * ' * * * * * * * • * *
' Q n i o o a < ^ < t o > n ^ o a ) < t ( D O < a

« ( • l ( a l t i i l l i l i ( i
( U H i n - ^ o > ^ M n o a M n n ^ o i n  
M U M v i ^ n n i n i v N i h ^ n i < t M h  
H  Q l  • *4 (H r 4  — »4 4 1 —*■»• ni n
I ' I t

m 4 i r * o i ¡ i 0 o * n 0 n o * 4 i• t « i a i i a i i * i
o o ^ n i n i i M M h o n ^ n i
H o i n i Q h 4 ) 4 ) o a h h Hni ^ h o o o im iih  ni en ni ni ni ni ni ni

3 0 0 0 0 0 0 0 0 0 0 0 0
a ca a a a a a a j a  ® ® • •

3 0 0 0 0 0 0 0 0 0 0 0 0

o o o o a i n ^ O ' H j i o n i i n n n N i
M i n i ^ O l h W í O l M M n O ^ ^ f f l  
n i h o o  o n n o ^ n i M D i D O n i
n  »«,ni o  r * n o * 4 0 i n  —  0 0 0 4 3

*  n  h  H p i n n n n i ^ n

4

a
3

—  o  
4  —  0  

U V E  
Q U E  

V  3  
O

4  a m  
u  a  E  
o  3  e

V  4

4  4  
u  4  n  
o  a  E  

V  —  E

3— o
4  —  n

u V Edi i 9 8 3 0 <» 3 <♦ 5 a 0 3 4 m a* r* 0 o C E«4 4 n ■4 •- 4
4 4 E ^4 n 4 0 0 ^ *4v4n 4 0 Ch4 4 n o 0
u ai E 0*r* 4) o* 4) n O 0 —atn O 41n a- r* 0 a
O•4 0 o mMn 4J n n 4i 0 41n 0 * r* 413- OI r* o - n n m o e>*mn 0 0>n cu r>o* 0 4i. n 41 f t  tn n 0 4 n *4 *4n r* TJE Ol3 i. IRE u4 *

0* O 6 1 1 W 41o al o 4 o*n r* r> o r u* 3 n«-a •3n a a a a a a ■ a a m a a a a a a C O E
4 O E 0 o 0 o  m ^ r* 41 o O n n o- r%41 n a -a ft
u |4 E n f t o ^ i n i h 4 0 n ft n n o* ui O n K3> E l.
O V 4- n O O - h h m 0 r* 0 41 -a r* 4 m r* 4H c O m o  o  m n a>40 43n o O n  o- ■4o W«4 n  r* iM u n n *40 «•44 41 «4 0 n O Ola>4 u O1 IRIR 4 3 xU o n

u m o

e90 0 0 r* 0* 4 41 n  4i 4 o E Ol -»  E
4 c n • a • a • a a m • ■ a > a a a a lil > V«-a ai E 0 n o* h  n  o n 0 r* 0 0 41 0» 41 4 4 u <1U u E 4 o m ^  4  n ■*40 o 0 0 n o* n n 0 OI4 C *4 in r* -• n •4 0 n >
c a * IR E ufc4 u 3 4 Q|

E u ^
4 4 *4 4 n

u X Q Ei O 4 41 1 u E U

* t n i r i n 4 i o - 0  —  1 ^ 4 )  t o ^ o - o r ^ o n  —  —  0 4 1 ^

a r ^ n c h o r ^ o m r -  o* 0  * 3  

4 - o  in o  n  0 0 0 - -o  o  ^  ^  — 4  o*
ei o  o  in <o n  o
^  m r  m i n o  t
m i  i r i  4  4
n  ni ni ni —

o  —
o  ___________ ____
^  o  n i  j  e n  n  n  n  < a  ^  <o
- <  o  n  o  h  i n  m  m  4  —

i n  n  *o ■—

o r - i n a i o r ^ o n j o o o ^ o - o o n o a i o o n i i y .  
o n o j - o  —  o  —  0 0 0o  O  O  —  O  —

•o o n  m  - *
c o r a  d

a r 4 o
n i  —

3  o  O  ^  O  0 0  
m o n o  

n  -o —  n  ni
n  m o o  ni

n i  ¿

tu a  o  o  k
ni 41 D i n
m n  4 1  «x
m o ni ly

o - o o t ^ c o a - o m o o o o o o o o o o  ^
a * a a * a a * a a * a a a a a a a a a a  #

n - o n n i o o o o  c r ^ o o o o o o o o o o  z*
j i  n  —  i
n ni ni m

3  n  o  — n n o n o D ^ M U P H M i h n n K M ' i o ®  □*
o  ni o  4) 4  n o - n o n i n í ^ H M D B U M ' i O ' O o ,  
o ni n M n 3 ' 0 ^ 0 ‘ 0 i n i n o n n o n i 3 i n ^ i n ' - n  
* 0 4 1 4 1 0 0 4 1 ^ — o ^ í n m n n i n - i n  o 4) q  

o  n  ai o  m ^  4  4 0 - o o * - o i n 0 i n o * o - 0 a i  
n n m n n i * 4 —  —  — — in ni n  4  r* —

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 4 1 0 0 0  —  o
...........................................................................................................................................................................•

3  o *.1 0 0 0 0 0 0 0 0 0 0 0 0 0 — 0 0 0 0  q

m n r * r i m ^ i n r ^ r s J - r - i n i s‘ ^ o i n n j n n i n i - < q

O4UI4O0 - n a  o-fflho 4)mn 4Míi(MU ^n ni ni ni ni — 4  — 0 0  n

o n o n n o o o o o w o o o - ' o í o o o j  oo o ) o n i n i o 4 0 4 0 4 0 4 0 0  o  m  o  o  m  m  o  nnioíjonono^o'oono-'oo^no 
O  0 - 0  0  0  0  0  0 0  o

O I  II 
1 1  II 

II
-  II 

II

a :  a
—  n
a  n
3  H
c r  n  
u i  n  
a i  n  
l i l  »a: r

5  ■
0

0  m ui
U m m Q ]J C Z C
a  a  ni ni
e » -  o  ht- CJ Z Z
0  —  0 0  
y  >  c e  a

Ez en h 
0

<1 y <1
Z  s  E hz e 0  ce lil 0  ce ~ h- o y o 
0  x 0  x 
3  J K Z  
O  í  C  w
0  y a  e

z 0
0  1 3> 0  0 0 0x >- v j  •-« 3  

c m o c j u a  
- J  0  0  0  ( E  J  W

3 < n n h «  j z w
Ü h j M Ü H - í  3  
D Z O I D W E y
0 0 0 . 1 0 0 0 : 3
y y c s c u m y

H ( U ( n 4 M D O H ( u n 4 i n M D p O

0
01
o
e
o
u
ai
1.

E
3

C
4E

0
Uza
>
0

>z
oa

T <i Q. ■4 fH 0 f- U 0>■MQ h O y o a 3 0 Xa E h4O 0 D a a f t 0  O E A 0 X £y 0 O ■s»> J  O V 0 s 0 X >  0 0 0 -J 14 0a a K 1 z 0 a Z >- > X 0  E > -J 0  0 a
a 0 a 1 i 0 a tn a 0 -1 1 0 0 >  > j 0 0i > CEE MM> y i i 1 O 1- H 1 b- en 0 o > 3o V 0 0 1 O 0 0 i a E y 1 0  0 0 1 i i i 0 0CD4 1 I <XX X i i- V <Za M0  0 0 140  0 0 1 33 y <E> Z Z 3 D z 0 ft z X XO z J  \z E y EO a o J M•4 Ma -i a z a MJ  -1 0 M0  O 14o £a. o y 0 a r E y <r y a E 3 3 E E 1— 0 3 y 0

p40 n 4 m41 0 Cho *40 n 4 m41h*en o- O «4 n0 0 0

6A.3 -152

W
AT

ER
 

BE
D

AN
O

S 
FO

R 
YE

AR
 

19
*3

 
: 

CA
SE



WA
TE
R 

DE
MA
ND
S 

FO
R 

YE
AR
 1

99
S 

: 
CA
SE

i

U II II•• IIIIniiii
ii 
ii n 
ii n 
ii n n n ii 
ii 
ii 
ii n 
ii 
ii 
ii 
ii 
ii 
ii 
ii n n n n ii n 
ii n 
ii n

4 * * 4 4 4
a

* 1| 0 fl fl i A ■ I I I
1 * 1 
1 1 
1 .1 
1

* |
i

4

w
4
4

¥
4
4

i
1
1

1
1
1

1
1
1

1
1
1

1 1 
1 Ii 
1 1

• ‘ ■ rn *i

i o  i ni  *1 o

V
1 ,

•1. ’j
4 4 0 4 CU 1 1 4J 1 1 1̂ i tr  i n  i 4 1 O  1 tu • -  -
4 4 p 4 ni 1 1 1 1 i i l 1 1 1 1 1 1 * *
* 4 O 4 1 1 1 1 i i i 1 1 1 1 1 ! -  i4 4 » - 4 1 1 1 1 i i i 1 1 1 1 1 1 f 0

4
4

4
4

4
4

1
1

1
1

1
1

1
1

i i 
i i

i
i

1 1 1 
1 1 1

1 1 
1

1 J 
1

4 4 4 4 4 1 4 1 4 I 4 1 4 1 4 i 4 1 4 1. 4 | .4 1 4 1 4 4 i
4 4 4 1 1 1 1 i 1 i 1 1 [<• , 1 T » r -  th 1 ‘
4
4
4

4
4
4

O
0

1
O

4
4
4 O

1
1
1 **

1
1
1 O

1
1
1 r*

1
1
1

i i 
i i 
I o  1

11 
i |

-  1 o
!' n J l'l.-'lr -
í  *  "1 O  I O - I O í-Í~ Q .

'* I i.’1 r
■ o  •;

4
4

4
♦

4
♦

1
I

1
1

1
1

1
1

i i 
i i

1
1

1 1 1 
1 1 1

1
1 ! : :  j

4 4 o 4 1 1 1 1 i i 1 1 1 1 1 1
\ 4

4
4
4

4
4

1
1

1
1

1
1

1
1

i i 
i i ¡ 1 * *1 * 1 *

1
1 *

1
1

4
4

4
4

4 4
4

4 1
|

4 1
|

* 1
|

4 1
|

* 1 4 I 
1 1

4 | 4
|

1 4 J  4 "1 V  
1 | b |

r  4
i

• 4 1 ■
1 | ) 1

4
4

4
4 o

4
♦

1
1

1
1

1
1

1
1

1 1 
1 1

1
1 ! ! ! i T  :

4 4 0 4 O 1 1 ■>4 1 O 1 O 1 O  i O  1 O 1 o  1 o  I o I o o  ,í .
p 4 4 1 4 1 1 1 1 1 1 i i i i J .«-• O  0* 4- 41 00 r* tu 00 4 o tn o  o 4 4 o 4 1 1 1 1 1 1 i i i i

d U o  r* O  tr n n in oo ai o o O  4 4 4 00 4 1 1 1 1 1 1 1 i i i
I 1 ro , 
1 1 1 /

i 1
P «H • • ■ • m ■ • • • • • ■ • 4 4 4 1 1 1 1 I 1 1 i Ii 1
O H- o r* 4i m t" O' O' tn 00 o  ni o  o 4 4 4 1 1 1 1 1 1 1 •r1 • . i :  •*

h 0 •-4 41 41 -4 m 00 4 4 4 4 4 1 4 1 4 1 4 1 4 1 ! - f  1 *
1 ■

b| 4 -1. 1 4 j . . « i , 4*1 - *"* J q
TJ ui 00 4 4A 4A 1fl 1| 1fl 1■ 1 '/ *1»,* ',}*  l ' 

1 1 < 1 »/ 1-. • :¡<j .w
4

¥
4 o

¥
4

1
1

1
1

l
1

1
1

■ i
i i

1
1 1 1 1 ! " ‘ Ir J

4* 4 m
i

o

4* O 1■ tn 11 O 1■
0-t 1■ O 1 o  1■ i O  1 1 1 O  V O  1 O  

1 1 1
1 Oi O  If 1

4
¥
4

w
4

i
1

1
1

i
1

V
1

1 V 
1 1 * i *

V 1 V
*! • ¡ * *■ N i ! i • 1

4+ 4A t^ 4
a

1 1■ 1 1I 1 1
1 ■ íj 1 . 

1 •i • ii • i i* . • . r  i l" *1 11* 1
4 0

¥
4

w
4

i
1

V
1

i
1

1
1 i • i:

1 J» 1 H 1 i
1 - ' 1 * n l< -

■ ¥ 
1» ■■ 
h tl4

a ■ 9
1 j|/ * |

-o 4 TJ 4 4 4 4 1 4 1 4 1 4 1 4 1 4 I * .• ,* '*1 ' 1» 4 1 4.
0 4 C 4 4 1 1 1 1 1 1 i • a* i i  i L  *
4J P O  O' 4- 41 00 tn oo 4 o m  o  o 4 0 4 4 1 1 1 1 1 1 1 1 1 1 1 1
u o  r* O  0" 0 ) tn m  oo oo o O O  4 4 E 4 O 4 1 1 1 1 1 1 1 i i i 1 Ij  •
04 u • • m ■ ■ • • • m • • ■ • 4 0 4 r* 4 O 1 tu 1 O 1 O 1 O 1 O  1 O  1 o 1 O  1 O  1 O 1 O O  1
u •0* o 41 m o* a* m  oo o  ni O  o 4 T3 4 i 4 1 1 1 1 1 1 1 1 1 1 1 1
P 41 H 41 41 en m 4 4 o 4 1 1 1 1 1 * 1 I*1 Ij II 1 ' *1 1 ll . ! L
in 0 in ^4 00 4 V 4 4J 4 1 1 1 1 ! 1 . i : i  i 1 f.
0 TI 4 4 4 1 1 1 1 ! t : i ! ‘i 1 1 • i * * 1 r •

tr 4 x: 4 4 1 1 1 1 i i »- i t J  . 1 J 1i jr |i *
4 P 4 4 4 4 1 4 1 4 1 4 1 4 1 4 | 4 1 ,,4, i ;* ,  + * 1 1 1 4 - 4 1 * i
4 C 4 4 I 1 1 1 1 1 1 1 1
4 O 4 4 1 1 1 1 1 1 1 i i i | i «
4 E 4 O 4 1 1 1 1 1 1 1 i i i 1 1
4 4 4} 4 O 1 W-* 1 O 1 O 1 0 -* 1 o  i O  1 O 1 O  1 O  1 o 1 O O  1
4 V 4 1 4 1 1 1 1 i i 1 1 1 * 1 I ' 11 % * ,
4 O 4 O 4 1 1 1 1 i i I * * 1 L 1 * | 9 * ■> 4 4 in 4 1 1 1 1 i i 1 1 | 1 K ' <| * | * • * I 11

r-« 00 4) r ni ai 4 r - o o ni o 4 0 4 4 1 1 1 1 i i 1 1 1 1 1 • Jl ..
0 a 00 41 ni O tn 4  cu 00 o  ni oo 4 O* 4 4 1 1 1 1 i i 1 1 1 1 1 1 .**
P a 4 0 4 4 4 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 4 1 i
O 3 o O 4̂ t n 4" «-4 *4 00 ni 41 00 0 4 P 4 4 1 1 1 1 1 1 1 1 1 1 1 1

1- 0 4 j a> ni H H in o  n o ni 41 m t n 4 C 4 4 1 1 1 1 1 1 1 1 1 1 1 1
o 0* 0Dt r tu 41 *-« tn ni in tn 41 o 4 0 4 O 4 1 1 1 1 1 1

-■ 1 O 0 0 • 0

1 1
4 r* 4- o ro 00 0 * o tu in 41 ni ni 4 U 4 in 4 4 J 1 O 1 O 1 Q 1 O 1 O  1 •1 O O  1

OJ •-4 ni 4 4 L- 4 i 4 1 1 1 1 1 a 1 l' • 4
r * } * i .! • i > !

1 • fll
4 0 4 o 4 1 1 1 1 1 1 • 1*1- | r
4 a  
*

4
+

4 4
4

1
1

1
j

1
|

1
1

1 1 
1 |

1" 1 * }, 
1 * lj 1 .‘i. ‘ i’ ■ i

i 1 «
■i *

4 0 4 4 1 1 1 1 1 1 1 1 I 1 1 1 ¡1 >1 i
4 0 4 4 ♦

A
4 1

■
4 1

1
4 1

i
4 1

1
4 1 4 1

i i
4 1 4

i
1 4 1 4 1 4 
1 1 1

1 4 
|

4 1 
|

TJ
w
4 0

¥
4 4 1

1
1

1
1 1 | * | i ! < ¡ * ' i | t ¡ • 1 1fl

0
p ü m in tn o 00 -* ni «4 4 ni o

4 0  
4 U

4
4

O
4-

4
4 4

1
1 O

1
1 O

1
1

1
1 o

1 1 
1 O  1

I
•o • I* ̂

1 1 r l 
1 O  I O ’ J . O

|l
1 O

1
O  1 ■

u c r* cu 00 41 4) tn o* in 0-4 ri O ni tu 4 C 4 1 4 1 1 1 1 1 1 # 1 ! * ! ■ i 1 f i i

u
0
E

•
o

■
00

•
r* vi

•
o

•
m

■ •
o  r*

m

r*
•

'i oó
• •

00 o
4 0  
4 U

4
4

O
tn

4
4

1
1

1
1

1
i

1
1

1 1
jl j

'* *■ Iij r 
11' ! • ! • .! i . 

! 1 ' r { •«! [ :
¡, < < ■ *

P 0 4 } 4- n ni ni (U «0 o- «M 41 m 4 4 L 4 4 1 1 1 1 1■
0 TJ O in 0" 0* n H  4 ru vi tn 41 O 4 d 4 4 1 1 1 1 1 1 1 1 1

0 4 00 4“o tn 00 0" o tu ci 41 ni tu 4 U 4 4 4 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4l l f l 1 ffl 4 1 ■
tu ni 0 + ni 4 4 U 4 4 1 1 1 1 • i * 1 1 1 1 li

4 O 4 4 1 1 1 1 i i L 1 .1 1 1
4
4 P

4
4

O
t n

4
4 4

1
1 O

1
1

1
1 ru

1
1 . *i i 

i o j
' ■ i *i -
O Ii* —

1 ' 1 <1 
•ll O 1 Of/I o

i
1 o1

1

°  \4 h 4 i 4 1 1 1 1 ■ •' . i 1 1 1 1 1 1 ll 1 .
4 U 4 o 4 1 1 1 1 ■ i ■ ■ I1.

' 1' ■" • 1 1 ■ 1* 1 ! * i ■
4 H 4 ni 4 1 1 I 1 i i 1 1 1 t*lf ' * a 1
4 V 4 4

*
1 1 1 1

fl i i 1i 1 1 1
1
■

1
i

TI *■1in in m o 00 h  tu o 4 tu a
4 0 
4 a

4
4 4 4 4 1

1 4
1
1 4

l
1 4

1
1 4

■ i 
1 4u 1 '4  1 4, ! .* .»,* ! * Í 4.*» * i 4 1

i
^*4 C m 00 41 41 t n tr n «-4m o tu ni 4 4 4 1 1 1 1 «1 1 1 |% I 1 • 1 1 V 

I I I
1i i

• i "
0 0 • ■ • • • ■ ■ • • ■ w • ■ 4 4 4 1 1 1 1 i i

i : i 1 ' {• . 1| »
P
o

E
0

o
4 J

00
4 tn

tn o
ni

t n

ni
O l" 
(U *0

t^
0*

ni
ni

00
41

00 o  
t n  4

4
4

4
4

O
ni

4
4 Ul

1
1 O

1
1

1
1 O

1
1 ni

1 1 
1 "O 1

* i | *
O 1 O

1 1 r 1 í * | 1. ,
‘1 0-1*0 1 O
I I I

1 >
J O 1 o:¡:

»- 13 o in 0 * O' tn -« 4 ni Ul tn 41 O 4 4 i 4 1 1 1 1 1 1 fl A 1 1 1 1 
I I I

11 % 1

4 00 4- o n 00 0* o ni in 41 ru tu 4 4 o 4 1 1 1 1 1 1 1| 1 1 1 I I I 1I
* Vi 

1
ni «■4 ni 4 4

4
4
4

♦
4

1
1

1
1

1
1

1
1

1 1 
1 1

i
1

1 1 1 
1 1 1

1
1

1
1

4
4
4

4
4
4

4
4
4
4

4
1
1
1

4
1
1
1

4
1
1
1

4
1
1
1

4
1 1
1 4 1
1 1 fl fl

1
4 1 4

1■

1 1 1 
1 4 1 4 1 4
1 1 1 
i i i

1
1 4
1i

1
4 1

1
i

■

4
4
4

4
4
4

O
0 -»

4
4
4 n

1
•
1 O

1
1
1 tn

1
1
1 O

1
1
1 ni

¡ 1 ¡ 

1 0 - j I

1
1 r

4̂ | ^
i ;i. •
1 o  in i  1 o

i
1
1 O

i
1

ni i ■
T) L o o O O o o o o O o o o o 4 4 1 4 1 1 1 1 A t* 1 1fl 1 1 1 r

1i i
i

C O o o O O o o o o O o o o o 4 4 o 4 1 V 1fl 1 1
’ r

1■ • -1  '
i

i
0 P o o o o o o o  o o o o o o 4 4 4 1 1 1fl 1■ ■ 1 i > L. 1’l i 1 * il»i 1 ** ■ ' 1 i
E u o o o o  o o o  o o o o o  o 4A*

4 4A 1 11 1i 11 I r i 1 1 ’ 1 -  j l  f
1

i * ,
0

Q
0
6- «-4 00 ^4 «4 «4 4

4
4

4
4
4
4

4
¥
4
4
4

4
i
1
1
1

*
1
1
1
1

4
1
1
1
1

4
1
1
1
1

4'm
I y i v
i * i
i ■ * i
i i ■ ■

4 1 4
Jt -
1■

1 * \ l  *■ I* *
i r, i -
! • ! - • ! -

1 4

1i

4 l<
|
ji '  
l'J 1

x
y

UJ Ox  *
i-

4
4
4
4A

4
4
4
4
a

0
jg|

4
4
4
4
a

X

1
1
1
1

1
1
1
11

10
X

1
1
1
1i

a

1
1
1
11

»~

1 1 1 1 A

I 1i i

1| « 
1 
1
¡

I I I
1 1 4 1 I 
1 1 1 
1 1 1 
1 1 1

1
1
1
1

j't

! ' 1 
1

X
X

^  ^  ni
I Q O Ú O Q U D l l i a

X  X  
•-« Ul

•
4
4
*

¥
4
4

•D>u
0
Pc

¥
4
4
*

I
i
1
1I a

V
1
1
1

^ 4

a

1
1
1|

•4
a

1
1
1

a
I tu i 
i a  i
i i

1
u  i m

i

1 1 I X  
1 UJ 1 <[ 1 X  
1 1 1

1 X  
1 M 
1

X  1 
Ul 1 

1

X X X  
UJ Ul Ul 
h  h  h
ui u> tn > > > 
ui en ui

X
Ul
1-
ui>
Ul

X  X  
Ul Ul 
h  h  
U1 Ul >  >  
Ul Ul

X  X  X  X  X  
Ul Ul Ul Ul Ul h  H  I- h  h  
Ul Ul Ul Ul Ul > > > > > 
Ul Ul Ul Ul Ul SY
ST
EM

SM
UE
UA

¥
4
4
4
4
4
4
4

¥
4
4
4
4
4
4
4

4
4
4
4
4
4
4

X
Ul
h
U1>
Ul

1
1
1
1
1
1
1

X
Ul►-
Ul>
Ul

1
11
1
1
1
1

SY
ST
EM 1

1
1
1
1
1
1

SY
ST
EM 1

1
1
1
1
1
1

X
Ul
h
UI>
Ul

1 X  1 
1 Ul f 
i i -  i 
1 Ul I i >  i 
1 Ul 1 
i i

X  1 K 
Ul 1 Ul 1- 1 H  
U! 1 Ul >  1 > 
Ul 1 Ul 

1

1 X  1 X  1 X  
1 Ul 1 UJ 1 Ul 
I H I f - I H
i tn i ui  i ui 
1 > 1 >  1 >  
I Ul 1 Ul 1 Ul 
1 1 1

SY
ST
EM a i 

3  1 
UJ 1 
3  1 
X  1 
Ul 1

1fl^4̂4 0+cu tn <r m < O M D 0* o4̂ m  4
«4 »4

4
4 4

4
4 4

4
4 4

1
1 4

1
1 4

1
1 4

1
1 4

i i 
1 4 1

1
4 1 4 i 1 !1 4 1 4 1 4

1
1 4

1
4 1

6A.3 - 153

Nu
mb
er
 o
f 
re

st
nc

ti
on

 m
an
th
s 

= 
O 

: T
ot
al
 w

at
er
 d

éf
ic
it
 =

 
10
71
.2
2 

M
m

3 
: A

ve
ra
ge
 =
 

26
.7
8 

nm
3/
a 

: U
lei

ght
ed 

va
lu
é 

=1
63
76
50
.1
3 

P1
m3



■ G
EN

ER
AT

IG
N 

SU
MM
AR
Y

fll
O'* *  u
m c  o
U **
OI U
> a  m
<i H"

ODOaOD*4^ohh o r ^ ruok'i)(uo *^>00''0inoiT)'0 cnj-min^nn-o
o o o o o o o o

r m  r* a» m
oj r* r* 0  4- 4- {

• • « > i • * i
o o o o o o

Ü1 >  *0 DIN
01 U £  
U 01 3  
x  C ID 

UJ 01 w

oooooaj 'OMnoai^mj-
o o o o o o o 0 ^ in o n c p e p

—  ai

c
30
m
O i

m
in
4-

ii

T3 
01 
£  
U

■ p

<0
a
in

ai c 
9 o

H- -oi
P

(b a  
cr e  *
n j  3  ^  

u m -m 
ai c
> n  

<L U

■4 1̂ CP CP n o
O in 4 o Ul •r
tn 4) 4 •*« 0 0
o OJ O m tn —•■4 41 m 4J üt r-41 OJ in C' — r»)

XIQ|
> * >  *  
o» o  s
U U £
01 01 3 
C C (9 

Ul 0l ~  
CP

i n m i u o ^ o H i n i n i n h  4- cp 
• • • • • • • • • • • • • •4-000-*x>0^00Ointn0 cpxicp0inx)xi~*-<ep4, x)inx> 

4‘ r* 0  0 £  £  
3  3  
(9 (9

CP 4o in
• ■

n  m
XI

01
o* *> u 
« o c a
U U *J 
Oí —  U
> a  m

<t v-

r~ r* a- 'O —  t
0 O i n p - 4  4- 
in 4, in 0  4  -•
in ,o "O in

o  o  o  o  o  o

UJ
H
<r
oe
o

ii
ii >ti n
n
iin
ii

ii
ii
ii
ii tn 
nII £II u  
n -m 

«o 
a  
«n

0i
CP uni ai -  
u 2 3  oí a e  
> a  w 

<1

L

0 I ^ O 4 0 0 4 cp

j - O D- f\ *4 > fll m 0 0 tfl ni
CP m 0 0 a 0 ■ •

in id 41 o *n II II L. m V. 1 ai P III Ul m
4- 4 41 —  m •-i 01 > £ .1 •-« CU n iii •j

p4 H > c 3 cu OJ m
Ul m 0 3 0
tfl 13 
OI
u  u
x Ol 

UJ 0L

a
m

c
o

OI
c

01
CP
u CP CP n o 4) 4* o 0  Pl o  cu o 4) 0

01
CP -M L r* (P O . I

•H ■H ni ^ m e o 0 o tfl P 4 4
P n £  en 0 4) m 4- O 0 tn 4- .Q 0- o in 4) 0 u m *■« in 4 tfl 0 4 vi
id u U E *4 4 4) <p 4 4) 0  r - 0 n 0 4 Ol —  u ui •0 41 u; ■ a ■ >«
w—4 3 Ul £ OI OI r* en 4* 4) 41 0 41 c^ 0 0 0 £  £ > a  m 0 ■ a • • a
3 » - ■I* w 0 in 4) o m 0 0 o  0> H en 4* 0 3  3 a  <•- n o C o O O
E 3 m r* CP 0

«-«
0 en «-• w4 ^4 n 4- 0 0  0

4  ai
■ ■

4  CP 
CP CP
tn a)

inIP 2man 
a - *  E 
>  V  £O w

• 4  0 Ol —*
^4 0 a-4 0 o m r* CP o 0 r - O CP 0 >* m r-■ n 0 ra tn Ul

• • • • • • ■ ■ • ■ • • • • CP m N 0 • a ■ a a
4 0 O r* o o vi in o o 0 CP tfl 4 n n u t- £ 4 0 CP ni tfl 0
CP 4 CP 4 CP r* 0 41 tfl 4 tfl Ol 01 3 4 vi 0 0 tfl O
0 0 0 O 0 0 CP tfl tfl tfl 4 3 c c 0 ni vi 0 m —•

4 0" r* m 0 4̂ 01 L. 0 0i

01
H  >*>
u  -P

'H ^
-  U 3  
■h  ni £  
m o. w  
> «

<r u

p  ni 
m ai

oí
c  L ai oí 

0  a.
4 . i n 4 0 C P 0 4 0 0 - « 0 m e p t n

p-inNtnmr^tnmxJinxjoxiin

£
3
£

p  p  \

■*« Ul
C O 0  
D  U D

n n i n o

n  cp cp ci
en 0  ai nj

4  ooc r-

X I01 >

m u 3 p m £ 
ui a. — c «o 

u

o o n i o o o o o o o o o o n i
h O M P O I D O O O O O O O O  o-«0440X)ointnr^040 OJ OI ^  H H H

a  ii 
er ii o  n
>  ii 
x ii

a
-j<r

. <x a  UJ 
Ul H  H  O
- I  CE Z  E  
<C O U J U J  
£ H Q 4- 
H  U  Z  Z  a ~  <r <r 
y  >  a: oe

<r
z
(X<r a. 

z  <r
Z  <X x  
UJ J  Z  <£i- uj a  _j 
a 3 >
3  =3 Z  3  
□  ^  dUJ O P D U Z

a
z
UJ
Xn
tna.i
£
3

<1
a<c
x
<X
_J

Q
-1
a

<r
3  <t UJ 

>  3
H  d
H  - I  w <C Q. Z 
«  a  
-J £a  <l a en

0  ui 
o  • 
z  ai <r ai
_i 4
a  cu 
<c 3  
a  y  
tr a  
oo y

Htutn^MDO^run^t «qop

3  
ai m £

ai u
•p p
cp m
u a
01 tfl
c
01 XI

0 > 
u o*
X3 U > 01 £ C 

ül
m o  
3  u 
C 3  
C >  •0 £
01 6 
CP 3 «0 € 
L
01 C 
> •*« <1 £

3
01 >■
—• p
—< o  o  o  o  O  o
ítf U 3  

m £ 
tfi a  —
C <0 
«  U

o  o  o  cu 
tn cu 4

0
o

m

j  ii 
a  ii £ II
cr ii 
Ul IIx II
i- ii

3  
£  
O

0 0 
M 4 
» -  4
~  a  
z  u. <t cr
3
US 0
y  a

a
o

X
0

3  
£  
aj
OJ 0

H
0

Cl
y  •- 

0 0 i- 
*  « i —
0  0  a  z3 3 ü 'X
a  a  _J
<X <1 t~ UJ
0  en 0  y

í  in <0 p  qj o*

* * 4 4 4 0 +
c £  C * ♦ 4
3 3  3 0 4 4
0 0  0 * 4 ~— 4

* 4 0 1 4 J- 4
0  * -  í ' • 4 p 4 XI 4
0  » 41 CP * 4 O 4

■ l • •. * 4 1 - 4
0  • O  4 4 4 4
0 tfl 4) 4 4 4
O -  r - 4 4 4 4 4 4
4̂ tfl 4 4 4

4 4 O 4
4 4 O 4
4 4 — 4 O  4

> JJ X) 4 4 1 í .
CP c 4 4 o 4
L. li m 4 4 0 4
0 1 -• E 0 4 4 4
c ^  0 l 0 4 4 4
0 ) 01 3 0 4 4 4 4 * 4

3 0 4 4 4
»—• o-» a 4J 4 ♦ 4
m ;• rn 4 B 4 4 O 4
r- U' u- tu 4 4 4 ( 1 4 O  4
L. u a- O 4 4 4 1 4
0 1 Q| vi O 4 o 4
£ c - II 4 4 ro 4
•-* 0 1 4 4 4

p 4 4 4
O •—i IQ II • oi 4 ♦ 0 4 4 4
0 l m 3 u ♦ 4 4
£ 3 C 4 4 4
U c c £ V 4 4 o 4

c <r 3 0 1 4 4 0 4 O  4
m « 0 3 4 4 i 4
a W 4 4 o 4
Ul 0 l E 4 4 r - 4
0̂ CP 3 3 4 4 4

TI m O E 4 1 1 1 4 4
u ■ * • oi 4 3 4 4* 4 4 4

vi 0 1 U X 4 C 4 4
m > 0 1 0 1 4 0 1 4 4
3 <r a  ' £ 4 E 4 O 4
r • 4 fll 4 r- 4 O  4
u i. • « 4 O 4 i 4
m Ll 4 4 o 4

oi ru 4 > 4 XI 4
ai JJ 4 4 ■"** 4 4
U 1 -  * 0 0 4 £ 4 4

* i f'l 4 >-■ 4 4 4 0 4
u 3 a 4 C 4 4
0 1 E tfl 4 □ 4 4
> • oi CP 4 E 4 O 4

<r in O 4 4 ■O 4 O  *4
o-i 4 f - 4 1 4

L- _i 4 O 4 O 4
Qj 4 4 Ul 4

4 Ol 4 4
O II 4 a* 4 4

. 4 * 0 4 4 4 4
4-> X 4 p 4 4
oi 0 1 4 C ♦ 4
u 3 4 01 4 O 4
■ ■ 0 £ 4 U * in 4 0  4

■ ol 4 U 4 i 4
0 1 4 01 4 o 4
3 p 4 a 4 4

• oi 4 4 4
*4 u 4 Ul 4 4
m ■ H 4 > 0 4 4 4 4 4
u V 4 4 4
O 0 1 4 Ul 4 4

1- n 4 Ol 4 O 4
4 U 4 4 4 4- 4

3 #■ ■ 0 4 C 4 1 4 oi 0
£ 4 fll O 4

a 4) 4 U 4 0 4
0 vi 0 r* 4 U 4
p4 4) 0 0 4 3 4 4

0 a n- n 4 U 4 4 4 4 4
0 o iri 0 4* U 4 4
O Ul o 4 a 4 4
0 cu CP 4 4 O

0 4 a-1 4 0 4 0  4
4  >h 4 1 4 o-t 4

4 IJ 4 O *
ii ii 4 4 0 4

II II 4 *#- 4 4
V 3 4 0 1 4 4
£ □ 4 Q 4 4 4 4 4
3 4 4 4

XJ 0 U 4 4 4
■oi fll 4 4 O 4
u a 4 4 0 4 0  4

L oi a 4 4 1 * t
0 1 □ c 4 4 O 4
z Ol loi a 4 4 o-i 4
o D L •oi 4 4 4
□ Ol X1 4 4 4

>• a m * 4 ♦ 4 *  4
3 CP o-t t 4 4 ' 4
0 l u n 3 4 4 4 4
c 0 1 o E 4 4 o 4
u c ■ oi • oi 4 4 vi 4 P* 4
p 0 1 p Ul 4 4 1 4
m m 4 4 o 4
a o-i L. 4 4 4
ip m 3 0 1 4 4 4
w* 3 E > 4 4 4
n C •oi O 4 4 ♦ 4 4 4

c tfl 4 4 4
c < 0 > 4 4 4

L P 4 4 4
0 1 0 1 ■ oi 4 4 4

P CP > —• 4 4 tfl *
■o O 4 4 vi 4

u u 3 4 4 m 4
•H 0 1 3 0 1 4 4 > 4
H- > C ■ 4 4 4 L 4

0 1 0 1 0 1 4 4 4 0 1 4
3 E 0 1 4 p 4 >  4

3 0 1 L 4 ♦ c 4 0  4
E 0 1 3 4 4 4 te *
3 p E 4 4 4 UJ 4
E c 0 1  ‘ 4 4 í í 4 Z  4
oi CP 0 1 p 4 4 4 Ul 4
X oi •P tfl 4 4 4
m 0 1 O > 4 4 4
£ 3 p- 0 4 * 4 4 * 4 4

o

II

6A.3 - 154

N
u

m
b

e
r 

o
f 

re
s

tr
ic

ti
a

n
 

m
e

n
th

s



ANI
MUA

L 
FU
EL
 C

QS
TS

01 01n D
«i «f»
o O♦ ** *o O

r* 4

m mo o
•

o o«a-
ii

ii

4JlP tnO ou u
CP01 c3 «M

H- 4->m
r-H um di3 aC aC«n «*OíOí CCTmu «OOí 3> C<X C•0

QjO»01L01>
• <r

in□
&
<0t+o

ni
in

ii

iiiiniiiiii
ii
ii
ii
ii
ii
ii
ii
ii
ii
iin

£ £ £3 3 3
£ r £
H s 's.
c
H 0) 01
£ D a

* w
O o

O) O  O
n • •

o o
*
O* II II
♦o 4-»

in
o 01

09 u 3
0" w -4

íj 01
J- ** >
01 u

* 4 >
t* - o*
Ol u

II TJ 01
Cü ai

£ Of3 p oí
E £ in
m* O Ol
X » 4 U
01 01 X
£ 3 ÜJ

6A.3 - 155



ANNEX D of 6A.3

RESULTS OF SYSTEM EXPANSION ANALYSIS

Included in this annex are the WASP system expansión sequences to Year 
2006.
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Results cf Generation Expansión Planning Studies - KUKU ROR ICF =
Project coniitted in 1999

YEAR 1 HYDRQ 
1 ADDITIONS

1 THERNAL 
1 ADDITIONS

1 THERNAL •
1 RETIRENENTS•

1
1
1

1992 1t é
-i
1

1993 1 Sanana lattena
• ■1

1
1120 NU 1 1 1

199$
1 „ __ _ ...

'1
1
. 1

1995 ISapugaskanda Ext.
’l
1

I . 
1

1 Diesel $0 NU 1 1
.1

1996 11
1

-- |— --- -

1 Diesel 20 HW
1 _ ... .. ._

’ I-— — - ----- *--- "1
1
.1

’ 1997
1 ’ 
IBroadlands $0 NU

 ̂ 1 "  w 
- IDiesel 20 NU

r  — — j— --- --- 1 •
1

1
1

I Gas Turbine 22 NU
1 .1

1993
1 — -- ------ - -- | -- - ---- -  -- —

!6as Turbine $$ NU
1 -- 1

1
.i

1999 ISing $9 NU
1 V

1
1
.i

2000 ICoal Hawella 1 '
1
1

1 lUnitl 150 NU 1 1
.i

2001 IKPS Oil Steai 2*25 NU
1

1
.i

2002 ICoal Nawella ISas Turbine 3*18 NU
V

1

1 IUnit2 150 NU 1 1
.i

2003 IRefurbished 6T 3*20 NU IGas Turbine 3*18 NU
l

1

1 ICoal Trinco' Uní ti 150 NU 1 1
.i

200$ IRefurbished 6T 3*20 NU ISapu Diesel 2*18 NU
1
1
-i

2005 ICoal Trinco Unit2 150 NU -

1
1
-i

2006 ICoal Trinco Unitl 300 NU

■
1
■ I

1
Total PV cost upto 2011 1020.9 Rillion US$ ($0832 lillion Rs.) 1

Total PV cost of fixed run with 
V m  for Coal = 5í/HUh upto 2011 1075.$ lillion US* ($3016 lillion Rs.)

1
1

' Note : Discount rate 10%,-.



2 ¿ > $ - b Z $  -  2 0 0 0
■ ------  ”Results of Generation Expansión Planning Studies - KUKU ROR ICF = 1.25Project couitted in 2000

YEAR ! HYDRO *
: | ADDITIONS

1 THERHAL 
1 ADDITIONS

1 THERHAL 
1 RETIREHENTS

1992 1
1993 1 Sanana lawiia 

‘ 1120 HUi
1
1 1

1994 1 1
1995 1 ' 

; i
ISapugaskanda Ext. 
(Diesel 40 HU 1

1996 5 1 . . . . . IDiesel 20 HU 1
1997

—  l—  - - - - - -
’ IBroadlands 40 HU■ i *1I

!—  - - -  - -
IDiesel 20 HU 
I6as Turbine 22 HU

1 ~ “ " " - --

1998 ! | —• 1 1 |
1999 11

1
ICoal Nawella 
(Unitl 150 HU 1

2000 ’l ’ 1 r

2001 ;IGing 49 HU~■.. • . • - - 1 I6as Turbine 22 HU - IKPS Oil Steai 2*25 HU
2002 i. i> i■| . í ; V.. ICoal Hauella 

lUnitE 150 HU
!6as Turbine 3*18 HU 
1

2003 1 - | • : ■ ■ IRefurbished 61 3*20 HU 
ICoal Trinco Unitl 150 HU

1Gas Turbine 3*18 HU 
1

• 2004
3

1<1 ’  ̂ 1-1 ■ ‘í 1 IRefurbished 6T 3*20 HU ISapu Diesel 2*18 HU
2005 1 - - • ICoal Trinco Unit2 150 HU
2006 1 ICoal Trinco Unitl■ * i 300 HU

otal PV cost upto 2011 Í027.5 lillion US* (41100 lillion Rs.)ITotal PV cost of fixed run with' : I
IV O&H for Coal = 5S/HUh upto 2011 1084.1 lillion US$ (43364 lillion Rs.) I

f # ■ ■ í J ' '— ___M ____________ |_____^  ^  ^  *

Noto : Discount rate 10X, Long tero average cost calculation exeludes energy contribution freí
existing liydro plánts, plañt coliissioning and retirenent at- the begining of the year indicated.
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Z C & - l . 2 £ - Z O t > J
Results of Generation Expansión Planning Studies - KUKU ROR ICF = 1.25

Project coanitfed in 2001.
í  -  '

I

YE'AR

1992
1993

1994

1995

1996
1997

I
I 1998

1999

2000

2001
I--------
I 2002

2003
I- 
I 
I
I--------
I 2004

2005
2006

HYDRO
ADDITIONS

THERHAL
ADDITIONS

v- THERHAL 
RETIREHENTS

Saaanalatfeua 
120 NU

Broadlands 40 NU

Ging 49 NU

L .

ISapugaskanda Ext. 
IDiesel 40 NU
I------------
(Diesel 20 NU
I-------------
(Diesel 20 NU 
I Gas Turbine 22 MU
I------------------
iGas Turbine 22 NU
I
ICoal Hauella 
lUnitl 150 NU
I-------------

- I — 
I . 

- I — 
1
J.

- I— 
• J
-I — 
I

.1
- I—

.1.

-I—

. I 
I

I

- I  

. I
. . .1.

J
----- 1

i I

«
--- T l
.  . . .  I. 

-r-nrrl 
- I 
ti

----------- r-|

.1
----- 1

I
-  .  |..

---- 1|I

¡ I -  

I*J I
I
I-------------
ICoal Nauella 
IUnit2 150 NU

. IKPS.Oil Steaa.2*25 NU,I
---- ------1—---------------------;|

IGas Turbine 3*18 NU I
I .. .1.

,- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1
IRefurbished 6T 3*20 NU IGas Turbine 3*18 NU -I
ICoal Trinco Uní11 150 NU I . . . . . . . ,1 .
I. . . . . . . . . . .. T -- 1- - - - - - - - - - - - - - I
IRefurbished 6T 3*20 NU,.. I.Sapu Diesel. 2*18 8UL.. .1-.
I- - - - - - - - - - - - - - — |- - - - - - - - - - - - - - 4
ICoal Trinco Unit2 15Ó NU..I . . . . . . .  . J
,---------------------- - - I -----------------------\
ICoal Trinco Unitl.300 NU. I - - . . . .  I-
- - - - - - - - -  — —  - - - - - - - - - - n-r-r— ?-- 1.
1033.7 aillion US$ (41348 ai 1 Iíoih.R.5̂  . I.
1090.3 aillion l)S$ 143612 ai 1 i ion Rs,l. . . . . . I-

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

Note : Discount rate 10X, Long tera a ver age cost cakulatiog^xcludes.energy. contribgt.ie-n.froa
existing hydro plants, plarít coaaissioning and retireaent at the begining of the year indicated

I- 
I
l-------— -------- :--------------
I Total PV cost upto 2011 
ITotal PV cost of fixed run uith 
IV O&H for Goal = 54/HUh upto 2011

«j
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2 c S -  /¿Ó -/.999
Resu, f s t í  E s n e - a t i f  E vDdnsiop F 1 ann1 ng » t n i e :  - » ,JIL'  FOF I rc = 1 5

F r c , ect :c e c i t t e d  i r 19C0

I >EAF
I
I -------------
I 1°°2

• «993
i

i
i
I
i
I
(
i
I
»
I
I
I
I
»
iI
I .

•99*

1 0 9 5

*9C¿

|«MJ"

1900

1«9C

20üt*

2001

I H'PRG
I ArDITIONS
I ----------------------------
i
i ----------------------------
ISa*ara'dfcEna
< 12*i >1V
i ----------------------------
I ii----------------------------
I
I
l-----------------------------
I
i -----------------------------
I6rcadiaras 4ft «H 
I

I.............
IGing 49 M
i— : ------
i
i
i-----------------
i
i----------
i

i
i
i
i
i
i
i
i
i
i

------------- 1
2003 I

I

2004------- I 
------------- 1
2005------- 1 
------------- 1
20C6 t

•Total PV cost opto 2011 
ITctal PV cost of fiked rur n ith  
IV O l’l fo r  Coal = 5!/PVh upto 2011

I THEFHAL
I A C C m Q 'iS
I ............ - .............................
I
I - -   ---- ------------- -- -
l

SacLCd6» t ' d a  E ‘  
D . e s E 1 4'i PV

D-esel E l  ¥|f

3as 'u'ti‘= E£ V
[••e se  E K

Sas TL "tin E  22 MV

Coal
Unit 150 HW

I
I
I
I
I
I
I
I
I

THEPMfil
FETIFE1ENTS

I
I
I
II
I
I
I

I

I
I------
I
i ------
I
I
i ------
i
I------
I
I ----- ■■
i
I
| ------

1
I
I
I
I
ll
I
I
l
l
i
l
I

irFS O il Stsaa 2*25 PW i
.i------------------------- ,----------------------- .
SCid’ Pa«*E ’a •Oas Tu*o»re 3*18 *W •
•!h 52 I51 -V i i
I................................. I.......-..................... I
IRe'irtished CT 3*20 IW IGas Turbme 3*18 MU I
l£oa Trinco Umtl 150 TU ' I
-i------------------------- *-----------------------1
•Pefjrbis^Ed ET 3*20 Hil ISapu tiesel 2*18 W I
■I- - - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - 1
«Cocí T-*n:o t»*«*2 150 PV • - •
i-—............................ I.............................. i

•'C ;a l Trinco l h » t l  20  ̂ «u I -  I
-------------------------------------------------- 1
< 1 0 P  0 eill'cn UE! *40680 oillion Rs ) •» I
1071 4 i* 11 ion US! (42856 ai 11 ion Rs-1 !

Note • Discount rate IOS, Long tera averagé cost calculation e z d u d e s  Energy contribution froo
e x i s t i n g  hydro p l a n t s ,  p l a r t  c o o a is s ic u p g  and r E t i r e c e n t  at the begining of the year m d i c a ’ Ed
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Pesults o* Generaron Espansien Plannino Studies - MiMI PDR ICC = 1.5

Prcject ceinitted ín 2üOQ
11
1
I--

YEAF 1 HYDSQ 
> 4DMTI0NS

1 THE^HAL 
> ADDITI09S

1 * THERH4L 1 
1 FETIRENENTS

!
1 —

1992 1 ( 1 _

1
1
1 —

1993 1Saia^alaueea 
i*20 MU

1
1 1

1
1 —

199<i i 1 I -
1
1
i —

1*95 1
1

ISapugaslanda Ext. 
1 Diesel 40 NU i1

1
i — 1996 1 IDiesel 20 NU - i

1i_ P 9 7 IProadlaads <>0 Hu (Gas Turbine 44 NU 1 l1■1I_ 1998 1 1 1 . 1. .
1  ̂ ~ * , ! *11

11
19?9 1

1
1C^al NawElla 
1 Uní ti 150 NUl_. ......

1
_| . ..1

!1 2U0'J 11
I - - - - - “
1 1 1

i11
1
11

2001
1- - - - -
l

1
1- - - -  —
ICoal Nawella
lUnitP 150 NU

_ 1 _

1 1 - - - - - - 
IKPS Qil Stean 2*25 NUi i 

\11
1
1

£002 1 1 'Gas Tu r b m e  3*18 NU
1 —
I
!
I

=003
1 -----------------

1
1

%

IRefurbished 6T 3*20 NU 
ICoal Trinco Unitl 150 NU

IGas Tu r b m e  3*18 NU 
•|.

1 —  
1 
1

2'J04 1
1

IPefurbished 6T 2*20 NU 
ICoal Trinco Unit2 150'NU

ISapu Diesel 2*18 NH 
| .0!
i i1 —  

1 2005 IGing 49 HU 1
1—  
I 2ü0¿ 1 ICoal Trinco Unitl 300 NU |-.i*

i _ __
i-----------

ITotal PV cost upto 2011 1023.7 nllion US$ (4094B,<*illion Rs.)
ITotal PV cost of fixed run wit»-
IV OLI! for Ccal = 5*/HHh upto 2ull 1062.9 tillien US$ ($316 aú l i o n  Ps.)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ JI i i_ *
Note : Discount rate 10X, Long ter« average cost calculation ”ey eludes energ/ contribútíbn f f o ^ ' 1 1 *

existmg hvdro plante, phuit coaiissioiiing and retirenent at the begining of the vear íriihcated.
’  t -  )  fc • i  * T i  ¡ ,  ’ ’ ’ i  |  , i 1 1  * í  1

j ' ■. i . /,» pr 11 ’ «■
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Results oí Generation Expansión Flánning Studies - KUKU ROR ICF = 1.5
c , Project coisaitted in 8001

YEAR 1 > HYDRO 
I . ADDITJÓNSr.

1 THERHAL 
. 1 AODITIGNS

!
ii

THERHAL
RETIREMEOS

1992 I
• \ 1, 1 i„ i__________

-

1993 ISaaanalaweMa
1120 RU1 _

- 1- - - - - - - - - - - -
,111 _ _  . .

i
i. i_ _

-

1994 1l
i

' 1 1 i -

1995
■ • - - - • .
1 : 
l ; ... _ _

. 1 - - - - - - - - - -
¡ ISapugaskanda Ext.
' (Diesel 40 NU_ | _ _ _ _ _ _ _ _

i- -
l§
i. i_ _

-

1996 11- Í 1 Diesel 20 HHi i.i_ _
-

1997
■ • - - ... . .. .. 
Iljroadlands 40 MU
1.1

i. —  - - - -
| 1 Diesel 20 HW
. IGas Turbine 22 MU 1

i- -
i
i. i_ _

-

1998
» - .. . . .
1-1

. ! ■ 
¡Gas Turbine 22 NU

i
ii_ _ §

1999
1 .■■ ■ ■ ■ .  ■ i é ■ ■
l:
\ . . . . . . . . . . . . . .1

. J .

. ICoal ¡1a.ie'la 
¡Unitl 150 HH

l- -
iii. i_ _

-

2000
1 .
IGing 49 NUI

- - - - - -
, 1 i-

V

1* -

2001
1 m 
1 i1 i.. • i » • *- -l r• i . . . .

1
IKPS Gil Steas 2*25 NU _ 1

2002
1 . . ... 
I1 ;i. r
i.i

i
ICoal Hatee) la
IUnit2 150 MU 1

1
IGas
1

Turbine 3*18 NU

2003
1
 ̂ • i ■ .  - ' i í  . ■ »¡ 
1- 1

.1
IRefurbished 6T 3*20 NU
ICoal Trinco Unitl 150 NU

% *

I

1--------------------

IGasi
1. 1

Turbine 3*18 NU

2004
) : ----------------------------------_---------------------- -----

.  .  ■ * i .  :• 4 a ^1
-1 . . ---------- ------------------------------------------------------ ------------------

IRefurbished 6T 3*20 NU1
1
ISapu Diesel 2*18 NU
1

2005
I  -  f  <

I1
1

.ICoal Trinco Unit2
¿  i.1 150 NU

1
1. 1

-

2006
1 ^  ^  “  

‘ -  .

1

.ICoal Trinco Unitl
•i  . l  1

300 NU
-  | --------------------

1 -

Total PV cost upto 20íl; - . . . . .  

Total PV cost of fixed run with 
OIH for Coal = 5*/MUh upto 2011 ,

-  ,1030.9 ai 11 ion US$
■ « |

. .  1087.4 ai 11 ion US$
'  * i

(41236 ai 11 ion Rs.l 
(43496 ai 11 ion Rs.)

Note : Discount rate 10X, Long tera.aYerage.cpst calculation exeludes energy eontribution froa
existing hydro planas,.plant.coaaissipning and retireaent at the begining of the year indicated.

a
*
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Results of GeneFati.cn Expansión Planning Stlidies - KUKU ROR ICF = 2;0 ■"*s : ’' 1 ’:'x’ :r ~
Project coinitted in 1999

YEÁR

1992
1993

1994
1995

1996
I-------------------------------------------------

I . 1997

1998
1999
2000

200!

2002

2003

2004
2005

I------------------------------------------------------

I 2006.

HY3RG
ADDITIONS

Batana latiera
120 hk

Brcadlands 40 MU

Ging 49 IW

THERNAL
ADDITIONS ' I

rTHERHALRETftfcHfe'NVs
I-

* •+*

5 I
aa aa|a

1 I
* mm

Sapugaskajida Ext. 
Diese! 40 NU n  i« VI 1 ■I

Diesel 20 NU *** |

—-r
_  ‘ -i^ríí- i.:-", , r r y ;

>/' •r j!

I
---r

i 
i

:jr~r
i 
I

Diesel 20 NU 
Gas Turbine 22 NU

..‘V . . r . . . . .  -Jf x¿- • |. .  ;i

i

Gas Turbine 22 NU
. - 1
■-H

Goal Hawella 
Unitl 150 NU I

Coal Nauella 
Unití 150 NU

1 - r C . í  

C - ( f!l ¡
B * 1 «> I

,-----------------------
iTotal PV cost upto 2011 
ITotal PV cost of fixed run nith 
IV 0&H for .Coal = 5S/NUH upto 2011

" ...........-  j- 1

II
— ^  (  ̂ !■ B f l £  |_ ^

II
-----------------------------------------------------1

-  R f i l  -  |

1 n ‘ a - ■P * ¿i’l \ ̂ .

-----“-1'  

IKPS Oil Steai 2>25 NU I1
| — - - ••  ............ | *

IGas Tur bine 3*18 NU. I'
i I-I -------------------------1

Refurbished 6T 3^20’ tíH;; ISas Turbine 3*18 NU T
Goal Trinco Unitl 15CfJÍIW ! I'
- ---------------------------------

Refurbished 6T 3 1 2 $ tiU; ISapu Diesel 2 H B  NU I'
Coal Trinco Unit2 T5Ó"Hu I - l:
— - - - - - - - - - - -— .-— I- - - - - - - - - - - - - - - 1
Coal Trinco Unit’l 3Ó0*HU I - f

1014.3 Bil 1 i o n US* ̂ rfÓSTS ni 11 ion R s ü ^  "v ■ f-
 ̂t í ( 1 S . .. * 1 j í  , • w l  ■ ■■ t” ■ « I t •,,**•■ , 1 .

1068.6 Bill ion* UÍ>$ t!4¿744 lili ron 'fis^)’’ í,‘ t>; ' ■l*’’

i j j

Note : Discount rate 10%,
existing hydro plants

Long t e n  a ver age cost ca Icul ai i Dn^éxdl 6désd én^lr^y cOntríÉütidfi-'frór : 
ts, plant coMissioning and" reVif bifen’V*at;theí:begiíi'ihg óf- theVyéáf iíidicated
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Resulte of Generation Expansión" Planning Studies -  KUKU SOR 1CF = 2.0

. v  Pfoiect coaaitted in 2000

I

I - -

YEAR

1992
1993

1994 '
1995

1996
1997

1998
1999

2000
I
I 2001

2002

2003

2004
I 2005
I--------
I
I-

2006

’ • M oro
ADDTTfOMS

THERHAL
ADDITIUNS

Saianalanewa 
120 NU

■I

I
ISapugaskanda Ext. 
(Diesel 40 MU 
I...........
(Diesel EO MU

Broadlands 40 NU
I----------
IDiesel 20 NU 
1 Gas Turbine 22
i----------

I.......—
ICoal Mawella 
IL'nitl 150 NU 
i--------

I
Gim/:49'HU ■' : IGas Turbine 22 MU

I-------- ---
— * ICoal M aneHa 

IUnit2 150 MU
-i

1 THERHAL .
I RET1REMENTS
I---- ------
l

1

I...-........... I
IKPS Oil Steaa 2*25 MU I
------------- 1I-------------

IGas Turbine 3<18 MU 1
I I

-------------------------------------------------------------------- , -----------------------------------------------------------

. *. i «i-i I • IRéfurbishpd GT 3»?0 MU IGas Turbine 3*13 MU
' "ICoal Trinco Unitl 150 MU I

..... -......... I-------------
O  '••lRÉfurbished GT 3«S0 MU ISapu Diesel 2*18 MU

! ÍCbal Trinco Ur.it2 150 MU I
----- -------- K--,----------------

— I

--------------------------------------------------------------------|

1 >v 'Itoal Trinco Unitl 300 MU I
«Total PV cost upto 2011 ■’? ^ M i o a á . l  «iIlion US$ (40834 ni] 1 ion Rs.) 
ITfital PV cost of fixed run with
IV O&M for Coal =54/HUh tipt6 20U: ’V. '1078;5 lillion US$ (43140 aillion Rs.) I

•r.L*:

Note ¡ Discount rate 10X,.Lbng tie iV  averagé'íost calculation exeludes energy contribution fro»
í ; ; ‘ exiSting&hydro p la n t$ ,^ la h t tbWissibning and retifeaent at the begining of the year indicated.
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R s s u lts  o f Gener-ation Expansión Plan n in g S tu d ie s  -  KUKU ROR IC f  *  2,.fl ■

P ro je c t cohibí tte d  in  2001

1
1
1 —

YEAR 1 HYDRO 
1 ADDITI0N5

! TIERRAL 
1 ADDKIONS

! ": THERHAL 1 
1 - RETIREHEHTS 1

1
1 —

1992
1
11

1993 ISaaanalawewa 
1120 HW 1 1 * 1

11 199*»
i

1
11_

1995 . | ISapugaskanda Ext. 
1 Diesel 40 HW 1 1

i111 — 1996 1 Diesel 20 HW 1 — ' 1
1
1111_

1997
i
1

IDiesel 40 HW 
IGas Turbine 22 Mi .

1 ?'*■: j ! 1 
1 : 1

11_ 199B
•
11I1

1
11

1999 !
11

ICoal üawella 
lUnitl 150 HW

! 1 
1 i 1

1
1
1 —

2000
1
IGIN6 49 MU

r ‘ - - - ■ . . . . -T ;•
1
!i 2001 l■ * ii IGas Turbine 22 HU ■* = IKPS Oil Stra* 2*25 JfW 1
1
1
11

2G02
" ” " í 1 J " ------

1
11

ICoal Hawella
IUnit2 150 HW 1

B i ■
IGas Turbine 3*18 HW. 1
1 t I . |_ __ __ _ _ _ _ _ _ ■_ |1

1
1I

2003
1 -
1
i

IRefurbished 6T 3*20;.'HH 
ICoal Trinco ünitl 150 HW

j I •• • t V ■ * • V «1
IGas Turbine 3*18 H W : 1 
1 1

1-
11 200«» 1 IRefurbished 6T 3*20-HW líjapu Diesel 2*18 HW - 1

11 i s . ™ 11-
!1 2005

J— — *- - - - - - - - - -
1 ICoal Trinco Unif2: -1.50 HW

1 ""
11 2006 ■ 1 , ICoal Trinco Unitl <300 HW
r
(Total PV cost upto 2011 
ITotal PV cost of fixed run with 
IV 0&H for Coal = 5$/HWh upto 2011

1028.9 lili ion. U S M 4 1 1 5 6  aillion Rsv) ,-5o: - H .i. II : I;.
1085.9 Rillion’JUSS ¡(43436 ■iJ.1JoiHjta.-l.»'-:-; • -

“-•“.— .i*  — — —  n -  J " i r

Mote : Discount rate 10X, Long t e n  average cost calculativo excludes «¡nprgyLCpntributien-frea;
„ existing hydro plants, plant coaaissioning and..re£.irppe?it st< tbe.iHeg4hjng,of.tbe:year indicated.
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Results of Eeneration Expansión Flanning Studies
{ *1 r ■ S ■ i •
• i ,  ■ ,  . .

2 S O - I . Í T - / W 9
KUKU230 ICF * !.5 
Froject co*mitted in 19??

YEAR I HYDRO
I • !«:;-fiDDIIIONS ;

.  B| • «rf

THERMAL
ADD1TI0NS

* l
1 1003 II * I fb I

I
1993 I Sanana lanera

1120 m
:-l

1994 I
!

1995. ISapugaslanda Ext 
(Diesel 40 HU

1996
I - — .....................

IHese! 20 HW
II.............

I 1997- IBroadlands 40 HU
i- - - - - - - - - - -I
IGas Turbine 44 HU

----t~~—!
1998; I
-------- T - T T 1

7-\
]Gas Turbine 22 MU

1999
- I

I
I

2000« . I-
- I 

----- ?--l-

..ICoa 1 Hawella 
lUnitl 150 HU„ l - - - - - - - -

2001; I •:
i 1- - - - - 1- - -

' •* 1 M ICoal flawella 
!Unit2 150 HU

! 2002 : I'"' - í - ■'i!i  ■ ■■ ■ 1I--- : t
■ ■ > • • * ̂

2003 I : 'T.í ]'
i I >

-------------------------------- .----------------------------------------------------------------------------------------- ------

I
— I

|- - - - - -
1 2004 |:

Iflefurbished 6T 3*20 HU 
: r ICoal Trinco Unitl 150 HU

i » •

— 1--.................... -........

! ■I- - - - - -
I 2005 i

I

■ . ]-'/• ,”4 IRefurbished GT 3*20 HU
*..< vbCoal Trinco Unit2 150 HU

I-------- -
1 2006 I

T T T T - - - . I ------------------------------------------------------

; 'ICoal Trinco Unitl 300 HU* ■ • * • »

THERHAL
RET1REHENTS

KFS Oil Steaa 2*25 HU

Gas Turbine 3*18 HU 
Gas Turbine 3*18 HU

Sapu Diesel 2*18 HU

| ---------------------- :—  ------------------------------------- --— .......... ................................................... ..

ITotal PV cost upto ,2011 ,-m ., >. 1006.2 aillion USS (40248
ITotal PV cost of fixed run m í th
IV O&H for Coal = 5Í/HUh-opto 50.Jl. f- n..; E063..3 aillion USS (42532

aillion Rs.l 
aillion Rs.)

Note :  D isc ou n t .r a te  .iO X ri.Long .tera.^ayerage co st c a lc u la tio n  e xc lyd e s energy c o n tr ib u tio n  fr o a
e x i s t in g  ,líy d F o .i)ía n t& ,!:p P a n t c o a t i § 5 M»ning and r e tir e a e n t a t th e b e g in in g  o f  the year in d ic a te d
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Project comitted in 2000
2 3 0 ? . O O ñ

Results ef Generation Expansión Planning Studies - KUKU23Q IGF = 1.5' f ' 5 *“ **

YEAR

1992

1993

199'»

1995

1996
1997
1998
1999

20C0

2001

200=

2003

HYDRO
ADDITIONS

¡Saraanaláwewa 
1120 MU 
I. . . - . . . -

I
IBrcadlands ¥i 1HI- - - - - - - - - -

THER'IAl
ADDIT1QNS

I :,THERHAL 
I --ftÉTIREHENTS

H
I

-1
•

-I
I
I. . . . . . . . . .
ISapugaskanda E * t .  
ID ie s e l 40 MUI- - - - - - -
¡Diesel 20 HW1- - - - - - - - - - -
¡Gas Turbine 44 HU j * •• )\
i
1I- - - - - - -
¡Goal Mawella 
l l ' n i t l  150 m 
I. . . . . . .
I
I. . . . . . .
¡Coal Mawella 
! ü m t 2  150 1Ui- - - - - - -

I
If'F'S Oil Steai 2*ESlMU 
I

------- -—«

IGas Turbine 3*18 NU
--t-

IRefurbished 8T 3*20 MU ICps Turbine 3*18 MU 
ICoal Trinco Unitl Í50 MU I

2004

Total PV cost upto 2011 
Total PV cost of fised run with 
!V OLM for Coal = 5«/MHh upto 20]1

IFefurbished GT 3*20 MU ISapu Diesel 2*18 MU 
ICoal Trinco Uní?? Í50 f|U I
1. . . . . . . . . . --■*- - - 1

I

1013.3 lili ion tlsl (40532 lillioii-Rs.)■J » * i

1072.5 iillion1̂ '  (4f]00:»i Ilion ffs.)
Note : Disccunt r a t e  10X, Long te r e  averagE cost c a l c u l a H o f f  e^tlúdes energjr contribution froe

e n s t i n g  hydro p l a n t s ,  p l a n t  comnissioning and r f f f  i r r i t a r ' « t  'thef B é g i n í n g-oY -tlfe yéar i n d i c a t e d .



2 Z C >-i.$- 2 0 0 /
Results of Generation'S-¿pVh£&ofl-P.l»aÍH)ing S ludí es - *’UKU?39 ICF =

. - . F'roject c o m m

I

I

YEAR

1992
1993

199 A 
1995

1996
1997
1998
1999

2000

2C01
I
I 2002

2005
2006

1.5
tted ín 2001

“ -i

HYDRO
-AD0ITI0NS

. I THERNAL
ADDITI0HS

I.SaianalaweNa
1120 mI- - - - - - - -
I

lEapugrEkanda E„t. 
IDiesel 4f» KH
1. . . . . . . . . .

i »-. 
- I -
KBroadlands 4.0 NU.I- - - - - - - - - - -

JDiesel 20 KU
-I- - - - - - - - - - -
J Gas Tur bine 44 NU 
I- - - - - - - - - - -
!
■!--. . . . . .
ICoal, Ñaue!la 
JUm.tl 150 NU 
■I. . . . . . —
J .
I--
ICoal Nanella 
JUjut.2 150 NU

... | ̂ - r : T ----r(r-T --j-r:r
I .- - - - - 1—

2003 ■ I
I

. . . - - I - -

-I-
J.

■^nn— ~ r r : IRefurbished 6T 3*20 NU 
ICoal Trinco Uní ti 150 NU

I 2004 I
I , I

I

r “ "~f~ir~~r- v j - - J ít" • >”i ---- -■
; IRefurkishcd GT 3*20 NU

. . . . . . . . i. ..ICoal.Trinco 'Jnit2 150 NU
■n— *- “ rfr"T7r“ Tr- "i l - ^ - V ... . . . . . . .
- - - - - - - - - - - .-t t I— j— r r - - - - - - - - - - -

ICoal Trinco Unitl 300 NU

TIIERNAL
PETIPENENTS

-I
- .........- ......... - ....... -I

f.PS Oil Stean 2*25 NU I
I

. . . . . . . . . -. . . I
Gas Turbine 3*18 NU I

I
Gas Turbine 3*18 NU I

I
. . . . - . . . . . . . . . I
Saou riesel 2*18 NU II I

irT-j.T-rr “ -M
ITotal PV cost upto 2011 . 1021.9 lillion l)S$ 140876 m l l i o n  Rs.)
ITotal PV cost of fixed.run'Hith, ■,. *:.u .. I
IV O&H for Coal = 5$/HHh upto 2011 1081.2 «illion US* (43248 aillion Rs.) I

r . r:-c-.TTrrr"--.— - ~ _
Note : Discount rate 10X,.Long t e n  average.cost calculation exeludes energ/ contribution froa

existing.hydro((plaats,.plant .cgiíissjeni.pg,and retireeent at the begining of the year indicated.
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Results cf Generation Er.p«n5icr. Plaming Studies - HJKÜ230 !CF = 2.0

Projecfc coaait’téd in l’9?9
1
!
1 —

/EAF. 1 HYDRO 
1 ADDITIPNSl

1 THERílAL 
1 ADDITION*

1
1

"TfÍáíHAL 1
' r e t í r e h e n t s  ' ' I

!i_ 19^2 l 1 1
P... ... ..}

1«I
1
1 —

19*3 ISaflénalarEWd 
1120 HU

1
1 "  '

1
■ 'i i• 1

'  1 '

1i_ 19*<t 1 I
1 r “

i
~  * ' v

1
1
1
1

1995 it
1
1

ISapuqastanda E/t. 
¡Diesel 90 HU n

1 1
1

1
1i 1996

1- - - - - - - --
1
1

i •
1 Diesel 20 HU ' "

- 1 _ . _ . _ _ _! • *.
* 1- -
. |_ _ 1-T' •_! - L -  _  L I11•

1
1

19*1
1 - - - - - - - - -
IBraadlands 90 HU
1
1

1 - - -  - - - -
IEc E Turbina 22 HU 
1 Diese! 20 HU 11 "

1- -
1
1
1_ _

- • 1
■ 1

rI
1
1

1 9 9 0

—  | - - - - - - - - - ----

1|
1
i Gas Turbme 9 9  Hit '•k I1

1
1

. 1____
i

• i
t

!
1

1 9 9 *

—  | - ---- - - - - - - - - - -
1_ 1 _ _ _ _

1 ■"
1 - i 1

1_____

a l i
■ - " i i|-------

1
1
1

2000
—  |---------- * --------------------------------------

1
1

1 — -
•Ccal hdHElla 1 " 
lür.itl 15ft HWi _ _ _  _ ■ L’v L  _

1

1
.1

---------------------------------- -  - |
1™ «r
i

_____ ______________ _______i1------

1
1

2001 1
1 ----------------- 11 - - - - - -

_ 1 _ '

1 1 
IKPS Oil Steaa 2*25 HU 1

-i  ■ il -

1
1
|

2002
_ |  ----------— ------------- ---------------------

1
1

!Coal Hauella 
IUnit2 150 HU "  1r| 1 k i * i

IGas 'Tur bine" 3*18 HW " 1
1 1

. i ________________________________i
l —
1

1
1

2003 1
«
i1

IFefurbished ST 3*20 Hlf 
ICoal Trinco Um'tf ‘I5Ó HU

IGas
1

Turbine 3*10 HU 1
1

1------

11
1

2009 !

„ j ____________________________________

IRefurbished 6T 3*20 HU
i

ISápu"Diesel 2*18 HU 1
. i  ' ___________________________ i1 —

1
|

2005
V

1 ICoal Trinco U m t 2  150' HU
__________________ _________________

1
•

- - -  -  r

I —  
1 2006

1

1 ICoal Trinco ITnitl 300"HU'
r » r  ̂ r »1

1

1 Total PV cost upto 2011 9 9 6 . 9  aillion USI (39Q76 ■ílllótMK.) 1 '  1
.: % i ¡ ' I 

I
ITctal PV cost of fixed run m i th
IV m  for Coal =5$/HHh upfo 2oll 1051.9 *111 ion US* I92056'fiIlion Rs.l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ *1-------------- ■

Note • Discount rate 10X, Long tera average cost calÉulation'eSEluáes’énet-'gV'ContributiDn froa
existíno hydro plants, plant conaissionmg and retireaent at the begimng of the year indicated.

i



Resjlts of Generalic-n Éxpansiop Planning Studies - KUMJE30 ICF - 2.0
j i - . • Project coetitted ín 2000

YEAR,1 !  , Ti«YDRQ '  

1 ? . . « ; •  7ÁHHTIONS ,

I THERHAL
(  ADriTIONS1 _ _

i THERHAL
1 RETIREHENTS

_ | _ _  _  ___________
11992'. 1 "  r

1--------—  ----------  -----------

1 _  _

1993
1

'  '  "  - ................................................ 1 *

1Sotana1ateta1120 NU j
|

1

1
1

i ^1994' . -  - - 1 '

1 “ 1

1995. 1 1
1

«

ISspugaskanda E*t. IDiesel 40 NU 1

1996. - i r * ~ 1 — --------------------- ----

IDiesel 20 NU ‘  1 --------"  ---- ------------------ --------- ---------

1997' -  • '  ¡ IBroadlands 40 NU ¡
l

I6as Turbine 44 NU 1 > *

1998. ^  ^  " ”  "  " L  f "  

- 1 ................................................ t  - - I

19991.
»

•

1
LCoal Ñaue!la ,  

lUnitl 150 NU 1

2000.
2001;•1 1 . . .  " ,  -  | . 

■ - - -  r z . • 1 i r  3 ' ^ t

ICoal Nawella tUny t2 150 NU IKPS Oil Steai 2*25 NU 
1

2002 •.
- • -  * * -  - * - 

1 *  ,'• »  F  i ' . ;  “ • • -■# 1 V i  «1 mrn 9

‘  1 ---------------—  “ --------" " " ---

ISas Turbine 3*18 NU
2003,

«

1 \

jl 4 * | «  1 '  , M i l  -  -  p J
.IRefurbished 6T 3*20 NU 

•ity Uíoal Trinco Unitl 150 NU I6as T u r b m e  3*1B NU 
1

2004,
j  " 1

1 .  .  .  -  .  1 

■ ” a * « { ' • ,  ' a - f t - S  . ¡ 3* r :

T,VT»7vy»
.. .IRefurbished GT 3*20 NU 

«1 • Mtftal Trinco Unit2 150 NU
ISapu Diesel 2*18 NU 
1

2005 , «

~ . -1 
»N V*i ‘J i

2006 . L  . ..« ■ . . . .  ._I,

i . - 1 (jji i,JrCcka.1. J n n c o  Unitl 300 NU 1

ITotal PV eost upto 2 M J  1^05.^,« i 11 ion US$ (40236 «i 1 fion Rs.>
(Total PV cost of fixed run oith
!V OIH for¡ Coal =5$/HHfi ̂ 9, r.,H .( , JA'*.?. tillion US* (42596 «íllion Rs.)
Note :  D ís c .p y n t^ a te j 1 0 )^ li ^ g J -t|pr»1ayerajge-^oslt c a lc u la tio n  exeludes energy c o n tr ib u tio n  fr o e
, . , • e * 4 s t i ,f g  fy d r p , pd p l ^ t .  and r e tir e e e n t a t the b e g in in g  o f  the year in d ic a te d .
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R e s u lts  o f  6enerati'on Expansión Plan n m g  S tud ie s  -  1UKU230 ICÉ = r2 - . f t ' l < -  '

F r o j e c t  co BB itted ín 2001

r . - . w  - .3  ** i a * i

YEfiR

1792

1993

1994
1*95

1996

1997

1998
1999

2000

2001

2002

2003

2004

2005

2006

HYDRO
ADDITIQNS

Sananalawewa
120 mu

Broadlands 40 MU

THERHAL
ADDITIQNS

I - ' ̂ THERHAL
I RÉ>ÍREHENTS I

■ m . i  ;  , z  ts -  ¡ 
•  I  mi f tvl ̂  1 r

i ■ »<• “ r  * *Wi * M

■1
lF- r
I

ISapuqas'.anda E x t .  
¡D ie s e l 40 MU

f

¡D ie s e l  20 MU
I
¡Gas Turbine 22 MU"' 
ID ie s e l 20 MU

tI---------------------------------------------------------
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