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CHAPTER 12  CONSTRUCTION COST

12,1 Outline

The construction cost of the Beskonak project was estimated
applying designs, construction sethods, materials and products
according to the technolagical level expected at the present, and in
addition estimated in consideration of the geological, natural and

regional conditions and the project scale. The estimate was made as
of Mareh Ist, 1982,

12.2 Items for Construction Cost Estimation

The items for construction cost estiration were the following.

(1) Civil Works

Care of river 3 Diversion tunnels and cofferdam

Dang Beskonak dan and secondary dan

Grout curtain works Grevting and gallerfes at left and

right banks and the danm site

Waterway structures ; Intakes, headraces, penstocks
{excluding gates and steel pipe)

FPower statfon and
switchyard

Civil and building works

e

Access road and Access road to the power station,
relocation road dan connection road, left bank
relocation road, etc.

-

Canp facilities

wa

Office and living quarters, etc.

Teaporary facilities; Construction roads, electrie power
for construction, temporary facili-
ties for constructfon, etc.

(2) Hydraulic Equipzent : Spillway gates, outlet, intake
gates, tailrace gates, penstocks,
etc.

{3) Electro—sechanical Hain equipment, auxiliavy equipnent,
Equipzent switchgear, etec.

NI



{4) Transmission Line : All costs concerned with

transmission line construction

{5) Engineering and : Planning, favestigation,
Adoinistration Costs adninistration and management costs

concerning construction

(6) Compeasation : Cost of land acquisition within reser—

voir area

(7) Interest During

Interest during constrection period
Construction

12.3 DMHrect Construction Costs

(1) The unit prices applied to civil works were taken From “Unit
Frices, 1982" prepared by DSI. However, the items below
were added separately as transporiation costs.

Cerent : Isparta-Beskonak, 220 ko
{1,130 TL{/ton)

Reinforcing Steel : Iskenderun-Beskonak, 650 kn
{1,940 TLfcton)

Excavation ¢ Excavation sites to disposal areas
(4.5 L TL/m3)
Eabankaent : Quarries and borrow areas to

enbankeent sites (4.5 L TLIg3)

Work quantities were calculated based on the preliminary

designs described in Chapter 11,

(2) As teoporary works cost, 101 of direct construction costs

was estipated upon discussions with DSI.

(3) The unit prices for relocation roads and access roads were
givea by DSI.

Xitt-2



{(4) The unit prices applied for hydraulic equipnent such as
gates and penstocks were indicated by DSI. However, the
intake gates and the outlet works are considered as

requiring forelgn curteacy, and separated unit prices were

used.

(5) Electro-mechanical equlpzent such as turbines, geaerators,
transformers, etc., are all considered as being imported,

and these costs are to include the inland transportation

costs and the installation costs,

(6} Unit prices indicated by DSI were applied to the construc-—

tion cost of transmission line.

(7) Compensation costs for land acquisition, ete., were esti-

nmated on the bases of data given by DSI.

12.4 Iadirect Costs

{1} ¥or contingencies, 15% of civil works cost and 15% of FOB

prices of electro—mechanical equipnent were respectively
listed,

(2) 'The adwministration costs are to consist of 15X of the

construction cost including contingency costs.

(3) Interest during construction period is to be estimated con—
sidering the period to be 6 years with 8% for the foreiga

curreacy portion and 9.5% for the docestic curreney portion,

12.5 Separation of Domestic and Forelgn Currency Portion

All civil works are to be paid for with dorcestic currency.,
Although 1t §s concelivable, as described in 11.5.1, for a part of
heavy equipzent to be imported, it was decided that most can be pro-
cured domestically. Therefore, this fteam will not be listed under
foreign currency.

XIl-3



A part of the hydraulic euqipment and electro-mechanical
equipnent are to be paid for with foreign currency, but inland

transportation costs and installation costs are to come under dopmestic
currency.,

The forefgn currency exchange rates as of the time of estimation
(March 1982) were taken to be US$ 1.00 = 148 FL,

The division of the construction costs into domestie and foreign

cutreacy portion are shown in Table 12-1, and the construction costs
by year in Table 12-2,

X4



Table 12-1

Estimated Construction Costs

(Unic: 1,000 TL)
Iten Corrency Curconey Total
Civil ¥orks
Care of River 1,184,100 - 1,184,100
Daps 3,894,600 - 3,894,600
Curtain Grouting 3,480,800 - 3,480,800
Water Way 1,104,000 - 1,104,000
Power Station 623,900 - 623,900
Access and 1,658,200 - 1,658,200
Relocation Road
Camp Facilfity 100,G00 - 160,000
Preparatory Works 1,204,500 - 1,204,500
Subtotal 13,250,100 - 13,250,100
Contlngency (15%) 1,987,500 - 1,987,500
Total 15,237,600 - 15,237,600
Hydraulic Equipaent 1,445,700 325,000 1,770,700
Electro-Mechanlcal 889,000 5,586,000 6,475,000
Equipaent
Transnission Line 187,500 102,500 290,000
Project Controlling 2,664,000 902,000 3,566,000
Land Acquisition 5,296,500 - 1,296,500
Total 21,720,300 6,915,500 28,635,800
Intevest during 5,747,700 1,094,500 6,862,200
Constructfon Period
Grand Total 27,468,000 5,010,000 35,478,000

XI5




Table 12-2

Fund Requirement in Each Year

[ (Pafe: 1,000 71L)
Pescriptica Ist Tear 2od Year 324 Year
Doazstic Forelga Deoostie Forelgn Bozestic Forelga
Civll ¥51ks 8£4, 300 - 2,532,000 - 3,558,000 -
Hydrzalde Wacks - - - - - -
Etecticsxertasfesl - - - - - 559,000
Equfgzeat
Tra-saission Lice - - - - 18,603 20,500
Froject Cortrolling 123, 6 - 372, ¥0 - $3R,. 500 85,90
La=d Requisition 1,236,%% - - - - -
Sabtotal 2,133,400 - 2,854,300 - 4,14 .50 £55,600
Ieterest Jaricg
Cozstroctbon Ferlod 108,87 - 333,30 - 684,820 26,100
Grasd Total 2,133, q9 - 3,207,860 - §L B, 600 £3),100
Tescriptica dth Tear 5th Yeaz Eth Tear Total
boestic Forelgn Draasiic Forelga Tezestic Forelgn Dowestic Foreiga
Civil Warks 3,433,600 . 3,303,410 . 1,610,300 _ 15,237, 67) .
Eyfra:lie ¥orts 183,500 32,50 449,500 £33, 000 716,00 32,50 1,485,700 325,000
Electro-asctaatcal
Eqalpeact 351,000 | 2,235,000 183,000 | 2,238 %) 263,030 559,000 233,000 | 5,525,650
Teassslssion Lice 159 ) 41,00 18,759 4,00 . . 187,500 102,502
Froject Conteoliieg £43,53 385,400 589,100 3533, %0 350,90 &3,100 2,685,000 921,00
La-3 32:3afsitica . _ . . . . 1,255,500 .
Sabtetal §,933, 200 | 2,653,690 4,501,300 }12,915,9 | 2,935,330 €52, 200 | 21,720,300 ] 6,915,500
Interest darlog %(
Coenstrectica Praled ] 3,915,100 155,400 1,568,300 382,20 §1.924,.40 526,100 5,742,750 ] 1,094,500
Graz2 Tcteld 6,C48,.3%0 | 2. 82),¢<0 6,035,632 13,152,500 | 5.7, 100 1,305,400 | 27,458 ¢ ] 2,010,000

X6



CHAPTER 13

ECONOMIC EVALUATION






CHAPTER 13 ECONOMIC EVALUATION

Page
13.1 Method of Economic Evaluabtion ...eieevececsss. Xir- 1

13.2 Financial Evaluation of the Project ..vveesees XUI- 4

l3n2-l Pinancial COSt and Revenue P e e b e s s ErPE RS XHI- 4

13.2.2 Comparison of Financial Internal
Rate of Return {FIRR) and
Interest R—ate Clllll.‘l‘l.‘lll.ll.l‘..l.!xlll-8

13.3 Comparison of Beskonak Project and
Alternative Thermal Power Plant ...eeosveeeese XIHI- 9

13-3.1 Comparison Hethod S 8 & a8 daPard FAPBPOIERSTEPE SRR xlll- 9

13.3.2 Selection of Alternative
Power Plant I..ll.lIII.IIC...IDOOOI.IDIOXlll-ll

13.3.3 Economic Cost of Beskonak Project ...... Xl -15
13.3.4 Benefit

ek S 40 228480824 d0sanTBEREEREAaARTSED xl[["‘lg

13.3.5 Results of Comparative Analyses ........ XII[-22

13.4 Economic Internal Rate of Return (EIRR) of
Beskonak Pro]ect llll'.l.'I.Il.l'll.l..lil.lllx[ll_23






Fiqg.

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

13-1

13-1

13-2

13-3

13-4

13-5

13-¢

13-7

13-8

13-9

13-10

LIST OF FIGURE

Flow Chart of Economic Evaluation of Project

LIST OF TABLES
Finaicial Cost Flow of Beskonak Project

Financial and Economic Costs in Initial Stage
for Beskonak Project

Basic Criteria for Comparison Study

Alternative Thermal Pawer Plant for
Optimization Study

Alternative Thermal Power Plant for Studying
Economic Justification

Summary of Hational Parameters
Economnic Cost Flow of Beskonak Project
Benefit Flow of Beskonak Project
Estimation of Equalizing Discouat Rate

Estimation of Economic Internal Rate of Return
(EIRR)






CHAPTER 13 FECONOMIC EVALUATION

13.1 Method of Econontc Evaluation

In the case of a project such as hydroelectric power project wheve
calculation of benefit is possible except for education and rnedical pro-
Jects and so on, the generally enployed techniques are those of
obtaining econonic internal rate of retura (EIRR), net preseat value

(NPV), benefit-cost ratio (B/C), etec., as indices for project evaluation
based on cost and benefit,

As a basic consideration of project evaluation, the technique
described below, which is generally acceptable for faternational finan-
cial institutions such as the World Bank and the Asfan Developzent Bank

and so on, is adopted as the zethod of econoalc evaluation of develop-

rent projects.

(1) Comparison wethod of econoaic benefit and cost excluding
incone transferred to the government based on the market pri-

ces {Pre-Econonie Evaluation € 3 ) S Phase-2

(2) FHethod of evaluation using econonic prices on naking partial
nodifications of market prices to convert them to border prices

lﬁe"'z‘conoﬂic Evaluattoﬂ (II)] LI I LR I N O R PhaSe“3

(3) Method of evaluation with enphasis on optimunm utilization of

resources using the accountiag prices (effective prices) which
are coapared with opportunity costs

{Econoaic Evaluation]) Teressartrarsecnnssnerenceass Phase-4

(%) Proceeding further, the pethod of evaluation based on the
soclo-effective prices considering savings and income distvi-
butfons of the nation

[30(:10-&:01’1051(: E\'aluatlonsi LRI R R I Phase-5

The flow of the above nay be graphically expressed shown in

Nut-t



Fig- 13-1|

The econonmic evaluation of the Begkonak project is based on the
market prices to be used in Chapter 14, "Loan Repayment Plan”, and the
Project will be evaluated through optimum utilization of resources
using the accounting prices indicated in Phase-4. In effect, after the
exclusion of income transferred to the povernzent fron the project cost,
those are performed such as the wodification of market prices to border
ones, the evaluation of the opportunity costs for major production fac-
tors (mafinly labor and capital) and the calculation of the econoale
internal rate of return (EIRR) on the basis of the econonic benefit and

cost flows. The EIRR is compared with the opportunity cost of capital
in Turkey.

In the process of computing EIRR, the calcutation of financial
iaternal rate of return {FLRR), and further, the results of a comparison
study with an alternative thermal plant, which is most widely used at
present for hydroelectric power project evaluation, are also touched
upon, giving consideration teo eaking it possible for comparisons to be

nade with existing reports on hydroelectric power projects im Turkey.
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Fig. 13-1 Ylow Chart of Economic Evaluatfon of Project
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13.2  Financfal Evaluation of the Project

A financial evaluatfon essentially differs fron an econonic analy-
sis with respect to price evaluvation criteria for projects and 1s there-
fore of different nature. Rather, it Is something which normally would
be contained in the following chapter, but since it will be useful in
grasping the flow of economic evaluatfon which succeeds to the financial

evaluation, the bold step of including it in this chapter will be tzken.

What comprises the basis of econonfc evaluation are economic bene-
fit and cost shown in Fig. 13~1, 1Ir a financfal evaluation, these are
firstly esticated fron mavrket prices deternined from the viewpoint of
private enterprises. In economic evaluation of a development project,
the effects (influenées) on rarket intervention and price control )
through the various policies of government presently being ieplemented
are eliminated and it is assumed that the economy is managed with only

econonic efficiency using accounting prices.

13.2,1 Financial Cost and Revenue

The total expenditure for this Project will be 55,555.6
nillion TL (total investment amount in S56-year period excluding
interest during construction) and the initial iavestcent amount
required for construction is 28,635.8 million TL (see Tables 13-1
and 13-2). Of the amouats listed inm these tables, items which
ordinarily should come under income transferred to the goveranent,
such as duties on inports from foreign cointries, are exciuded
since the principal implerenting this Project is DSI (General

Directorate of State Hydraulic Works) which is a government agency.

On the other hand, the revenue source obtained through reali-
zation of the Project is the energy sales income. The averaged

unit sales price of TEK as of March 1982 was 6.00 TLIthl!, aad the

1/: The electricity rate guaraatees a rate of return 8% in terms of
rate base for TEX, while seen fron the preseat state of power
supply, since there are many walting customers, this is an
appealing electricity rate which oakes electric power amply purcha-
sable to custozers.
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annual average effective energy production is éstimated as 631.5
willion kHh., Therefore, the averaged electricity charge revenue

for the year is estimated to be 3,789 militon TL.
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Table 13~1 Finaicial Cost Flow of Begkonak Project

Unit: 10971

' Inyestment Co§t :
i Year ’ quiimint § z;;;i;n Sub-Total 0&M g Total
i Line H
; i 2,290.4 ! - 2,290.4 ! 2,290.4
i 2 *—_2,354.3 z 2,854.3 2,854.3
7 3 ©4,746.0 | 45.0 | 4,791 4,791.1
4 L 7,367.1 - 219.7  7,586.8 7,586.8
5 7,368.0 | 68.7 | 7,436.7 7,436.7
6 g 3,626.5 2 3,676.5 3,676.5
7 ] 382.38 382.8
8 382.8 382.8
~ 27 ' i 182.8 382.8
28 642.8 55.1 687.9 382.8 | 1,070.7
29 2,972.8 219.7 3,192.5 382.8 | 3,575.3
| 30 2,878.5 68.7 2,947.2 382.8 | 3,330.0
% 31 P 952.2 952,2 382.3 | 1,335.0
i 32 f 1828 | 382.8
? v 56 ﬁ ? 182.8 382.8 °
f zg;zlcEQ:eSt" 35,748.6 | 667.0 | 36,415.6 19,1400 555,555.6?

KRote: 1/ Investment cost of 28,635.8 oillion T.L. in initial stage is
estimated based upon the price level of March 1982. These

figures exclude interest during construction, iamport duties,
taxes, escalation cost, ete..

2/ Operation and Maintenance Cost
Dan and power facilities; 18,819 x 1011 x Q1% +
9,482.6 x 106TL x @21
= 377.8 x 1061L

3 333.5 x 105%1L x 81.5%
5.0 x 10571,

382.8 x 10511

Transnission line

It

Total:

I
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Table 13-2 Financial and Economic Costs in

for Begkonsk Project

Inftisl Stsge

- o o o Unit: 10571
Year 1 2 3 4 3 & Total

[1] Firancial Cost 2,290.41 2,85%.3| 4,79).2¢ 7,586.8 | 7,436.6 | 3,676.5 | 28,635.8
Foreign Currency

Machine & Equip=ent - - 579.5] 2,307.3 | 2,535.0 591.5} 6,013.5

Engineering Fee - - 86.9 356.1 380.3 88.7 99z.0

Total of F.C. - - 666.4] 2,653.612,915.3 680.21 6,915.3
Docestic Currency

Land Acquisition 1,286.5 - - - - - 1,296.5

Haterials 635.0f 1,780.93 2,605.0| 2,783.7 | 2,5%8.0] 1,560.0 11,911.6

Transportation 10.G 31.1 10.0 12%.9 124.4 1213 523.7

Labour Cost 220.3 610.0 371.80 1,381.1}1,259.2 922.1 1 5.,524.%

Adainistratiecn Cost 129.6 37:.3 538.0 543.5 589.7 390.9 | 2,65%.0

Total of D.C. 2,290,411 2,854.3| 4,124.8] 5,933.2 | 4,521.3 | 2,995.3 { 21,220.3

[11] Econoaic Cost 1,385.91 1,787.2| 3,249.2| 5,788.7 | 5,787.8} 2,602.1 20,600.5%
Foreiga Currency

Machine & Eguipnent - - 579.5] 2,3072.5} 2,535.0 591.5] 6,013.5

Engineering Fee - - £5.9 346.1 180.3 23.7 902.0

Tetal of F.C. - - 666.4] 2,653.61 2,915.3 632.2 | 6,915.5%
docestic Currency

Land Acquisition 76%.9 - - - - - 7165.9

¥aterials 343.7 979.5| 1,%32.8] 1,531.0 ) 1,401.5 | s33.0] s,551.6

Transportation 5.9 18.3 5.9 73.7 73.4 12,1 239.9

Labour Cost 163.0 495.8 719.1§ 1,022.0 931.8 632.4 4,01%.1

Adninistration Cost 102.4 395.1 435.0 503.4 465.9 J03.81 1,283.1

Total of 0.C. 1,385.9) 1,782.7) 2,582.8] 3,135.1 | 2.872.5 1,921.9

13,%84%.9
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13.2.2  Comparison of Pinancial Internal Rate of Return (FIRR) and
Interest Rate

The financial internal rate of return was estimated by the
Discounted Cash Flow Method based on the cost and revenue obtained

by the mavket price in 13.2.1.

As a result of calculation, the discouat rate at which the
financial cost and revenue become equal (financial {nternal rate of
return) is 9.4% (see Appendix A-5.5-1). Consequently, as described
in Chapter 14, the loan interest rates of the Project are assumed
as being 9.5% for the domestic currency portion, 82 for the foreign
currency portion, and 9.14% by weighted averagel!, and therefore,
this Project can be evaluated as being a sound plan.

6,915.5 x 10% L x 87 + 21,720.3 x 10% TL x 9.52

28,635.8 x 10° TL

= 9. 14%

XIit-8



13.3  Cemparison of Beskonak Project and Alternative Thermal
Power Plant

13.3.1 Comparison Method

In cases of electric pover and road projects where the outputs
(benefits) of the projects comprise non-trade goods, which then-
selves are of a nature that they do aot readily become objects of
export and import, the best is selected out of alternative pethods
which produce the required output, and its cost is taken to repre-

sent the economic benefit of the project in gquestion,

In case of a hydroelectric power developrent project, the
recognized techaique in genaral is to select a therpal power plant
as the alternative power facllity and to consider the pover
generating cost of the latter as the benefit of the hydroelectric
power plant comparing this with the power generating cost of the
subject hydroelectric po¥er project. This techaique was adopted
for the Beskonak project. 1In this case, the study will be one of
selection between alternatives, whether to construct the hydro-

electric power plant or to take the alternative pover plant,

The alternative thermal power plant for this Project was taken
to be a oil-fired thercal power plant considering the scale and
power generatfon characteristics of the Beskonak power station, and
in addition considering the fact that oil-fired thermal power
plants are used in Turkey as alternative thermal pover plants. The

- Discounted Cash Flow Method was applied for conparison of the

respective faellfties costs,

The basic values vsed for evaluation are shown in Table 13-3,
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Table 13-3  Basic Criteria for Comparison Study

ften

Description

Method of Analysis

Discounted Cash Flow Method

Study Period

56 Years (1987 - 2042)

Interest Rate

9.5% for Seleci}on of Optioum Scale
of the Project= ’

Escalation

Not Considered

Shadow Price Factor
(Conversion Factor)

Considered

(Except for Selection of Opt imun
Scale of the Projectg )

Service Life of Facility
Dan & Reservoir
Rydro-power Plant
0il Fired Thermal Plant
Substation
Transmission Line

Conversion Rate of Currency
(As of March 1982)

50 Years
25 Years
25 Years
25 Years
25 Years
US§1.00 = 14871.L

In Turkey, an interest rate of 9.5% is generally used as the
evaluation eriterion for a hydro-power project.

The labor cost im the kW and kWh of the alternative thercpal was
considered to be made up in general by skilled labhor.
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13.3.2 Selection of Alternstive Power Plaant

Since it becomes clear, as a result of studies on power demand
and supply planning and pover system analysis based on the data and
values preseated by TEK, that the electric power generated through
the Project would all be supplied to the Antalya reglon, 1t was

considered that the alternative power plant would be constructed in

this region.

In comparison studies of the optinum development scale For the
Project, one ofil-fired thermal plant of 300 MW, the minimum unft in
Turkey, was assumed and the study was pade using the unit benefits
{costs) per k¥ and kWh determined from this facitity. The par-
ticelars are given in Table 13-4, The construction cost of the

thermal plant was basad on actual performances in Turkey.

Evaluation of the optimum development scale for the Project
selected as a resuvlt of comparison studies was made using the cost
of 2 hypothetical alternative thermal power plant capable of fur-

nishing equal service in effective output and effective energy to

the Beskonak project (see Table 13-5).
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Table 13-4 Alternative Thermal Power Plant for

Optimtrstion Study

tnterest Rate = 9,5%
Price Level = As of March, 1982

lten Dnit Pescription

Enstalled Capacity o 300
Arnugal Plant Factor z 16
Therral Efficiency z 35
Annual Energy Production 10%kuh 1,997
Staticn Service Ratio b4 6
Construction Cost 10%7.1 30,1607
Service Life Years 25
Capital Recovery Factor 0.10596 (i = 9.52)
Fuel Consumption Rate 1 /k¥h 0.2586
O & H Cost Rate without Fuel Cost z 2.5
tnit Fuel Cost T.LI1 28,930
Afnnual Cost :izid Va;:z?le
Interest and Depreciation 10811 3,195.6 -
O & M Cost, Adainistration Cost 10%1.1 754.0 79.9
Fuel Cost 1011, - 14,789.9

Total 10678 3,949.6 | 14,869.8
Anmal Cost at Sending End

X¥ Cost T.L 15,508/

Kk Cest T.L 7.582/

Note;

31,949.6 x 10°T.1 3/
ELTAELL SN L ALY] T =

1/ 300,000 W4 x k.k78- 15,509 T.L/kW (105.8 $/kW)
15,869.8 x 10571 &
- L] = 7.58

2! 1,997 x T06kn - * 1-018 7.58 T.L/xWh (0.05& $/xwh)

l{ & af Adjusteent Factor for k¥ § kWh
itea Hydro Thereal

Fransaissien loss (%) 4 0
Station Service Loss (1) 0.3 6
Yailure Loss {2) 0.3 4
Repair Loss (1) 2 12

- - {1 -0.0% x (1 - 0.003) x (L - 0.003} x (1 - 0.02)
kKX Adjustzent Factor (1~ 0.00) x (1 - 0.06) x \I - 0.08) x (1-0.12)

= 1,178
kwWh Adjustrent Factor = i: : g'g;; : :: : g'gg;)

3/ Intercst duriog construction {s fncluded in the construction cost

= 1.018
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Table 13-5 Alternative Thermal Power Plant £

Economic Justification

or Studyling

Oil-fired
Item Unit Thermal

Power Plant
Installed Capacity MY 190.6
Fire Output Capacity M 190.86
Losses % 20.6
Effective Capacity b 151.3
Annual Plant Factor F 4 40,2
Annual Energy Production 10%wn 671.8
Station Service Ratio FA 6.0
Annual Available Energy 16%kwh 831.5
Fuel Consumption Rate LixWh 0.256
Unit Fuel Price TLIS 28.93
Construction Cost 1061L 15,883
Unit Construction Cost TLIkH 83,333

Note:

1. Iastalled Capacity

_ Effective Capacity
(1 - Station Service Use)x{1l - Failure Loss)x(1 - Repair Loss)

N 151.3 ¥
(1 -0.06)x(Q - 0.00)x (1 - 0.1

= 190.6 Mx

2. TInvestrment Cost

Unit Construction Costll X Installed Capacity
83.33 x 105TL/1 x 190.6 314 = 15,883 x 10%%L

]

1/ ®rit Const. Cost
&
= 25,000 x 10%11/300 = 33.33 « 10611 f2u0

{(* interest during construction is not including)
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3.

4,

5.

Investment Schedule

(x 10°711)

Ist (0,10} 2nd (0.40) 3rd (0.40) 4th (0.10) Total
Total 1,588.3 6,353.2 6,353.2 1,588.3 15,883.0
F.C. 953.0 3,811.9 3,811.9 953.0 9,529.8
L.C. 635.3 2,541.3 2,541.3 635.3 6,353.2

Operation and Maintenance Cost
Investsent Cost = 15,883.6 x 1057L

Annual Operation and Maintenance Cost

= 15,883 x 10%1L x 0.025+671.8 G¢h x 0.04 TL/kWh

424.0 x 100TL/Annun

Fuel Cost

It

Unit Fuel Cost
Total Fuel Cost

XiH-14

397.1 x 1067L + 26.9 x 16571

(0.86 x 3.01 TL/Kcal)[6.35 = 7.40 TL/kNh
7.40 TL/XY¥h x 671.8 GWh = 4,971.3 x 106TL/Annun



13.3.3  FEcomonic Cost of Beskonak Project

The economic cost of the Project was caleculated utilizing the
national parameters of Turkey shown in Table 13-6 for the financial

costs shown {n Table 13-2. These parameters were studied by the
World Bank in 19801/,

In computation of the economic costs, since imported goods to
be procured with forefgn currency are already estimated with CI¥
prices as stated in 13.2,1, financial prices can be considered as

econoric costs directly without using coanversion factors,

Meanwhile, conversions to econonic costs of financial costs

listed under domestic curtency requirercents were done applying the

conversion factors below,

Land acquisition, transportation costs = (.59
Haterials = (.55
Labor, skilled = 0.79
Labor, unskilled = 0.56
Adoinistration cost = Q.79

As a result, an Inftial investment amount {20,600.4 mitiicon
TL) was Indicated in Table 13-2 [I1] as the econoaic cost, while
Table 13-7 shows the investments made yearly and the total of the
economic cost of the Project durlng the S6 years of the project
life (total amount; 43,144.6 aillion iL). The results of calcula-

tions for the economlc cost of each year are given in Appendix
A_S- 5"21

Y -Shadou Prices for Project Appraisal in Turkey,”
Hay 1980, World Bank Staff ¥orking Paper, No. 392.
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The followings are the percentages to the total construction

costs of each electric power facility used in calculation of opera-
tion and maintenance costs:

Facility Ratto

Dant, reservoir 1.0X

Generating and transforming
facilities 2.0%

Transaitting Facllities 1.5
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Table 13-6 Summary of National Parameters

Parazeters Value
Standard Conversion Factor (SCF)lI 0.59
Conversion Factor for Consumption Goods (CF) 0,79
Conversion Factor for Intemediate Goods (CFy) 0.55%
Conversfon Factor for Capital Goods (CFK) 0.52
Harginal Product of Capital, g 122
-Elasticity of Marginal Ceiliey, n |}
Rate of Pure Time Preference, 2
Consumption Rate of Interest (CRI) 4.5%
¥alue of Public Incoze, v 3.4
Critical Censumplion Level:
Rural, 1973 3L 1,268
Vrban, 1973 1L 3,525
Critical consunption level as a ratio of national per capita average incece 372
Accounting Rate of Interest {ARI) 57
The Sumnary Distribution Measure, D 1
Shadow Wage Rates (SP1):
Rural Sector 0.5%
Viban Informal Sector 0.55
Urban Formal Secror 0.57
S — -—_ —————— -}
1/ Standard Cenversion Factors
Sensitivity Analysis
— —
1976 1977 1978 Average
-— - - ] —
Standard conversicn factor (SCF*)AI
SCFIE’ ¥ = 02 6.i19 0.80 0.30 8.80
SCF, T4 = 607 0.59 0.58 0.60 0.59
SCF4 X = 901 0.52 0.51 0.5% 0.52
— -t
1/ scFr - XX

M(l+tat 1)+ X

2

T4 - preaiva rate (%)

(1 - ¢x)

= ¢.d.f. value of inpoits

= f.0.b. value of exports

tn = average tariff dJuty ca inports

ix = average tax rebate (subsidy) on exports
¥ = preaiua rate (1)

SCF: TH= 0

5CF2: 1H = 60

SCFJ: ™ = 20
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Table 13-7

Economic Cost Flow of Beskonak Project

Unit: 1087L
Investment Cost
Year Dan & Tfans- B O&H Total
Equipment mission Sub-Total
B quap Line
i 1,384.9 1,384.9 1,384.9
2 1,787.7 1,7871.1 1,782.17
3 3,212.4 36.8 3,249.2 3,249.2
4 5,635.5 153.2 5,788.7 5,788.7
5 5,721.4 60.4 5,787.8 5,787.8
6 2,602.1 2,602.1 2,602.1
7 302, 302.4
—

v 27 302, 302.4
i) 642.8 356.8 679.6 302. 982.0
29 2,865.2 153,2 3,018.4 302. 3,3206.8
30 2,796.1 60.4 2,856.5 302, 3,158.9
31 869.7 869.7 302, 1,172.1
32 302. 302.4

56 302, 302.4

Total 27,523.8 500.8 28,024.6 15,120. 43,144.6
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13,3.& Benefit

(1} Scale of Alternative Thermal Power Plant Capable of Providing
Equivalent Service to Beskonak Project

The outline of the alternative thermal power plant selected as
the criterion for evaluation of the Project is as follows:

{(a) The location is to be in the Antalya Region where power
of the Project is to be supplied.

(b) Construction cost, fuel cost, operating efficiency, ete.,
were calculated based on recent actual performances with

units of 300 MW, which is the ninloum size for construe-

tion in Turkey.

{c) The scale of the alternative facility is to be that

having equal electriciey output and en2rgy ia available
to the Beskonak power station.

The particulars of the alteraative thermal power plant

selected in accordance with the above conditicns are shown in Table
13-50

(2} Fuel Cost of Alteranative Thermal Power Plant

The unit price of fuel for the alteraative thetmalipower plant
was determined from the actual figures in Turkey as of March 1982
The unft price per kiloliter of heavy oil having a heating value
corresponding to 9,600 kcalflit was 28,930 L texcluding tax), and

the fuel cost per k¥Wh at the generating end was obtained by the
formula below.
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0.86 x Unit Price of Heat

Unit Fuel Price per kwh = Operating Thermal Efficiency

0.86 x 3.01
0.35 = 7,40 TLfkWh
. Unit Price of Fuel  _ 28,930 TL
Unit Price of Heat " Calorific Value of Fuel 9,600 kcal

L}

3.01 TLfkcal

0.35

L}

where, operating thermal efficiency

station service ratio = (.06

(3) Salable Energy

Regarding the salable energy of the Project, as described in
the power generatlon scheme in Chapter 9, the probable annual
energy productfon at the generating end will be 659,9 GWh, and the
actual salable energy deducting loss fn transmission to the con-

susption area is estimated to be 631.5 GWh.

(4) PRenefit of the Beskonak Project

The benefft of the Project, as described in 13.3.1, is to be
expressed, consfdering the cost of an alternative thermal power
plant capable of providing equal service to the Project with
respect to effective output and effective energy, and the total
amount of berefit durfag the project life is estimated to be
301,531.0 mfllion TL (see Table 13-8). Details of these calcula-~
tions are given in Appendix A-5.5-3.
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Table 13-8 Benefit Flow of Beskonak Project

Aiternative Thermal P

Unit: 106 T.L.

oder Plant

—_Year Invgizfent 0&M Energy Cost fotal
1 -
2 O -
3 1,588.3 1,588.3
4 6,353.2 6,353,2
5 6,353.2 6,353.2
6 1,588.3 1,588.3
7 424.0 4,971.3 5,395.3
v 27 424.0 4,971.3 5,395.3
28 1,588.3 424.0 4,971.3 6,983.6
29 6,353.2 424.0 4,971.3 11,243.5
30 6,353,2 424.0 4,971.3 11,748.5
31 1,588.3 424.0 4,971.3 6,983.6
.
32 424.0 4,971.3 5,395.3
v 56 424.0 4,971.3 5,395.3
Total 31,766.0 21,200.0 248,565.0 301,531.0
Note: 1/ Investrent cost (15,883 pillion T.L) is based on 1982
price level without interest during construction, ieport
duties and escalation etc.
2/ Operation and Maintenance Cost

Pover facilities;

15,883 x 10%7L x @2.5%

Energy; 671.8 x 10%kwh x £0.04 TL/iwn

X2

Total

fl

397.1 x 10°TL
26.9 x 10%iL
424.0 x 1051L



13.3.5 Results of Compavrative Analyses

The econonmics of a hydroelectric power project is often
expressed in terms of benefit-cost ratio. In this case, depending
on how the discount rate 1s taken, there is the drawback that this
benefit-cost ratio varies except for the case that the due discount
rate for that country {s obtained beforehand. Therefore, inter-
national financial iastitutions such as the World Bank and the
Asian Development Bank, make it a rule to evaluate the profftabi-
lity of the project with the economic internal rate of return in

order to avold the abovementioned drawbacks.

In the case of the Project, as shown In Table 13-6, 12 has
been determined to be the authorized discount rate in Turkey, and
evaluation is done applying this rate. The equalizing discount

rate at which benefit and cost of the Project become equal is to be
obtained.

(1) Benefit-Cost Ratfo (B/C) and Net Present Value (NPV)

The econonic cost of the Project for the project ifife of
56 years is shown in Table 13-7. The total present value in
the initial year of the Project at a discount rate of 121 is
calculated as 14,790.48 million TL (see Table 13-9).

The cost of the alternative thermal power plant as bene-
fit of the Project is obtained fron Tables 13-8 and 13-9, and
the total present value is 32,852,116 mtllion Ti.
Consequently, the beneflt-cost ratio is estimated as 7.2 and
net present value (B - €C) as 18,051.67 nillion TL, As these
two econonic indices point out, {t may be concluded that it
will be more advantageous to construct and operate the
Beskonak project rather than to build an alternative therwmal
power plant capable of providing equal service to the Project
since the cost will ba less.
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(2) Equaltzing Discount Rate

In the calculation of (1}, a discount rate, at which the
totals of respective present values of the costs ifavested of
the hydroelectric project and alternative therpal power plant
are equal, is called equalizing discount rate. In effect, the
equalizing discount rate is a conparison of the cost of hydro
and thermal, and the difference with the economic iatermnal
tate of return is that EIRR is based on the comparison of cost
of hydroelectric power project and the benefit (energy sales
revenue) actually produced with the facilities.,

The equalizing discount rate obtalned using the above
- cost of (1) 1s 34.0% shown in Table 13-9. Consequently, uatil
the discount rate reaches 34.0%, the benefit (actually the
cost) of the thermal power project exceeds the cost of the
hydroelectric power pPlant, and it can be said ft will be BoYTe

advantageous to implement the hydroelectric project.

13.4 Economic Internal Rate of Return (BIRR) of Beskonak Project

The cost used in exanination of the economic internal rate of

return has already been obtained in 13.3.3.

On the other hand, the purpose of this examination, as described in
13.3.1, 1is not to cozpare the superiorities of hydro and thermal power
facilities tn case 1t is wanted to construct power generating factli-
ties, but to search for eriteria (indicés) when there is a gliven amount
of funds which can be freely used and ft is to be Judged how the 1imited
resouvrces {funds) can be eanaged in the most effective manner from the
viewpoint of the pational econocny investing in any one of projects in
varlous sectors. Consequently, because of the necessity to make a con-
parison with a project ia a sector other than hydroelectric power
scheze, the benefit pust be expressed in terns of revenue which actually
would have been obtained when the project was realized,
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Accordingly, the revenue to be employed for examination of the eco-~
noaic internal rate of return i{s to be computed based on the electricity
sales charges of TEK, The reasons were already mentioned fn foot note
of paragraph 13.2.1. The averaged electricity rate in the power systen
of TEK as of March 1982 was 6.00 TL/kWh. Meanwhile, the annuval average
effective energy of the Project is 631,5 pillifion kWh. Therefore, the

annual average electricity charge revenue is calculated to be 3,78%.0
million TL/yr.

The economic internal rate of return obtained based on the above is
12.9%2 shown in Table 13-10. This rate exceeds the marginal product of
capital of Turkey (marginal econcmic internal rate of return; 122). It
is also an advantageous value copmpared with the opportunity cost of
capital (10%) considered as the criterion at international financial
institutions headed by the World Bank.

Consequently, it is considered that the Beskonak project is amply
worthy of investment, both financially and economically.

Further, in Table 13-10, varlous economic indices, In case of

varying the discount rate at intervals of 0.5 percentage in a range from

52 to &4GX, are given as references.
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Table 13-10 Estimation of Economic Internal Rate of Return
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CHAPTER 14  T.OAN REPAYMENT PLAN

14,1 Fundamental Consideration

In general, in case of constructing an electric power facility
{pover generating, traasmitting or transforming facility), an enormous
anount of advance fnvestment is required in a relatively short period
{about 4 - 8 years). Contrastedly, vrevenue as a retura on the invest-
mant cannot be obtained at the feitial stage of the construction
period, and will be realized only after construction is completed,

The recovery period is fairly long compared with durable consurmer
goods in general. Accordingly, it is not an overstatement to say
that, procuvement of funds of low interest rate, long defereent perfod

and long repayment period determines the success or faflure of the

electtric power project.

Rith respect to the sources of fFunds required for realization of
the Project, as a result of discussions with the Turkish Government
(DSL), it was considered that the portion requiring foreign currency
would be borrowed fron an international financing institution and the
portion requirfng domestic curvency fron a dopestic financing institu-

tion. A study was then made on setting the loan conditions for such a

case.

Revenue as a return on favestment would consist of electricity

charges. The loan repayrent plan was studied based on the electricity
rates of TEK as of March 1982,

Required funds for the Project were estieated based on consuzmer
price levels as of Harch 1982, Comalssioning of this Project im the
electric power systea ts scheduled to be arcund in 19923 (start of
construction arcund in 1587). The fundiag plan ordinarily should be
established adding the increase in expenses due to price escalations
until start of operation, but price escalations in Turkey in recent
years have indicated extremely abnormal values shown in Table 14-1

‘compared with those in major industrialized countries (see Table

XVl



14~2),

The Survey Missfon judged it to be difficult to estimate

future price escalations, and it was decided that the present study
should be rade based on the fund requirements as of March 19821/,

Therefore, at the stage that the Project has become a step close to

realization, it will be necessary for reexamination to be nade of the

constyuction cost and the loan repayrent plan.

Table 14~} Trends in Wholesale Price Indices and

Consumers Price Indices in Turkey

Year ¥holesale Price Consumer Price
Index (%) Index {(2)
1975 100 100
16.0 17.5
1976 116.0 117.5
27.3 30.5
1977 143.3 148.0
71.7 9).6
1978 215.0 - 239.6
139.4 152.2
1979 354.4 391.8
38l.1 369.3
1980 735.5 761.1
275.9 286.3
1981 1,011.4 1,047.4
Ave. 47.0 7.9
1/ The project cost will increase in proportion to price esca-

lation, while electricity charge revenue constituting the
benefit of the Project will also be proportional to price
escalation, Accordingly, no question should arise con-
cerning the financial practicadility of the Project even if
the flnancial evalvation were to be made based on the
Project cost and electricity rates as of Marech 1982,
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Table 14-2 Trends in Wholesale Price Indfces of
Manofactured Goods in Hajor Industrial

Countries
. Annual Average
Country 1975 Index | End 1981 Index Escalation Rate
Japan 100 128.1 4.2
U.S.A. 100 177.3 10.0
West Germany 100 128.0 4,2
France 100 161.7 8.3
Canada 1G0 177.1 10.0
Aye. 7.34

1§.2 Fund Requirement and Fund Procurement

The fund requirerent (infitial Investment amount) of the Project
is estimated to be a total of 35,478 million TL based on caonsumer
price levels as of Harch 1982. Of this amount the foreign currency
requirezent corresponds to 8,010 nillion TL and the dorestic CUurreacy
requirement 27,468 nillion TL (see Table 12-1), The fund requirecents
by year are also shown in Table 12-2, These totals fnclude iunterest
during construction and contingencies for variations in quantities,

but not contingencies for price escalations for the reasons described
in 14.1.

The sources for funds procurenment are eentfoned in 14,1, with

is e interest rates and terms of repaymeat assuced as follows:

Interest rate 3 8% (comaitnent charge not considered)

Repaymeat cethod ; 6 years grace period, 15 years

repayment of capital and interest in
equal installeents

X3



Donestic currency:
Interest rate 3 9.5%

Repaymeat eethod ; 6 years grace period, 10 years
repayment of capital in equal

installeents

14,3 Revenue and Expenses

It is planned for the electric power of the Project to be
supplied to the Antalya region through the powver system of TEK. The
preseant electricity charge systea of TEK, as described in Chapter 4,
consists of two rates (single and double teyms tariff), and the
customer has the option to choose either of the two, however, detail
of the averaged sales price, by custoner fs not clear. Therefore, 1t
was decided to use the averaged energy sales price, which fs estimated
on the basis of incone and sold energy of the TEK systen as of March
1332. The estimated price per kWh is 6.8 TLY/. The revenue from
electric power of the Project was computed based on this unit electri-
city price (see Table 14-3),

ihe annual operation and maintenance costs of electric power
facilities of the Project were obtained from ratios to the construc-
tion costs of the facilities. 1In effect, 1.0% was used for nainly dan
and reservolr, 2.0 for hydraulic and electromechanical equipment, and

1.5% for transmission facilitfies,

~ 6
1/ Incoze - 11,315.3 x 10° TL = 5.98 TL/kWh = 6.0 TL/kWh

—  Sold Energy 1,893 x 10% kwh
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Depreciation cost was calculated by the straight line method
with residual values as zero, and with service lives of facilities 50
years for dam and reservolir, and 25 years for electro-mechanical
equipment and transmission facilities. Based on the above conditions,
the operating incorme was obtained deducting operation, palintenance and
admlnistration costs and depreclation cost fron the revenue of each
year for a 2l-year perfod (the longer of grace period + repayment
perfod), while further, deducting interest paid on borrowings, the net
operating Iuncome after start of operation was obtalned. Table 14-3
shows the electricity charge revenue obtained each year during the

15-year perlod from start of operation.

14.4 Repayament Plan

Deprectation of fixed assets among power generating facilities
is handled as expense im accounting procedures, but properly speaking,
it is not an expense which is actually disbursed, and is a reserve
fund. Consequently, in a loan repayment plan, this reserve can be
counted as part of the funds for repayment. Therefore, the net profit
(operating income) in the balance of current accounts of the Project
and the aboverentioned depreciation cost conbined will be the funds

applicable to repayment, and these values are gilven under (A) In Table
14-4.

Meanwhila, based on the financing terms desccibed In 14.2, the
yeacly expenses to be repaild leaders Is shown uader {B) in Table l&-4,
As can be seen in Table 14-4, it will de the twenty-third year after
start of operation that the capital invested for the Project and the
profit produced from the capital invested will becoze balanced, and
the capital iavested will have been fully recovered at that point,
with profit subsequently produced.
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Table 14-3

Income Statement for

Begkonsk Project

o _ . e ~ ; e B . Cale: 10BfL
Year 1 2 3 5 5 6 ’ 8 9 10 1
| .
Description 2 13 b4 5 13 12 13 19 20 2t
. _ L L
(A} Cross Fevence fron
Saltes (10%12) 3.789.0 3,783.0  3,783.0  3,789.0 ),78%3.0 1,789.0 3,753.0 3,789.0 3,789.0 3,789.0 3,182.0 3,769.0 3,789.0 3.18%.0 3,789.0
Arnual Sales of  €105wm) 631,5 £31.5 631.3 631.5 631.5 &1L.5 631,5% 631.5 £30.5 631.5 631.% 631.5 631.3 £31.3% 631.5
Energy -
tnit Sales Peice {TL/kWh) 5.0 6.0 6.0 6.5 6.9 £.0 6.0 6.0 6.0 6.0 £.0 5.0 6.0 6.0 6.0
(3) Toral Operaticon Cost 1.203.0 12730 L2130 12730 L2700 L2130 1,213.0  1,270.0  1,213.0 1,283.0  1,273.0 1,200  1.213.0 1,270.0  3,273.0
Opetation & Maintenasde 182.8 332.8 382.8 132.8 332.8 382.8 BETE 3 132.8 132.8 382.3 382.8 132.8 352.8 1528 381,8
Depreciation 830.2 830.2 850.2 850.2 832.2 837.2 892.2 830, 2 892.2 899.2 890.2 £30.2 8%0.2 £30.2 830.2
(€) Creration-Incone (A) - (3) 2,516.0  2,516.0  2,516.0 2,516.0  2.3!16.0 12,515.0 2,516.0 2,516.0 2,516.0 2,516.0 2,516.0 2,516.0 2,516.0 2,516.0 2,515.0
{D) Financtal Exgenditure 3,250.3  2,96%.7  2,679.3 2,33%3  2,400.2  1,800.0  1.511.% 1.213.0 91,7 £91.0 293.9 248.0 152.9 1335 6%.3
Foreign Lean £50.8 617.2 531.7 5£8.2 9355 502, 457.7 430,2 333.8 346.1 233.9 18.0 192.9 3335 69.3
Dozestic Leaa 2,608.5  2,3$8.5  2,087.6 1,8%5.6  1,565.7  1,305.7  1,040.8 182,8 528.9 260.9
{E) et Incoze (C) - (D) -753.3  -389.7 -151) 125.2 415.8 7030 L6205 1,303.0  1,604.3  1,909.9  2,H17.1 2,268.0 2,32).1 2,382.5 2,4%6.7
Table 14-4 Cash Flow Statement for Begkonak Project
T Year 1 “: "3 ) 5 1 7 0 n 2
bescalption I 13 1% 15 i6 1 13 12 Fo] 2 13
(A) Cssh Credit 7,353.2 3RWL6  5,50%1  B.8L1 9.3 61241 JASKZ 2E06.2 34062 3A06.2  3,406.2  3,456.2  3,406.1  2806.2 3,406,  3,606,2  3,406.2  3.606.2 3.406.2  3,606.7 3.406.2  3.406.2  I.406.2
i c:;ueuo-. Tacone tefore - 2.316.0 27,5160 2,3516.0 22,5150  2,516.0 2,516.0 2,516.0 2,516.0 2,516.0 2,516.0 2,516.0 2,515.0 2,516.0 2,516.0 2,516.0 2,515.0 2.516.0
nieresk .
7. Depreclation 8922 £30.1 £30.2 832,2 5.2 8302 8522 8302 §73.2 63,2 25,2 1.2 8302 £30.2 $30.2 8.2 830,12
3. Extericr Boreowicg
Foreiga ¥oxd €331 12,8130 3,29M5 1.206.4
Boacstic Fusd 2,353.2  3,207.6 A 83%.6  6.045.3  6,085.6  4,91).7
(2) Cssh Disdurseseat 2,333.7  320NL6 5,507 B.E5L.3 93N 0200 £330 6031 5. PI3.Z 5,509.2  $,240.3  4.937,3 &, 726.% & 455.%  &.208.5 3,955 535.%& 935.8 $35.8 415.8 215.8 0 0
1. Consteecticn Exzacdicerd 2,390.1 3.107.6  5.%37  8.853.3 ¥ .11 £ 1M1 )
2. laterest 325%.3  2,955.7  2.,679.3 2,3%.8  z,t00.1 1,800 1,51LS  1,213%.0 91t.2 2.0 HLY 2is.0 123.3 LS £0.)
3. Rxoctieatica of Dedbit 3,058 30556 3,039 3MHAG 23 3,180.3 3, 7169 3,152.8  XI5L.8  3,3%,5 635.8 TIR 2629 2.3 255,86
{Fricelpal)
Farelga Fusd 295,90 1.6 LD 3118 401.3 4335 5581 505, % 545.0 $49.7 $16.9 £30.8 1523 8023 3686
Donestic Fasd i 2,765,382, 146.8 2, JME.8  2,705.8  2,745.8 2, 745.8  2,7%6.8 2, 746.8  2,745.8 2,168
€¢) Cash Blasce (A)-{B) ~2,835.9 -2,620.9 -2,345.0 -2,100.0 -1 8820 -, 5810 -1,320.2 -1,059.2 M98 -53A3 240004 2,800.8  2,870.8  2,.470.&  2,470.8  3.426.2  3,406.2
{0} Accualated Toral “2.885.9 -3.510.3 -1.874.8 -3.970.8 -31,818.9 -10,400.0 10,3202 ~1RT80.8 S16,578.7 ~17, 1060 ~15,605.6 -12,175.2 -9, 2048 -0.134.4 -4, 7E4.0 -1,)50.0  2,08M.4
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CHAPTER 15 STUDY ON XISIK DAM AND POWER STATION

15.1 Outifne

On condition that river flows are regulated by a reservoir, the
water utilization fn the downstream will be fnterfered with due to
the fluctuation of river flows. 1In order to ease the interference, a
regulating pondage is constructed in the downstreanm. By utilizing
the pondage, river flows are ve-regulated after being regulated by

the upstrean reservolr and as a result natural river flows are
discharged.

Bhen the peak load operation is exclusively done at the Beskonak
pover station during the irrigation season, the irrigation water
necessary for the downstrean area cannot be secured due to the fluc-
tuation of river flows. Therefore, various studies were pade
regarding construction of a regulating pond with the purpose of

storing and regulating the peak power discharge and releasing it uni-

formly to the downstrean area.

Képriicay diversion dam was constzucted by DSI for irrigation
purposes 18 ka downstream of the Beskonak dam. It is considered to
uvtilize this diversion dam as a regulating pondage for the Beskonak
reservolr., However, it is necessary for the diversion dan to be
rebuilt so as to possess the required regulating capacity. Based on
the reason stated in 9.1.1 of chapter 9, studies were nct perforued

tegarding the rebuvilding of the diversion dan.

As the dan site of the regulating pond, the Kisik site was
selected 2 k= upstream of the diversion dam and it was decided to

provide a power station utilizing the low head.

The fiat land spreads out in the vicinfity of the confluence of
the Xoprucay River and the Sagirla River, where cotton and wheat are
cultivated. The Kisik dam site is located in the downstrean of the

confluence and is favorable as a dam site due to being relatively
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narrow. By construction of Kisik dam, this cultivated iland will be
inundated in a regulating pond over a broad area., This avea Is also
included in the irrigation plan of DSI, a part of which has been
already Implemented. Accordingly, it {s judged that the implemen-
tatfon of the Kisik project will conflict greatly with the frrigation
progran while the effects of the accompanylng problems of land
acquisition will be substantial.

The Kisik project, as described in 9.4, is premised on starting
pouwer genertion at the sarme tice as Beskonak project (instatled capa-
city 200 MX = 100 ¥¥ €2). In case of simultaneous development of two
projects, the benefit—cost ratfio (B/C) of Beskonak/Kisik projects
will be 1.784, and the net present value (B - C) 4,039 x 166 TL,

Since it is considered that the above problems will finterfere
with the realization of the Kisik project, ft is difficult to develop
the Beskonak/Kisik projects at the same time and 1t is thought
desirable to implezent the Beskonak project independently. Ia this

case the installed capacity of the Project is to be 200 MW (= 155 KW
+ 45 ¥d).

On condition that the Kistk project will be realized fn future
atter the resolution of the probless regarding frrigation plans and
land aequisition, it will become possible to carry out the peak load
operation exclusively at the Beskonak power statfon during irzrigation
season. As a consequence the annual energy production of the
Beskonak project is expected to increase by 43.1 GWh, When the
increased benefit of the Beskonak project is tncluded, the econoaics
of the Kisik project will be B/C of 1.701 and (B-C) of 719 x 1067L,

Suomary of the Kisik project is shown in Table 15-%.
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Table 15-1

e

Iten

Location
Catchment Area
Annual Inflow
Desfgn Plood

Reservoir
High Water Leyel
Low Mater Level
Reservoir Area
Gross Storage Capacity

Effective Storage Capacity
Dan

Type

Elevation of Crest
Height of Pan
Length of Crest
Voluze of Dan

Spiliway
Type
Capacity
Power Intake
Control Cate

Poverhouse
Type
Power Generation Facilities
Bunber of Units
Unit Capacity
Turbine
Nuaber
Type
Norrmal Effective Head
Haxirun Discharge
Staadard Output
Revolving Speed

AV-3

Supmary of Kisik Dan and Power Station

Unit Description
— b~
- On the Kiépriicay River
kaZ | 2,375
1063 | 3,270
m3lsec 5,100
n EL. 35.00
m EL. 35.00
kﬂz 8-6
1033 | 55,800
1033 8,000
- Concrete Gravity and
Rock-fi11 Type Dan
n EL. 40.00
2 4£0.00
n 262.80
m3 | Rock-fill 300,300
Concrete 32,800
- Horizontal Apron Dissipator
u3lsec 5,100
- Roller Gates with Transrack
~ Seai-underground Type
unit 2
k¥ 8,000
unit 2
- Tubular
n 15.1
n3lsec 123
kH 8,200
Ipa 250
—




Description

Generator
Number
Type

Output

VYoltage

Power Factor
Frequency
Revolving Speed

Main Transforcer
Nuober

Type

Capacity
Yoltage

Switchyard
Nominal Voltage
Type of Circuit Breaker

Transmission Line
Runber of Circuit
Boninal Voltage

Annval Energy Production
Total Energy

Project Cost
Investwent

unit
kVA
kv

Hz
Tpa

unft

kVA
kv

kV

unit
kv

10611

2

3 Phase, Alternating Current
Synchronous Generator

8,900

6.3

90 (Lagging)

50

250

1

Outdoor, 3-Phase,
Oi1-immersed, Self-cooled

17,800
154/6.3 kv

154
Outdoor, AC, 3-Phase, Gas
Blast Cizrcuit Breaker

154
95.9

8,910
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15.2  Geology

15.2,1 Outline of Tavestigatfons

Collection and examination of existing data and field
recennaissances have been carrfed out regarding the Kisik pro-
Ject area. Investigations by core boring and test adits have

not been carried out on this site,

(1) Existing Data

Geological data related to the Kisik project area
obtained and studied are the following:

Eroskay, $.0., and Caglayik, V., (1968)
“Geologic Map of Kopriicay-Beskonak Peservoir Area
(1:100,000)"

Tarieci, T., (1982)
“Geologlcal Study Report of Beskonak Project”

(2) Field Reconnaissances

Fleld reconnalssances by the Survey Hission were made
twice in Pebruary-March and October 1982, and the danm site

and survoundings of the regulatiag pond were explored.

15.2.2 Regulating Pond and Its Surrounding Area

(1) Topgraphy

The surcoundings of the pond present a topography of
gentle relief as a whole. A series of alluvial lowlands
extending northwest-southeast is distributed along the ¥peca
Dele which joins the Kopriicay River at the right bank and
the Sagirin Dele at the left bank, and these coaprise the
naia part of the pond. Along the Képriecay River downstrean
fron the confluences with these two tributarfes there are
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2)

(3)

terraces developed at locations approxinately 10 to 30 o

above the present river bed.

In the vicinity of the dam site the X3pricay River
weanders through mountainland which is not very rugged, and

the valley is relatively narrowed in width.

Geology

The foundtion racks in the project area and 1its
surroundings in order from the bottom consist of ophiolite
and ligestone of the Cretaceous Period, and conglozerate

and alternating beds of shale and sandstone of the Miocene

Epoch.

The cphiolite is distributed from the dan site vici-
nity to the downstreaa area, while the limestone is at
scattered locations in the ophiolite Jistributfon area.

The conglocerate is called Kdprilcay Conglomerate and
Tasagil Conglomerate, with the former widely distributed at
the upstrean right bank of the pond and the latter distri-
buted in a narrow belt in the vicinity of the dan site in a
north-northwest to south-southwest direction. The
sandstone and shale are called the Beskonak Yorration,
which is widely distributed at the right bank of the pond
and along the Roca Dele.

A geologleal structure in the northwest-southeast
direction is predomirant in this project area., In effect,

fold and faults extend in this direction.

Hydrogeology

Of the streans in the project area, other than the

Kgpriicay River mainstreans, only the Koca Dele has surface

flow throughout the year.
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(4)

15.2.3

)

(2)

With regard to spriags, besides the H1-M3 springs
upstrean (see 7.3.6), there are a number of springs scat-

tered in the Beskonak Formation distribution area,

Of the formation distributed in the project area,
there is a possibllity that linestone and conglomerate will
have high permeability,while the other strata ©ay be judged
to be not readily parmeable.

Hatertightness of the Regulation Pond

Of the formation of high perreabilicy, Kdpridcay
Conglomerate is distributed in the pondage area. This
Conglomerate distributed at the right bank upstream of the
water impoundment area has been karstified as described in
7.3 and its permeability is high. However, there are
springs at EL. 35-36 n (design high water level: 35,0 n)
and there is no possibility of leakage from this area.

Consequently, 1t is Judged that the pondage is watertight
enough.

Dam Site
Topography

The dan site has been selected where the valley of the
Kdpriicay River is the narrowvest with a small ridge
protruding toward the river fronm the right bank., The
river-ded width at the dan site is approximately 60 n, and

the valley width at the design high water level is approxi-
pately 270 m,

Geology

Alluviua and talus deposits are distriduted on the dan
site. The alluviua consists of sand and gravel, and
although the thickaess has not been confirmed, ft is Judged
to be more than 20 n froa the bedrock elevation
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(approximately 0 m) of the river bed of the upstrean
Beskonak Formation. The talus deposits are distributed on
the right bank, and the thickness is prebably about 5 m at

most.

The foundation rock iIs comprised of Tasagil
Conglorerate and ophiolite. The Tasagil Conglomerate is
distributed at the left bank and part of the right bank,
and is massive and relatively hard, but mudstone Is fater-
calated. Ophiolite is distributed at the right bank,
cracky in general and weathered strongly, weathering at the

surface portion.

{3) Engineering Geology

This dam site does not involve any geological probiea
as a foundation for a concrete dan, but 1t will be
necessary for further clarification to be nmade of the
cudstone Intercalated in the Tasagil Congloperate and the
distribution and properties of the weathered portion of the
ophiolite,

15.2.4 Construction Haterlals

The total volunes of concrete and embankment naterfals
scheduled to be used for construction of the Kisik project ave
approximately 64,400 n3 and approximately 300,000 53, respec-
tively.

It has been confireed in the field investigations by DSI
and the Survey Hissloa that all of the saterials for the above
are avallable 1in the vicinity of the dan site. That is, allu-
viua at the dan site and immediately upstrean are plannéd to be
used as concrete aggregates and filter rnaterlals, The borrow
area for lmpervious core materials Is to be the flat plece of
land on the left bank vpstreaa of the dam. The quarry for rock

raterials is to be a limestone distribution area on the left
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15.3

15.3.

bank downstream of the dam.

Although it is judged that these materials are adequate
both in quality and quantity, it will be necessary for further

detafiled investigations to be made at the stage of the definite
study.

Power Generation Scheme

1 Basl¢ Matters

The Kisik dam sfte is located approximately 2 km upsirean
of Koprilcay diversion dam, and since the catchmeat areas of the

two dans are judged to be approximately the same, the catchment

area of Kisik dam was taken to be 2,375 ka2,

The pondage capacity and area curve of the Kisik dam site

are shown ia Fig. 15-1.

The runoff at the Kisik dam site was computed by the
following method based on runoff data of Beskonak danm site and

Kisik gaging station, considering the effect of regulation by
the Beskonak reservoir.

(1} Calculation of Residuasl Runoff Between Beskonak Dam and
Kisik Dam

The residual runoff between Beskonak dsm and Kistk dam was
computed usfng the runoffs at the-Beskonak dan site (October
1940-Septeaber 1980) and the data of Kisik gaging station
(October 1940-May 1964; closed down upon construction of
Kopricay diversion dam). The period for which measurement data
of Kisik G.S. were lacking {(June 1964-Septeadber 1980) was filled
in based on the correlation between the Beskonak dan sfte runoff
and the Kisik gaglog station runoff. The Beskonak dam site
runof f RQpgs (R: catchment area ratio, Qpgg: Beskonak gaging
station runoff) calculated In 6.3.4 was used in order to obtain
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the vunoff correlati{on, The correlation between the two runoffs
is shown in Fig. 15-2,

The residual runoff between Beskonak dam and Xisik dam was

computed by the equation below,

®x = &6 - QN
where,

Qpx : residual runoff between Beskonak dan and

Kisik danm
Qg : runoff at Xisik gaging station
QiN : runoff at Beskonak dan site

(2) Rsgulation by Beskonak Reservelr (Calculations of Available
Discharge of Beskonak Power Station and Dan Overflow)

Referring to Chapter 9, the dimensions of Beskonak dam and
power station were selected as reservoir high water level of
EL.155 m, effective storage capacity of 275 x 106 m3, caximun

available discharge of 216 u3lsec, installed capacity of 200 HW
and two units of 100 Md,

The operation plan for Beskonak reservoir was calculated by
electronic computer using the monthly average runoffs given in
Table 6-1.

(3) Calculation of Kisik Dan Stte Runoff

Taking into consideration the residual runoffs and
discharges froa Beskonak reservoir and power station, the
runoffs at the Kisik dan sfte were deterained by the equation
below.

In = Qsp t Qo + %y
where,

Kisilk dan site runoff

*h

XKIn
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Qgp : Discharge From Beskonak power station
Qo *: Overflow from Beskonak dan

QBx  : Residual runoff between Beskonak dam and Kistlhk
dam,

The runoffs at the Kisik dam sfte are shown {n Table 15-2,

15.3.2 Development Scale

The high water level of Kisik dam was selected to be at
EL.35 » taking into account the upstrean irrigation scheme and
the tailrace water level of the BeskKonak project. According to
the pondage capacity curve of the Kisik dan site, it was decided
for the Kisik pondage to perform a dally regulations.

The maxipum avallable discharge of Kisik pover station,
considering the runoff duration at the Kisik dan site, was taken
to be 123 ajlsec at which about 80% of the total annual foflow
can be utilized, and installed capacity was made 16 MW.

Calculaticn of energy production was done by electronic
computer using ruvnoff data of the 40-year period froa October
1940 to Septmber 1980. The energy productions by month of

Beskonak and Xisik power stations are shown in Fadles 15-3 and
lS‘ﬁ.
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Fig. I5-1  Kisik Regulating Pondoge Capacity and Area Curve
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Table 15-2 Monthly Inflow at Kisik Dam $Site
N —— Talt: 10fa)
Tear e, Norv, L. Jas. Fed. ¥ar. Azr, ¥ay Feon. Fil, 1y Lep. Tetal
154} 152,48 162,67 633.16 718,32 460,13 (52,3 IST.57 282,04 128,59 151.20  160.7%  N35.2% 3 850,20
1342 132.06 135.3% 19419 610,53 $72.63  SIS5.56 A47.95  MI.7L 207.10 147,10 161,20 135.45 3,604.15
1343 IRS.92 ZE2.94 D4L,.00 SER.4 2AR.8 267.43 404,01 331.91 9318 144,83 1IN.ES N0L,2) 0 M IM4LD
1548 5.2 §5L.32  182.93 ;;.M E12.61  E20.1% 47006 IT4,33 359.23 1FR.8%  B4LLE6 135.91 !.M!J&_
1345 1A2.04 12,06 353,71 SH.SE 31,36 335,81 407000 )35.18  238.02  1SM.79 16232 1359 3, 415,23
1995 1853 BAR.GS 622,62 3EDLEL 262,82 A3L.6% £90.0T 857,54 311.27 235,95  161.%0 115.45 3,%10.18
_—I‘NT 1§2.93 1dR.€8 433.61 45379 575,93 335,01 260,29 2IP.47 141,35 12R.4% 128.42 11%.25 3,232.465 B
1948 172,53 182,23 374,97 S1L.6D 530,85 IBILAS  3OS.4% 252.95  132.03 §5T.49 135.£4  13%.5) 3,345,018
194 122,93 122,91 3RLTC 1365 113.52 U676 324,45 33,00 17E.08 125.2% 128.55  115.9% . 1951
1953 118,42 2312 829.9) 11).40 L1203 132,48 183,78  297.62 15076  133.95 11269  111.35 1,749.€4
1953 112,43 114,30 117.85 1.1 178,91 £49.03  415.53 400,65 .85 220.16  125.79 16%.33 2,875,469
1952 13.m 183.1% 156.26  3E.06  437.53  370.1% 316,25 23r.0% liS.H 142,52 132,33 135304 2,01!.?0.
1553 162,91 3SR.10 LL353.8D 1,067.42 33201 KES.43 474,61 230,19 274.GS 18558 14).83 113.93 5.31.59
1$3%  135.29 IM1LPS 034085 1SR.35 0 276,32 A48 331,45 IZ0.82  217.31  125.32 135.11 131.93 202602
1955 135.33 15%.15% 284,95 $31.4D 337.65 332,33 131.42 210,13 1672232 140,27 13.47 135.5¢? ?._8".58
1355 18876 22037 MAA WUIAD ST £59.01 SINAS 635.33  31).2% 249.35 21B.5% 1¥3.13 A, T45.63
1837 318,52 HLEL 1376 D35.62 DRELTI O 23D.E5 197.83 1301 163,98 143.%7  Li1r4% 171.1) 1,192.3%
1533 172,33 1302 1487 AI8.74 MLL96 520,53 N2 ZIZLIA 31,9 A8 13113 113.59 »LOLM
155% 114N 115,27 .3 72A5Y 0 LSS 195,49 li'!.‘? 183.53 15308 15264 LI7.E1 11815 241808
135 13,83 132,82 24891 435,52 263.57 M52 3513 213 110,455 117,42 123,85 135,14 2.612.20
1541 133,43 135,77 153.35%F 20649 S3INLF1 0 21508 324035 pEZ.ER NEA.P3 4248 115.63 131,83 2,408
1562 13201 135.9%  142.%3) 19045 333,50 M4 EN 235,33 22415 WHRL6)  320.39 137,33 135.53 t.A3r.n
1S53 18033 234,56 K10.63 652.33  GESAT 3SRL91 23083 DA.51 0 207.18 (MM 13587 1312 3.516.49
1955 182,93 155.9% EE4.CA §,905.4] 132N 3248 212,35 M.m2 157.08 33,3t 147,408 1446.9% 3, 138,08
1553 182,51 £52.58  N61.04 2p2.5T 643.38 $58.a3  S5%.€4 510,23 26M.18 458,35  15R.62  M4F.4S 3,704,488
1355 150.97  §58.90  SIR.7A 1,¥8.18 5162 US1.6F  STS.8D  IMY.47  218.02  175.76 138.27 162,13 §,752.41
1352 I52.49 159,26 350.35 4312 237.07 MM 5M.8% 3.9 217.1% 163,25 134,92 145,33 3,352
1558 155.75  205.3)  658.07 724,83 A3 £R.O1 35,73 31N.E} 13508 157.33 lSl.l! 1335 [ M 814
155 135.14 RPR.AY A5 85 2,81 3.0 18 A58 AR6.53 153,85 178,84 1356} 169,32 41,022.53
1330 13355 B57.53 S10.13 JIL.69 1026 54388 31537 MR85 MRS5S LFAST 155.00 14%.8% 199,37
191} BSE.PT  156.9)  1RL.1E 502 MALD RIAT 35050 YOy 13311 530,82 131,32 14%.9% .89
%7 1535 165032 220.9% §8X.93 202,83 ZE3.FD 265.1)  23%.8% 17137 155.16 151,53  1A.31 2,392,025
1373 152.73  BER.SL 13565 MDD ES.6T 63083 K713 254,07 18%.00 134,87 (AR5 145,43 2.015.8)
B BL L33 19137 197,93 BLIE 1R 25040 231213 416 126,35 3%5.05 1451 2,40%.42
1975 15086 150,68 3801 SIPLER AT RIZTE UIRAD 45353 272,31 1PN.8) i35.556 TIAS.TL MRS
1976 15545 26363 33RO 392,23 3000 IS 43613 MOS.1D 197,33 155,48 5241 145, %) 3.094.13
13721 165.%5 160.63 331,01 28508 26480 3515 3RL.O4 BRS.BL 165.43 11883 153,38 14807 3,026,948
78 13800 13507 15303 BUS.7 BANLSE K365 AUMLEY BI0LEL 23035 15065 153.1¢ |13 A %) 3,902,810
1379 18209 11548 AS.76 8)5.21  SHESL MALLYY MY XD 189,45 16,26 151,37 s,y 3,838.88
1953 I3RS 125,33 MENE 37O.6) 352,77 3581 AN ML IR 132D 15097 [Ak.i7 3,35).7%
—F;;g. 5.2 16313 32RCT 49021 4109 3SELED M9 NI 201.9) 13145 [45.15 182,88 327018
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Table 15-3

Euergy Production at Kiski P,S,

Falt: Cvh
7:;1- ;ct. L1 Dec. Yaa, feb. Mg, Apr. May F:a, Fal. A:ga Sep. Toeal
1941 5.8 6.3 _—IOJ 2.9 10.1 1.3 1.2 0.4 7.3 5.8 1.4 5.2 107.4 -
1342 5.8 £.0 -1.5 1.9 .9 11.2 1.0 5.6 1.9 $.6 5.6 5.2 98.!AH
1943 5.5 5.4 —II.S 1.2 10.& *.8 (199 ] 1.7 1.6 5.4 5.4 5.1 193} B
1544 5.6 5.8 ;.; (1%} 10.2 15.0 1.2 11.% 13.2 6.9 5.3 5.1 102.0 N
1945 5.4 1.0 1.6 k.2 i0.3 1n.? 11.1 .3 5.5 &.1 5.% 5.2 105.2——“
1915 5.8 5.8 0.9 [ 1% 7 17.¢ 1.4 10.9 L1 13.2 L 5.% 5.1 175.3
1947 5.9 5.5 0.7 .3 9 1.} 4.7 .0 5.7 4.4 .9 3.0 93.3‘_-
1948 4.7 6.1 9.4 1N 7.4 10.6 . 10.2 2.4 &.1 5.2 5.2 5.8 -
1949 LIS J L% ] 4.5 5.0 .7 2.3 11.4 .6 .5 4.8 ‘.9 4.3 5.9
1857 4.3 5.1 4.9 5.3 5.2 5.3 1.1 10.% 5.8 LS ] 4.2 4.2 £5.1
1551 4.2 LN | 6.5 1.1 5.9 1.4 11.9 11.3 3.7 &.7 7.2 £.5 35.5
1952 7.8 3.5 €.9 (15 0.6 (1% 3 .3 0.9 1.6 3.5 3.3 5.1 9.1
1553 3.4 1.5 10.0 13.4 12.0 1.3 11.1 11.5% 10.3 L | 5.4 5.1 155.1
1354 5.3 5.5 5.2 3.3 s 11.% 1.7 4.6 8.3 4.3 5.7 3.1 [}
1335 3.2 &.1 .} 11.1 2.4 11.1 12.4 a9 5.4 4.3 5.0 3.2 1.5
1955 1.} 10,1 (1N ] 11.3 .9 10.% 1.1 1.2 1.2 1.2 3.3 1.} 11%.1
1837 4.5 5.8 5.3 3.2 L. .3 1.5 2.4 5.4 1.3 6.2 .4 &1.%
1953 .5 5.1 5.7 10.8% 1.4 11.2 .G 10.8 1.7 .5 5.2 3.2 3.4
1858 .3 4.7 2.% 1.7 1.5 1.8 E N | r.3 6.3 5.7 6.5 L) 2.y
—lsm 5.1 5.1 .4 10.% .8 1.6 (1 8.1 5.3 6.5 &9 %.1 1.1
1351 3.1 5.2 5.9 4.1 LR 2.2 1.3 1.3 LY £2 L 5.0 1.0
(3154 5.0 3.2 5.4 T4 8.3 11.4 12.8 4.5 3.3 L) 5.2 5.1 83.4
1843 5.4 3.2 .4 0.9 4.7 11.5% 12.% 11.2 L) 5.5 5.2 5.1 $3.4
1954 3.4 §.9 1.1 13.2 [ 2% ] 1.t L | FER | 6,3 5.0 5.7 5.5 a3.3
1565 5.5 3.8 6.2 3.1 .7 1l.2 10.71 1.2 .9 &.1 3.9 9 4 %0
1555 3.4 $.1 12.7 3.0 2. 1.3 10.9 11.5 9.9 6.8 .9 5.7 17%.1
1351 5.% 6.1 124 11.4 13.§ 11.¢ 15.% kLS 8.3 &.3 §.9 5.7 4.3
1553 &.0 1.3 35 a8 i2.6 1.4 M.t (2159 1.% &.1 4.0 5.9 155,.%
1558 £.0 6.7 1.0 12.8 10.3 11.3 11.9 L1 Y S.4 .2 $.9 5.5 125.5
1870 5.9 &.1 2.8 10.9 5.7 (19} .2 11851 2.3 &7 §.0 5.7 1239
182} €.0 5.3 7.1 4.2 10,3 11.5 1.2 ThkD 1.% 5.3 3.3 3.7 .7
1%7} 5.4 &.4 B.& 1.3 19.0 10,8 4.2 LN ] .7 .0 5.8 5.7 3.8
1313 £.3 £.3 .9 3.4 7.5 .t it.3 .5 £,5 5.3 3.4 3.5 LU ] h
1824 5.9 5.3 6.3 1.5 :*.? 11.5 1.3 a5 1.7 £.8 3.¢ 3.7 ] 85,2
isi> 3.¥% LN | 9.1 .1 10.2 it 1.9 11,3 2.2 .7 l.f}__- 5.8 IC'lJ_H
1328 §.0 3.3 ¥1.? 1.3 1.8 (%} 1.4 .2 7.5 .0 5,4 L 1°5.¢
1% .4 6.} 10.8 .45 8.7 1.2 1.1 £2.9 [ 5.3 5.8 5.7 [ |
[R 5.% £.9 6.2 1.7 .5 1.3 11.0 11.% a.? 6.2 .8 5.4 8.5
1%y §.3 6.9 1.3 108 13.0 1.3 10.4 1.3 12.0 €.3 5.5 5.7 5.2
1% §.1 1.t tt.d .1 12.9 1.5 11.9 it.? 1.1 5.5 5.3 3.7 135.%
Are. 3.5 &.2 8.% 1.7 L R 1e.4 .5 13,5 1.8 3.9 5.4 3.4 3.8
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Table 15-4%

Energy Production at Beskonak P.S.

Usdkz &y
_teu Oct. Xov, Pec. Fan, Fed, Mar, A.;_t_. | 234 S, Jul, g, Sep. Total
_l-i_i-;__ 15.4 35,5 18,7 1488 1022 18).2 .4 t—%a— 5.1 3%.% 3.1 3%.9 859.4
'_li;;! 3.1 35.0 44,2 136.13 127.% 128.% 13,8 7.6 5.3 .4 3.2 35.% 3i0.8
1343 3.9 5.9 11,6 126.% E5.% €.3 92.% 15.% 5.4 7.2 3.t 35.8 142.4
_-l;;‘i-) 35.8 35.5 35.9 25.9 1332 1313 165.3 24,0 . 553 449 31.1 3%.0 16,5
1335 3.1 3.1 2.9 130.5 515 6.4 3.5 £2.3 4.8 2.1 3.1 3.0 1310
Istslk 3. 35.% 135.3 55.;— 104.2 1.5 163.0 181.5 1.2 52.2 1.9 35.0 354
_EH 3.1 35.% 121.0 194 132.2 16.9 £2.0 35.10 7.4 3.9 .8 31.8 145.)
1958 M9 33.5 13.1 1.5 123.5% €12 £3.7 E7.1 1.9 33.8 3.1 5.8 7534
1949 LT8 3 3.1 6.3 FL ) .6 £€3.2 5.8 i1.% 415 3.9 34.3 33.0 2.0
1552 3.1 n.? 1%.9 2.8 5.% 1.2 345 £%.2 35.2 .S .3 .3 £05.3
1851 5.6 27.% %.T 3.8 §1.1 1.1 95.% 3.3 £9.4 55.1 5.9 L1.% 652.3
-?9;;_ 9.5 36.0 2 £L.9 152.7 8.8 15,2 632.0 3.3 31.2 ra 5.6 LIE
1553 35.8 3%t 1i8.8 1588 118.% 145.0 1.5 2 | £4.5 5.5 1.1 35.9 455.2
1854 3.9 35.2 32.5% 2.9 51.9 81.4 13.4 13.1 32.5 338 .7 M7 3.2
1355 3.1 3.3 4.7 133.9 5.3 63.3. €5.9 3.3 36.0 3.4 35.3  35.3 £53.4
1555 33.2 32.5 9.8 3.7 1.2 %1.3 12.0 5 1.5 3.9 35.1 M.5 3£8.1
1957 3.9 12.2 8.3 21.8 5.9 5.2 £5.6 51.2 5.0 3.5 3.5 31.7 4i8.1
1358 3.5 31.8 FLA 11%.% "._; $17.1 92.8 §1.9 3.9 3.z 3. 35.% 1133
1353 2.5 3.4 3.8 134.3 69,5 5.8 9.7 (1 ] 35.9 3.2 3.3 M. .
1352 11.2 3.1 o 4 1.5 5.2 53.3 2.5 55.4 35.9 LS 5.4 35.% 544.5
1551 337 1n.? 3.3 35.9% 132.9 53.% £2.3 L1 3.3 L1 | 3l.4 M8 38,7
1852 32.% 3.7 6.1 1.5 £3.3 102.3% ¥t 55.9 LAY M. 3. 35.8 3164
1553 35.0 3.1 H.s 132.2 1354 37.% 1.3 12.9 5.7 r 3.2 35,9 2.4
1354 355 3.9 35.3 3.8 5.4 .3 LN | 42.5 w7 12.% .5 35.% 415.7
1345 3.8 3.9 8.7 150 1354 122.% 1147 113.3 0 3.1 3.2 35.8 135.%
314 35.7 .. 135.4 (112 ] 1825 107.8 1122 211.3 5.3 2.8 3.2 5.0 FA8
:s? 37.9 35.5 71.% 1%5.0 [T 3.8 11%.1 3.5 ir.8 5.3 11.2 35.9 1.8
1548 .9 &7 150, % 143.8 LS 1423 s 1.3 5.2 1.2 N 35.% aré.o
549 37.0 .. .5 144.8 345.3 140 1243 3.0 1.0 &1.5 1.2 35,0 1.8
1979 3.9 5.6 1350 tis.8 (1} 111.9 52.% 0.0 5.8 42,1 3.2 35,8 %559
1971 3.9 5.7 M.t 58,1 5.3 1.3 7.9 €£,2 5.7 .3 3r.t 15.8 €391
i¥r2 3.0 3.5 1.3 2.3 531 §1.% 34.2 51.9 2.2 37.2 17 35.7 X7
|2 23 ) x5 35.2 3.1 t.5 4.3 5.4 3.5 58.2 3t 1.9 na 5.5 5323
1¥74 3.7 2.5 3.7 4.3 §1.9 1.3 55,8 LS %} 351 3.2 15.1 3%.5 pIE |
1¥75 5.8 L3 £5.1 .} LIN 3.1 1213 165.2 €2.% 3.3 3.2 5.9 4.1
1%78 359 311 3.6 47.3 5.2 5.6 5.9 67.2 5.3 .2 3.2 35.7 4333
_I!;l' 35.3 5.5 1.4 61,2 58.% [ 1% ] 85.3 85.2 15,3 3.8 na 35.% 613.9
1973 3%.2 1.3 3 i%.0 (RN [} | 9.4 45.8 b2 11 7”3 11.2 35.% .7
$23 3.3 36,7 193¢ (23R ) Y1E.0 -8 3 62,4 682 1.2 3.3 1.2 35.% 2131
1952 5.8 35.8 3. 12%.0 68,2 82.8 2.3 H.r ).} 3k.2 3.3 35.2 1:5.)
Rze. 35.4 3.0 1.3 £2.5 85,4 L1 J ALY 0.9 L0 32.% 5.4 353 131.%9
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15.4 Prelininary Design

15.4.1 Bam and Power Station
{1) Layout

There is already the Képriicay diversion daa for irrfgation
on the Kopriicay River approximately 18 ko downstream of the
Beskonak dam. Therefore, the site for a regulating pond wouid
be liaited to the upstrean side of this diversion darr, The dam
site was selected at the Kisik site 2 kn upstream of the diver-
sion dam as shown in Dwg., 15-1, The site {s at a bend where the
width of the river is comparatively narrow, and a layout with

dan, spillway and power station as gne is conceivable,

The dam is to be a conmbiration of rockfill and concrete
gravity types. The spillway is to be provided short-cutting

across the peninsular ridge adjacent to the dam at the Tight
bank,

The power station and switchyard would be provided at the
right bank,

{(2) Ban and Spillway

The dam axis was selected as shown in Bwg. 15-3 in con-
sideration of the spillway location. Since the elevation of the
dan foundation rock is estimated to be at m, approximately
17 n of river-bed sand-gravel are to be excavated. Water cut-
off of the foundation is to be treated by curtain grouting., The
crest elevation of the dam, fn contrast to the high water tevel

of EL.35 n, was made EL., 40 n conslidering flood water lavel.

The spillway is to be provided on bedrock by open-cutting
of the right-bank bead, The capeity of the spillway was made
such that maximua flood of 5,100 n3/sec can be discharged with
four gates., Energy dissipation is to be achieved by a horizon-
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tal apron with discharge made to the natural stream after energy

dissipation.

This spillway is planned to be constructed in advance and
used as a diversion waterway during construction work of the

rockfill dam proper.

(3) Power Station and Switchyard

The effective head of Xisik power station is 15.10 m, and an
installed capacity would be 16 H¥. In accordance with this
scale, two tubular type turbines as described in 15.4.2 were
planned. The power station fs to be provided at the right back
side in consideration of the topography and the danm and
spillway. The intake fs to be at the right bank, while the
waterway is to connect directly with the turbines sithout pro-

viding penstocks.

Outlines of the intake and power statlon are shown in Dug.
15-4,

The switchyard was planned at EL, 40 » on the roof-tep

of the power station,

15.4.2 Electro-mechanical Equipament

Kisik power station is planned with installed capacity of
16 M4, For this capacity, the two alternatives of one unit or

two units would be conclevable.

In case of one unit, reduvction ia construction cost can be
expected, but this would be cutweighed by the problem of reduc-
tion in Flexibility of operation.

In view of the above, the power station is provided with

two units, with each upit composed of an 8,200 kW tubular tur-

bine and an 8,900 kVA synchronous generator,
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The composition of main equipzent is given below,

Electro-mechanical Equipment of Kisik Power Station

— Outline Specifications —

Installed Capacity : 16 MW

Turbigg

Type

Number

Rormal effective heagd
Haximum discharge
Standard output
Revloving speed

Generator

Type
Bunber
Gutput

Frequency

Hain Transforger

Type

Kuaber
Capacity

Frequency

Switchyard

Type

Nuaber of line connections

Xv-19

Tubular turbine
2 units

15.10 m

123 n3/sec
8,200 kW

250 rpa

3-ph., A.C, generator
2 units

8,900 kva

50 Hz

Outdcor, 3-Fhase,
Oll-ircersed,
Self-cooled

1 unit

17,800 kvVA

50 Hz

Conventional

1 cect
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15.4.3 Transmission Line Scheme

The Kepez power system centered at Antalya city s sche-
duled to construct 380 kV transmission lines in the future, but
at present it is conposed of the voltage classes of 154 k¥, 66
kY, and 30 kv. of these, the transmission lines passing the
vicinity of Kisik power statfon are 154 kV and 30 kY tines, 66
kV }nes existing only at Antalya city, and about 60 ke distant
fron this project site. In case the output of the povwer station
is made 16 MW, {t is expected that the power produced will be

consuzed by local demand in the eastern part of Antalya,

Accordingly, the following is recocmended as the
transaission wethod for the Kistk project,

(t) To join Kisik P.S by a 154 kV transmission line to the

existing 154 kV transmission Hae connecting Kepez and
Hanavgat

(2) oOutline of transmission Yine plan:

Transmission voltage : 154 kv

Runber of c¢lircult

2

Length Approx. 10 kpn

Conductor size ACSR 477 MCM

Lead-fn point

Existing 154 kv
transmissioa line
{Xepez -Manavgat)

The transnission Systen diagram in the vicinity of Antalya
is shown fn Fig. 15-4,

In the eveat the plan for Kisik power station becomes
realized, demsand in the eastern part of Antalya and the
sltuation of expansfon of the 66 kV transnission lines should be

investigated and a restudy made of the two proposals for 66 kv
and 155 k¥ transwission lines,
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15.5 Construction Cost

The construction cost of the Kisik project was calculated on the
basis of the same estimation criteria as for the Beskonak project

described in Chapter 12.

The compilation of the construction cost is given in Table 15-5.
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Table 15-3

Estimated Construction Costs

o L (Unit: 1,000 TL)
iten Domestic Foreiga Total
Currency Currency
Civil Works
Dam and Spillway 740,900 - 740,900
Power Station 496,500 - 496,500
Access and Relocation 1,263,500 - 1,263,500
Road
Preparatory ¥Works 250,100 - 250,100
Subtotal 2,751,000 - 2,751,000
Contiagency (151) 412,700 - 412,700
Total 3,163,700 - 3,163,700
Hydraulic Equipment 349,400 300,000 649,400
Electro-Mechanieal 321,000 2,012,000 2,333,000
Equipcent
Transnission Line £0,000 - 40,000
Project Controlling 581,200 346,800 928,000
Land Acquisition 926,900 - 926,900
Total 5,382,200 2,658,800 8,041,000
Interest during 613,800 255,200 869,000
Construction Perfod
Grand Total 5,996,000 2,914,000 8,910,000
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