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CHAPTER 1. = INTRODUCTION

This ANNEX-D presents detailed-results*of the.optimiza*

tion study on the development scale of the Ermenek Project.

- The .study was carried out in 3 steps and was reported

as shown below:

(1}

(2)

(3)

- Progress Report 1: July 1989 -

~The existing plans and studies were reviewed énd~pre;
liminary studies were carried out on the alternative
dam sites, type bf-development, and a prospective dam
height. o

A prospective dam height was initially obtained to be
200 m, or 695 m in HWL. However, this HWL was. revised
in October: 1989 to be in the range of 645 to 695 m, and
most. probably to be around 670 m as a result of taking
account of the adverse effect of the initiai filling of
large scale reservoir.. |

Interim Report: March 1990

. The optimum. development scale was studied and HWL of

670 m was selected within the expected range.

- Draft Final Report: September 1990

‘The above development scale was reviewed based on the
feasibility grade design of principal structures, and
the“optimum_HWL'is finally obtained to be 675 m. -.



CHAPTER 2. METHODS

2.1 Background for the Plan Formulation -

of the'electric'ehergy'produced in-1988; the hydropower
shared 60 per cent,'followed by the lignite-fired thermal -
power of 25 per cent. Lignite-fired thérmal plants had been
intensively developed through 1980s, but its énéfgy share
has started to decrease after reaching a peak of ‘47 per cent
in 1986. The exploitable reserve of lignite in Turkey is
limited, and'deveicpmeﬁt of importedécoal thermal plants is
' being planned to meet the growing demand. '

Turkey-hés been Sufferihg from air pollution problem
especially in the winter season, when most of househdlds use
1ignite for house heating. The Government is making every
effort to alleviate the pollution issues by Sudh means as
shifting of lignite to imported coal or imported natural
gas, and further implementation of hydropower projects.

Of the economic hydropower poténtial of 121 billion kWh
indigenous to Turkey, 20 per cent have been developed, 13

per cent are under construction. A continuons-and SteadY' V

development of the rest of 67 per cent is of vital impbrw_
tance to support the growth of economic activities in Tur-

key.

Such being the background, the Project was put into the
stage of feasibility study as it is blessed with the follow-
ing natural and socio-economic conditions: o :

(1) 'The Ermenek River:haé'a reiatively-stable_river flow
fed by many springs located in the basin. Theée
springs are recharged by snow-melt mainly on the south-
ern boundary of Ermenek River Basin. -



(2)

(3)

(a)

{5}

The Ermenek River has an average slope of 1/72 in the
downstream reaches from the prospective dam site. On
the 6ther'hand,-there is a wide river valley spreading
towards upstreamffrom_the dam sité. These topographic
features are favorable for a dam and waterway type

- power development,

The Project area is located close to regional demand
centers and has, therefore, operational advantages such
as less transmission losses in peak power supply.

The Gezende Hydroelectric Power Project is under con-
struction in the downstream reaches of the propdsed'dam

site. Because of its limited capacity of the reser-

voir, it would function like a run-of-river type power
plant. The firm energy would be greatly enhanced upon -
implementation of the Project. This-firmingrﬁp-éffect
would also ke expected on the -Kayraktepe Hydroelectric
Power Project planned on the main stream of Goksu
River. '

_The_reservoirjarea'is sparsely populated because most

of'houses_in the area are located around springs, which
are situated at a higher elevations than the reservoir
level conceived. Adverse effects of the Project'oh.the
people and farmland in the reservoir area will be
small. - ' '

Methodolbgy

Thé_opﬁimization study of a development plan for the

Proiect has been. performed in 2 stages: Preliminary Study as

shown in Fig. Di, ‘and Plan Formulation Study as shown in.
Fig. D2.- '



2.2.1 Preliminary study

The main objectives of the Prellmlnary Investlgatlon
stage weres: (1) to select the most promising development
plan on the basis of the many alternatlve plans conceived by
E1lE 1nclud1ng some additional 1deas proposed by the JICA
Study Team; (2) finally to identify the sites for the Addl“.
tional Detailed Investlgatlons

The alternatlve studies performed at this stage were as
listed below {see Flg. D1):

(1) Comparative stﬁdy of alternative dam sites between I-B.
- and I-C, assuming that the water leakage problem of the
I-C dam site can be technlcally managed

(2) Prellmlnary econonic examlnatlon of the newly proposed
'Erlk Diversion Scheme :

(3) Preliminary economic examination of the newly proposed

underground power house combined with an underground

- pressure shaft and a tailrace tunnel, assumihg_that the
'power house can be situated in a limestone block

{(4) - Econonmic examination of the z—step-developmentwplans:
(3) the Ermenek Dam plus a downstream danm at II-A site;

(B) the Ermenek Dam plus a downstream dam at II~B. 51te,'

.(C) the Ermenek Dam plus an upstream dam at Nadire

Based on the results of Additional Detailed Investiga-
tions, it is judged that the limestone at I-C dam site is
less karstic in its lower elevation range below the ground-
water level, and that the water leakage through the lime=.
stone could be.stopped by grout curtain. Aocordingly,.the
second best alternative of the rockfill dam at I-B site was
ruled out at this stage of the study.



Also the bottom elevation‘of'the limestone block,
wherein the underground power house is planned hasg baen
sounded through the drilling of hole Nos. SK-102, 106 and
108. "It is judged that the’ underground power house could be
placed within the limestone block. '

'Aocordingly,wthe'teﬁtative'cOnclusion—of the prelimi-
nary studies has been confirmed. 'The'most_prOSpectivé
development plan of theé Project is the l-step development
with an arch dam at the I-C site, an underground power
house, "and: the Erik Diversion Schene. '

2.2.2 optimization study

An optimizétion'study has been carried out based on'the
basic development. plan obtained through the preliminary
study. The study procedure is as described below. (Fig. D2):

(1) 'AssumptiOnS‘and preparatory studiés: (A) planning of
oinitial‘filling'of the'Ermének Resér?oif:"(B)-aSSesswo.
ment of risks accompanying to unidentified water leak-.
age paths -in the limestone block of dam site; (C)
assessment of power outputs and benefits;—(D) construc-
tion cost estimate and planning. '

(2) Studies of the more detailed development plan of the
LProiéot:'(A)'the optimum Qain axis in the I-C site; (B)
Erik DivérSiOn:Scheme;-(C)-underground power house; (D)
addition of Erik Power Station. e |

(3) ooptimization of the principal Project components such
“as. type andtcapaciﬁy of spillway, drawdown -of reser-
voir, diametéf'Of p0wer:waterwéy; ‘route of heddrace
tunnel 1ocat10n of tallraoe outlet dlscharge capac1ty'

voand- type of the Erik Dlver31on SGheme ' :



(4) Selection of an optimum development scale . .

The development scale was represented in this Study'by
HWL of the Ermenek Reservoir. HWL was selected in_piaCe'of
dam height or dam crest elevation aS-HWL_can-ba.an'independ~
ent parameter both from the extra dam height aboﬁe HWL and -
from depth of theffOundation-excavatiOn._ The,firm and
secondary eﬁexgies are dépehdent on HWL. The installed
capacity is, in this study, dependent on the firmfenefgy
being determined with a capacity factor of 33 per cent for
firm energy. Thus, the development scale can be represented
'by a single parameter of HWL.

2.2.3 Calceulation procedure of net benefit .

The calculation procedure of net benefits is shown in
Fig. D3. The procedure consisted of the following 5 groups:

(1) Powér study to assess the capacity factor adeQuate‘tq'
the Ermenek Power Station as well as to assess the
- power values

(2) Reservoir operation study combihed_with_a1hYdraulic
‘design of waterway and determination-of.a'installed'

capacity for each alternative

(3) oOptimization study and preliminary_désign-bf the
Project components such as spillway, waterway, etc.
These are the main objectives of the'Preliminary'Study
and Plan Formulation Study.

(4) Feasibility grade design of an arch dam, grout curtain
works, and other principal structures PR '

(5) Study of construction plan and unit_construﬁtiqn costs



2.3 Assessment of Power Outputs
2.3.1 Capacity factor

The capacity factor of the Ermenek Power Station was’
selected at 33 per cent for the annual firm energy (see
Sub-section 3.5.2 of Volume 2, Main Report}.

2.3.2 Reservoir operation study

Regervoir operation studies were carried out for each
alternative to assess the energy output. The operation
study was made first to assess the firm energy output assum-
ing diameters: of pover waterway, installed capacity of
generating equlpment rated water level, etc. With this
firm energy and capacity factor of 33 per'cent,‘a new
installed capacity was obtained. Then the maximum turbine
dlscharge was . obtained by iterative calculation so that the
maximunm poﬁer becones equal to the lnstalled cap301ty taklng
‘into consideration the loss of head. At this ‘time, dlameter
of -power waterway were obtalned “in accordance with the
empirical formula (see_Sectlons 5.3 and 5.5).

‘After determining the diameters of power watexrway,
maximum turbine discharge, etc.;-the'operation study was
made again to. confirm the firm energy. When significaﬁt
difference -is found in the firm energies obtained by 2
' Studies, the procedure abcve islrepeated.

-Energy-outpcts'of power stations located serially on
the Ermének_River such as Nadire, Ermenek, Lower Exmenek at
II-A or II-B éite, Gezende Power Station were estimated
throuqh 51mu1at10n of the combined operation of serlal
reserv01rs.'

_ The 51mu1atlon study was carried out using the monthly
'1nflow serles in accordance W1th the followxng simple



operation rule:

'(1) Individual operation based on the inflow and water
storage of the own reservoir, without considering water
gtorage of the upstream or downstream reservoir

(2} Constant power generation at the firm energy when the .
reservoir level is between HWL and LWL

{3) Level operatlon at HWL by secondary enexgy generatlon
within the capac1ty in addltlon to the firm energy when
the reservo;r water level rises to reach HWL

{4) 'Level'operation at'LWL_by energy generation with avail-
' able inflow when the reservoir water level lowers to
‘reach LWL ' ' ' : ' '

In the'simulafidn, a monthly inflow series of the 42
~ years from- 1946 to 1987 was used (see Sub-section 5.5.3 of
Maln_Report). ‘However, the series was rearranged 1nto the
following order so as to recover HWL at the end of the

simulation period:
1982 to 1987 followed by 1946 to 1981

The firm energy is herein defined as the 1007per cent
dependable annual enerqy, which can be secured throughout
the above 42 years'! period of the inflow series. P

The fOIIOWihg'aSSumptions wefe“made on the probable
water losses from the reservoir, and were applied to the

oparation_study:

(1) The réservoir'évaporation ioss rate: was assumed at-70
per cent of the mean monthly pan evaporatlon records,'
or at a rate of 11,380 mm/yr. A monthly ‘variation
pattern was considered but yearly change was neglected



as there were no such data available..

(2) The risk of water leakage through dam foundation and
reservoir would become high, probably:in_prbportion to
the hydraulic head and the necessary area of grout
curtain, The higher ‘dam would have the higher risk of
water leakage. In order to take into account this
leakage risk in the’ determination of the Prdject‘écaié,
certain leakage loss was deducted from the inflow
before u51ng it in the operatlon study. ' The loss was
assumed as descrlbed below: ' o '

Representative dams constructed on limestone founda-
tions in the world have more or less water leakage
through foundations as summarized below: '

water Leakage Through Limestone Foundatjons

Dam " pam . TInitial Stage ~ Final Stage

- Name = -Height H. Hgad' _Léékagé' H._Head _ Leékagé
R - (m) Sm)y (ce/s/m2) 0 (m) - (cc/s/m2)
Chicoasen 262 252 0.8 no supplemental

' ' curtain

Keban 211 - 202 130 206 15
OYmapinar, 185 183 1 .- no supplemental'“
: ' curtain - -
Kremasta 160 145 50

- Cannelles 151 85 200 138 0.4
Pueblo 140 135 0,04 135 1 0.03
Dokan . 120 80 14 1'1;8':{ o

Bource: Dam foundations on. karstlc formatlons, 1985
- Commission Internationale Des Grandes Barrages

“With reference to ‘the leakage records above, the'basic
rate of leakage vas assumed at 1.0 cm3/sec/m 'under the
hydraulic head of 100 m. The water leakage for various



alternative dam heights was assumed as shown below:

Assumed Water Leakage from Limestone Foundation

HWL = H. Head Curtain Unit - Total.
. : Area lL.eakage Leakage
(m) (m) (1000 n?) (cm3/s) (mi/s)
650 145 511 1.45 0.69
660 155 . 542 1.55  0.84
670 165 574 . 1.65 0.95
680 175 619 . 1.75. 1,08

690 185 664 1.85 . 1.23

'2:3.3 Initial Filling Plan of Reservoir

The optimum dam height will be affected by the initial
reservoir filling, because the Ermenek Reservoir will have a
large. reservoir capacity bf.3,529 MCM in-grOSs'in the case
of the HWL of 675 m. This size of reservoir would be fully
filled in about 2.4 years with the mean . annual inflow of
1,466 MCM or'46,5 m3/s'including the Erik flow. |

During the above initial £illing period,_the output of
Gezende Power Station will inevitably_be decreéSed or
stopped. The Ermenek Power Station can start its full power
generation only after completion of_the initial £illing.

In order to take into consideration the abové-adVerse-
effect, 1n1t1a1 reservoir fllllng plans were - prepared for
alternative HWLs to be compared. : s '

The plans were prepared with the following criteria
(refer to Fig. D1l): ' |

(i) The initial filling ?lahs will be préparéd aséuming_

that the average annual inflow will continue throughout
the fllllng period.
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(2)

(3)

(a)

(5)

The full power generation will be started when the
reservoir will be fillea for half the effective

'reserv01r capaclty The corresponding water level to
.this storage is hereinafter referred to as the Medium
- Water Level (MWL) . This MWL was selected in

conjunction with the above assumption (1).

In order to start power generation at the Ermenek Power
Station as early as possible, the first stage filling

to £ill the reservoir up to LWL will be started when

construction works of the=f01lowing'structures are

completed:

- .dam and curtain grout up to LWL

~ . .power intake
= bottom outlets and tunnel spillways

Throughout the first stagewfilling period, necessary
'dlscharge will be released from the Ermenek Dam to
fsecure the firm outputs of Gezende Power Statlon.'

If the reserv01r water level reaches LWL before'
completlon of the dam construction works, the reservolr

",water level.wlll-be controlled to keep an adequate

(6)

(5)
- the reservoir water level reaches MWL. . Thereafter, the

level by_operating_the-hottom outlets. and or tunneil

‘'spillway. - This operation is herein called as the

second stage fllllng. In the case of a development
scale lover than 670 m in HWL the initial filling

“would be completed durlng this second stage filling, to
£ill up to MWL. '

When the oonstruotlon worke of dan and curtaln grout
are completed the third stage fllllng will be started

-_by generatlng power at 50 per cent of the firm energy.

_The_third'stage filling will be continued up to when
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full operation will be started as planned.

In accordance with the above_afiteria;:the iﬁitial
£filling periods were estimated for.the 11 alternative HWLs.
.The results are shown in Fig. D10. In the case of HWL of
675 m, the reservoir filling period and the riSihg'speed of
reservoir water level would be as shown in Fig. D11,

2.3.4 Effects on the Gezende Péwer.station_

The firm-up benefit of the Gezende Project was assessed
at US$16.3 million as summarized below:

without  with

No. Items ' Unit = Ermenek Ermenek Increase
(1) Firm energy = GWh 118~ 526 ' 463
(2) 2ndary energy  GWh 448 115'_u =333
(3) Annual energy GWh 566 . 641 0 - .. 7B
.(4) 90% dependable MW 41 150 109
power -
“{5) 'Aﬁnual benefit Mil.$  18.6 :"_34;9 :16.5_

Adverse effect on the Gezende Power Station during
first stage filling was estimated as summarized below:

without with

‘No.  Items - - Unit  Ermenek Ermenek Incréase
(1) Firm energy  GWh 118 118 -
(2) 2ndary energy GWh ' 448 | 71 . “—377
(3). Annual energy ~ GWh = 566 . 189 . w377

(4) 90% dependable MW a1 a1 K

. power . . . SHETE
(5) Annual benefit Mil.$ 18.6 9.8  -8.8

D - 12



2.4 Assessment of Power Values

" The alternative thermal power plant for economic evalu-
~ation of the Project is selected as an appropriate least .
cost thermal plant which will be reqguired when the Project
is not implemented. ‘ '

 Future main thermal power plants of Purkey would be a
combination of imported coal-fired steam thermal and
natural gas-fired Qombined}cycle plants. When'the'?roje¢t
is not implemented, both of these two types of therﬁal plant
will be regquired. The overall enerqgy generation costs of
these two types of thermal plant are comparable'though the
unit construction cost is cheaper for the natural gas ‘com~
bined cycle and the fuel cost is cheapér for the coal ther-
mal. In conclusion;'based on a government policy for the
diverSification of enefgy sourceSf a combination of these
two types of plant is selected as the alternative thermal
piant'for the Project. In viéw of the’ peak power generation
which is expected to the Project; the allocation of power
and energy outputs of the Project to these two alternative
thermal plants was assumed as shown below:

‘Power Enerdqy

Coal thermal S -50:% o 70 %
Gas combined cycle 50 % 30 %

The installed capacity of alternative thermal plants
for calculatihg unit costs for construction and fuel con-
sumption was assumed. as shown below: '

Coal thermal : 4 ¥ 350 MW
- Gas  combined cycle = 6 X 100 MW -

. The ‘calculation process of power values is summarized
below: " o : ' '
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(1) Basic assumptions o o
Power generation costs of the alternative thermal

plants were estimated with basic assumptions as given

bhelow:

Coal Thermal Combined Cycle
-Net construction cost ($/kW) 820 1/ 500
-0 & M cost . (S/KW/yr) . 2.8 . 1.5
-Construction period (yrs) 4 - S 3
-Cost disbursement 2/ (%) 10,25,40,20,5%5 .10,35,50,5
~Economic life time  (yrs) 25 . 25
~Station service power (%) 7.5 . 2.0
-Heat rate ©. . {Xcal/kwh) 2400 . 2200

- ~Fuel cost 3/ (USg¢/10% kcal) 690 1176

1/: Including ehvironmental.prbtection équipmentt
2/: The last 5% is for payment against retention to be
released 1 year after the taking over.
3/: The calorific values and unit .rates of fuel are as .
| follows: o . ; -
Coal : 5,800 kcal/kg and US$40/ton
Natural gas: 8,500/m> and US$$100/1000 m3

(2) Calcuiation of basic fidures

(A) Investment costs on completion

The engineering and administration costs-for'the"
thermal projects is estimated at 15 per cent of
the net construction costs given above.

The amount of interest during cqnétructibh is
calculated assﬁming that an interest rate is 9,5'%
per annum and that all the expenditUreSiin_ohé
year are disbursed at the middle of:eaéhfyéaﬁ;-:'
The calculated interest factors are 1.1665 for the .'
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(B)

()

coal thermal plant and 1.0975 for the gas combined
cycle plant.

Then, the'ihvgstment'costs on completion are

calculated as follows:

~Coal thermal plant:

i

. US$ 820/kW x 1.15 X 1.1665 = US$ 1100.01/kW

~Combined cycle plant:
US$ $00/kW X 1.15. X% 1.0975

it

US$ 631.06/kW

Annual costs of thermal Dlaﬁts

The capital recovery factor for the period of 25
years under a discount rate of 9.5 per cent per
annum is 0.10596 and the ahnual.costs'of the
thermal plants_including the operation and mainte-
nance costs are obtained as follows:. '

—Coal thermal plant‘ _ - :
US$ 1100.01/kW X 0. 10596 + US$ 2.8/kW/yr

US$7119.36/kW/yr

~Combined cycle plant:

. US$ 631 06/kW x 0.10596 + US$ 1. 5/kW/yr

USS 68. 37/kW/yr

Unit fuel costs

" The unit fuélﬂCOsts for energy generation by the
' thermal power plants are obtained from their heat
rates,and_fuel rates per heat value as follows:

—Coal thermal plant.-
2,400 kcal/kWh x USg 590/106 kcal
Us¢ 1. 656/kWh
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(D)

~Combined oycle plant

2,200 kcal/kWh x USg 1, 176/106 Xeal
= USg 2.587/KWh

 The relative price rise of coal and natural gas to

the other commodities was assumed at 1.30 for the
period from 1989 to the'dommissioﬁing year of the
Project, based on the 1988 World Bank's estima-
tion. The above unit costs as of 1989 were then
adjusted for this relative price rise of fuels:

~Coal thermal  USg 1.656 x 1.3
= US¢ 2.153/kWh

~Combined cycle USg 2.587 x 1.3
: L = US¢ 3.363/kWh

Hydro advantages -

The hydro advantages specific to'the'Project are
assessed assuming the following conditions: -

Unit: %
‘Ermenek - Coal ~  Combined
_ Hydro Thermal Cycle

~T/L loss up to kW: 2. KW: 3 KW: 5
primaxry S/s 1/ kwh: 1.2 kWh: 1.8 kWh: 3
~Regular maintenance 1 s - 10
-Equipment failure 0.5 ' 5 . 5
-Station poﬁer o 0.3 7.5 2

1/% Thezlooéfioﬁ'of the alﬁerﬁative coal thermal

plant is assumed at - somewhere along the
Medlterranean coast around Antalya or Slllfke
and the - comblned cycle plant at somewhere
around Istanbul
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Theiadjustmeht factors for hydro advantages are
"obtained as follows: '

-capacity evaluation:
Ermenek/Coal thermal . 1.328
Ermenek/Combined cycle = 1.209

“fEﬁérgy evaluation:
Ermenek/Coal thermal 1.084
Ermenek/Combined cycle. 1.036

(E) Capacity and enerdgy values for plan formulation
study and economic evaluation

The capacity and energy values are obtained with
adjustments for the hydro ad?ahtages as shown
below: ' '

—cépagity value
~Coal thermal

‘.

US$ 119.36 x 1.328
| . = US$ 158.51/kW/yr
Combined cycle 3 . US$ 68.37 x 1.209
- =US$ 82.66/KW/yr

Overall

-

0.5(158.51 + 82.66)
S= US$ 120.58/KW/yr -

- —Energy value. S .
Coal thermal USg 2,153 x 1.084
C = US¢ 2.334/kWh

T.ome

Combined cycle @ ;‘,US¢ 3.363 3 1.036.
' = US¢ 3.484/kWh

Overall. .. ..:  0.7x2.334 + 0.3x3.484
: S = USg 2.679/kWh
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(®)

~Secondary energy : USg 2.334/kWh

.gyerall power valueg

The result of overall evaluation of the power
values for the Project is summarized below:

Particulars Unit Coal - Combined Overall

Thermal Cycle

~Plant factor % 46.7 20.0 33.3
~Annual operation  hr 4088 1752 2920
-Energy cost US#/kWh 2.334  3.484  2.679
-Annual fixed : | : S _ :

cost 1/ US$/KW  145.63 75.94  110.78
»Fixed:po:tion_of o _ _ _

unit energy cost USg/kWh 3.562 4.335 3.754
—0verall energy _ _

value Usg/kWh 5.896 7..819 6.473
-=Secondary energy E
- value . USg/kWh 2,334  —-=-- 2.334

i/: (Capacity value) x:294/320-
‘where, 320 MW---Installed capacity
294 MW---90% dependable power

2.5 Preliminary Design and Work Quantity

Construction work quantities of each structure were

estimated based on preliminary designs. The designs are-

described in Chapter 5.

2.6 Construction Cost Estimate

The optimization studies were worked out on thé.basis

of the construction method, time schedule and unit construc-

tion prices, which were examined and worked out for a pro-

spective development scale of the Project.
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2.7 Economic Comparison

The development scale was determined by comparing the
‘capitalized net benefit of various alternative scales based
~on the net benefit maximization criteria.

The net benefit was obtalned for each alternatlve in
accordance with the procedure as ‘shown in Fig. D3. The net
benefit was assessed by capitalizing the annual net benefit
for the evaluatlon perlod of 60 years from the commencement

of the de51gn work, ‘with a dlscount rate of 9.5 percent.

' The discount rate above was provided to the Study Team

by EIE as the opportunity cost of capltal (ocC) of the
energy sector in Turkey.
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CHAPTER 3. BITE AND TYPE OF ERMENEK DAM .

An economic comparison was made to select - the site of
the Ermenek Dam between the 2 concelvable sites: I-B and I-
C. The comparlson was made for a dam crest elevation of 600
m because of the 11m1tat10n of dam helght at I-B site due to
the landslide debris deposits located on'the-left:bank;

After selecting an arch dam in the I-C site, another
cémparison was made to select the optimum dam axis among the
3 prospective axes: I-Ca, I-Cb, I-Cc. :

3.1 Type of Ermenek Dam

Plan and profile of the I-B dam are given in Plates A4
to A6. RAs shown in the plates, the crest length amounts to
1,300 m. Accordingly, rockfill type is conceived suitable
to the site and only the type practically possible, except
for type of core. At this level of the study, the core is
assumed as a earth core type.

Plan and Profile of the I-C dam are given in Plates A35
and A37. The dam axis was assumed at I-ca for its relative-
ly low dam height and the shape of valley. As shown in the
plate, the valley is very'narrow. A concrete arch dam was
considered the least cost dam type. The dam'shape was
preiiminarily designed as a parabolic type.

Results of the comparison of above 2 dams are as summa-—

rized below:
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No. Description Unit -~ I-B Site = I-C'Site

(1) Dam type _ o rockfill concrete
: SR R S ' arch
(2) Dam height above m P10 110
. foundation level:. : ‘ SR ; .
(3) Hiqh.waﬁerelevel o n . '595 - " 595
(4) Loﬁ_water ievel Som o 550- B '-550'
(5) Drawdown : no 45 45
(é)_ Excavatien volume 1000 m3 7,100 . : 150
(7) Dam volume 1000 m> 14,700, 150

(8) Direct construction mil.s$
cost of civil works .

- river diversion works ' 12.1 2.6
- dam & splllway - 1z22.9 - 31.2
- grout curtain o 7.3 38.1
- power waterway 71.1 62.4
- powerhouse = . 16.5 '16.5
- physical contlngency {15 %) 34,4 .22.7

Total P 264.3 . 173.5

As ShOWh'in the tab]e'abee; the costs. of I-B scheme
are hlgher than that of I-C scheme in its river: dlver51on
_works, dam and spillway, power waterway,_whlle it is lower
in the grout curtain costs. ' S

:Tota1 civil wofks'cdsts'of the I‘B scheme were estimat-
ed to be hlgher by 90.8 mllllon US$ than that of I-C scheme,'
while the power outputs of ‘the 2 sites were the same to each
other. In addltlon, such a h1gh dam as exceedlng 100 m
could not be constructed ‘at the I-B site. '

It was cohcluded that the I-C site wds more advanta-
geous even for a development scale of HWL 595 m. This
ecohomic advantage would become more promlnent for a larger

development scale.
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3.2 Optimum Axis in the I~C Dam Site

As described in Sub-section 5.3. 3'of'Main Repoft it
has been judged that all the 3 proposed dam axes in the I-C
site have the rock foundations where a hlgh arch type dam
can be constructed, and that the grout curtain could also be

technically constructed.

- A preliminary design of arch dam was worked out for the
. following 9 alternatives of dam axis and crest elevation:

For I-Ca dam axis: = 640, 660, 670 m
For I-Cb dam axis: 640, 660, 670 m
For I-Cc dam axis: 660, 680, 700 m

A comparatlve study of the Ermenek Dam was worked out'
on the 3 alternative dam axes proposed in the gorge; I-Ca,
' I-Cb, I-Cc (Plate A34). Through the prellmlnary design and
cost c0mparlson, _1t has been revealed that the dam axis I-
Cc is apparently superior to I-Ca and I-Cb axes, in terms of
the constructlon cost when the dam crest elevatlon is set

at 650 m or higher.

Coanete volume curves of the arch dams are'constfucted
for the 3 dam axes as shown in Fig. D13, with alternatlve
dam crest elevation as the absoiqsa. The net dam concrete'
volume will be quite dlfferent by ax1s as compared below for
the dam crest elevatlon of 670 m for example.
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Dam_Concrete Volume

Dam Axis o m3 % to I-Cc
I-Ca axis. 517,000 . 206
I-Cb axis 400,000 159
I-Cc axis - 251,000 - 100

_ Excavation. volume curVes.for the dams are presented in
Fig. D13 for the 3. dam axes. . The excavation volume will
also be quite different by axis as cdmpared below.for the
. dam crest elevation of 670 m:

Dam Excavation Volume

Dam Axis md . % to I-Cc
I-Ca axis 1,320,000 272
'I-Cb axis 1,585,000 327

I-Cc axis 485,000 100

The dam axis I-Cc will have the least volumes both in
the dam éoncrete and'excavation. I-Ca will have the largest
concrete volume, while I-Cb will have the largest excavation
volume. : ' '

The dam at I-Ca has the longest ¢rest length, resulting
iﬁ'the largest concrete volume (see Plates A35 and A37).
The largest excavation volume at I-Cb axis is resulted from
the thick weathered zone on the right bank (see Plate G6).

‘The construétidn cost of dam concrete and excavation
works will be the least at the axis I-Cc as shown in Fig.
-D13.

The unit price of dam Qonbrete was estimated at 130

US$/m3-baseQ on the assumed quantities of 270,000 m>, and
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was applied to the above cost estiﬁate. " Although this unit
cost will be lower for a concrete volume much larger than
270,000 m3; the cost advantage of I-Cc will not change.

Furthermore, since the cost difference amounts to about
US$27 million between the least cost axis I-Cc and the
second axis I-Cb, the superiority of I-Cc axis will not
change even including other advantageous and disadvantageous
factors for'iBCc axis compared to I-Ca and I-Cb, such as (1)
some decrease of the length of headrace tunnel at I-Cc axis;
(2) sone increase of grout curtain area for I-=Cc; (3) some
- increase in length of access tunnel to I-Cc dam site. '

The above advantage of I-Cc is clearly attributable to-
the narfow and steep V-shaped valley topography_and the rbck
conditions without thick and highly weathered zone (sece
Plate G7). | | |
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. CHAPTER 4. TYPE OF DEVELOPMENT

4.1 :2fstep Development with a Downstream Dam

. An economic comparison was made between l-step and 2-

step dam develcpment plans for the available head of 312 m

between elevations 645 m and 333 m. The elevation of 645 m

was provisiocnally selected as a prospectlng level at that

stage.

The'c@mparison was made for the following 5 alternative

schemas:

I-C=650:

II~A-400;

. II-A-450:.

. II-B-400:

1 step development with a dam at the I4C

site having a crest elevation of 650 m,
an underground pressure shaft and power
housé, an Erik'DiversionISchemé, and a
tailrace tunnel to. have a tallwater

"level at El. 333 m

2-step deVelopment with' the above I-C-

650 dam, a downstream dam at the II—A

site having a crest elevatlon at 400 m,
a tailwater level at 333 m (see Plate A7
for a schematic proflle)

the same with the abové II-A-400 except
for the crest elevation of downstream
dan, set at 450 m (Plate All)

the same with the above. II-A-400 except
for the s;te of downstream dam, located

at II-A (Plate AlS)
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TI~B-4501

the same with the above II-B-400 except

for the crest elevation of downstrean
dam, set at 450 m (Plate Al19)

Preliminary designs of the II-A and II-B dams are shown
in Plates A7 to A22. '

Principal features and results of the economic compari-
son are summarized below for the 3 bests among the 5 alter-
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natives:
No. Description Unit I-C- II-A- II-A- II-B~ II-B-
: - 650 400 450 400 450
(1) Dam step 1 2 2 2 2
(2) Installed capacity MW 270 260 270 . 250 260
~ Ermenek P.S. MW 270 200 160 200 160
~ Second P.S§. MW - 60 110 50 100
(3) Annmmal energy GWh :
- firm - 799 752 777 741 763
- . secondary 134 143 143 144 141
total 933 895 920 885 904
(4) Length of headrace m 9,480 2,315 1,265 2,315 1,265
tunnel of Ermenek B
Dam - '
(5) Height of down- m - 90 140 80 130
- stream dam .
(6) Embankment volume MCM - - 3.8 17.3 1.7 8.1
of downstream dam '
(7) Construction cost mil.$ 319.1 368.6 458.5 339.9 391.2
-~ upstream dam 319.1 252.6 228.5 252.0 228.5
- downstream dam - 116.6 230.0 87.9 162.7
(8) Annual equivalent mil.$ 40.2 46.4 57.7 42.8 49.2
cost
(2} Bnnual benefit ‘mil.§ 72.0 68.4 70.3 67.7 69.1
- including firm-up :
benefit of Gezende _
(10) Annual net benefit mil.$ 31.8 22.0 12.6 24.9 19,9



The annual equivalent cost above was obtained as con-
struction cost x (1 + IDC) x CRF + O&M cost, where:

Inc

1.0957Yr X 0.40 _ 4
CRF = 0.0960

The interest dﬁring construction was calculated using a
discount rate of 9.5 per cent. and assuming a construction
_period of 7 years with a center of gravity at 40 per cent :
from the commissioning. The capital recovery factor was
calculated assuming an assessment period of 50 years after
the commissioning. '

As shown in the table above, the l-step development
yields the highest annual energy among the 5 alternatives.
This is becaﬁse in the case of 1-step development the Erik
- water can be utilized for the full head of 312 m -available
between the HWL of the Ermenek Reservoir assumed at 645 m
and the HWL of Gezende Reservoir. at 333 m, while only for
112 m in the case of II-A-450 and II-B-450; and only for 62
n in the case of II~A4400 and -II-B-400. | |

The 1= step development ylelds much higher net benefit
compared to the 4 alternatives of 2-step development.  The
difference in the annual net benefit amounts to Us$6. 9 mll—
lion between the 1 step development and the second best,
-IInB—4GO. Thls dlfference is equ1valent to that in the in-
vestment cost of about US$56 million.

| The 2+stép development with a downstream dam. was then
ruled out from'the further investigations and studies.

 The above economic Superiority will not change even for
-the-prapo&ed-HWL.Of 675 m because of the following reasons:
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(1)

(2)

{3)

(3)

The power outputs and benefits will increase almost in
the same order both in the 1l-step and'znstep develop-
ments. When the crest elevation of Ermenek Dam is
raised to 680 m as_propbséd}'fhe”annual”enerQY will
increase from 933 GWh to 1,022 GWh; the installed
capacity from 270 MW tolszd MW, fhlmost-the'similar'
increase is expected for the same dam crest raising in
thé'é—step'developments.-=Accordinq1y,-the annual
benefits of all the 5 alternatives will increase almost
by the same amount compared with those for HWL of 645

me-

The incremental cost accompanying to -this dam crest
raising is (A) incremental cost of Ermenek Dam, (B)
incremental cost of generating equipment, - (C) incremen-

-tal cost of waterway.

-0f these incremental costs, (A) is common between the

1-step and 2-step developments; the difference in=(B)
is small as the increase -in the total~installedxcapaci—
ty'is.almOSt'the same among the 5 alternatives; the
main difference will arise from the-increméntalfcost of
the waterway. The incremental costs of 1-step deﬁelop—
ment will be larger by about US$6 million than that of
2-step development due to.the change-of.tunnelidiameter
from 5.6 m to 6.1'm1-'However,‘this difference iz
negligibly small compared to the economic advantage of
US$56 million. ' '

Accordingly, the economic advantage of 1-step develop~
ment will not change,

2-step Development with an Upstream Dam

The economic feasibility of the downstream and upstream

Nadire Schemes was provisionally examined in conjunction
with a study of the Ermenek Dam height (see Plates A23 and
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A26 for schematic profiles,

A HWL of the.Nadire Dam was assumed at El. 695 n in a
reconnalssance study made by EIE in September 1987 Howev~—
er, it was assumed in this study to be El. 710 m in view of
the maximum deveiopment of the head avallable_below the
confluence of the Ermenek and Giinder Rivers. The:potentials
above the conflueénce were plaﬁhed by EIE to be deveioped.by
2 run-of-river type ‘schemes: the Gdktepe and the Gokdere.
Because of the meandering river course of the Ginder River
(see Plate A38), the headrace tunnel of the‘Gékteﬁe Schene
would be 1ocated on the rlght bank to harness the head of
about 320 m by the shortest tunnel Accordlngly its power
statlon would be located near but upstream from the conflu—
encejr ‘of which elevation is about 710 m.

Therefore, it was neéessary'to set the HWL of the
NHadire Scheme at about El. 710 m to develep alllthe head
available between the confluence and the Ermenek Reservoir.

Meanwhile, the'NadirexReservoir-would be located on
1imestone:1ayers, which widely spread there and in'the
adjacent ba51ns crossing the surface boundarles of the
Ermenek Bas;n. Therefore, the Nadlre Scheme is subject to
geolegical conditions of these limestone.

General plan-and'profile of the downstream Nadire dam
are shown in Plate A24 and A25, and the upstream dam in A27
and A28. The catchment area is about 1,319 km? at the dam

site.

~ The study results are”summarized_below:
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bownstyream - - -Upstrean

No. Description Unit  Nadire Nadire

(1) bam height above m 130 80
foundation ' ;

(2) Dam embankment MCM 4.3 2.3
valume . :

(3) HWL S m 710 710

(4) LWL - m 680 . 690

(5) Drawdown m : 30 ' 20"

(6) Effedtive reservoir MCM 84 ' 28.5

B capacity :

(7) Mean inflow . m/s  32.4 32.4

(8) Capacity - inflow = % .8 s 3

‘ratio

(¢) Discharge for powver,

generation ml/s.¥r _
~ firm : : 7.4 4.4
- secondary. 18.0 . 20.1
total . 25.4 24.5
(10} Capacity factor % . 41,5 44,7
(11) Installed capacity MW 80 ' 30
{(12) Dependable peak MW : 22 . 7.3
pover '
(13) Annual energy GWh :
- firm 62.8 21.0
- secondary , L 155.4 96.7
total _ - 218.2 117.7
(14) Construction cost mil.$ - 123.4 . 80.2
(15) Annual equivalent mil.$ 14.2 9.2
cost '
(16) Annual benefit mil.$ 8.0 3.7
(17) Annual net mil.$ ~6.2 ~5.5
benefit '

The annual equivalent cost above was obtained in-thé
same way as described in Section 4.1 except for the con-
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struction period assumed at 5 years.

As shown in the table above; both the upstream and
downstream Nadire Schemes yield minus net benefit, that is,
these schemes would not be economically viable under the

“power values and discount rate used. Accordiﬁgly, it was
‘judged that the Nadire Scheme should not be combined with
the Ermenek Project, and that the development scale of the
Ermenek Project should be optimized by itself. '

4.3 Relation ﬁith'Daveiopment Plans of Upper Ermenek Basin

The preposed ErmenekeReserVOir will extend beyond the
-Nadlre dam site, or up to a point about 3 km downstream from
the confluence of the Ermenek River and Gunder River.
Accordlngly, for the development ‘of hydropower potentlal of
the Upper Ermenek River above the HWL of 675 m, a new plan-
ning study will be required. '

“since no hydrological and geological surveys have been
made yet, only a provisional idea conceivable for the Upper
Ermenek River is shown in Plate A38 for reference.

4.4 BErik Diversion Scheme

The Erik Rlver has an average runcff of 4.1 m3/s w1th a
stable flow duration (see Fig. ‘D14). By constructlng a tun-
nel, most of the Erik flow can be dlverted to a headrace
tunnel of the Pro;ect

An lntake weir site was flrst concelved on the'Erik
Rlver at an altitude of- about 700 m, from where the Erik
flow-could be diverted by a tunnel of about 1,500 m long.
The-Weir-site_was,_however,-shifted later to an upstrean
pointenearbthe Erik;sprianbecause,a large scale active
iandslidexwas'found'on the upstream reaches in the Addition-~
a1~Detai1ed;investigation Stage. |
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An economic comparison was made for the 2 cases! with
and without the Erik Diversion Scheme under the following

conditions:
(1)  Dam site - Lo Ty I=Ce
(2) Dam crest elevation ' s 680 m-
(3) HWL | £ 675 m
(&) LML - : 615 m
(5) Drawdéwn : 60 1
(6) Tailwater level ' : 333 m
~{7) 'Brik intake weir site G Upstream -

Results of the economic‘domﬁarison are summarized bhelow:

No. Description . Unit Without Erik With Erik

(1) Installed capacity MW 300 .- 320 -
(2) 90% dependable = - MW 200 204
power o : " : - o

(3) Annual energy ' GWh _ L
- firm S .- 865 o928
- secondary R, .78 97
total _ 943 1,022
(4) Economic con-  mil.s 336.3 | 342.3
struction cost
(5) Annual equivalent mil.$ 33.0 © 33.6
cost _
(6) Annual. benefit - mil.$ 60.0 S 62.5

excluding firm-up
benefit of Gezende

(7} Annual net benefit mil.$ 37.0 28.9

The annual equivalent cost above.was.obtainéé:in the
same way as described in Sub-section 4.1, ' '

As shown in the table above, the'Eriijiﬁérsion;Schemé
will increase the firm energy by GO-GWH,?the:SQCOndary
energy by ‘19 GWh, and the annual net benefit by US$1.9 mil-
lion. It was concluded that the Erik Diversion Scheme
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should be included in the Project.
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CHAPTER 5. OPTIMIZATION OF PROJECT COMPONENTS

5.1 Discharge Capacity of Spillway

The dam design flood was determined with the PMF con-
cept. The spillway discharge capaqity was détermined_
through'reservoir routing calculation taking account of the
storage effect of reservoir.

The Iafger spillway capacity reduces the flood storage.
capacity to be allocated above HWL, resultlng in a lower dam
height. 1In thlS case the spillway cost increases while the

dam cost decreases, and vice versa.:

The economic combination of the flood storage capacity
‘and the splllway discharge capacity was obtained with the
least cost criteria together with the criteria of minimum
discharge capacity. A concept of the minimunm capacity of
flood discharging facilities from dam was introduced to
avbid selection of an extremely small capacity. The'minimum
capacity of flood discharging facilities from dam was deter-
mined at 2,200 ma/s, as the 1/200-year probable flood at the
dam site. This flood frequency was selected in accordande
with the standard for the spillway design discharge in

Japan.
5.1.1 Design flood

A Probable Maximum Flood (PMF) vas ariginally derived -
by EIE. The PMF was reviewed and rev1sed to two new PMFS.
PMF-1 for January, PMF-2 for February (see Sub-section 5.5. 5
of Main Report for details). These are characterized as

shown helow:
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Description Unit  Ovriginal PMF~1 PMF-2

1. Peak discharge -m3/s - 3,700 - 5,900 5,400

2. Base flow incl. m3/s 1,300 100 1,300
snow-nmelt : . S

5.1.2 Dam design freeboard

The dam crest elevation is determined with a design
freeboard to be prov1ded above the design flood water level.
The minimum freeboard was determlned at 1. 5 m as follows'

The maxlmum wave helght was estlmated to be about 1. 6 m
by the SMB method for a w1nd speed of 20 m/s on the 10
minutes average. Thls wind speed was assumed w;th reference
to the maxlmum 1nstantaneoue W1nd speed of 23 2 m/s observed
at Mut in the 21 years from 1966 to 1986, The preValllng
wind direction was NW. o

The Oymaplnar arch dam located to the west of Ermenek
Ba51n has a freeboard of 1. 4 m above the full supply level
and 2.4 m includlng the parapet helght

On the basis of abeve figures and'takiﬁq-iﬁto consider—'
'atlon the dam type of concrete arch, the dam deSLgn free-
board was determlned to be 1 5m at the minimum.

5.1.3 Typa of spillway

_ In v1ew of the dam constructlon in the V*shaped valley_
havxng a narrow w1dth of & to 20 m at the rlver water level,
_ a‘comblnatlon‘of the bpttom outlets,_a tunnel splllway and a
reenwéeteeeentroiied'pverflew s?illway at the damfcrest.was
eelected. ': o : | | -

Two bottom outlets w111 be prov1ded in the dam hody
The dam s;te 15 1ocated on a 11mestone block. Iq case

D = 35



serious water leakage is found during the initial reservoir
filling, the reservoir water level could be lowered by
operating these bottom outlets."The_outletﬂgates will have
the dimension of 2.5 m_wide;_A;O'm high, and the center
elevation at 545 m. The . discharge cepacity will be 670 m3/s
at IWL of 615 m, and 910 m3/s at HWL of 675 m.. This capaci-
ty is provided to avoid a rise of the reservoir water level
or to lower it when leakage is found. '

A tunnel splllway was selected as the maln dlscharge
faclllty. Thls type has such advantages as (1) ‘to dlscharge
- the flood water far downstream from the dam foundatlon, (2)
to. enable, together with bottom outlets, an early commence-
nent of the 1n1t1a1 reservoxr fllllng, w1thout waltlng
completlon of the dam construction works. The capa01ty of
“tunnel splllway will be determlned through the optlmlzatlon
study

An overflow crest of 40 m long was selected as the
secondary splllway. The overflow crest elevatlon is set so
that the maximum operatlng head W1ll be about 3 m,'or the_
unit discharge over one meter of the overflow crest will be
about 10 m3/s. The overflow crest length of 40 m was deter-
mined in view of the narrow bottom of the valley.' However,
the dlscharge capac1ty will flnally be determlned through
the 0pt1mlzat10n study dependlng on the maximum flood water
level. '

When the abOVe overflow type splllway 1s selected as a
main splllway w1thout the tunnel splllway, a dlscharge'
capacxty of about 1, 300 m3/s w111 be necessary To release
this amount of dlecharge from the overflow crest of 40 m for
example, the operatlng head of about 6.4 n w1ll be neces-
sary, and a unit dlscharge of 33 m3/s will flow down over
one meter of the overflow crest. ThlS large unit dlscharge
may endanger a hlgh and thln arch’ type dam.f If the length
of ¢ overflow crest is increased, this unit dlscharge w1ll de-
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crease but much of the OVerflowing'jet will fall on the
valley wall of both sides and will rush down the wall sur-
face towards the valley bottom. Such a flow cbnditioh_was
Judged not suitable in_view of the wall slope protection.
The oVerflow types was thus selected as the seéondafy spill-
way.

5.1.4 'Altérnative spillways
The following 4 alternatives of tunnel spiilway were

studied for the case of HWL at 675 m by fixing the dimension
of overflow spillway and bottom outlets:

B H El. Nos.  Q at HWL

case No. (m)  (m) Com - (m3/s)
case 1 3.0 7.0 630.0 1 565
Case 2 3.0 7.0 630.0 2 1,130
case 3 3.0 7.0 630.0 3. 1,695
case 4 3.0 7.0 630.0 . 4 . . 2,260

Note: B denotes gate width, H gate height, El. gate'
genter elevation, @ discharge of only tunnel
spillway. o

5.1.5 Flood operation rule

Since_the'ProjéCt purpoSé is only theshydropower gener-
ation, the floOd:inflow will be released-in accordance with
the inflow = oﬁtfloﬁ rulé in,principle; or the gates will be
operated-td keep HWL as far.as.possibie.. Accordingly, the'
fleod routing study of PMF was made assuming the initial
reservoir water level at HWL. ' |

- However, in order to attain an easy gate operation and

gradual increase of the spillway discharge, the: following
‘gate operation rule was introduced:
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_Operation- : -
‘Starting Full Open

Discharge Facility Water Level ~ Water Level
Tunnel Spillway | 675.30 m  675.50 n
Bottom Outlets ' . 675.50 m 675.70 m

In this gate operation rule, excess water of up to
about 12 m3/s can be released only from the overflow crest

W1thout any qate operatlon.
5.1.6 ?iodd_routing study

A flood routing study was carried out for the 3 PMFs
and 4 alternative spillways.  The results are as summarized

below:

Alternative No. of Spillway

Description Unit Case 1 Case 2 Case 3 = Case 4

1. Original PMF:

- Max, rise m 6.28 3.32 2,07 1,10
above HWL S .
~ Max. O m3/s 2,040 2,600 2,880 3,270

2. PMF=1 for January

- Max. rise m 4.05 3.07 2.43 1.90
above HWL : o '
- Max. Q m3/s_1,970 2,540 2,960 3,420

3, PMF-2 for April

- Max. rise m  6.04 3.23 . 2.42 1.81
above HWL _ : e B
- Max. m/s 1,980 2,580 = 2,960 3,400

The above table shows the following:
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(1)-'The'origina1 PMF is the most critical among the 3 PMFs
~ for the smaller spillway Cases 1 and 2. 'HoweVer,osince
its unitgraph has been judged inadeguate to the Ermenek
River, this tesult is oﬁly for reference and will not

be used in the further design works of the Project. . |

{2) The PMF-2 is more critioal than PMF-1 for the smaller
' spillway Cases 1 and 2, while PMF-1 becomes critical
for the larger spillway Cases 3 and 4.

Accordihgly, the maximum flood water level was obtained
for each alternative spillway as shown below:

~ DFWL_for I-Co axis, HWL_ at 675 m

Alternatlve No. of 3pillwa?

Description . Unit Case 1 Case 2 Ccase 3 Case 4
1. Design flood PMF-2  PMF-2  PMF-1  PMF-1
2. Max. rise . - m ~  6.04 ' 3.23  2.43  1.90

above HWL ' '

3. Max. outflow w3/s 1,980 2,580 2,960 3,420
in total - | |

The above,relationship is shown in Fig. 5.5.3._
5.1.7 Optimum discharge capacity of spillway

Conétrudtion'coets were estimated for each combination
of spillway capacity and dam height. An incremental dam
cost was estimated conpared to the dam cost without any
flood storage (design flood water level = HWL), by multlply—
-ing a unlt cost of 0.49 mllllon US$ per meter of dam height
around a crest elevatlon of 680 m, to the flood water depth
above HWL. S :

' A total cost of the above‘spillway cost and incremental

dam cost is shown below (Flg,'bls). Case 1 is the least
cost, followed by Cases 2, 3 and 4 in the order. The cost
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saving effect by the lower dam height is emaller than the
~incremental cost of the spillway.

Case-1 Case-2 Case-3 Case-4

1. Spillway discharge  m3/s - 1980 2880 ~ 2960. 3420

capacity
2. Max. flood level m 6.04 3.23 2.43 1.90
above HWI, _ o Lo o cL
3. Dham cost for flood mn.S$ 2.96 ~1.58 1.19 .. 0.93
"~ surcharge : S o o _
4. Spillway cost m.$ 3.36 5.60  .8.40°. °11.20
5. Total cost. m.$  6.32 7.18 9.59  12.13

Of the least cost Case 1, the total discharge capacity
is 1,980 m3/s, which is smaller than the minimum'capacity of
flood discharging facilities. Then the second least cost
Ccase 2 was selected at: this feasibility study“stagé.

For'a case of HWL of 675 m, the spillway ‘discharge
capa01ty and the dam de51gn flood water level were deter-
mined based on Case 2 as shown below: '

- Maximum outflow (rounded) - : 2,600 m3/s

- Dam_design flood watef level a 678.3'm
(rounded) . . N

- Tunnél spiilway design aiséhargeﬁ. 1;i60 m3/é

- Crest spillway design discharge : - 500 mi/s

- Bottdm outlet design discharge_ : 940‘m3/s

- Freebpérd N .' :I | : .__'1.f n

- Dam crest elevation . : - 680.0m

The_tbtélﬁdischarge capadity bf spillway éﬂd bottom
outlets will be 2,600 m3 at the design flood water level of
678, 3 m, Wthh w111 be larger than the 1/200~year probable
flood of 2,200 m3/s. :

_ In addltlon to the above splllway system, an emergenoy
splllway of overflaw type w1ll be prov1ded on the dam crest
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to cope with_such an incident as malfunctioning of one of 4
gates of the: tunnel spillway and_boﬁtom_outlets.- The length
of this emergency overflow crest was selected at 60 m.. In
this dase; the total crest length including the primary
overflow crest will be 100 m, which was selected in conjunc-
tion to the dam crest 1ength of 165 m.

5,2 Drawdown of Reservoir

A comparatlve study was made for the 5 alternatlve
drawdown of the reservoir. The study was made for the
prospectlve HWL of 675 m. The principal features and eco-
nomic indices are as summarized below: '

_ Drawdown
No.  Description  Unit 30m  45m 60m  75m  90m
(1) LWL . m 645 630 615 600 585
(2) Effective reservoir MCM 1,329 1,879 2,339 2,715 3,009
capac1ty
(3) capacity-inflow s 91 128 160 185 205
ratio .
(4) Mean reservoir n 668 664 660 648 644
. water level of 42 ' :
years

(5) Installed capacity MW 273 297 320 328 331

(6) 90% dependable MW 260 276 294 274 272
. power . : B
(7) Annual energy GWh - o
- firm _ 825 892 = 925 950 . 952
-  secondary : 179 127 97 52 - 43
total 1,003 1,018 1,022 1,002 995
(8) ~ Economic con- . mil.$ 322.0 335.8 342.1 348,6 351.8
-~ gktruction .cost - T e : S
(9) Annual cost ‘mil.$  40.5 42.3 -43.1 43.9 44.3
(10) Annual benefit  mil.$ 73.3 76.1 78.8 76.9 75.6
1nclud1ng flrm—up :
_beneflt :

(11) Annual net beneflt mll $ 32.7 33.8 35,7 33.0 31.3
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' Fig. D17 shows 3 curves of the installed capacity, 90%
dependable power, and the annual net benefit, with the
reservoir drawdown as abscissa. '

As shown in the figure and above table, the 90% depend-
able power has a peak at the drawdown of 60 m. This is
because the mean reservoir water level lowers in accordance
with the increase of:drawdown. As a result, the annual
energy will start decrease when the drawdown exceeds 60 m.

The reservoir drawdown was thus determined at 60 m.

5.3 Diameter of Headrace Tunnel

(1)  Basic_ approach

The economic diameter was obtained with the least cost
criteria, taking into consideration the power loss due
. to theé hydraulic loss of head in the headrace tunnel as

an extra cost.

(2) Construction cost

The annual equivalent of construction cost was estimat-
" ed with a discount rate of 9.5 per cent, a construc-
‘tion period of S years, and an assessment period of 50

years.

(3) Annual power loss
. The annual power loss (Cl) and energy loss (El)_were

estimated assuming the daily operation pattern of Case

2 shown below:’

D - 42



32

=
st
i

‘Sum (P, AT}

Pl X 8,760 hr x 0.363 | ~====> Eo for Case 1

#
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0.42 E, for Case 2

]

0.50 E0 ' for Case 3

8.6 W0 b 9 5.9 won o A7 240w

case 1 (E;) . Case 2 (0.42E;) -  Case 3 (0.50Eg)

)

In generél, Case 1 yields a higher energy loss, result-

ing in a larger tunnel diameter. Cases 2 and 3_yield
lower energy losses or 42 to 50 per cent of Case 1,
resulting in a smaller diameter. '

The daily_operétion pattern of Case 1 is of the extreme
peak operation, and ‘is not practical in terms of its
momentary change of load at the dally start and stop.
Ccase 3 is another extreme and ls not practical 1n terms

.ofrvery,low.load_at the stop. Case 2 is considered

most realistic and close to the -actual conditions in
terms of energy loss, and was adopted in this study.

W@fk'gpantities per meter of headrace tunnel

_ The work quantities of the headrace tunnel were ob-
' tained for alternative tunnel_diameters with the fol-
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lowing assumptions:

(A) TLining thickness is 0.08 times fhe'tunnel diame~

ter.
(B) Thickness of the extra excavation is 0.20 m. -

(C) Tunnel excavation w111 be made by the follow1ng

method'
For 50 % length: ' without support w1thout NATM
‘For 50 % length: by NATM

(D) Consolldatlon grout will be made for two thlrds of
the tunnel 1ength

(E) Quantities of shotcfete, rockbolts and consolida~
tion grout works were expressed as fundtiohs of
the tunnel diameter (D) based on the quantltles
for D= 6.1 m as described below:

gotcrete w111 be provided for the excavated surface of
the tunnel in such tunnel sections where NATM 1s re~j
quired. The thickness is set at 0.02 times the tunnel
diameter, or D/50.

Rockbolte will be placed in such tunnel sections where
NATM is required. The rockbolts will be . placed on the
arch and part of the side walls, or two thirds of the
tunnel perimeter; The length of one.rdckbolt'is=set at

.one third of the tunnel diameter._ The number of.

2

rockbolts per m® of tunnel surface‘is set at 0.5 nos.

Consolldatlon grout of 3 m long will be placed at 6 .

holes per section with section interval of 3 m.
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(5) Least cost diameter

The - least bost diameter for the dischargé_of 116.6 m3/s
was obtained to be 6.3 m as of n = 0.012 and the opera-
tion ﬁattefﬁ of Case 2. However, the cost.differénceé
are as small as less than US$ 0.1 million per annum for
the diameter range from 6.0 m to 6.6 m. |

(6) Diameter by émnirical_formula
Meanwhile the following empirical formula gives a
diameter of 6.1 m for the discharge of 116.6 m3/s:

Al 0.48
D, = O.62 90-%8

(7) Dbianeter of headrace tunnel

This diameter is within the above range. The annual
cost of: this diameter (6.1 m) is US$ 7.15 million,
which is-higher-fhan.that-of 6.3 m (US$ 7.08 million)
“only by USS$ 0.07 million per ‘annum. '

Acdordingiy, the ‘internal diameter of headrace tunnel
was'determihéd to be 6.1 m by the abéve:empirical
formula. This diameter yields a hydraulic gradient of
1/747 at n = 0.012,'and 1/549 for n = 0.014.

Diameters for the other discharges were obtained by the
‘above formula. o

5.4 Route of Headrace Tunnel
A'compafative study was carried out;on 5ra1ternative

routes.of -headrace tunnel shown in Plates A30 to A32. The
“principal’ features of these routes are as shown below:
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Alternative Route No.

Description A Ba Bb ‘Be c.

(1) Length of headrace . 8,800 8,920 8,950 9,020 9,180
tunnel (m) . _ _ : C _

(2) Incremental length 0  +120  +150  +220  +380
of headrace tunnél- (m) . . .

(3) Length of work 3,360 2,460 2,320 2,220 1,940
adits (m) x " ) ,

" (4) Incremental length 0 -900 -1,040 -1,140 -1,420

of work adits (m)-
(5) (2) + (4) (m) - 0 ~780 =890 - =920 -1,040

The alternative route A has a straight-alignment
betﬁeen'the intake and surge tank sites. Because of the
topography along the roﬁte,.it_incurs iong work adits
amounting to 3,360 m in total.

The economic route was obtained with the least cost
crlterla of a sum of the constructlon costs of work adlts
and headrace tunnel and the power loss due to the hydrau11C'
loss of head in the headrace tunnel. -The alternative- routes
were selected so that they pass always the mountaln side of

the contour line corresponding to HWL.

The locations of work adits were selected with the

following criteria:

(1) The maximum ‘length of one tunnel section should'be
about 4,000 m or less.

{2) The portal of work adits should be selected at those
places which are located on ridges but not in the
creek. The site should have a suitable topography. for
construction of an access road to the adit-pdrtal.

D - 46



(3) The work adit route should be selected by avoiding the
landslide debris deposits, which are located in the
middle part of the headrace tunnel route. '

'(4) The total 1ength of work adits should be as short as
p0551b1e,

‘The annual éQUivalent of construction cost and the
annual power loss were estimated in the similar way to that
adopted for the calculatlon of economic diameter.

Each work adit was planned to have 2 full lanes of road .
to pass construction equipmgnt of maximum width of 2.5 m.
- The sections of work adits are as shown in Plate No. 26. - It
is assumed that'Adit Type I be applied to the first 100 m of
each work adit, while Type II to the remaining part of the’
work adits. The adit TYpé I. will be.fully concreteﬁlined
with steel support. Type II will not be concrete-lined, but
it was aésumed,that its 5¢ pér cent in length be. excavated
by NATM. . | |

Under the above conditions af-power loss and
conétruction:costs, the annual costs were obtained as shown.
in Fig. D18. The figure shows that the Route Bb is the
least cost among the 5 alternatives.

5.5- biqmeter of Pressure Bhaft

The econqmic=diametér of the pressure shaft was

' obtained‘in{the'similar way to that for the headrace tunnel.
- A-clearance between the steel liner and the excavatéd'surf
face of the shaft was set at 0.30 m, assuming that the
_welding”works of fhé liner be made only from the inside,

The economlc dlameter of steel liner was studied for
the 2. caseS' 31ngle 1ane of the shaft; two lanes.
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5.5.1 8ingle lane shaft

The annual equivalent construction cost-Was'éstimaﬁed
with a discount rate of 9.5 per cent, a construction period
of 3 years, and an assessment period of 50 years..

The annual power loss was estimated by the same equa-
tion as for the economic: diameter of the,headrace-tuhnel.
The daily operation pattern of Case 2 was’adopted'iﬁvadcord—
ance with the same consideration to the economic diameter of
~headrace tunnel.

The work quantities of the pressure shaft Were-bbtained
for alternative diameters with the following assumptions:

(1) Working clearance between the steel liner and the
tunnel surface is 0.30 m.

(2) Thickness of the extra excavatipn is 0.10 m.
(3) Tunnel excavation will be made by the followiné method:

For 50 % length:  without support without NATM
"For 50 % length: . by NATM ' '

(4) Consolidation grout will be made for two thirds of the
tunnel length. - '

(5) Quantities of shotcrete, rockbolts and consolidation
grout works were expressed as functions of the excava-
tion diametér (D) based on the quantities for excava- -
tion diameter of D = 6.0 m as described below: |

Shotcrete will be pfovided for the excavatéd_surface.of
the tunnel in such sectiohs-wherelNATM'is'reqaired,
The thickness is set at 0.02 times the excavafidn
diameter, or D/50. S
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Rockbolts will bé'placed in such sections where NATM is
required. The rockbolts will be placéd on two thirds
of the excavation perimetér. The length of one.r0ck—
bolt is set at 2.0 m. The number of rockbolis per
section is set at 7 nos, with seétion intervals of 1.0
m.

Consolidation grout of 2 m long will be placed at 6

holes per section with section interval of 3 n.

The least cost dlameter of steel llner for the dis-
charge of 116.6 m3/s was obtained to be a. 2 m. Howe?er; the
differences of annual cost are as small as within US$ 0.1
million for the diameter range from 4.1 m to 4.9 m.

_ Meanwhiie_the fpliowing empirical formula gives an
avefage diameter of 4.9 m for the discharge of 118 m3/s:

This‘diametér is within'the'aboVé range. ACébrdingly,
the diameter of 51ngle lane steel liner was determlned to be
4.9 m.

5.5.2 Two lane shaft

' In the same way as for the single lane shaft, the least
diameter for the discharge of 116.6 n3/s was obtained to be
3.3 hL"HOWEVer, differences of annual éost:is'again'as
small as within US$ 0.1 mllllon for the diameter ranqe from
3.1 m to 3.7 m. '

'The7ébéVé empirical'fdrmula'giveé an average diameter
of 3.6 m for the-discharge of half the 116'6 n3/s.  This
_diameter is within the above r&née; Accordlngly, the dlamE*
 tér of two lane steel llner was determlned to be 3. 6 m,
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5.5.3 Selected lane number and diameter

" An ‘economic comparison was made between the s1ngle lane
and two lanes as summarized below.

"8ingle Two

Items Unit - Lane . Lanes
1. diameter of steel m 4,9 3.6
liner L oo
2. tunnel cost Mil.$ 1.43 1.99
3. steel liner cost = Mil.$ 15.81 ~14.95
4. total cost - Mil.$ 17.24 - -16.94
5. annual equivalent Mil.$ 1.90 1.86
of constructlon _ .
- cost
- 6. annual power . Mil.$ 0.33 Q.42
loss : : . -
7. annual total ©Mil.$ - 2.22 2.28

As shown in the table above, the single lane has the
higher construction. cost, lower power loss, and lower annual
total cost compared to the two lanes. ‘However, the dlffer~
ence is as small as US$ 0.06 per annum.

In the case of single lane, the maximum eXCavafion
diameter will be 5.9 m including working clearance of 0.3 m
and extra exoeﬁetion_of 0.2 m.  The Vertioel height.becomes
8.3 m in an inclined shaft of 45 degree, and eome?difficule
ties are ‘expected in construction works In the case of two
lane shaft, it pbecomes 6.5 m; and the shaft excavatlon
equipment can be used for the double length compared to the
single lane, resulting in a higher depre01et1on_of the

excavation equipment.

Aocordihgly, the two lanes were adopted in the'Projéct{
and its diameter was determined at 3.6 m.
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5.6 Type of Penstock and Powerhouse.

An economlc comparison was made for aboveground and
underground types of penstock and power station under the
following conditions:

_I—Cc

(1) Dam site :

(2) Dam height . 1oom

(3} HWL ' : 675 m

(4) IWL 3 615 m-
(5) Drawéown : 60 m |

333 m for the underground
type with a tailrace
tunnel '

(6) Tailwater level

337 m for the aboveground
type w1thout tallrace
tunnel -

Plan and- proflle of the aboveground penstock are shown
in Plate A29, and of the underground type in Plate Nos. P17
to P19. . An economic comparison was made as summarized

below:
No. Descrlptlon Unit Aboveground  Underground
(1) Length of penstock m 1,035 440
(2) 1Installed capacity = MW 315 320
(3) 90% dependable power = MW 294 | 294
(4) Annual energy o GWh
- Firm 911 925
 ~- secondary . T : 97 ‘ 97
total 1,008 1,022
(8) Economlc con—. _ mil.s -~ 341.5 : 342.3
: structlon cost ' C
(6)‘_Annua1 equlvalent _ ,mi1'$ o A2.3 33.6
(7). Annual benefit . .  mil.$ 62.1 62.5
excluding firm-up S '
benefit of Gezende
'(8) Annual net benefit  mil.$ 19.8 20.1



The aboveground and1uhdergréund‘p1ans'aré'almOSt com=
parable to each other although the undefground typé yields a-
slightly higher net benefit. This is, howevar;iméinly
attributable to the additional head of 3 m available for the
underground type. ' ' ' . '

The underground typé has an opérationél'advantaée be-
'gause of its shdrter“length of the-preésure‘Shaft:-l;035_m
in horizontal length for the aboveground type; 440 m for the
underground type. Also the undérground type will not.affect
the natural environment on the route aﬁd will be free from
slope protéctidn works. Thus the underground pressure shaft
and power station were adopted for the Project.

5.7 Location of outlet;of tailrace tunnel

A comparative study was carried out on the 4 alterna-
tive routes and outlet locations of the tailrace tunnel as
'shown in Plate A33. The river profile around the- outlets is
also shown in Fig. D19. As shown in this fi@ure,-thérérare
‘rapids of about 2 m high and the Route B is’ located at an-
1mmed1ate downstream p01nt from this raplds '

Locations of the outlet were selected with the“follow-
ing criteria: ' -

(1) The outlet should be selected at those places that are
located on ridges but not in the creek.

(2) The outlet should be selected by'avoidihg'the landslide
area, Whlch is located in the mlddle part of the

conceivable area of the outlet

Principal features and economic indices are summarized
pelow for alternative routes compared to those of Route A.
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Alternative No.

" Desceription  unit A B C' " D

(1) = Length 6f tailrace ~ ~ 1,200 1,713 1,838 2,298
: tunnel (m) R : I :

(2) Incremental length m . 0 +513  +638 . +1,098
' - of tailrace tunnel ' : R "

(3) Minimum tailwater 336.0 329.0 328.0 326.0
level (m) S

(4) Maximum head m - +7.0 +8.0  +10.0
- increased . '

(5) (4) / (2) x 1,000 -~ 13.6  12.5 9.1
(m/km) ' -

{6) . Incremental mil.$ - 0.29 0.36 0.63
: annual cost

(7) Incremental C mil.$ - 0.76 0.77 0.78
annual benefit

(8) Incremental wmil.$ - . 0.35 0.26 =-0.08
annual net ' : .
benefit

_ As shown in. the above table and in Flg DZO, the annual-
beneflt 1ncreases sharply from the alternatlve Route A to
Route: B, but 1s stagnant in the far dOWnstream p01nts on
: the other hand annual equ1Valent cost and annual pover loss’
continues increase along with the length of the tallrace

| tunnel. Thus the Route B becomes the least cost among the 4

alternatlves. Acgordlngly the Route B was selected.
5.8 _Sxik Power Station

5.8.1 besigp'discharge of Erik Diversion Scheme

(1) . Flow durationﬂdhrve
Based on the 3 years' dally runoff data of the Erlk

Rlver, a flow duratlon curve was developed by the
serial method. The used data cover 3 hydrological
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(2)

years : (October through September): 1965/1966,
1969/1970, 1970/1971. The 3 years' average flow was
3.82 m3/s, while the long-term average was estimated at
3.5 m3/s for the 42 years from 1946 to 1987 (see Sub-
section 5.5.3 of Maln Report for detalls)

The duration curve is shown in Fig. D14, and is summa-
rized below: o
' Flow of

Probability : : _ the 3 years

of Exceedence (%) (m”/s)
4 : . 6,00
5 o 5.80
10 |  5.24
20 o 4.34
50 ' - 3.56
90 o . 2.85
95 . 2.14
100 B . 2.14

The lowest flow in 1989 vas 2.16 m3/ . Sihce most of

the river flow is fed by the Er1k Spring,’ thé 100 per
cent flow. of 2.14 m3/s given’ in the above table could
be deemed as a long-term firm flow of the Erik River.

Maximum_diversion discharge

A free flow tunnel of the minimum working diménsion_has
a discharge capacity of 6.0 m?/s for a coefficient of
roughness of 0.014 and a-hydraulic gradient of 1/1,000
with clearance of 0.3 m between the water surface and

the arch crown. _

The above discharge capacity of 6.0 m3/s COrresbohds'ﬁo
4 per cent on the flow duration curve. It means that
there will be little overflov from the Erlk dlver51on

welr as summarlzed below:
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- Discharge capacity : - 6.0 m3/s

Average number of ¢  11.0 days
spilling days e '
Average spllllng : . 0.06 m3/8.yr
water

a9 -

Average dlvers1on

3,44 ni/s.yr
- water T '

It is judged that the free flow tunnel of the minimum
dimension is enough for the Erik Diversion Scheme as it can
divert 98 per cent of the Erik flow. The design diSchafge
of the diversion tunnel is thus determined at 6.0 ma/s.

5.8.2 Type of Erik diversion tunnel

The”proﬁosed route of Erik diversion waterway is shown
in Plate P22. There is a large scale landslide near but
downstream from the'Erik Spring. This oceurred in 1985 and
the people llVlng there were resettled to a safe place. .The
control of thlS 1andsllde 1s con51dered practlcally 1mp0851—'
ble. Accordlngly, the Erlk 1ntake weir - 51te was selected
upstfeam from thls 1ands11de and 1mmed1ately downstream froms
the Sprlng The Erlk Sprlng and the weir site are located
in a valley created in a 11mestone PBlock, and are 3udged
free from the landslide. '

As the type of the Erlk waterway,'a free flow tunnel
,type and - a pressure Elow tunnel type are concelvable.' or
'these, ‘the free flow type was selected based on, the follow-
1ng con51derat10ns-

(1) ”A'pressﬁreefioﬁ'tuhhel of 2.2 m in internsi diemeter'
has the ‘same dlscharge capaelty of 6.0 m3/s with the

'above free flow tunnel at the hydraullc gradlent of
1/1, aco and coeff1C1ent of roughness of 0. 014,



(2) The 1ining thickness was assumed at.0.20 m for.the free
flow tunnel aiming only to improve the coefficient of
roughnesgs, while it ﬁas'assumed.at b;25fm7fbf the
pressure tunnel. ' '

(3) ‘'The construction. cost of free flow tunnel w1ll be
‘cheaper than that of the pressure ‘tunnel by US$ 0.78
million as shown below:

. (million US$)

: ' Free Flow = - Pressure
Work Items : : . Tunnel . - Tunnel
Tunnel excavation I 1.64 . 1.76
Lining concrete | | . _ 1.29 _ 1.57
..Censpiidetioe-groﬁt | _'_. h - ) 0?38
_":._Dc_staj.. T 2.93. . . 3.71 .

(4) In the case of the pressure flow tunnel a surge tank

w111 be requlred as the tunnel 1ength amounts to 3 940

m. In the case of free flow tunnel, a head tank'
comblned w1th an excess water splllway w1ll be-
requlred The splllway could be constructed on the
ground surface to gulde the excess water,_spllt from
the head tank, to the inlet shaft, which is connected
to the headrace tunnel (see Plate P24).

{5) Cost of the head tank and excess water splllway would.
' be in the similar order to that. of the surge tank

Accordingly, the free flow type would be cheaper than

the pressure type also in'the total cost of related

‘work items.

" The Erik diversion tunnel is”thus'deterﬁinedeﬁd‘be of

free flow type.
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