- CHAPTER 5. = SITE CONDITIONS

5.1 Field Investigations Performed
5.1.1 -Scope and schedule of investigations

Thé sites of Additional Detailed Investigations were
selected based on the preliminary studies desdribed in
Chapter 4. Site I-C was selected as the nost promising dam
site but with an assumption that the water 1eakage through
the karstic limestone located at the dam site can be techni-
cally managed. Site I-B was reserved as the site to be
taken up when the 1-C site would have to be abandonéd‘due to
unexpectéd geological problems in the course of the Study.

The sites to be investigated were determined as fol-
lows; '

{1y  I-C dam site in the Gérmel Gorge .

(2} The landslide area located on the left abutment of the
I-B danm site _

(3) Rock quarry and borrow areas around the dam site

(4) Power waterway route from the I-C dam site to the

_ ‘outlet of tailrace tunnel '

(5) Underground power house site

{6) Weir site and waterway route of the Erik Diversion
Scheme

The Additional Detailed InveStigations_for these sites
were performed succeeding to and integrating the geological
ihvestigations-which had been ongoing by EIE in the Project
'site beforé ¢ommencément of the Study. The 1nvest1gat10ns
had been completed by the: end of November 1989 except for
some geological investigations. The geological 1nvest1ga~
tions for the Study were completed by May 1990 when drilling
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works of the deep boreholes planned on the right bank of the
dam site and power station site were accomplished.

5.1.2 Topographié survey

Topographic survey and mapping were conducted between
the middle of June and the end of November 1989 by the
Topographic Division of the Project Department of EiE, to
prepare'necessary maps ‘in addition to those prepared by EIE
preceding the Study. These maps are as listed below:

Location Scale Surveyed - Nos. of
: Area (ha) Sheets

'Maps_prepared before the Study
Project area . - 1/5,000 - 42
Dam site I-B 1/1,000 - 5

Maps prepared under the Study

Dam site I-C ' 1/1,000 115 4
Outdoor switchyard and : R

tunnel portal 1/500 . .21.25 3
Outlet of tailrace S

tunnel . : i/500 . 21.00 : 3
Erik diversion weir 1/500 6.75 : 1
Total | 164.00 58

A river cross section survey was also carried out by
EIE at 4 sections around I-B and I-C dam sites (Fig. 5.1).

5.1.3 @Geological investigations
Geological maps were prepared for the reservoir area,

the whole Project site including dam site I-C; and the Erik
intake site (Plates G1, G2, G3, G22). ' ' o
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The core boring investigation of 7,438.75 m in total
depth (5,111.05 m at the pre~feasibility study stage and
2,327.70 m during thelstudy) was performed as shown in Table
5.2. ‘The borehole location is shown in Plate G2. ILugeon
.tests, 1,191 times in total (9268 times at the pre-
feasibility study stage and 223 times during the Study) were
performned in these boreholes.

At the pre-feasibility study stage, seismic exploration
along 31 profiles and 193 points of vertical electric sound-
ing were performed by EIE, in I~B dam site area. (1987), and
in I~C dam site and headrace. tunnel route (1988). The
results are presented in EIE reports. Durlng the btudy,
seismic exploration by refraction method was performed for 9
lines, 9,366 m in total line length. The locations of these
points and seismic lines are shown in Plate G2. The'results
of'analysis are shown in the geological profiles of each
seismic exploration line.

A test adit of 42 m in length was excavated in the I-B
dam site”at the pre~feasibility study stage. Another adit
of 231.2 m in length was excavéted in I-C dam site during
the Study (Plate G2).

Test samples were taken from the boring cores of SK-
362,-307-and_313,-to test strength-pf the. rock at I-C dam
site. The test results are given in Table 5.5.

The Geology and Drilling Department of EIE had pre-
pared a study report of seismicity, which was partly revised
by the JICA Study Team. '

. A micropaleontological and mineralogical study was
performed at the pre-feasibility study stage for. 53 samples
taken in the field in.order t0-¢onfirm the'geélogical age of
each limestone block in the study area. Under the Study, 4
samples were tested mineralogically to examine swelling
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tendency of the rock.
5.1.4 Material tests

Thg-field~investigation and laboratory tests were
carried out to identify locations, engineering properties
and available quantity of construction materials.

28 test pits were excavated at the pre-feasibility
stage and 16 test pits under the'Study, to:take samples for
laboratory tests. The depth and numbers of sampling are
liSted_in Table 5.2. Location of the test pits are shown in
Plate G27. The test samples were taken from the test pits
and boring cores. The test items, quantity and results are
summarized in Table 5.3. '

Two boreholes of SK-311 and 312, 109 m in total length,
wvere driiled in the proposed guarry site in order to test
rock quality and to estimate available quantity. The loca-
tion of boreholes are shown*in Plate G28,

5.1.5 - Other =surveys

(1) Hydrological measurements
Hydrological Survey Department of EIE conducted’ flow
measurements at 4 stations around the dam sites between

‘March 1989 and August 1990.

(2) Transmission line route survey

The proposed transmission line route for the Project

wvas preliminarily”reconnoiteréd in November 1989 by
running with jeep on motorable roads along the conceiv-
able routes between Ermenek and Seydisehir. '
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(3)

Compengation survey
A compensation survey for the Project was carried out
by EIE on the legal basis of the following laws and

mahual:

(&) Law Number 6200: Establishment of the Dsi

DSI was established in 1953 with the-responsibil-
ity to implement irriqation, energy and. urban
water infrastructure projects. Under Article 2 of
Law Number 6200, the authority toszrchase-and/or
to expropriate privately-owned land for project
implementation purposes has been given to DSI.

(B) Law Number 6830: Expropriation Law
This law establishes the procedures for transfer-
ring the ownership of privately-=owned “unmovables"

or land to state-ownership and use.

(C) DSIis manual

The compensatioﬁ survey was carried out in accord-
ance with the "Manual for-Expropriation Studies,
1984", prepared by the Planning and Analysis
Division of Dst.

The compensation survey for the proposed reservoir area

was conducted by EIE first ‘in September 1988 for the
elevation range up to 650 m. At the Additional De-

~ tailed Investigétion stage between August and September

1989, the survey was supplemented by E1E for the
elevation range between 650 and 750 m, since it was

- 'found through the preliminary study that a prospective

. HWL would exceed 650 m. The survey covered 7,367 ha in
- total bhetween 510 m and ‘750 m in elevation. '

- 5] =-



The survey results were reviewed by the Study Tean.

{(4) Environmental impact study

An environmental impact study has been based-primariiy
on existing data and study reports and limited field
investigation. The field investigation was conducted
during October 30 through November 3, 1989. Additional

‘data were obtained from regional/district offices in
“Ermenek.  Consultation was made also to scholars at
Hacetepe University to clarify particularly ecological
aspects of the environment.

(5) Construction works survey

Information about the poweér source and communications
system available for the construction works of the
Project was collected. Data including prevailing
prices of materials, equipment and labors were collect-
e& and unit construction prices were analyzed. out-
lines and construction records of similar projects were
also investigated. The existing conditions of the road
network around the Project area were investigated in
- November 1989.

5.2 The Ermenek Basin

The Ermenek river rises from the Toros mountains at
about 2,500 m in elevatibn and takes the streans éuch as
Gokdere, Kiciksu, Zeyve and Erik. It flows firstly towards
the south and then towards the east and finally joins the
Goksu river near Mut town at about 100 m in elevation (Plate
P1). |

The catchment area of the Ermenek river basin is'about

3,621 km? at the confluence of the Géksu and Ermenek rivers.
The surface boundary of the basin is not clear especially on
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its southern boundary on the flat and wide plateau made of
limestone. - The highest elevation of the basin is 2,877 m.
The riverbed elevation is about 500 m at the Ermenek dam
site, and the average elevation of the basin upstream of the
dam site is about 1,600 m.

About 50 pexr: cent of the basin is covered mainly by
juniper type of trees. There are no significant diversions
of water from the Ermenek river.

3.3 @eology
5.3.1 Regional topography

The Goksu river basin is located in the middle part of
the Central Taurus Mountain Range (Central Taurides), which
is developed along the Mediterranean coast. The Central
Taurus Mountain Range is a geographical subdivision of the
Taurusg Belt in the south-eastern Anatolia.

The Taurus Belt is divided.into three randges; Western,'
central and Eastern Taurus Mountain Rahges.‘ These ranges
are defined as the areas by two major tectonic structures.
- In the west of Alanya city, NW-SE trend structure exists
between the Western and_Central Taurus Mountain Ranges, and
in the east near Adana city, NE~-SW. gtructure (Egemis'faﬁlt)
is the border between Central and Eastern Taurus Ranges
(Refer to Fig. 5.3). |

. The Project site is located in the middle reaches of
‘the Ermenek river. . The proposed dam sites are located to
‘the south of Ermenek city, near the Goérmel bridge.1'The
.power house area is located about 10 km downstream of the
dam site. The Erik intake site is located about 4. km up-
stream of the confluence of the Ermenek and Erik rivers.



The topography in the surrounding area of the Ermenek
river basin presents rather flat plateau of-l,soo—z,zoo min
elevation, which is formed by mainly thick and horizontally
bedded limestone layers of the Tertiary Miocene Ermenek

Formation.

In the area between Kigiiksu river and the Zeyve river
which forms the main part of the proposed reservoir, both
the banks have rather gentle slopes; the foundation rock is
mainly marl of the Tértiary Gérmel Formation;_some remnants
of old landslide are seen on the slopes of both banks, but
mainly on the left bank. These are now in stable condition,

and no sliding activity is seen in this area.

In the area upstream of the Kﬁgﬁkéu river and down-
stream of the Zeyve river, both.banks have steep mountéinous
slopes, ﬁhere the rocks are mainly composed of the Creta-
cecus Ermenek Ophiolitic Melange. At those places where the
river flows in limestone blocks, both the banks show véry

narrow and high gorges.

Most of the flows of the Ermenek river originate from
the Kapiz spring and the Nadire spring located to the west
of the Project site. The uppermost reaches are located on
the limestone plateau. The flows of the tributaries also
originate from springs, such as the Balkusan spring, Zeyve
spring, Erik spring and so forth. The river flows upstream
of these springs are generally low or almost nil, especially
in the dry season. These springs are seén on the limestohe
blocks of the Ermenek Ophiolitic Melange and on the foot
slopes of steep cliffs.of Miocene limestones, which are
distributéd on the top of plateau on both the basin bound-

aries.
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5.3.2 Regional gaeology

The géological formations distributed in the reservoir
area are summarized in Table 5.1 and Plate G1.

The Upper Cretaceous Ermenek Ophiolitic Melange out-
crops in the wide areas around the Project site as a base-
ment.. It is composed of Carboniferous-Upper Cretaceous
blocks of sedimentary rocks, mainly limestone, in different
character, and matrix layers. The matrix layers are formed
by diabase, serpentinized péridotite, gabbro, graywacke,
graywackish sandstoné, schist, conglomerate and so forth.

The Cenozoic Tertiafy formations, namely the Gormel
Formation of Lower Miocene age and the Ermenek Formation of
Middle Miocene age are predominant in the area.

The Géfmel,Formation is composed of mainly marl, and
partly claystone, sandstone, clayey to sandy limestone and
cohglomerate; Some coal bands exist in the Gérmel Forma-
tion. A coal mine is located on the right bank of Kigiksu
river to the southwest of Ermenek city.

The Gérmel Formation is in angular unconformity with
the lower formation of the Ermenek Ophiolitic Melange, and
this is overlain by the Ermenek Formation with angular
unconformity.

The Ermenek:Formation_outcropS'at rather high eleva-
tions, in the northerh and southern parts of the study area,
with cliffs along the Ermenek valley, -and is composed of
mainly limestone, partly sandy . limestone, sandstone and

" marl. The Ermenek Formation overlies Aladad group, the

Ermenek Ophiolitic'Melange and the Goérmel Formation with
angular unconformities.
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The Quaternary deposits, such as terrace deposits,
talus deposits and so forth are seen widely on the slopes

and along the rivers.

The most recent and main tectonic deformation was
developedfduring theV§eriod of Palaeogene to Miocene in
Tertiary ége. After that, the area was uplifted by the
gffect of epeirogenesis and then the various erosion oc-
curred during late Tertiary and early Quaternary age, and
the preserit topography of the region was formed. ' '

Several faults are seen on the Nadire, Azitepe and
Kukurce limestone blocks of the Melange. However, most of
these are geologically minor faults. No large fault struc-
tures were recognized in the Gérmel and Ermenek Formations.

Thrust fault is seen in the west part of the study area
near Nadire where the Aladad unit overthrusts’' the Ermenek
Ophioclitic Melange. The age of this thrusting is estimated
to be Palacogene of Tertiary age. ‘

5.3.3 S8ite geclogy
{1y Dam site I-B
(A) Geological conditions

The geological profilé of the alternative dam site
I-B is shown in Plate G4. The left bank above 550
m in elevation 1s formed by very thick debris
(partly 50 m or more) of landslide. The dam axis

of site I-B is located a little upstream of this
debris area. The foundation rock 'is marl of the
Tertjary Gérmel Formation. = The river width is
about 600 m. The surface-of this-Se¢tionwis
cévered by Quaternary deposits, such as terrace
deposits, talus depoéits_and riverbed deposits,
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(B)

(C)

(D)

with thickness of 10 to 30 m. The foundation rock
is marl. The right abutment is formed by mainly
marl, with some intercalation layers of thin
sandstone and conglomerate of the Gérmel Forma-
tion. No major fault structures were found in
this dam site.

Rock_properties of marl

The foundation rocks are mainly marl in the whble
gsection of the dam, which is typicaiusoft rocks.
Slightly weathered to fresh rocks of marl corre-
spond to CH class  (rock classification of
K.Kikuchi Et.al., refer to Table 5.4).

The rock properties are estimated to be as fol-

lows.

 Rock classification : CM (soft.rock)
Compressive strength : 100~200 kg/cm?
Static modulus of elasticity: 10,000-15,000 kg/cm?
Cohesion _ : 10-15 kg/om?
Internal friction angle : 30—40'degrees
Static Poisson's ratio : 0.15-0.2

. Permeability

There will ke no serious problems aboukt water
leakage, because the foundation rocks on this dam

‘axis are all marl, sandstone and conglomerate of

the Goérmel Formation and of low permeability.

Foundation treatment

'Curtain, blanket and consolidation groutings will
be required along the dam axis below impervious

core zone and along the spillway'axis'for treat-
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ment of permeability and uniting the foundation
rocks (see ANNEX-A in Volume 3 for grout design).

(E) Slaking

Marls, even in fresh rocks, have a tendency to
slake easily by exposing to air. Therefore, some
special care will be required during embankment
works of impervious core zone.

(2) ‘Dam _site I-C

(A) Geological conditions

There are 3 alternative dam axes, I-Ca, Ifcb and
I~Cc in the Gérmel Gorge (Plate G3). The geologi-
cal conditions of each alternative axis are shown
in the geological map and profiles (Plates G5, G6&
and G7). All the 3 alternative axes are located
in an upper Jurassic-Cretaceous limestone block in
the Ermenek Ophiolitic Melange. This 1imes£one is
hard and massive but has many solution cavities.

Three fault structures, namely F-~1, F-2 and F-3
were confirmed in the limestone block through the
field reconnaissance (Plate GB).'_Adcording to the
results of borehole SK*310, there may not be fault’
structures below the riverbed.

The groundwater level in the left bank rises
towards the mountain side along the boundary
between the limestone and matrix of Melange. In
the right bank, it rises slightly towards the
mountain side (refer to Plate Gié).

The main joint systems measured in each dam site
are as follows.
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(B)

(a) Dam_site X-Ca and I-Cb

Ja: NS~10°E/vertical : Interval of 1-3 m.
. Continuity is low.
Jb: N70°E~EW/90-70°NE: Interval of 1-3 m.
Continuity is medium.
Jc: N40-80°E/30-40°NW: Interval of 10 m or
nore.
Continuity is high.
In the test adit:
N70°W/65°N
N30-40°E/20-35%N (Jc)
N35-40°E/60~65°N (Jc)

(b) Dan site I-Cc

~Je: N10-30%/vertical: Intervals of 1-3 m.
continuity is low.
Jf: N70°E-EW/90-70°NE: Intervals of 1-3 m.
' . Continuity is high.
Jg: NS-30°E/50~70°NE : Intervals of 10 m or
more.
Continuity is high.

Permeability conditions of the right bank

The permeability conditions of limestone in the
rlght bank are shown in Plates Gl2 and G13. These
may be summarized as follows

Area from ground Surface to abedt EL. 500 m is
hlghly perv1ous and karstic 11mestone.

'Area apprcx1mate1y between ELs. 500 to 400 m is

low pervlous limestone, but possibly has solution
cavities in some places. | _

Area below about EL. 400 m is low pervious lime-
stone, with.very.rare-possibility-of cavity exist~
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(c)

ence.
Area

near boreholes SK~316 and 314 is rather high

pervious limestone, and cavities are seen for the
depth until about EL. 350 m.

Engineering geology for I-C dam site

(a)

Foundation rock

The slightly weathered to fresh limestone at
this site corresponds to B to CH class of
rock classification (K.Kikuchi Et.al.}, and
will be appropriate for the foundation of a
high arch dam (refer to Table 5.5). The
necessary excavation depth of foundation
rocks was estimated at about 30-40 m for both
the abutments near the dam crest elevation;
and 5-10 m for the riverbed.

The rock properties'in slightly weathered to
fresh conditions (CH to B class) are estimat-
ed as follows:

Rock classification : CH to B (hard rock)

Compressive strength: 700-800 kg/cm?

Static modulus of

elasticity '80,000-200,000 kg/cm?

e

[Ty

Cohesion 40-50 kg/dmz
Internal friction
angle

40-55 degrees

Static Poisson's

"ratio_ : i 0.25-0.3

(b)

Foundation'treatment

Consolidation and cﬁrtain groutings will be
required for the dam foundation to unite the .
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(3}

foundation rocks and to inprove the perme-
ability. consolidation grouting will be
required for the whole dam foundation area,
with hole intervals of 2 to 4 m and depth of
10 to 20 m.

(¢} Grout curtain

The right and left ends of the grout curtain
. can -be connected to the marl layer of. the
 Gérmel Formation. In the left bank; the
_limesténe becomes - thinner towards upstream.
- Since the rocks below the limestone are low
pervious_ophiolitic; the bottom of the grout
curtain can be raised along the bottom of the
- limestone. The grout curtain should horizon-
tally be connected to the ophiolitic rocks
(Plate G12).

(d) Treatment of fault F-2

At I~Cc dam site, treatment of Fault F-2,
which is located in the right abutment, will
be required down to an elevation of about 400

m.

Power house.

The geological conditionszbf the powef house area are
shown in Plates G15 and G16. The results of borehole
5K-102 are as follows: (a) The sections from ﬁhe sur-
face to 156 m in depth (EL. 469 m), and between 263.2 m

“(EL. 361.8 m) and 286.55 m (EL. 338.45 m) are formed by
_limestdne:g(b)‘The other sections doéwn to the bottom,
._341;6-m.(EL._283.4_m) are formed by matrix of Ophiolit-
ic Melange; (c) The groundwater level was approximately

120 m in depth (EL. 505 m), which was measured during
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(4)

drilling works,

The results of borehole SK~108b are as follows: (a) The
section from 5.0 m to 196.75 m (EL. 287.44. m) is lime-
stone; (b) The section from 196.75 m to 201.2 m (EL.
282.99 m) is matrix layers of the Ermenek Ophiolitic
Melange.

Matrix layers are D, CL to CM class.rbcks. Such rocks
are generally unsuitable for the comstruction of an
underground power house. Rocks havihg appropriate'
conditions are only limestone in this area. The loca-
tion of the power house was conceived in the elevation

" range between about 309 m and 349 m.

The borehole SK-108b shows that the depth of limestone
bottom is 196.75 m or EL. 287.44 m.  In the borehole
SK-~106 located on the Erik rivér, limestone thickness
is 186.70 m, and the bottom of limestone is at EL.
182.85. These bottom elevations at SK-108B and SK-106
are lower than that of the bottom elevation of the

" power house (EL. 309 m). Therefore, the power house
-_cah be placed in the limestone block between the SK-

108b and SK~-106.

Rock properties of the limestone may be similar to

those in the I-C dam site {(Refer to Sub-section 4.3.2).

Headrace tunnel

{A) Geology along tunnel route

The total tunnel length is'about-9,042 n and the
tunnel diameter is 6.1 m. 'The:geoldgical'condin-
tions along.the'héadrace_tunnE1 are schematidally
shown in Plate G14. '
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(B)

The tunnel will penetrate through limestone for
about 6,300 m; matrix layers of the Ermenek Ophio-
litic Melange for about 2,700 m. These limestones

are all blocks in the Ermenek Ophiolitic Melange,

and the matrix layers of the Melange are composed

-of—schist,;sandstone, siltstone, conglomerate,

ophiolite, serpentine and so forth.

The limestone blocks are all hard and massive
rocks, which correspond to CH to B class of the

.rock classification {X.Xikuchi Et.al) in slightly

weathered to fresh rocks. The matrix layers are
medium-hard to soft rocks which correspond to CM

“to CH class in fresh rocks. In the boring core

sample, the rocks are in general highly cracky and
partly fractured (refer to Table 5.5). '

A mineralogica1 study was performed for green
schist and serpentinite by X~ray diffraction

" method for the purpose to examine swelling tenden-

cy of these rocks. Samples were taken from out~
crops near the power house and,K from the borehole
SK-102. The results suggest that these.rocks have
nil or very rare amount of minerals which have a

- swelling tendency..

Groundwater level

The groundwater level in a limestone block of the
Nadire Formation situated at the entrance of the

headrace tunnel,is almost the same with the river:

water level (about EL. 500 m). _ Other measurement

‘records are only in the boreholes SK-101 and SK-
102, which are 20.0 m in depth (EL. 960.61 m) in

SK-101, and about 115 m (EL. 500 m) in SK-102.
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(5)

Many springs were observed along the tunnel rdute.

The source of these springs is estimated to be

limestone of the Ermenek Formation, which is

distributed widely on the higher mountain slopes

in the southern side of the tunnel route. These
springs suggest that the groundwater level is high

in general, and rises in parallel with the ground.
surface towards the plateau on southern_basin

boundary. However, the water levels in limestone

blocks are supposed to be rather low in comparison

with those in matrix layers because of the karstic

-character. In those blocks which have no direct

contact with the limestone of the Ermenek Forma-

‘tion, the water levels would be much lower even if
these blocks are located at a high'elevation in
the matrix layers. ' '

Surge tank and pressure shaft

‘The headrace surge tank site is located in a limestone

block of the Nadire Formation, which corresponds to CH
to B class of the rock classification (K.Kikuchi

'Et.al.) in slightly weathered to fresh conditions. The

foundation will be slightly weathered to fresh rocks
(4.5 km/s in seismic velocity): The upper section will
be in the rocks which have seismic vélocity of 3.1 to
3.3 km/s or 2.0 to 2.3 km/s, and correspond to CH to cM

class.

' The pressure shaft route will pass limestone of the

Nadire Formation in the uppermost and_lbwermOSt sec-
tions; matrix layers of the Erimenek Ophiolitic Melange

in the middle section. The rocks are estimated to be

in slightly weathered to fresh conditions for the whole

section.
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(6)

(7}

Tailrace tunnel

The geological conditions along the tunnel route are
shown in Plates G617 and G18. The tunnel will pass
limestone for 1,050 m from the power house; matrix
layers for next 150 m; marl in thé:remaining3part up to
the outlet. According to the seismic'exploration of
line PC, the limestone in all the tailrace tunnel
secticn is slightly weathered to fresh (4.5 km/s in
seismic_velocitY); matrix layers and marl (3.6-3.7
km/é) are fresh except for the ocutlet portion. For the
mar)l section, a medium to héavyﬁsupporting system will
be required because of its slaking tendency. A heavy

‘supporting system will be required for several 10 m in
“length from the outlet portal.

Landslide area in the dam site I-B

The. geological conditions are shown in geologidal
profiles for the seismic exploration lines LA, LB and

LC in Plates G19, G20 and G21 respectively. The main

conditions which cause landslides in relation to the
dam impounding are generally as follows (M.Watari,
Chairman of Japan Landslide Society):

(A) Topography and geology show features of historical
landslide activities.

(B) Steep slope imclination. 1In many cases of land-~
slides observed in the past, the slope inclination
was more than 20 degrees in'general. '

(C) Répidﬂdrawdown:speed-of reservolir, Most of the
paSt'1ahdslides.OCCurred'during a rapid drawdown
of reservoir water level at a rate of more than
2.0 m/day.
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(8)

Although the topography and geology in this site show,
historical landslide features, the slope inclination is
about 10 degrees on an average, and the dréwdown'speed
of the Ermenek reservoir is expected-to'be in a order
of 0.1 m/day, being much slower than the above rate of
2.0 m/day. It is judged that no large scale landslides
are likely to occur during and'after'impounding of the

reservoir.

Erik intake, diversion tunnel and power house -

(A} Erik intake weir

The Erik intake weir site is located at an- immedi-
ate upstream point of a landslide which exists in
the Erik river basin. The geéolegical condition is
shown in Plate G22. The intake site is formed by
hard and massive limestone of the.Kﬁkﬁrce'Forma—
tion in the Ermenek Ophiolitic Melange. The
moderately weathered limestone corresponds to CH
to CM ¢lass in the rock classification, and has
sufficient strength as the weir foundation.
" Excavation of 1 to 3 m in depth will ke required
to obtain CM to CH class rocks. The riverbed is
covered by sand and gravel layers of several
meters in thickness. These deposits will have to
be removed for the weir construction.

(B} Erik diversion tunnel

The tunnel route is proposed in rather deep por-
tion of the mountains to detour the active land-
slide area. Thé.geoldgical conditions.are'sche—
matically shown in Plate_Gz3;-'The rocks are
limestone and matrix layers of the Melange.
Tunnelling works will need light to medium support
works for the_matrix layer sections, and no sup-~
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port or light for the limestone sections.

(C) Erik power house

The powér house site is located in the matrix
layers of the Melange. The surface is covered by
thin talus (1 to 3 m) deposits. Foundation rocks
are. alternation of sandy limestone and siltstone,
rarely schist, sandstone and conglomerate.
Strength of these rocks will be sufficient for the
power house. In the u?per slope of the power
house approximately above EL. 740 m, hard lime-
stone of the Azitepe Formation outcrops well. The
propeosed headtank and outlet of the diversion
tunnel will be located in this limestone.

(9) Reservoir area

(A) General condition

The geology of reservoir area is mostly composed
of-sedimentary rocks, such as marl, sandstone and
conglomerate of the Tertiary Gormel Formation, and
-partly matrix layers and limestone plocks of the
- Ermenek Ophiclitic Melange. These rocks except
limestone blacks are generally low pervious with-
out solution cavities. There are no leakage
problems in the area which is formed by the Gérmel
Fofmation'and matrix layers of the Melange.

Limestones are seen only in the dam site area and
in the backwater area. Limestone in the dam site
~will be treated by the curtain grouting of the
dam.

No serious slope stability problems are likely to
occur in all the reservoir area, because slopes in
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(B)

the surrounding area of the reservoir show very
gentle inclination in general.

Leakage from backwater area of reservoir

Alternation layers (siltstone, sandstone, clay-
stone and limestone) of about 100 m in thickness
are distributed on the right bank of the Ermenek
river with bedding of approximately EW/20-40deq.N.
These layers are low pervious’ in general. On the
right bank, this layer will act as a barrier
against groundwater flow towards south.

The northern area of the river is formed by very
wide mountainous plateau having an elevation
higher than 1,000 m, where the limestone block is
surrounded by the matrix layers, which are covered

by Miocene karstic limestone. Also, many springs
are widely distributed in this area. This area is
considered to have very high potential of ground¥
water. ' '

In the upstream reaches of this limestone block,
the Nadire and Kapiz springs exist and suggest
that the area has high potential of groundwater.
Also thrust fault which may be located just up-
stream of these springs with south-north trend

‘would act as a barrier against groundﬁater flow

towards wast.

Consequently; the groundwater levels in both the
banks are estimated to be higher than the proposed
reservoir water level in general; Therefore,
possibility of leakage through this limestone will
be very low. :
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5.3.4 Beismicity

Four earthguake zones are seen in the Anatolian Penin-~
sula; nofthern, central and southeastern Anatolian zones,
and Aegean-Marmara zone to the west as shown in Fig. 5.4.
The Project site is located to the south of Central Anatoli-
an zone, and is one of the least seismically active areas in
the Anatolian Peninsula.

 Earthquake data of 695 events having magnitudes of more
than 4.5 observed in the period from 1901 to 1987 were ob-
tained from the Istanbul Bospherus University. The epicen-
ters are located within a radius of about 500 km. : Epicen-
'ters_of the collected data are shown in Fig. 5.5, The study
was performed by 3 methods: (a} Study of probable earth-
guakes in the surrounding area of the site} (k) Kawasumi's
method; (c) Study of maximum credible earthquake.

(1) Probable earthqguake in the surrcunding area of the site

Seismic ffequency and risk were estimated for 2 magni-
~tudes of 4.5 and 7.2 by the least square method. The
magnitude of 7.2 corresponds to a return period of 193
.Years.. A probability that an earthquake of magnitude
7.2 occurs in a 100 years is estimated at 41 per cent
(see ANNEX-A for details).

The frequency and risk were calculated also by a proba-
bility method: . the magnitude of 7.2 corresponds to a
return period of 56 years. . A probability that an
éarthquake of magnitude 7.2 occurs in a 100 vears is
estimated at 83 per cent (see ANNEX-A for details).

{2) Probable Maximum Accéleration by Kawasumi's method

. The' probable maximum aéceleration at the Project site.
was calculated by the Kawasumi's method. The maximum
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(3)

(4)

{(5)

acceleration at site in a return period of 100 years
was estimated as follows: '

A =12 gal = 0.01 g

- Maximum Credible Earthquake

The earthquakes of 7 events were sélected to estimate
the maximum credible earthquake and to determine the
seismic coefficient for design. The peak ground accel-
erations of the 7 earthquakes were estimated using (a)
the Estiva's method; (b) Cornell's method and Kawasu-
mi's method, which had been used in the EIE's analy-
sis, The results are shown in Table 5.6. The accéler~
ations-estimated-excépt for the Project Earthquake are
less than 0.0141g, and the acceleration estimated for
the Project Earthquake shows the highest ground accel-~
eration from 0.0361 to 0.2932g.

Seigmic coefficient for design

The probable maximum acceleration by Kawasumi's method
is 0.01g in a return period of 100 years, and the

" Project Earthguake shows the highest ground accelera-

tion from 0.0361 to ©.2932g in the maximum credible
earthguake study.

Taking these conditions into account,  the seismic
coefficient of 0.05 to 0.1y is judged reasonable for

design of the Project structures.

Reservoir—induced earthgquakes

Reservoir-induced earthquakes were observed generally
in those reservoirs which had maximum water depths of
more than 100 m. = Magnitudes of these'éarthquakeS-wére
generally of small to medium scale, being less than 6.
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Since the maximum depth of the proposed Ermenek reser-
voir will be about 180 m, there will be a general
possibility of the reservoir-induced earthquakes.
However, the ground acceleration, which will shake the
proposed dam site in case of these earthquakes, would
be lower than that of the Maximum Credible Earthquake.
‘No specific consideration will be required for the
determination of seismic coefficient for the design.

5.4 Construction Materials
5.4.1 Impervious core nmaterials

As illustrated in Plate G27, potential borrow .areas of
the core materials investigated are aa, Ab, Fa, Fh, C, D, B
~and I along the'Ermenek main stream, and Ea, Eb and Ec along
the Zeyve.river. _Results of the laboratory tests are summa—
rized in Tabie 5.3. The quantity of materials in these
borrow areas was estimated to be 7.7 million m3 in total
(see ANNEX-A for details). '

The earth materials obtainable in the borrow areas Fa,
Fb, C, D, I, Ea and Eb are suitable for both the ordinary
core and the.rock‘contact core. . The earth materials ob-
tainedffrbm the borrow area Ec are usable for the ordinary
core, but not suitable for the rock contact core. The earth
materials obtainable in the borrow areas Aa and Ab are not
suitable for the core.

"It is recommended that the priority be given to the
borrow areas Ea and Fa to obtain the. core materials for both
the ordinary cdre.ahd”contact core taking account. of the
- shorter hauling distance;than the others. 7The borrow areas
Eb and C should be considered'as alternatives in the wet

season. .
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Recommended deésign values of the core material are as

follows.
- Wet density : 1.90 *t:/m"3

Saturated density : '1.95 t/m3
Cohesion S

Cau - : 6.0 t/m2

ct i 1.5 t/m?
Friction andgle

euu s 10 deg.

e : 28 deg.
Permeability : 1 x 1072 cn/s

5§.4.2 Sand and gravel materials

Potential borrow areas of the filter materials and
concrete aggregates investigated are Ga, Gb} Ge, 6d and Ge.
These are riverbed deposits and alluvial terrace deposits
along the Ermenek river, as shown in Plate G27. The test
results are summarized in Table 5.3. The quantity available -
in the borrow areas is estimated to be about 1.1 million m°’
in total (see ANNEX-A for details). o |

The materials from all the borrow areas are suitable in
quality for the filter materials and concrete aggregates,;
although appropriate gradation control and washing will be

regquired.
5.4.3 Rock materials

The location of quarry site is shown in Plate G27. The

3 for concrete

quantity available is estimated at 2 millicn m
aggregatés and 13.5 million m3® for embankment of a rock f£ill
dam. Table 5.3 shows a summary of the laboratory tests of

guarry rocks.
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The test results indicate that the rock materials
obtainable in the quarry site are generally acceptable in
quality. The rock materia;s.obtained from the quarry site
can be used for many objectives such as the rockfill materi-
al, transition material and filter material for the dam
embankment, and the concrete aggregates. | '

5.5 Hydrology
5.5.1 Climatiec features

General characteristics of the climate in and around
the Gdksu river basin are as summarized below:

(1) A remarkable difference in climate can be seen between
the coastal area along the'Mediterranean Sea and the
~highland area in the central inland. The seasonal
pattern of precipitation_in the coastal area is gener-
- ally influenced by the'Mediterranéan climate. :Precipi-
tation, either rainfall or snowfall, mainly occurs in
winter and spring when the depression is activated.
The climate in summer is dry. A continental climate
_prevails on highland in the central part of Turkey, and
causes a cold wind and a snowstorm in winter and hot
and dry climate in summer.

(2) The main cause of rainfall and snow in and around the
'Géksu_river.bQSin is mainly the western;dep;ession,
which is méving.to the Middle East. or Turkey from the
ﬁest; Mediterranean Sea or North Africa. There are two
types of depression. One runs fast'through_the south-
érn part of mountainous area in Turkey, the other runs
slowly'and is sometimes stagnant near the Cyprus Is-
land. The former depression cccurs mostly in winter,

.the,latter ocours mostly‘in spring.

- 73 -



(3) The Mediterranean climate is dominant at the lower
elevations of the Ermeének river basin.  The elevation
rises rapidly towards the upstream basin and the cli~
mate is likely to be influenced by the altitude. The
mean ground elevation (1,600 m) of the basin_indicates
that the basin climate falls into a transitional ZzZone
from the Mediterranean climate to the continental

climate.

(4) Heavy rainfall occurs along the coastal areas, where it
records from 1,000 to 1,600 mm a yEar.: The Ermenek
river basin is sheltered from the south- and northwest
winds by the coastal mountain range. The*averaqé
annual rainfalls at the meteorological stations in the
basin are observed between 500 and 900 mm. Precipita-
tion in the basin increases towards the west along the
river. This areal variation is in agreement with the
prevailing wind directions from the south and northwest
during storm and with the general topographical fea-
tures of the basin. An isohyet of the mean annual
rainfall is shown in Plate P2.

(5) Maximum wind velocity recorded during the'past 20 years
is 23 m/s at Mut. The direction of the dominant wind
is northwest. Temperatures in the basin fluctuate
widely in a year. The annual mean temperature in
‘Ermenek is 11.8°C and the extreme maXimum and minimum
temperatures are 39°C in July and ~-15°C in January.
The climate features are shown in Figs. 5.6 and 5.7.

5.5.2 Rainfall
(1} Basin precipitation
Basin precipitation of the Ermenek river at -the Ermenek

dam site was 946 mm/yr on an average for the past 23
vears from 1965 to 1987. The monthly precipitation
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(2)

pattern is shown in Fig. 5.8. Approximately 80 per
cent of the annual precipitation occurs during the
winter and spring season; December to May.

Rain storm

In the Géksu river basin a severe storm was observed on
January 30 to 31, 1975. The rainfall duration was
about 48 hours. The maxinum rainfall depth of this
storm over a catchment area of 2,156 km? (at the Erme-
nek dam site) was 102 mm for the duration of 24 hours.

5.5.3 Runoff

(1)

(2)

- Stream gauging stations

DS1 has been operating a stream'gauging_station
No. 17-14 since 1965 but with a operation gap for 3
years from 1969 to 1971. The gauge height has been

- read once a day at 8:00 a.m. on a staff gauge installed
‘beside the Gérmel bridge. However, the flow measure-
- ments have been made near Cavuskoyd village, 1.75 km

upstream from the bridge.

E1E installed in 1985 a new gauging station, No. 1723
(Gavuskoyii), at the place of flow measurements of

. Station 17-14 above. The gauge height reading has been

continued twice a day at B:00 and 16:00 on the staff
gauge installed at this place (see Fig. 5.12 for the

location).

Snow-nmelt effect to water level at Stations 17-14
and 1723 ' e

Phrough ‘the hydrological review of the water level,
river flow, discharge rating curve and rainfall records

of the Gdéksu river basin, the following issues were
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found:

()

(B)

(C)

(D) -

Mean runoff coefficients estimated for the Ermenek
basin based on the 23 years' records from 1965 to
1987 differ much between the basins upstream and
downstream of Station 17-14 as listed below:

- at Station 17-14 (dam site) s 0.81

-. Dam to confluence with Gdéksu : 0.39
- Ermenek at confluence o : 0.67
.~ Goksu at confluence : 0.59
- Qverall Goéksu bhasin : 0.57

The high value of 0.81 at Station 17-14 and the
low value of 0.39 for the downstream basin imply
an overestimate of the runoff at Station 17-14.

The mean runoff of Station 17-14 was abput-lé per
cent higher than that of Station 1723 for the

" latest 3 years from 1985 to:1%87.

However, it is judged that both the discharge
rating curves of Stations 17-14 and 1723 are well
consistent to each other, and are highly reliable.

'The Qater levels at Station 1723 fluctuated much

everYday‘in the spring season from March to May.
The morning water levels were mostly higher than
the afternoon levels. This daily fluctuation
continued sometimes for one month without excep-
tional days, but'disappeared after June. This
impliés that the fluctuation in the spring months
has the period of 24 hours.

‘To confirm this phenomenon, the river water level was

chserved more frequently in April 1990 on the staff
gauge, which'had_been installed by E1E between the
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(3)

Gérmel bridge and the I-Ca dam site. As shown in
Fig. 5.13, the water level showed a clear fluctuation
having a period of 24 hour. '

It is judged that in the snow-melting months of-épring
the morning water level at the dam site is higher than
the afternoon level, being affected by the snow-melt
discharge. The daily water level and*discharge records
of Station 17-14 were over-assessed in the spring
season because of the gauge height reading of only once
a day at B8:00 a.m. :

The runoff records of Station 17-14 were then reduced
to 0.84 times, with reference to that of Station 1723.

‘The runoff coefficient at Station 17-14 became 0.73
after this adjusfment, and is considered toc be reasona-
“ ble when compared with a new figure of 0.59 for the

downstream basin and figures for the other sub-basins.

- The monthly runoff pattern is shown with the rainfall
pattern in Fig. 5.8. It clearly indicates the runoffs

in -March, April and-Hay are mostly-fed by snow-melt.

Long~-term average runoff -

The 20 years' runoff series adjusted above (1965-1968,

©1972-1987) was supplemented for the 3 missing years.

An average inflow of the Ermenek reservolir was ‘estimat-~
ed at 47.5 m>/s for the 23 years from 1965 to 1987,

Meanwhile, Station 1720 located on the Goéksu branch

‘stream has the,longest period of flow records among the

stations in the Géksu basin. The 42 years' runoff
records from 1946 to 1987 of this Station show that the
above 23 years' period was a rich water period compared

" to the precedlng 12 years' period from 1945 to 1964 as

o ‘summarlzed below:
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Mean Runoff;

Period Years - (m3/s) (%)
1946-1964 19 41.2 88
1965-1987 23 51.1" -~ 110

1946-1987 - 42 f-46.6‘_ 100

In order to get rid of a potentiai overestimate of the
mean inflow on the long-term basis, the 23 years!
inflow series derived for the dam site was extended for
the dry period of 19 years based on the runoff records
of stations 1719 and 1703'(Kirkyalan).

The long-term mean inflow was thus estimated at 43.0
'm3/s for the period from 1946 to 198?, which are about
91 per cent of the estimate of 47.5 m3/s for the recent
23 years. The historical changes of estimated annual
inflows are shown in Fig. 5.14. |

(4) Rungff of the Erik river

The mean annual runoff of the Erik river was estimated
using the relationship of monthly runoffs at Stations
17-14 and 1715 (Erik~Ilisu), commonly available for the
3 years of 1966, 1970 and 1971. The monthly runoff
pattern in 1970 was adopted as a typical pattern in
view of its lowest dry season flow amonq the three

years.

The annual maximum floods recorded atﬂstatiOn_17714 for
the 18 years are‘listed in Table 5.17.. Frequency analyéeé
were made on these flood peak flow and volumé"6f 6 dura-
tions; 1 day, 2-day, 3-day, S5-day, 7-day and 10-day. The
analysis was made in accordance with a method .of Log Pearsdn
Type III. The results are presented in Tables 5.18 and
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5.19, and are summarized below for the flood peak flow:

Return Period (yr) ‘Peak Flow (m3/s)

2 ' 600

900

10 1,100

20 1,400

30 .- 1,500

50 1,700

100 2,000

200 f ' 2,200

The probable floods of Erlk river were estlmated using
catchment area - gpecific dlscharge relationship given in
Fig. 5.15. The 100-yr probable flood at the Erik intake
weir site is estimated at 400 m3/s. :

5.5.5 Probable maximum Flood

In_fhe:Géksu'river basin where a large flood may result
from a.combination of snowfmelt'and rainfall floods, it is
nécessary'to”examine the flood peak flow and'volume not only
for a rainstorm flodd but also for a combined flood of
rainfall and snoﬁfmelt. 'Rainstorm would cause a Probable
Maximum Fleood (PMF) in the winter season when there is much
rainfall but less base flow. The base flow by snow-melt
discharge would cause PMF in the spring season when accompa-
nied by a rainstorm. Thus PMF was derived for 2 critical
séasons;'winteruahd spring. |

PMF is derlvad by convertlng a probable max1mum pre01p—

1tatlon (PMP) into a flood hydrograph using a unitgraph and
by adding base floW'adequate to the season considered.
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(1)

(2)

(3)

PMP_for winter

The PMP for the Ermenek basin at the proposed dam site
(Ca=2,156 kmg) was derived by maximizing Depth-Area-
Duration Curves (DAD) of the recorded maximum storm in
January 1975. A moisture maximization factor was
obtained to be 1.8 (see ANNEX-C for details).

The PMP over the Ermenek basin thus obtained is summa-

rized below:

Depth of PMP

Duration 1975 Storm (x1.8)
(hr) . (mm) {mm)

1 22 49

6 68 o122
12 90 162
24 102 - 184
48 162 292
96 253 455

PMP for spring

PMPffOr spring was obtained for tﬁe typical'snow—melt
month of April by reducing the PMP for January:baSéd7on
the seasonal maximum daily precipitation curve (see
ANNEX~-C for details). The PMP for Aprll is approx1—
mately 75 per cent of that for January.

Unitgraph’

Unitgraph for the Ermenek basin was derived in accord-
ance with the method of dimensionless graph. It is
obtained for the condition with the Ermenek reservoir.
A reservoir will in general increase the flood peak
flow compared to the natural condition because 1t will
shorten the basin lag. '

Two dimensionless graphs were derived based on the’
flood hydrographs recorded at Station 1714'(Kayraktepe-
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dam site) in January 1971 and February 1975.

Another dimpensionless graph was also derived based on a
- floed hydrograph observed at the Seyhan dam on the
Seyhan river between March 27, 1980 and April 7, 1980.
This flood was an ﬁnusually large flood ever observed
in the basins facing the Mediterranean Sea.

The unitgraph was derived for unit rain of 1 mm and
unit duration of 1 hour. This unit duration was se-
lected with reference to the estimated range of basgin
lag between 2.5 and 10.5 hours. These basin lags were
.estimated'for 3 sub—basins and for 3 floods as sunma-
rized below:

Basiﬁ Lag t'p (hr) .

. 8t. 1714 5t., 1714 Seyhan D.

Sub-basin LT/8%+°  Feb. 1975 Jan. 1971 Mar. 1980
A 129 10.5 . . 8.5 ..5.5
B. - 53 6.5 5.5

C 14 5.5 4.5 2.5

These lags are compared with empirical curves in Fig.
5.16. The figure suggests that even the estimates
given by the Seyhan flood are not very short. Howéver,
the estimates givén by the January 1971 flood at Sta-
tion 1714 were adopted in this study to derive'PMF,
givin§~weight'to the flood recorded'iﬁ_the basin and
adopting the shorter lags between the two floods at
Station 1714 to be conservative in terms of flood peak
flow.

Thé unitgraph was. constructed by combining 3 unitgraphs
‘for 3 sub-basins as shown in Fig. 5.17.
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(4)

(5)

(6)

(7)

Rainfall loss

Initial rainfall loss is neglected assuming that the
whole Ermenek basin is saturated by antecedent rain-
falls in such an extreme storm like PMP. While the
retention loss rate after the saturation is simply
assumed to be constant at 2.0 mm/hr since there is no
data available. '

Base flow in winter

Based on the daily discharge records of Station 17-14,

the maximum base flow probable in the winter season is

assumed to be 100 m3/s.

Snow-melt fléw in_spring

Snow-ﬁelt?runoff and its maximum raté were studied by
ETE using the degree-day method. The results of this

study were reviewed and adopted in this PMF study.

Probable maximum flobd

The PMP for 96-~hour duration is rearranged to hourly
rainfalls with its peak at one fourth from the end of
the duration maintaining the depth-duration relation.

Both PMP and resultant PMF for January and April are
shown in Figs. 5.18 and 5.19, and their peak flows are
sumnarized below:

(Unit:_zm3/s)_

. - : ' Snow-melt - : '

Month BY PMP plus b_ase flow ' Total
January 5,800 100 - 5,900
April 4,100 1,300 5,400
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5.5.6 Sediment

E1E has carried out suspended sediment sampling at
Station 1723 (Cavuskéyli) since 1985, Sediment rating curve
is generally approximated by a straight line on a full-log-
paper as shown in Fig. 5.20. The curve can be expressed by
the following equation:

Q, = 0.405 @1-65

Suspended sediment transport of_the-Ermenek river 1is
estimated based on the daily runoff records at Station 1723
from 1985 to 1988 using the sediment rating curve above with
some adjustments for the period of runoff series used. Mean
sediment inflow of the Ermenek;reservoir including bed load
is estimated at-830'm3/day, or 130 m3/km2/yr. _This_cofref
sponds to an annual denuded depth of the land of_0.13_mm.'

- Assuming that a trap efficiency of sediment inflow by
the Ermenek reservoir is 100 per cent in view of its large
reservoir dapacity,'the mean annual reservoir sedimentation
is estimated at 0.3 MCM. After the 100 years operation, the
total'sedimént deposit volume would ke in the ordexr of 30
Mcm;;which ara hegligibly small compared to the dead reser-
voir capacity of 1,190 MCM. '

5.5.7 Wwater quality

Water Samplihg of'river flow and its chemical analyses
have been carried out by EiE at Station 1723 since 1985.
The water of the Ermenek river was slightly alkaline, with
‘the average pH value of 8.0.

A study. made on the reiation between pH and corrosion
of steel equipment and facilities of. hydroelectric power
plants in Japan indicated that the acid water with the pH
. value below 4.5 mostly had caused corrosion.'
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It is judged that the hydraulic turbines of the Project
will be free from corrosion problem.

5.6 RAccess to the Project Site
5.6.1 Existing ports

There are 2 internationalrseaports conceivable for the
Ermenek Projéct; Mersin and Antalya, both facing the Medi-
terranean Sea. In view of the required road distance from
the port to the Ermenek site, the Mersin port is more advan-
tageous. - - '

The Mersin port was used alsc for unloading of the
heavy equipment for the Keban, Karakaya and Ataturk hydro—'
electric power projébts; and is plahned for the Kayraktepe
project. Unloading facilities of the Mersin port is suffi-
cient to handle the heavy equipment to be imported for the
Project. '

5.6.2 Existing'road network
The existing road network is shown in Plates Pl and

P29. All the following roads were designed for the total
load of 36 ton including vehicle weight: '

Mersin -~ Silifke ( 84 km)
silifke - Mut - Ermenek (171 Km)
Silifke - Giilnar -~ Ermenek (159 kn)

Silifke - Anamur - Ermenek (226 km) -
5.6.3 Conceivable transportation route
For transportation of the materials and equipnent to

the Project site, the following 2 routes are conceivable'
depending on the origin of goods and unloading sites:
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(1)

(2)

Mersin port to Ermenek power station site

Such dmported equipment as generating equipment and
transformers will be unloaded at HMersin Port., These
w1ll be trangported throuqh the MerSLn Silifke~Mut-
Ermenek road and an access road. This access road will
be constructed branching from the Mut- Ernenek road
towards the power station site across the Ermenek
river. The road length is about 234 km in total.

Mersin port to Ermenek dam site

Those¢ imported materials and equipment for the use
around the dam site may be transported to the Ermenek
dam site through the Mersin-silifke-Gillnar-Ermenek road
for its shorter length. The road length is about 220
km.

5.6.4 Required improvement works of roads

The conditions of Silifke-Mut-Ermenek road and Silifke-

Gilnar-Ermenek road are presented in Tables 5.20 and 5.21.

The Mut~Ermenek road will need the following improve-

nent works for transportation of generating equipment and

transformers to the Project site:

(1)

(2)

Detours to cross the river at a bridge located at 6 km
from Mut and at the Kadi Bridge located at 8 km from
Mut. ' '

Improvement of ‘alignment and widening of road w1dth for
about 2 km in total in the sections between 35 and 45

km from Mut.

The GﬁlnarfErmenek_road will need improvement works of

- curves and slopes of the road for a section of several km
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located to the northwest of the Olukpinar bridge.
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CHAPTER - 6. ENVIRONMENTAL ASPECTS AND COMPENSATION COST

6.1 Existing Environmental Conditions
6.1.1 Population

~The population density'in the Konya, Karaman, Icel ‘and
Antalya provinces are low but growing fast compared with the
whole of Turkey indicating rapid urbanization in recent
years. The population in the Gfksu river basin in 1985 was
250,000 or 24/km2 and that in the Ermenek river basin was
70,000 or 29/km2, the ' sparsely populated showing rural
characteristics. There are only a few urban cénters such as
Erﬁenek, Hadim, Bozkir, Karaman, Mut, Gilnar and Silifke.

6.1.2 Economy

Per capita gross regional domestic product {GRbP).in
1986 was TL552,000 in the Konya province (divided into the
- Ronya and ‘Karaman provinceé inf1989), TL951,000 in -the Icel
province and TL670,000 in the Antalya province respectively,
while it was TL757,000 in the whole Turkey. Ménufacturing
industry in Mersin has sustained a'high GRDP in the Igel
province while the four Provinces as a whole was agricultur-
al.

Wheat is the most dominant crop in these provinces.
Important industrial crops are cotton on the Mediterranean
area but grapes, apple, pear, peach and cherry are grown in
the interior. -

Livestock is extensively grazed or'indiVidually fed on
a small scalég .In“thé Géksu river basin, there are small
lumber industries based on pineltfees or some tree planta-
tions. '
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There are lignite coal mines neﬁr-the;proposed reser-
voir area. Akpinar open pit mine operating at ELs. 760-820
m will be closed in.a few months. Komur Isletmeleri A.S. is
located 2 km northwest of the confluence of the Ermenek
river and the Kigiksu river. - It has a shaft operated at a
loading ramp at EL. 600 m. This will be closed within next
ten years. The Coal Mine Corporation produces'ss,ooq.
tons/yr from a reserve of 800,000 tonnes, employing 218
workers and 6 other staff.  Presently the mining shaft
reaches, from the surface of EL. 700 m'to-albottom of BL.
300 m.

There are concrete factory, sugar company'and a paper
mill in Silifke.  An aluminium smelting plant is operating
in Seidisehir and there is a cement factory in Konya.

The Géksu river basin is not within the tourism net-

works in Turkey though tourists visit it.
6.1.3 Land use

More than half of the area of Igel andnAntalya prov=
inces is covered by forest but most areas are utilized for
agriculture in Konya and Karaman. The land use in Ermenek
district in 1988 is shown in Table. 6.1. Forest covers 69.4-
per cent of the land; cultivated land is 13.8 per cent; and

pasture/meadow occupies 13.5 per cent.
6.1.4 Public health

There is a hospital in the Ermenek city with 50 beds
occupied 71 per cent in 1988. There are six health service
units conducting simple treatment of outpatients and preven-
tive injections. There are major hospitals  in Konya and
Mersin. Table 6.2 shows a record of patients hospitalized
between January and 00tober_1989 in the Ermenek hospital. -



6.1.5 BSanitation

_ The Goéksu river basin is rich in springs and ground-
water of good quality and most drinking water supplies
depend on them. In Ermenek city, 2,796_h0dsehold3'are
served by public pipes fed by spring water. Daily water
consumption is estimated to be 50 litres per capita. There
is no sewerage system in the Gdksu river basin.

6.1.6 mopography and geology

The Ermenek river basin is located in the middle of the
Taurus'range with peaks of ELs. 1,500 to 2,000 m. The
valley'of Etmehek river is 700 w deep below Ermenek city.
Adjacent hills rise 300 m above the citya:-The Lower Mio-
cence Goérmel Formation forms a wide valley in.the proposed
reservoir area, while the Upper Miocence Ermenek~Formation
characterizes the limestone plateau and cliffs with solution
cavities and springs. An old limestone block in the Creta-
cecus Ermenek Ophiolitic Melange forms the deep Gérmel
Gorge. ' '

Upper catchment of the' Ermenek rivef is fairly well
covered by vegetation excépt where:calcareous.rocks crop
out. - In the-lower'part-of-the-upper-catchment there are
small_pdplar_plantations and fruit orchards of olive, peach,
apple, fig and'gfape.'

6.1.7 8Burface water
Most tributaries of the Ermenek river are predominantly
fed by spring water. It is estimated that 60 to 70 per cent
of the precipitation drains into the river.
- .The sediment Concentration in the river flow is very

low. because of .the rocky. terrain and vegétation cover. The
water quality data in Table 6.3 show that the river water is
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almost devoid of contamination. Relatively high concentra-
tion of Ca/Mg, Coy and HCO5 is due to the calcareous rocks
prevailing. '

6.1.8 Terrestrial fauna and flora

There are about 120 species of wild mammals in Turkey,
but much less species live in the Ermenek river basin.
Dominant ih number are moles, rabbits, rats, voles and
squirrels, Table 6.4 shows bird species whose presence has
been confirmed by the Ermenek Regional Office of the General

Directorate of Forestry.

Poplar is the predominant hardwood in the Ermenek river
basin and conifers such as biack pine ahd_various junipers .
are often observed. Table 6.5 lists tree species confirmed
in the river basin by the above-mentioned Office. -

6.1.9 Aquatic fauna and flora

Fish species which may be found in the Gdksu river
system are listed in Table 6.6.

Aquatic flora are very limited in the Project area,
because the Ermenek river seldom has still waters and marshy
areas. It is assumed that the population of phyto-planktons
is small. :

6.2 Results of Compensation Burvey
6.2,1 Basis of survey

The compensation survey for the proposed Ermenek reser-
voir area was conducted by EIE assisted by the agricultural
engineers of the Ermenek District, Hinistry-of Agricultufe,'

Forestry and Rural Affairs, based on the Manual for Expro-
priation Studies, which was prepared by DS® in 1984, in
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- conformity with the legal reguirements of Law Number 6200
and Law Number 6830.

_ The survey_area covered 7,367 ha between ELs. 510 m and
750 m.

6.2.2 Population and land use

The proposed Ermenek dam, having a crest elevation of
680 m, will have a reservolir surface area of 4,843 ha at HWL
of 675 m. The portions used for agriculture,'inéluding
poplar planting, are located at lower altitudes and cover
844 ha of land. Forests are found at altitudes higher than
600 m covering 2,086 ha, or 43 per cent of the total reser-
voir area. The remaining 1,913 ha (40 %) are water surface,
barren land and settlemeht. The total number of people that
will be affected was approximately 500, of which about 200
lived in the villagé of Cavuskéyil. The remainder are living
in scattered settlements.

6.2.3 Land value and compensation cost

The average land value in the reservolr area in 1988
was seen to be in the range of TL 8 million to 15 million/ha
or US$4,760 to 8,920/ha (US$1.00 = T0L1,681.61 in 1988), A
typica1 h6use is constructed of dry stone masonry,. wood
framing and compacted dirt roofs. There is a mosque, a
primary Sthol-and a building of the General Directorate of
Forestry inZCavuSkéyﬁ.

'The main economic .activity of the inhabitants is mixed
farmlng with some animal husbandry Some people find emﬁ'
ployment in Ermenek city and 11gn1te coal mines. Income
generation is mostly. based on agricultural act1v1ty. on a
per hectare ba51s mixed orchards and vegetable farming -
provide thezhlghest income. Total net income is estimated
to be TL1,450.million or USS50.8s millionr-on the basis of
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thé rate of return on land used for various piurposes.

The expropriation value excluding movable assets is
assessed to be TL22,800 million or US$9.8 million, based on
the above-mentioned considerations. '

6.3 Possible Environmental Impacts -
6.3.1 Bocio-geconomic impacts

" For the implementation of the Project, resettlement of
about' 500 people who are living in the proposed Ermenek
reservoir area will be needed. In recent cases of expropri-
ation by the Government, most of those displaced chose to
move out of the region and'eventually became urbanites. - It
has been common, especially since the-early 1950s, for
outmigrants to initially settle in urban centers close to
their villages and then to move to the 1arger'metroPolitan
centers such as Istanbul, Ankara, Izmir and Adana. Of the
500 popﬁiation that would be resattled'upbn the completion
of the proposed dam, about 200 persons live in the village
of Cavﬁskéyﬁ. Based on on-site investigations and inter-
views with local officials, the economically actiﬁe'poPulau
tion, of 12 vears and older, number about 194 and most of
these persons work on their own farmland and some are em-
ployed at the local lignite coal mines and at the district
center of Ermenek. It is believed that the regiocnal labor
market is capable .of absorbing the displaced working popula-
tion. The absorption into the region's urban centers ShOuld_
not pose'muéh difficulty as the region has several major
thriving urban centers such as Konya, Antalya, Mersin and
Tarsus. Some of the displaced population may move to large
urban centers 1like Bursa, Adana, Izmir, Ankafa and Istanbul,
following the resettling pattern observed in the. past.

The Project will provide employmeﬁt‘opporfunity-pf14
marily for common laborers from the preconsttuqtidn:stage
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through the operation stage but mostly in the:construction
stage. Some people removed from the reservoir area will
find jobs in the'Project works.  Service and other commer-
cial activities will be benefited by the influx of people in
the preconstruction stage and more significantly.in the con-
struction stage. This kind of influence will be induced
especially in urban areas such as Ermenek,'Hadim,-Mut,
8ilifke, Mersin, Karaman and Konya.

- The acguisition of farmland and removal. of pecple from
the proposed reservoir area will reduce agricultural activi-
"ties, but this adverse effect will be small in relation to
the district's agriculture, and it will be partly compensat-
ed by commercial or other activities of the people moved
from the reservoir area to Ermenek city or other urban
areas. '

In accordance with the objective of the Project, the
electricity supplied by the Project will contribute signifi-
cantly to the industrial and regional development of Konya
and Karaman provinces. '

The created: water surface will provide opportunities
for development of aquaduiture. Convenient-and low cost
transportation on the lake will encdurage trading activi-
ties. Tourism may also be promoted. '

‘The: resettlement of farmers will inevitably involve
some- land. tenure problens. '

Mo éhange is expected in health conditions, except

possibly for some water-born disease on the lake shore
though only to a minor extent. '
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6.3.2 Physiocal impacts

The creation of a still water body will have various
influences on the environment with the progress of the
Project.

The:influencerof the reservoir on the climate will be
negligible if any. The regulation of river flow by the
reservoir will generally be beneficial to éxternal activi-
ties because low flow will be augmented and flood discharge
will be cut.down. |

. Groundwater levels may change in the vicinity of reser-
voir.,. The existing shaft of the Coal Mine Corporation has
no water problem even though its hottom is more than 300 m.
below the present groundwater level. This shaft might be
affected by an elevated groundwater level in the future,
though the resulted loss will be marginal compared with the
production in TKI mine. '

" The organic content will tend to increase due to decom-
position of:organid material flowing in oxr being submerged.
This'may cause an increase in plankton and other aquatic
life.  Judging from the intact water quality and sparse
vegetation, these changes will progress quite slowly. @ No
change of this kind has been observed in the Oymapinar
reservoir which has been operated since 1984. Sedimentation
once trapped in a reservoir may cause prolonged turbidity in
the downstream river course sometimes to the extent of
affecting fish culture. This will not be the case in this

Project, where sedimentation is quite small.

There are indications of old landslides dn_slopes of -
proposed reservolir area, but it is jﬁdged that'impounding_of
reservoir will not cause any landslide because the existing
slope of ground surface is already gentle and the'expécted
movement of reservoir water surface will be very slow.



. Vegetation in the Project area will be affected to some
extent due to construction of access roads, quarry sites,
guarters and 3pbil banks during the construction period and
due to the submergence in the reservoir during impounding.

The landscape of canyon in the Project area will be
altered to that of reservoir water surface. This nay be
felt to be more beautiful by some people and the reverse by
others.

The eutrophication of the reservoir may be a crucial
problem if it is induced by largely increased human activi-
ties in the future. '

6.3.3 Ecological impacts

Little impact is foreseen on teéerrestrial fauna and
flora, except that the_térritory of small mammals and breed-
ing of some birds may be affected by creation of a large
water surface.

There will be the influence of construction of dam on
the fish species, but this must already have been caused by
construction of the Gezende dam and little will be added by
the Projecﬁ construction.

Agquatic flora will tend to flourish but such change
will be slow because the water is intact at present.

6.3.4 Risk resultant matrix

 _The fqregoingrconsiderations on the environmental
impact of the Projegt_wereasummarized in a. risk resultant
matrix:astshown:in_Table 6.8. Entries in the matrix are
possible/probable'impacts of the Project activities on dif-
ferent;aspécts of the environmént in different time periods
~broadly classified into,pregonstruction,_construction and
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operation periods. The impact is expressed by the following

indicators:
- o1 No effect expected

+1 Positive effect expected
-1 Negative effect expected

Neutral/mixed effect expected; there may be a
- change in the conditions of this aspect of the

=+

environment, but from an overall eccsystem per4
spective, such change can be judged neither totaif_
ly beneficial nor totally harmful.

x: Undetermined; there is the possibility of some
effect occurring, but with the present data avail-
ébie, it is impossible to predict the direction of
the effect. ’ |

6.4 Laws

Environment-related articles are entered in the Consti-
tution and other laws.

‘Article 3 of thefEnvironmeht Law No. 18132 promulgated
in 1983 provides the general’principles regarding environ-
ment protection and prevention of environmeﬁtal pollution;
Sub-article c¢) among others states that "Institutions au-
thorized to make decisions and evaluate projects concerning
the use of'land and resources shall pursue the obiective of
protecting and not polliuting the environment, at the same
time taking care not to affect development efforts’ adverse-
1y. _ .

In and after 1983, some relevant laws and decree-laws
were promulgated. These are; the Law on Protection of
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cultural and National Assets No. 18113, the National Park
Law -No. 18132, the Bosphorus Law, the Decree~Law Concerning
the Establishment and Functions of the Environmental General
Directorate, No. 18435, and the Building Code (Official
Gazette No., 18749).

The Aquatic Products Law No. 13799 promulgated in 1971
contains provisions directly related to the dam: '

Measures to be taken in dams and artificial lakes
Article 8: Before any water is introduced into dam
reservolirs or other artificial lakes, an application
must be made by the concerned parties to the Ministry
- of Agriculture to determine the measures thét need to
be taken regardinq aquatic products,. and any such
‘measures indicated as necessary by the Ministry must be
taken. ' ' '

Measures to protect a@uatic;products from damage
Article 2: When inland Waters-are used for purposes
such as irrigation or the'production of energy,.it is a
condition_that the measures nhecessary for protecting
the life, propagation, conservation and produétion'of
the aquatic products existing in such waters be taken
by the parties cbncernedQ The Ministry of Agriculture
shall determine what these measures should consist of.

6.5 Countermeasures
6.5.1 Decision-making process

There may arise objections from local residents con-
cerning land expropriation, arrangement of structures,

" transportation and other environmental issues.

Alsustainable=development is the principle applicable
to the environmental program in any country, but environmen-
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ta1 qua1ity involves so many aspects that it cannot be
simplified into a single parameter 1ike.monetary value in
economic analysis and, furthermore, the EnvirOnmental'issués
in a country or region are usually argued in relation to so-~
cial, economic and cultural conditions particular-to'the
nation or the region. The decision-making process should,
therefore, involve consultation with affected parties from
the earliest possible stage to build up consensus.

6.5.2 Resettlement programs

The land expropriation for the Project is expected to
be successfully completed by means of a reasonable amount of
compensation to the affected people, but some land tenure’
' problem may emerge. In this connection, a resettlement
program should be worked out on the principle that the
previous quality of life and amenity should be maintained.

6.5.3 Environmental considerations
in design of project facilities:

' The proposed design of the Project involves sone basic
ideas to minimize adverse effects to the environment. For
example, structures such as the power station and most parts
of the waterway will be located underground. This kind of
consideration should be made also at the stages of detailed
design and construction, such as determining the alignment
of access roads, selecting the area for construction plant
and facilities, and installing the_aggregates plant. These
considerations should cover the preservation of landscape,
control of air, water and soil poilution; noise control,
safety, and communication with public,

6.5.4 Legal and institutional measures

The creation of large still water-body*risks-water-
pollution and eutrophication which may be caused by nitro-
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gen, phosphorus and heavy metals entering the reservoir as a
result of increased human activities upstream. There are a
few crucial measures to prevent these problems occurring, a
legal restriction on disposal of unfavorable material in the
reservoir or river leading into it with a heavy penalty for
infringement and integrated regional plans to maintain human
activities within appropriate limits.

6.6 Further Study

The main environmental issues were identified and
countermeasurés to them were proposed based on investiga-
tions to date. As in any reservoir project, it is important
to have detailed social and environmental studies made so
that future pr¢b1ems can be avoided by timely'mitiqation or
avoidance. These studies should include a biological inven-
tory study, fishery and tourism potential studies, and
congultations, including gquestionnaire studies, with local
people.
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CHAPTER 7.  PLAN FORMULATION

7.1 Background for the Plan Formulation

Of the electric energy produced in 1988, hydropower
shared 60-pEr cent, followed by lignite-fired thermal power
with 25 per cent. Lignite-fired thermal plants had been
intensively developed through the 1980s, but its energy
share hés started to decrease after reaching a peak of 47
per cent in 1986 along with the commissioning of ‘additional
units at Karakaya and Altinkaya hydro plants.. The exploit-
able resefﬁé of lignite in Turkey is limited, and develop-
ment of imported-coal thermal plants is being planned to
meet the growing demand.

Turkey has been suffering from air pollution problem
especially in the winter'season, when most of households use
lignite for house heating. The Government is making every
effort to alleviate the pollution issues by such means as
shifting of lignite to imported coal or impdrted'natural
gas, and further implementation of hydropower proiects.

- 0f the economic hydropower potential of 121 billion kwh
_indigenous to Turkey, éofper:cent have been developed, 13
per cent are under construction. "A continuous and steady
development of the rest Qf 67 per cent is of vital impor-
tance to support the growth of economic activities in Tur-
key.

Such being the background, the.Prdject was put into the_

- stage of feasibility study as it is blessed with the follow-
ing natural and socio-economic conditions:

(1) The Ermenek river has a relatively stable river flow

- fed by many springs located in the basin. These
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(2)

(3)

(4)

(5)

springs are rechardged by snow-melt mainly on the south-
ern boundary of Ermenek river basin.

The Ermenek river has an average slope of 1/72 in the
downstream reaches of the prospective dam site. ~“0On the
othexr hand, there is a wide river valley_spreading

“towards upstream of the dam site. 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 proiject is under con-
struction downstream of the proposed dam site. Because
of its limited capacity of the reservoir, it will
function like a run-of-river type power plant The
firm energy would be greatly enhanced upon implementa-
tion of the Project. This firming-up effect would also
be expected on the Kayraktepe hydroeleétric power
project planned on the main stream of the Géksu river.

The reservoir area is sparsely populated because most
of the houses in the area are located around springs,
which are sitnated at higher elevations than the résérw
voir level conceived. Adverse effects of the Proﬁect
on the people and farmland in the reservoir area will
relatively be small. ' o

Work Flow of Plan Formulation Study

Based on the results of Addltlonal Detailed Investlga—

tions, it is judged that the lower part of the llmestone at

I~-C dam site (in the elevation range below the groundwater

level) is less karstic than the upper part, and that the

water leakage through the limestone could be stopped by a
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grout curtain. Accordingly, the second best alternative of
a rockfill dam at I-B site was ruled out at this stage of
the study.

Also the bottom elevation of the limestone block,
Wherein.thelunderground'power'house is planned, has been
sounded: through the drilling of hole Nos. 8K-102, 106 and
108b. . It is judged that the underground power house can be
placed within the limestone block.

Accofdingly, the tentative conclusion of the prelimi-
nary studies described in Section 4.3 has been confirmed.
The best préspective development plan for the Project is a
1-gtep development with an arch dém at the I-C site; an
underground power house, and the Erik Diversion Scheme. .

The plan formulation study was carried out based on
this basic development plan. The study procedure was as
described below (Fig. 7.1)%

(1) Assunmptions and preparatory studies: (A) planning of
the initial filling of the Ermenek reservoir; (B)
_assessment of risks acéompanying unidentified water
leakage paths in the limestone block of dam site; (C)
assessment of power outputs and beénefits; (D) construc-
tion cost estimation and planning.

(2) - Studies of the more detailed‘development-plan'of the
“Project: (A} the optimum dam axis in the I-C Site}'(B)
Erik Diversion Scheme; (C) underground power house; (D)
addition of Erik power station.

(3) IOptimization'of the principal Project.compdﬁents such
as type éhd'capéCity of spillway, drawdown of reser-
'voif, diameter'of power waterWay,'rdute of headrace
tunnel, lodaticn'ofitailrace outlet, "discharge capacity

"~ and type of the Erik Diversion Scheme.
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{4) -Selection of the optimum development scale

The developﬁent scale Qas represented in this study by
the HWL of the Ermenek reservoir. The HWL was selected in
place of the dam height or. dam crest elevation as the HWL
can be an independent parameter both from the extra dam
height above HWL and from depth of the foundation excava-
tion. The firm and secondary energies are dependent on HWL.
The installed capacity is, in this study, dependent on. the
firm energy (see sﬁb~section 3.5.2). Thus, the development
scale can be represented by a single parameter of HWL.

7.3 Assumptions and Preparatory Studies
7.3.1 Initial filling plan of reserveir

-The:optimum height of the Ermenek dam will be governed
also by the initial fillihg period of the Ermenek reservoir,
since it will have a large capacity (3,529 MCM in the caSe_
of a HWL of 675 m). This size of reservoir will be fully
filled in about 2.4 years if the mean annual inflow of 1, 466
MCHM or 46.5 n /s including the Erik flow contlnues._

During the initial fllllng period, the. output of Geé
zende power station will 1nev1tably he decreased or stopped
The Ermenek powver statlon can start its full power genera-
tion only after completion of the initial filling. In order
to reflect this adverse effect to the plan formulation
study, an initial reservoir filling plan was prepared based
on the following assumptions and'filling proceduré:

(1) It is assumed that the average annual inflow will
continue throughout the filling period. ' '

(2) The first stage filling to fill the reservoir up to LWL

will be started when construction works of such struc-
tures are completed as dam and curtain grout up to LWL;
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power intake; bottom outlets and a tunnel spillway.

(3) Throughout the first stage filling period, necessary
discharge will be released from the Ermeﬁek dam to
secure the originally planned firm outputs of Gezende
power station. ’

(4) If the reservoir water level reaches LWL before comple-
tion of the dam construction works, the reservoir water
level will be controlled to keep an adequate level by
operating the bottom outlets and or tunnel spillway
{the secohd stage filling). '

(5) When the construction works of dam and curtain grout
are c¢ompleted, the third stage filling will be started,
by generating power at 50 per cent of the firm energy.

(6) The third stage filling will be continued up to when
the reservoir is filled for half the effective capaci-
ty. Thereafter, the full operation will be started as
planned. '

The filling period is shown for each alternatlve HWL in
Fig. 7.3. In the case of HWL of 675 m, the reservoir fill-
ing period would be 24.8 months; the average rising speed of
reserv01r water level would be G.31 m per day up to LWL, ‘and
0.16 m per day from LWL to the end of the initial filling
(see Fig. 7.4).

7.3.2 Risk of water leakage

In genérai,-a geological investigation of the karstic
limestone for dam conéttudtion will not:be'completed'by the
fea81b111ty study. The 1nvestlgat10n will be contlnued in a
succeeding detailed 1nvest1gat10n and durlnq the construc-
- tion period. The objectives of groutlng tunnels and holes
are not only to perform groﬁt injection but also to search
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the whole limestone for all the potential leakage paths and
karstic cavities. The investigation will finally be com-
pleted upon successful completion of the initial filling of

researvolir.

There may be more or less unidentified'water'paths_and
karstic cavities in the limestone block. The risk of water
1eakagé would become high, probably in proportion to the
hydraulic head and the necesgsary area of grout curtain. ' The
higher dam would have the higher risk of water leakage. To
take into consideration this risk, the water leakage through
the limestone block was assumed as described below:

_ Most dams constructed on limestone foundations in the
world have wmore or less water leakage through foundations as

shown below:

Water leakage Through Limestbne Foundations

Dam Dam Initial Stage -Final Stage
Name Height H. Head Leakage H. Head Leakage -
(m) (m) (cc/s/m2) (m} (cc/s/m2)

Chicoasen 262 252 0.8 no supplemental
curtain :

Keban 211 202 130 204 . 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 0.03

Viejo . :

pokan 120 80 14 118 0

Source: Dam foundations on karstic formations,'1985,
Commission Internationale Des Grandes Barrages
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With reference to these leakage records, a basgsic rate
of leakage was assumed at 1.0 cma/s/m2 under the hydraulic
head of 100 m. The water leakage for a case of HWL at 675 n
- was then assumed at 1.0 m3/s.

7.3.3  Operation study and power benefits

_ Reservoir operation studies were carried out for each
alternative plan to assess the energy outputs. . Energy out-
puts of power stations located serially on the Ermenek river
such as Nadire, Ermenek, downstream second at II-A or 1I1I-B
site, Gezende power Stations were estimated through simula-
tion of the combined operation of serial reservoirs. (see
ANNEX-D for the operation rule). |

In the simulation, a monthly inflow series of the 42
years £from 1946 to 1987 was used. However, the series was
rearranged into the following order so as to recover HWL at
the end of the simulation period:

- 1982 to 1987 followed by 19246 to 1981

The reservoir evaporation loss rate was assumed at 70
per cent of the mean monthly pan evaporation records, or at
a rate of 1,380 mwm/yr. The water leakage loss described in
the foregoing Sub-section 7.3.2 was déducted, in the simula-
tion study, from the Ermenek reserveir and was returned to
the Gezende reservolr. '

As'mgntioned in. Sub-section 3.5.2, the installed capac-
ity of the Ermenek power station was determined with an
annual capacity factor of 33 per cent on the basis of the
firm energy output.

_The'firm energy was herein defined as the 100% depend-

able annual energy, which can be secured throughout the
above 42 years' period of the inflow_series. A 920% depend-
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able power was obtained by serial method based on the 504
monthly energy outputs, which had been obtained- through
simulation for the 42 yeéars inflow data.

Power benefits of the Project were assessed with the
capacity value of US$121/kW, firm energy value of
Us¢. 68/kWh, and secondary energy value of US¢2.33/kwh (Sec—
tion 3.6). The capacity benefits were obtained based on the
90% -dependable power. The firming-up benefits of the Ge-
zende power station were assessed with the sane criteria.
The power benefits of Erik power station were assessed with
the capacity value of US$159/kW only for firm power and the
energy value of US¢2.33/kWh, assuming an alternative coal
thermal power plant in view of its base operation as a run-

of-river type plant.
7.3.4 Unit construction prices

The optimizatich studies were worked out on the 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 Projeckt; HWL at 675 m (see
Chapter 9 for details).

7.3.5 Disbursement schedule and discount rate’

Optimization studies were performed by comparing the
capltallzed net benefit of various alternatives based on the
net benefit maximization criteria. The net beneflt was
obtained for each alternatlve in accordance w1th the proce-
dure shown in Flg. 7.2. The net benefit was assessed by .
capitalizing the annual net benefit for'the_évaluation
pefiod of 60 years from the starting year of detailed desigh
works, with a discount rate of 9.5 per cent. This discount
rate was provided to the Study Team by ELE as the opporti-
nity cost of capital (OCC) of the energy sector in Turkey.
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The economic construction costs were disbursed in
accordance with the following disbursement schedule, which
had been prepared based on the construction time schedule
given in Plate P8.

'Year' Disbursement ~ Year ' Disbursement
1 0.5 % 6 11.0
2 1.9 7 12.0
3 5.8 8 20.7
e 3.1 9 25.8
5

7.8 . 10 11.4
7.4 8tudy of Development Plan
7.4.1 Belection of dam axis in the I-C site

in the Gdérmel Gorqe 3_a1ternative dam axes weré proé
posed by the Study Team. These are I-Ca, I-Cb and I-Cc
1ocated in the order towards downstream (see Plate A34)
The geological proflles of these dam axes are shown in
Plates G5 to G7. |

The dam axis I~Ca is located at the entrance of the
"Gorge. The access to the site is easiest among the 3 axes.
The valley has a narrov V- shaped section for the elevation
range below 590 m; but the slopes beconme gentle and the
valley width becomes wide for the elevation range above 650
m;'which is the shoulder elevation of the valley; with theé
tran51t10n elevatlon range hetween 590 m and 650 m. This
dan axls is advantageous for a low helght arch dam in view
of its narrow proflla and easy access.

'The_dam‘axis I-Cbh is'located about 80 m downstream of
-the"I—Ca_axis, Theivalley profile ie similar to that at 1I-
Ca“exceptifqr the higher shqulder elevation ‘at around 670 m.
In this axis there is a Joint Jc-1 on the right bank (see
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Plate G6). The rock mass locatéd_above the Joint should be
removed when the dam is situated here. The access to this
site will be mainly from the upstream side of the Gorge.

The dam axis I-Cc is located about 150 m downstream of
the Fault F-2. ~The Gorge has the narrowest and hlghest Ve
shaped section around this axis, which resembles the Viont
Dam in Italy. The riverbed elevation is about 497.5 m
(Fig. 5.1). The valley shoulder elevation is about 720 m,
which permits construction of a high dam exceeding 200 m in
height from topegraphic point of view. The access to this
dam site will be mainly from the downstream side of the

Gorge.

Such access tunnels as constructed on the downstream
side of the dam axis will permit permanent access even after
impounding of the reservoir. Since all the 3 dam axes are
situated in the limestone block, this permanent access 1is
prerequisite to perform leakage measurement 1nspect10n and
supplemental grouting works after commencenent of initial
fllllng of the reservoir. To enable these works also in the
case of 2 upstream dam axes I-Ca and I-Cb, some spedial
access measures will be reguired in addition to the access

tunnels for construction purposes

As described in Section 5.3, it has been judged that
all the 3 dam axes proposed in the I-C 51te, the Gérmel
Gorge, have the rock foundations where a hlgh arch type dam.
can be constructed, and that water leakage throuqh the
xarstic limestone block could technlcally be stopped by a
grout curtain (see Plate P14'fof the proposed grouting _

plan).
" In order to select the'dam axis by least coet'cfiteria'

a preliminary design of arch dam was worked out for the fol—
lowing 9 alternatlves of dam ax1s and crest elevatlon
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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

The above dam crest elevations were selected based on
such coénclusion of the preliminary study as the optimum
elevation would be in the range between 650 m and 700 m.

‘Each dam was designed as a parabolic type arch dam.
Pléh,'érown cantilever section, and Upstham and downstream
developed profiles are shown in Plates A35 to A37 for the 9
alternatives. The dam volﬁmes were estimated as summarized
below: o ' ' ' '

Dam Volume -(1,000 m3)

Dam Crest 3 Dam AXis :
Elevation I-Ca I-Ch I-Cc
640 m 213 165 -
660 374 288 233
670 ' 517 400 - -
680 - - 270
700 - - 335

A dam height—dam volume curve, a dam height-dam excava-
tion volume.curve, and a dam height-net construction cost
curve for dam excavation and dam concrete are shown in Fig.
7.6. The dam axis I-Cc will haﬁe the least figures all in
the dam concrete, excavation and construction cost. I-Ca
will have fhé largest-éoncrete volume, while I-Cb will have
the largest excavation volume. ' '

 The dam at I-Ca has the longest crest length, resulting
in the largest condrete volume. The largest excavation
volume at I-Cb axis is required@ on account of the thick
weathered zone on the right bank (see Plate G6).

- 111 -



The unit cost of dam concrete was estimated at 130
US$/m3 based on the quantities of 270,000_m3 for a dam
having a crest elevation at 680 m and located at I-Cc axis.
The unit cost for dam excavation was estimated at US$10/m3.

The cost difference amounts to US$27 ﬁiliion for a dam
crest elevatlon at 670 m between. the least cost ax;s I-Cc
and the second least-cost axis I-Cb (Flg 7. 6) This d1f~
ference amounts to 66 per cent of the cost of US$41 million
for the I~-Cc axis. Accordingly, the superiority of I-Cc
axis will not change even including some other advantageous
and disadvantageous factors to I-Cc axis compared to I- Ca
and I-Cbhb, such as (1) some decrease of the length of head-
race tunnel for I-Cc axis: (2) some ihérease of grout cur-
tain area for I-Cc; (3) some increase in length of aécess.
tunnel to I-Cc dam site; (4) some decrease of unit costs for
larger work volumes of I-Ca and I-Cb axes.

The above advantage of I-Cc is attributable to the
narrow and steep valley topography and the rock conditions
without thick and highly weathered zone (see Plate G7).

The alternative dam axes I-Ca and I-Cb were-thus ruied
out at this step of the study.

7.4.2 Viability of Erik Diversion Scheme

The Erik river haé an average runoff of 3.5 m3/s with a
stable flow duration (see Fig. 7.11). By constructing a
tunnel of 6 m3/s in conveyance capacity, most of the Erlk
flow can be diverted to a headrace tunnel of the Project.

An intake weir site was first conceived_on'the_Erik
river at an altitude of about 700 m, from where the Efik'
flow could be diverted by a tunnel of about i;SOO,m long.
The welr site was; however, shifted to an upstream écint
near the Erik spring because a large scale active landslide
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had been found on the upstream reaches in the Additional
Detailed Investigation Stage.

_ An economic comparison was made for the 2 cases; with
and without the Erik Diversion Scheme. The comparison waé
nmade for the proposed development scale of the Project, that
is, HWL of the Ermenek reservoir at 675_m but without the
Erik power station of which economic viability will be
examined in Sub-section 7.4.4.

The'prihcipal features and economic indices are as
summarized below (see ANNEX-D for details):

No. - Description Unit Without Erik With Erik

{1) 1Installed capacity MW 300 . 320

(2) 90% dependable MW 290 294

: power -

{3) Annual energy GWh .
- firm 865 925
-. secondary 78 97

total ' 943 - 1,022

{4) Economic con- mil.$  336.3 342,3
struction cost

(5) Annual equivalent mil.$ 33.0 33.6
cost '

(6) Annual benefit mil.$ ~  60.0 62.5

excluding firm-up
benefit of Gezende

(7) Annual net benefit mil.$ 27.0 28.9

_ ‘The annual equivalent cost above was obtained in the
~same way as described in Sub-section 4.3.3 '

As shown in the table above, the Erik Diversion Schene
will increase the firm energy by 60 GWh, the secondary
energy. by IQIGWh,'and_the_annuai,het bénefit_by US$1.9 mil-
lion. It was'conc1uded that the Erik Diversion Scheme
should be included in the Project.
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7.4.3 Underground power house

An economic comparison was made of the aboveground and
underground types of penstock and power house for a case of
HWL at 675 m. The tailwater level was assumed at 333 m for
the underqround type having a tailrace tunnel; at 337 m for
the aboveground type without tailrace tunnel.

Plan and profile of the aboveground pénstock are shown
in Plate A29, and of the underground type in Plates P17 to
P19. An economic comparison was made as summarized below:

No, Description 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 GWh '

- firm 9211 925

- secondary .97 97

total 1,008 1,022

(5) Economic con- mil.$ 341.5 342.3

struction cost .
(6) Annual equivalent nil.$ 42.3 42.4
(7) Annual benefit mil.$ 62.1 62.5

excluding firm-up
benefit of Gezende

(8) Annual net benefit mil.$s 19.8 20.1

The aboveground and undergroﬁnd plans are almost com-
parable to each other although the underground type yields a
slightly higher net benefit. This is, however, mainly
attributable to the additional head of 4 m available for the

underground type.
The underground type has an operational advantagefbef

cause of its shorter length of the pressure shaft: 1,035 m
in horizontal length for the aboveground type; 440 m for the
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underground type. Also ﬁhe underground type will not affect
the natural environment on the route and will be free ffom
slope protection works. Thus the underground pressure shaft
and power station were adopted for the Project.

7.4.4 Addition of Erik power station

Because of the weir location near the Erik spring, the
intake water level will be around 815 m, which is 140 m
higher than the proposed HWL .of the Ermenek reservoir (675
m). Therefore, the discharge of 6.0 m3/s diverted will have
a potential power of 8,200 kW above the HWL,. Accordingly, a
facility will be required to dissipate this energy béfore
pouring into the main headrace tunnel. - The function of this
energy dissipater can be obtained also by ingtalling a
generating equipment.

The Erik power station, if added to the Erik Diversion
Scheme, would have an installed capacity of 6.7 MW and
annual energy output of 31.9 GWh. In this case the Erik
water will be utilized for a total gross head of 487 m (145
m at Erik + 342 m at Ermenek). |

The annual power benefit was assessed at US$1.39 mil-
lion; the annUal équiﬁalent'éf construction cost at US$0.29
milliqn;'the annual net benefit at US$1.10 millien. It is
thus decided to édd_é power plant to the Erik Diversion
Scheme. . '

7.5 oOptimization sStudy of Project Components

(1)  Dis¢harqe capacity of spillway

'The"lérqer Spiilway'capacitysreauces'the ficod storage
capacity to be allocated above HWL, resuiting'in.the
lower dam height. ' In this case the spillway cost
increases while the dam cost decreases; and vice versa.
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(2)

A comparative study was made to obtain an'économic
combination of the flood storage capacity and the
spillway discharge capacity with the léast cost crite-~
ria in principle. However, the concept of a minimum
capacity of flood &ischarging facilities of dam was
introduced to aveid the selection of an extremely small
capacity. - The minimum capacity of flood discharging
facilities from the dam was determined at 2,200 m3/s,'
as the 200~year probable flood at the ‘dam site. - This
flood frequency was selected in accordance with the.

" gtandard for the spillway design discharge in Japan.

The spillway discharge capacity and flood water level
for the case of HWL at 675 m were obtained as the least
cost meeting the nmninimum discharge crlterla. The
optlmum combination is as shown below (see ANNEX-D for
details):

- Maximum outflow : 2,600 m3/s

-  Maximum fldad'storage

depth above HWL .3 m

a0
(98]

Drawdown of reservoir

A comparative study was made for the 5 alternative
drawdowns of the reservoir. The study was nade for the
prospective HWL of 675 m. The prlnclpal features and

economic¢ indices are as summarized below:

Drawdown
No. Description Unit  30m 45m 60m 75m - 90m
{1) LWL m 645 630 615 600 585

(2)

(3}

Effective reservoir MCM 1,329 1,879 2 339 2 715 3,009
capacity

Capacity~inflow % 91 128 160 185 205
ratio o '
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brawdown

No. Description Unit 30m 45m 60m  75m 90m
(4) Meéan reservoir m - 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. .
(7) Annual energy GWh
- firm 825 - 892 925 950 952
- sgecondary 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
‘struction cost ' ' : |
(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
including firm-up
benefit
(11) Annual net benmefit mil.$ = 32.7 33.8 35.7 33,0 31.3

As shown in the table above and in Fig. 7.7, the annual
benefit approaches a peak at the drawdown of 60 m. The
reservoir drawdown was then determined at 60 m (see
ANNEX-D for details).

Diameter of headrace tunnel

An empirical formula was derived by F. Fahlbusch based

‘on 394 examples in the world, to determine the diameter

‘of a. power tunnel (Water Power & Dam Construction,

Feerary 1987) . The formula is given by:

D = 0,62 p0-48

<

In the case 6f the design discharge of Q = 116.6 m3/s

for a HWL of 675 m, this formula gives a diameter of
6.1 m. This diameter yields a hydraulic gradient of
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(4)

1/747 at n = 0.012, which is considered reasonable for

a pressure power tunnel.

Further to examine the applicability of the above
formula, an economic diameter of the heddrace tunnel
was obtained with the least cost criteria,'taking into
consideration the power loss due to the hydraulic loss
of head in the headrace tunnel. The least cost diame-
ter for the discharge of 116.6 m3/s was obtained at
6.30 m for coefficient of roughness of n=0.012, " Howev-

" er, 'the cost differences were as small as less than

Uss$0.1 million per annum for the diameter range from
6.0 m to 6.6 m, in which the above diameter of 6.1 m
falls. Accordingly, it is judged that the above empir-
ical formula can be applied to the Project.

Route of heédrace tunnel

A comparatlve study was carrled ‘out on 5 alternatlve
routes of headrace tunnel shown in Plates A30 to A32.

The alternatlve route A has a straight alignment be-
tween the intake and surge tank sites. Because of the
topography along the route, it incurs long work adits
amounting to 3,360 m in total.

The economic route was obtained with the least cost
criteria of a sum of the construction costs of work
adlts and headrace tunnel and the power loss due to the
hydraullc loss of head in the headrace tunnel._ The
alternative routes were selected so that they always
pass the mountain side of the contour line correspond-
ing to HWL. |

The annual costs were obtained as shown in Fig. 7.8.

From the figure the Route Bb wasﬂselected as thelleast
cost among the 5 alternatives.
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(5)

Diameter of pressure shaft (penstocks)

'Thé economic diameter of steel liner which will be

embedded in the pressure shaft was studied for the 2

(A)

(B)

(€}

cases: single lane and two lanes.

- 8ingle lane shaft

F. Fahlbusch also derived another empirical formu-
la to determine a diameter of steel liner embedded
in the pressure shaft. The formula is given by:

s

The above formula gives a diameter of 4.9 m for a
design discharge of 116.6 m3/s. In the same way

" as for the economic diameter of headrace tunnel,
it is judged that the above empirical formula can

be applied to the Project (see ANNEX-D for de-
tails). -

‘Two lane shaft

The diameter of two lane steel liner was deter-
mined to be 3.6 m in the same way as for the
gsingle lane (see ANNEX-D for details).

Selected lane number and diameter

An economic comparison was made between the single
lane and two lane alternatives as summarized
below:
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Single TwWo |

Items - Unit Lane Lanes
1. diameter of steel m 4.9 : 3.6
liner
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 construction C
cost
6. annual power Mil.$ 0.33 0.42
loss :

7. annual total Mil.$s 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 difference is as small as

USS0.06 per annum.

In the case of single lane, the maximum excavation
diameter will be 5.9 m including working clearance
of 0.3 m and extra excavation of 0.2 m. The
vertical height becomes 8.3 m in an inclined shaft’
of 45 degree, and some difficulties are expected
in construction works. In the case of two lane
shaft, it becomes 6.5 m; and the shaft excavation
equipment can be used for the double length com-
pared to the single lane, resulting in a higher
depreciation of the excavation equipment.

Accordingly, the two lane shaft was adopted-in the
Project, and its diameter was determined at 3.6 m.

- 120 -



(6)

Location of outlet of tailrace tunnel

A_cdmparative study wag carried out on the 4 alterna-
tive routes and outlet locations of the tailrace tunnel
as”shown.in Piate.A33,' The river profile around the
outlets 1is also shown in Fig. 7.9. As shown in this
figure, there are rapids of about 2 m high and the
Route B is located at an immediate downstream point of
this'rapids. ' '

Principal features and economic indices are summarized
below for the alternative routes compared to those of
Route A (see ANNEX-D for details):

Alternative No.

Description’ ' Unit A B ¢ D

(1)

(2)

(3)

(4)

(5)

Incremental length m .0 +513 +638 +1,098
of tailrace tunnel

Maximum head ‘m — +7.0  +8.0 +10.0
increased

increhenta1_  mil.$ - 0.29 - 0.36 0.63
annual cost

Incremental . mil.s - 0.76 0.77 0.78

annual benefit

Incremental mil.$ - 0.35 0.26 -0.08
annual net
benefit

As shown in the above table and in Fig. 7.10, the

-annual benefit.ihcreases'sharply from the.alternative

Route A to Route B owing to the rapids, but is stagnant

:in‘the far downstream points. On the other hand,

annual equivalent cost and annual power loss continues

‘increase along with the length of the tailrace tunnel.
Thus the Route B becomes the least cost among the 4
- alternatives. Accordingly the Route B was selected.
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(7)

(8)

Desiqn_discharge of Erik Diversion Scheme

A flow duration curve was dé#eloped pased on the data
of 3 hydrological yeafs_(ﬂctober through'September):
1965/1966, 1969/1970, 1970/1971. The duration curve is
shown in Fig. 7.11.

A free flow tunnel of the minimum working dimension
shown in Plate P22 has a discharge capacity of 6.0 m3/s
for a coefficient of roughness of 0.014 and a hydraulic

‘gradient of 1/1,000. This discharge capacity corre-

sponds to 4 per cent in the probability of exceedence
on the flow duration curve. Tt means that there will
be little overflow from the Erik diversion weir. There
are no farmland and houses which are dependent on the
Erik flow. The design discharge of the diversion
tunnel was then determined at 6.0-m3/s.

Type of Erik diversion tunnel

As the type of the Erik diversion tunnel, a'free'flow
tunnel type and a pressure flow tunnel type are con-
ceivable. OFf these, the free flow type was found

cheaper as shown below:

(million USS)

Free Flow Pressure
Work Items - Tunnel - Tunnel
Tunnel excavétion 1.64 1.76
Lining concrete ‘ 1.29 - 1.57
consolidation grout | Vf _ : 0,38
Total | N - ~ 2.93 o __,3,71*

Moreover, the free flow typé'Witﬁ:semi horse~éhcé type
is preferable for tunneling works of a small diameter.
As a result, the free flow type was selected (see
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ANNEX-D for details).

(o)

Addition of an excess water spillway to Erik headtank

If an excess water spillway is not provided to the Erik
headtank, the Ermeneék power station will lose the Erik
flow during ihspection and maintenance of the Erik
powér étatién. This loss was estimated at about US$57

" thousand per annum on the basis of an assumption of a

(10)

station Shuf—down'period'of 7 days per annum for regu-
lar inspection, and once for 30 days in 7 years for
overhaul. ' ' o

If a surfacé type spillway isg added, the Ermehek power
station can utilize the Erik flow even during these
periods. An annual equivalent of the construction cost
of this spillway was estimated &t about US$30 thousand
being lower than the benefit of US$57 thousand. The
excess water spillway is thus added to the Erik water-
way system. ‘

-Tailwater level of Erik power station

" A tailwater level of the Erik power station is prefera-

" bile to be set at or above the HWL of Ermenek reservoir,

in such views as (A) an adverse effect of deep setting
to a small scale turbine when it is set below HWL; (B)
a difficulty to make the tailrace dry for inspection.

During surging in the Ermenek headrace tunnel, the
water level in the EBrik tailrace will be affected. "~ The

makimum water level is about 18 m abqve the HWL of

Ermenek reservoir. When the tailwater level is Set at
the HWL of Ermenek reservoir, a height of tailrace

"chamhér'wduld'bé about 25 m. This costs about Uss0.2
‘million, ‘but it contributes to power generation at the

' Erik power station by lowering the normal tailwater
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level. A tailwater level raising by 10 m decreases
annual power benefit by about US$1.2 million. Thus the
normal tailwater level was set at the lowest level in a
range preferable, or at the HWL of Ermenek reserﬁoir.

7.6 Optimum Development Scale

A conparative study of HWL was‘performed.for 11 cases
from 645 m to 695 m at intervals of 5 m. Based on_the pre-
liminary designs of the principal Praject_compdnents as
described in the foregoing sections, the Project benefit and
cost wefe estimated. These aré shown in Figs. 7;12 and 7.13
with the alternative HWL as abscissa.

~ The benefit capitalized with a discount rate of 9.5 per
cent reaches a peak at a HWL of 675 m; and starts to gradu-
ally decrease thereafter. This is due to the adverse effect
of the initial filling. The capitalized cost increases
almost in proportlon to the HWL. The .capitalized net bene-
fit curve shows that the HWL of 675 ® yields the max1mum net
benefit,

' The development scale of the Project was thus deter-
mined as HWL=675 m. The installed capacity was determined
at 320 MW based on the firm energy of 925 GWh with an annual
capacity factor of 33 per cent.. Aithough the firm enerqgy
will be secured for the 42 years' inflow records from 1946
to 1987, the 90% dependable output will be 294 MW, or 92 per
cent of the installed capacity due to such reserv01r water.
levels as go down beyond the rated water level in the_drlest

years.
7.7 B8uperiority tc 2-step Development
As described in Sub—section 4.3.3, an econbmié'advén—

tage of 1-step development has been proved for an alterna-
tive HWL of 645 m. This economlc superlorlty Wlll not"
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change even for the proposed HWL of 675 m as described

below:

(1} The power outputs and benefits will increase almost in
the same order both in the 1-step development and the
2-step develcopments with a downstream dam.

(2) The inbremental costs of l-step developnment will be
1afger by about US$6 million than that of 2-step devel-
opmen't due to the change of tunnel diameter from 5.6 m
to 6.1 m. However, this difference is negligilbly‘ small
compared_to the economic advantage of U8%56 million
shown in Sub-section 4.3.3, '

(3) Accordingly, the economic advantage of 1-step develop-

ment will not change.






CHAFPTER B. DESCRIPTION OF PROJECT FACILITIES

8.1 River Diversion Works

In_view.of the dam type of thin concrete arch, the
diversion deéign flood was determined to have a peak dis-~
charge of 900 m3/s as a 5-yr probable flood. A design flood
hydrograph was constructed on the basis of that recorded at
Station 1714 (Kayraktepe dam site) on December 11 to 12,
1971, which had_a peak discharge of 940_m3/s and had a
voluminous shape compared to the other floods observed.

The river diversion works will consist of one diversion
tunnel, upstrean and downstream coffer dame. The diversion
tunnel will be abbut_BGS m long and will have a section of
horse-shoe type with 2R=7.0 m (see Plate P12). It will be
constructed in the right abutment. . Both'thegupStream and
downstream coffer dams includes primary coffer dams of
earthfill type.

When the diversion design flood occurs, the maximum
outflow through the diversion tunnel will be 650 m3/s: the
maximum upstream water level 534.3 m: the maximum river
water level at the tunnel outlet 515.9 m (see Fig. 8.2).
Based on these the crest elevation and height above riverbed
of these coffer dams are determined as summarized below:

No. Coffer Dam Dam Type Crest  Dam

. ' : Elevation ‘Height
1. Upsfream primary earth. EL. 510 m 12.5 m
2. Upstream main. concrete 535 37.5

' arch : B

3. Downstream primary earth . 505 . 7.5
4. Downstream main concrete 516 18.5

B R . gravity
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The downstream main coffer dam will be used also as the

sub-dam after completion of all the construction works. It

will create a plunge pool for dissipation of the energy of

falling discharge released from the bottom outlets and or

crest overflow spillway.

8.2

(1)

Dam -

Dam features and geometry

The Ermenek dam will be of thin concrete arch type.

" The dam features are as summarized below (Plate P10):

680.0

(A} Dam crest e€levation : m
(B) Desigh flood water level (DFWL)  : 678.3 m
(C) Normal high water level (HWL) s -675.0m
(D) Low water level (LWL) : 615.0 m
(E) Foundation elevation ' : 490.0 m
(F) Freeboard above DFWL : 1.7 m
'(G) Drawdown ' . R 60.0 m
(H) Dam height s 190.0 m
(I) Crest length : 165.8 m
(3) Ratio (H)/(I) : 0.87
(K) Dam volume (net) : 270,000 m>

The Ermenek dam was provisionally designed aiming at an
estimate of the necessary volumes of dam concrete and
excévation of abutments for the construction cost
estimation and planning. ' '

The dam geometry was designed as a parabolic:type,
which had been developed and appiiédvto_lo ddms_in
Japan since 1969. Radius of curvature varies from arch
crown towards abutments in this type. The radius is.
the shortest at the arch cfoWn; and the largest at the

abutment. = The main feature of this type is that the -

central angle can be reduced up to around 75 degrees so
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far constructed in Japan. This feature contributes to
astability of the abutment by directing the arch thrust
deep into the abutment, while maintaining good stress
‘conditions in the central part around the arch crown.

However, because of the very narrow width of the valley
bottom, the central angle was provisicnally set at 110
degree at'this level of design to attain ‘a good arch
‘action also for arch slices near foundation, where arch
_rise.becomes small while dam thickness becomes large.

The dam stresses were preliminarily analyzed by trial
locad method both- for the normal and earthguake cqndi?
tions. The design earthquake was determined at K, =
0.10 as 2 times the maximum credible earthquake of the
‘site in view of the dam type of thin concrete arch.
The horizontal and vertical stresses are shown in Plate
P11 for the 2 conditions. The stresses are almost
within the allowable stresses, which are given below
for the normal condltlons and are increased by 20 per
cent for the earthquake condition:

Allowéble Stresses

Genefal
- Compréssion o S ' 70:kgf/cm2
- Tension o ' | -7

Specific E/

- Vertical tenslon on upstream surface -30
near bottom

~ Vertical compression on upstream = = 50
surface near bottom, and horizontal
compression on downstream surface
near bottom

1/: 1adjusted allowable Stresses only for the purpose
" to judge the results obtained by the trial load
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(3)

analysis, which incurs some specific calculation

arrors.

In Plate P11, the minimum fresh rock lines necéssary
for the abutment to resist the arch thrust are also
shown. Since all the arcs extending from the upstreanm
end of the abutment are on the mountain side from the
assumed fresh rock line of the valley, it is Jjudged

- that the dam abutments have been excavated deep enough

to secure the stability of the abutment. The mnuch
excavation for the arch slices in the upper elevations
was designed to attain the steepest slope of the abut-
ment at 1:0.3 for the slope protection: works before
piacement of the dam concrete. '

The above dam.design needs a thorough review in the
detailed design stage especially in (A) the reduction
of the central angle and dam thickness at lower eleva-
tions; (B) the steepest excavation slope of the abut-

ments.

Dam design flood

A Probable Maximum Flood (PMF) was originally dérived
by EIE. fThe PMF was reviewed and revised to two new
PMFs: PMF-1 for January, PMF-2 for February (see Sec-
tion $.5). These are characterized as shown below: |

Description Unit Original PMF-1  PMF-2

1. Peak discharge  m>/s 3,700 5,900 5,400

2. Base flow incl. m3/s 1,300 . - 100 1,300
snow-melt . o . _ .

Dam design freeboard

The dam_srest:elevation waé determined wiﬁh a design
freeboard of 1.7 m provided above the design flood
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8.3

(1)

water level. This freeboard was adopted on the basis
of the follewing considerations:

The nmaximim wave height was estimated to be about 1.6 m
by the SMB method for a wind speed of 20 m/s on the 10

-minutes average. This wind speed was assumed with

reference to the maximum instantaneous wind spéed of
23.2 m/s observed at Mut in the 21 years from 1966 to
1986. The -prevailing wind direction was NW.

The OYmapinar arch dam located to the west of Ermenek
basin has a freeboard of 1.4 m above the full supply

level, and 2.4 r including the parapet height.

Spillway

Type of spillway .

In view of the dam construction in the V-shaped valley

‘having a narrow width of 5 to 20 m at the river water

level, a combination: of the bottom outlefsl a tunnel
spillway and non-gated overflow crests was adopted.

"If the tunnel spillway is excluded from the planned
spillway system,-a,disdharge,capacity of about 1,600

m3/s will be necessary for the overflow spillway to
attain the design flood water level of 678°3_m;jointly
with the botton outiets. To release this amount of
discharge from an_ovérflow;crest.of 40 m long for
example, the operating head of ébout'7.4.m will be
necessary, and a unit dischérge of_40,m3/s_will flow

down over one meter of the overflow crest. . This large

unit discharge may endanger a high and thin arch type
dam. If the length.of overf1pw'crest_is increased,
this unit discharge will decrease but much of the
overflowing jet will fall on the valley walls of both

- sides and will rush down the wall surface towards the
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valley bottom. Such a flow condition was judged not
suitable in view of the wall slope protection. The
overflow type was thus selected as the secondary spill-
way with a limited crest length.

The spillway system

Two bottom ocutlets will be provided in the dam body.
The outlet gates will have the dimension of 2.5 m wide
and 4.0 m high, and the center elevation of 545 m. The
discharge capacity will be 670 m3/s at LWL, and 940
m3/s at HWL. The bottom outlets will be operated (A)
for avoiding a rise of theé réservoir water level or for
lowering it when water leakage is found during the
initial filling of reservoir; (B) for discharging the
flood inflow together with the other spillway compo-
nents; (C) for releasing the water towards downstream
when it is required in addition to the discharge

through power station.

It is recommended that a tunnel spillway be adopted as
the main discharge facility of the spillway system in
order (A) to discharge the flood water far downstream
of the dam foundation; {B} to enable, together with

. 'bottom outlets, an early commencement of the initial
. reservoir filling, without awaiting completion of the

~dam construction works.

The spillway tunnel will be 263 m long, and will have a

circular section of 9.0 m in diameter and an invert
elevation of the inlet at 630.42 m (see Plate P13). At
73 m downstream of the inlet, 2 pressure gates will be
provided. The gates will be 3.0 m wide and 7.0 m high
with their center elevation at 630 m. o o

A non-gated overflow crest of 40 m long'ﬁill'be'pfovid-
ed on the dam crest as the normal overflow spillway.'
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‘The overflow crest elevation will be set at 675 m being

equal to HWL. This will have a discharge capacity of
500 m3/s at an operating head of 3.3 m. The overflow
crest length of 40 m was selected in view of the narrow
width of the valley bottom.

In addition to the above spillway system, two emergency
overflow crests of 30 m long each will be provided on
the dam crest, one to the right. of the normal overflow

crest and the other to the left. The crest elevation

will be set at 678 m'being 3 m above the HWL; in order
to limit.the usual overflows to the normal overflow
crest. These emergency overflow crests will be provid-
ed to cope with such an incident as malfunctioning of
one of the 4 gates of the tunnel spillway and bottom
outlets.

.The total crest length of the normal and emergency
_ngrflow-s?illways will become 100 m. This total
riength was selected in conjunction with the dam crest
'length of 165.8 m.-

Flood operation rule

‘8ince the Project purpose is only the hydropower gener-

ation, the flood inflow will be released in accordance

withlthe_inflow': outflow rule in principle, or the

:gates will be operated to keep HWL as far as possible.

The design flood water level

.The'design_floodrwatep_level was determined at 678.3 m

'by:routinq_the 2 PMF assuming an initial reservoir
water level at HWL. Such a serious flood condition as

the reservoir water level rises beyond EL. 676 m would

continue for-about.z;sfdayé (see'ANNEX—D for details).
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8.4 Grout Curtain

The grout curtain works will be the key of this
Project. As shown in Plate P14, the grout curtain will be
provided to all the vertical section. of the limestone block
down to an elevation of 400 m in géneral, The ‘curtain will
be extended further down to the elevation of 350 m in the
right bank end for about 540 m in horizontal length. In the
left bank, the.grout curtain will horizontally be'connected
to the Ophiolitic rocks of the Ermenek Ophiolitic Melange:
and in the right bank to the marl of the GSrmel Formation.
In the left bank, limestone becomes thinner towards up-
stream. Since rocks below the limestone block are low

pervious ophiolitic, the bottom of the grout curtain will be -

raised along the bottom surface of the limestone block
(Plate G12). ' ' '

The grout curtain works will consist of construction of
grouting tunnels of 13,580 m in total length, grout hole
drilling ‘of 386,000 m in total depth, and grouting of about
39,000 ton in cement weight. The objectives of the grout
curtain works are not only to perform the grouting but also
to investigate and search the 1lmestone for karstic cav1tles'
and potential water leakage paths through the tunnel excava-
tion ‘works and grout hole drllllng works.

In view of the different degree of karst by'plaCe in
the whole grouting area and giving special weight to the
zone around the dam, the following 3 patterns of_grouting
are planned: o s '

Pattern 1: in 2 lanes at an interval of 2 m*(aver-
age grout hole den51ty is 1.00 m/m of

grouting area)

Pattern 2: Wih_one lane at an interval of 2 m
(average density: 0.50 m/m?)
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Pattern 3: in one lane with primary holes at an
. interval of 4 m and secondary holes at
an intermediate point for two thirds of
- the area (average density:'0.25 mx 1/3
+ 0.50m X 2/3 = 0.42 m/m?)

"Pattern 1 .will be‘applied to all the area within 300 m
from the dam in horizontal length. The grouting'of'this
pattern will be performed until a target Lugeon value of
less than 1.0 is attained.

The remaining area'on the left bank will be grouted by
Pattern 2. Of the remaining area in the right bank, the
upper part above EL. 510 m, where the limestone is kafstic,
will be grouted by. Pattern 2, while the rest below EL. 510 m
will be grouted by Pattern 3. In the area of Pattern 3, the
secondary grout hoies will be drilled mainly at the right
end part where the downstream end of the curtain is plannéd
at EL. 350 m. In Patterns 2 and 3, the grouting purpose is
to £ill up such solution openings as would cause serious
water leakage after impounding of the reservoir. The target
Lugeon value of these patterns is set at 10,

A drainage system will be.provided on the downstream
sidé of the grout curtain to reduce the uplift pressure to
the dam body and abutment foundation. These drain holes
will also be used fér_monitoring water leakage.  The drain-
age holes will be drilled mostly from the grouting tunnels.
The.hofizontal interval of draihage holes will be about 10 m
'in the area around the dam; and 10-20 m in the other areas.

The grouting tunnels of 3.5 m in internal diameter will
be excavated at 6 elevations in the left bank with standard
vertical intervals of 40 m.  The lowest tunnel will be at
46Sfm,at”the.inve:t elevation. -The clearance between the
dam foundation and the tunnel crown will be 21 m. In the.
right bank, another tunnel will be added to an elevation of
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425 m to facilitate the grouting works planned for the right
end. All the grouting tunnels will be concrete lined except
for GTL~6 and GTR-6 at the top. -

In order to facilitate access to the grouting tunnel, 5
access tunnels will be excavated on the downstream side of
the Gorge. The tunnel will have a semi-horseshoe section
with a height of 2.5 m and a width of 2.6 m, and will be
used for railway transportation. ' |

In the right bank 5 access tunnels will be excavated.
Of these, the upper 2 will be excavated on the upstream side
and will be closed before filling of the reservoir. These
tunnels are planned aiming (1) to avoid intersection with
the headrace tunnel and the spillway tunnel; (2) shorter.
tunnel lengths compared to a plan on the downstream side.

- The lower 3 access tunnels will be excavated on the
downstream side of the Corge.

" Three vertical elevator shafts will be pfovided: No. 1
on the left abutment of the dam; No. 2 about 180 m to the
south from the right abutment; No. 3 about 1,160 m to the
south from the second. These shafts will have the following

dimensions:
Shaft No. Diameter - Height
(m) (m)
No. 1 . 4.0 215
No, 2 : 4,0 275
No., 3 6.0 255

Shaft Nos. 1 and 2 will be used for movement of the
workers, transportation of light materials, and tofprdvide
space for air duct and-other.pipes. shaft No. 3 will be -
mainly used for excavation, lining, drillihg and grouting
works in the lowest grout tunnel GTR-0. After completion of
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the construction works, these shafts will be used for in-

spection and maintenance works.

8.5 - Waterway

The_waterWay will consist of an intake, a headrace

tunnel, a headrace surge tank, uhdérground pressure shafts

in double lanes, a tailrace surge tank, a tallrace tunnel,

and a tailrace outlet . (see Plate P15).

(1)

(2)

Power intake

The pbwer intaké will be of shaft type. The invert

elevation of the inlet will be set at 600 m being 15 m
bélow IWL. A trash rack will be placed but without
raking equipment in view of the large drawdown of the
reservoir being 60 m, and a high location of the inlet
being 100 m above the riverbed. The gate shaft will be

10 m in excavation diameter and 80 m in height. Stop
legs will be provided to facilitate maintenance works
- of the gate (Plate P16). '

Headrace tunnel

The headrace tunnel will be of pressure type and will
have a circular section of 6.1 m in internal diameter.
The tunnel length will be about 9,042 m. The average

slope of the tunnel will be 1/396. The tunnel will be

concrete lined for the whole section. The design
lining thickness will be 0.40 m, while the extra exca-
vation will be set at 0.20 m'outside the'lining line.
In the work guantity and cost estimate, excavétibn and

‘concrete volumes for this extra excavation were also

taken into account. -

A rock supportinq_system for tunnel excavation was

--planhed to be either by NATM (the New Austrian Tunnel-

- 137 -



(3)

(4)

ing Method) or using steel supports depending on rock
conditions. ¥No support or a light supporting system
would be sufficient for the limestone sections. A
heavy support system would be required for the matrix
layer sections.

Headrace surde tank

The headrace surge tank will be of chamber type with a
riser shaft. This type was selected in view of a high
head of 342 m in maximum gross and a large drawdown of

60 m. Thé diameter of riser shaft will be set at 11 m

to have a free surface area necessary for securing. the
stability of water surface under normal operation.

Sections of upper and lower chambers and surging water
levels are shown in Plate P17. The-upper_chamber will

" ‘have an overflow wall of 5 m high at-the-bonndéry with

the riser shaft. The other end of the upper chamber
will be connected to a ventilation tunnel, which will

be used as an access tunnel during construction.
Surging wave curves are shown in Fig. 8.3.

No surge tank gate will be provided. Inspection and
maintenance works of the waterway will be performed by '
completely shutting down the operation of the Ermenek
and Erik power stations.

Pressure shafts (penstock)

The pressure shaft will be branched into 2 lanes at a

point 60 m downstream of the surge tank. The horizon-.
tal length of the pressure shafts will be 488 m. . The
center elevation of the shafts will be 580 m at the
upstream end and 320 m at thé—doWnstream end."Thé
shaft will be inclined at 45 degree, and the length of
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inclined portion will be 368 m long. The diameter will
‘be 4.9 m in the single lane part and 3.6 m in the two
. lane part., An inlet valve will be provided at the
downstream end of each shaft.

(5). Tailrace surge_ tank

Since thé-length of tailrace tunnel will amount to
1,764 m, a surge tank will be provided 80 m downstrean
of the water turbine. The tank will be of port type.
Its dimension is shown in. Plate P17, and the surging
wave curves are shown in Fig. 8.4.

8.6 Power House

The power house will be of undérground type. It will
be constructed inside a limestone block, located across the
Erik river near the confluence with the Ermenek river. The
layout of access_tunnelé is shown in Plate PI8. A layout
plan of_the power house is shown in Plate P19.

The turbine‘cénter will be EL. 320 m, being 13 m lower
than the normal_tailﬁater level. The lowest elevation below
the draft tube will be EL. 310.5 m, which will be 6.5 m
above the bottom surface of the limestone block.

A cavern of 38.5 m high, 27.0 m wide and 98.0 m long
will be constructed by NATM without concrete lining. The
draft tube gate chamber will be constructed between the
power house and the tailrace chamber. '

8.7 Erik Diversion Scheme
The Erik Diversion Scheme will consist of an intake
weir, a desilting basin, a diversion tunnel, a head tank

‘with an excess water spillway, a penstock, a power house, an
inlet shaft with an air-trap chamber, and a connecting
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tunnel (see Plate P20}.

(1)

(2)

Intake welr

The Erik intake weir will be located in a limestone
block (Plate P21). There is a large scale active
landslide on the left bank about 100 m downstream of
the block. It is expected that this land would move
during heavy rainfall to block the Erik river. In such
a case, debris flow will rush down the river after the
natural dike is breached by the accumulated flow. To
protect the weir from such an attack of debris flow,
the weir site was selected upstream of the landslide

area.

The Erik intake will be of Tirolean type, which will
trap the flowing water over trashracks (see Plate P21).
The design discharge of intake is 6.0_m3/s. The  intake
weir will be of concrete gravity type:. The design
flood is 400'm3/s as 100-yr probable. ‘The crest eleva-
tion of the weir will be set at 820 m, being about 3 m
higher than the elevation of Erik spring.  This crest
elevation was provisionally selected in order to have a

" hydraulic head necessary to flush sand deposited in the

desilting basin. The crest bridge will be submerged
during the weir design flood.

Desilting basin

In the site'reconnaissénce made  in July 1989, cobble
stones were observed on the riverbed, which was the
outcrop of limestone block. The Erik flow was quite
cool being about 11°C and was clear. Howevér, there is

no data on the sediment transport of the upper Erik

river during flood and -snow-melting periods.
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A desilting basin is planned to be provided assuming
that there are suspended sediment during floods and
snow-melting season, Because of the site topography,
the basin will be located underground (Plate P21). The
Erik flow trapped at the intake weir will be guided to

. the.desilting basin throﬁgh a connecting tunnel, where

an intake gate and a side-overflow welir for excess

_-Watef;Will be provided. The sediments deposited on the

basin bottom will be flushéd through a sand flush
tunnel by manual operation of a sand flush gate provid-

ed at the downstream end of the pasin. The sand flush

spillway.willfbe usad also as an excess water spillway.
After desilted, the water will overflow a crest provid-
ed'near_ihe downstream end of the basgin and will enter
the Erik diversion tunnel.

To prevent the electromechanical facilities from water
submergence and excessive inflow into the diversion
tunnel in case of the above-mentioned landslide, a
tailrace gate will be provided in the sand flush tun-
nel. This and intéke.gates will be remotely~supervised
and operated from the Ermenek power station.

Erik diversion tunnel

The Erik diversion tunnel will be of free flow type.
It will haVe.a semi-horse shoe section with a width of
2.2 m and a height of 2.3 m. The length will be 3,580
m. The tunnel route was selected detouring the land-
slide (Plate P22). The water depth in the tunnel will
be about 1,6 m at the design discharge of 6 m3/s for a

hydraulic gradient of 1/1,000 and a coefficient of
. roughness of n = 0.014. The design clearance between
- the water surface and tunnel crown will be 0.7 m.
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Headtank and excess water spillway

A headtank will be proVided to have a free water sur-
face before the flow enters the penstock. The surface
area was determined to be 60 m?.as 10 times the design

‘discharge; the effective capaCity to be 120 m> as 20

times the design discharge. ‘The normal HWL will be 812

m and LWL will be 810 m with a drawdown of 2 m (Plate

P23) .

'An excess water spillway will be provided in' parallel
to the penstock (Plate P24). This will guide the flow

to the tailrace chamber when the Erik power station is
not ‘in operation. The excess water will be spilt from
a side overflow weir. The weir will have a crest

elevation at 812 m, a crest length of 12 m, a design

head of 0.4 m, a design discharge of 6 m3/s. The
maximum water level of the headtank will be 812.4 m
during the full discharge from this overflow weir.
Against this water level, the diversion tunnel will

"still have a clearahce of 0.3 m between the water

.surface and the tunnel crown.

Erik penstock

The penstock will be of surface type} 240 m in length;
1.2 m in internal diameter (Plate P24).

Erik power station

The power house will be of surface type (Plate P25).
The power house will be 18.5 m wide, 18.2 m long, 24.5
m high. It will accommodate one set of generation
eguipment. The normal tailwater level will be 675 m,
being equal to the HWL of the Ermenek reservoir. The
turbine center elevation will be 674.40 m.
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. buring surging in the Ermenek headrace tunnel, the
water level in the Erik tailrace chamber will be af-
fected. The maximum water level will be 693.93 m in
the full load shut-down; the minimum water level will
be 592.08 n in a half load increase condition. The top
elevation of the tailrace chamber will be set at 695.5
m with a freeboard of 1.57 m. The tailrace chamber
will be 2% m in -height above foundation; 12.5 = in
height above the ground surface; 8 m in internal diame-
ter. '

(7) Inlet shaft

The inlet shaft will be inclined at 45 degrees. The
inclined portion will be 90.43 m in height. The sec-
tion will be semi-horseshoe with a width of 3.5 m and a
height of 3.5 m. The invert elevation will be 578.62 m
at the bottom of the shaft.

An air trap chamber will be provided in the horizontal
tunnel connected to the Ermenek headrace tunnel.
Immediate upstream of the joining point to the headrace
tunnél, a throttle device will be provided to reduce
the reverse flow inte the shaft during surging.

8.8 Hydromechanical Works

_ The principal items of hydromechanical works for the
Prdject'will consist of gates, stoplogs, trashracks, steel
liners and penstock. The locations of the proposed hydrome-
chanical works are shown ih the plates for respective struc--

tures.

{1) Gates, stoploqs and trashracks

The type of various gates was selected based on the
reSpective-dimensions, water pressures acting on the
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(3)

gate, functional requifements and costs, Fixed wheel
gates and slide gates will be adopted as described in
item (3) below.

Steel 1iner_for the pressure shaft

‘Based on the design of pressure shaft, the thickness of

steel shell plate was designed depending on the acting
water pressures including those due to water hamnmer.

In the design, the following classes of steel materials

were considered;

" Steel Class Allowable Stress'(kqf/cmz)

JIS SM41 : 1,300
JIS SM50 _ 1,750
JIS SM58 2,400

The thickness of steel shell plate was calculated to be
18 mn to 38 mm depending on the acting pressure. The
total weight of the steel structures is estimated to be
aboﬁt 3,600 tonnes.

Principal features of hvdromechanical works

(A) Dam and intake facilities

(a)} Diversion gate

Type: - = = - ‘Slide gate

Quantity: : 1 set '

Dimensions: 7.0 m wide x 7.0 m high
Design head: 50 m

(b) “Tunnel spillway'gates

Type: o High pressure fixed wheel
' - gate S

Quantity: 2 sets
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(B)

Dimensions: 3.0 m wide x 7.0 m high

Design head: 45 m

Appurtenant equip-- .

ment: = Stoplog 1 set
Steel liner 1 set

{(c) Power intake gate

Type: : High_pfessure fixed wheel
| . _' gate

Quantity: 1 set

Dimensions: 6.1 m wide x 6.1 m high

Design head: 75 m

~Appurtenant equip- _ _

ment: . Fixed trashrack 1 set

Stoplog 1 set

Note: Raking equipment will not be provided.

(d) Bottom outlet facility
Main gate

Type: o High pressure slide gate
Quantity: 2 gets
Dimensions: 2.5 m wide x 4.0 m high

Design head: 130 ' m

Guard Gate

Type: _High'pressure slide gates
Quantity:. 2 sets

Dimensions: 2.5 m wide % 4.0 m high
‘Design head: 130 m

- Appurtenant equip- - .
ment: Steel liner 2 sets:

fSteel-liner for pressure shafts

_Ty?é; e Embedded steel liner

| Quantity: : 2 lanes

Dimensions: : 3.6 m in diameter
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Design head:: 415 m at turbine center
{C) Power house facilities

(a) Draft tube gates

Type: Slide_gates operated by
hydrdulic‘hoist '

Quantity: 2 sets.

Dimensions: 5.5 m wide x 5.0 m high

Design head: 30 m

(b) Tailrace gate

Type: : S§lide gates

Quantity: 1 set _
Dimensions: 6.1 m wide ® 6.1 m high
Design head: 8 m '

(D) Erik Diversion Scheme

(a)- Intake weir trashrack

Type: Fixed trashrack
Quantity: 1 set

Dimensions: 7.0 m wide x 4.0 m long
Design head: 4.5 m

(k) Intake gate

Type: Fixed wheel gate
Quantity: 1 set
Dimensions: 2.2 m widé x 2.3 m high

Design head: : 30 m

(¢} Sand flush gate .
Type: B Fixed wheel gate, manual

operation
‘Quantity: _*-' 1 set .
Dimensions: 2.0 m wide x.2.0 m high
Design head: 5 m RS |
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(1)

(d)

(e)

(£)

(9)

Sand . flush tunnel closing gate

Type: Fixed wheel gate
Quantity: 1 set

Dimensions: 2.0 m wide x 2.0 m high
Design head: 35 m

Headtank trashrack

TYpe: Fixed trashrack
Quantity: 1 set
Dimensions: 4.0 m wide x 5.4 m high

Design head: - 6 m

Headtank drain gate

Type: _ Fixed wheel gate
‘Quantity: 1 set o
. Dimensions: - 1.0 m wide x 1.0 m high
Design head: 6 m

Steel penstock

Type: Exposed steel penstock
Quantity: 1 lane

Dimensions: 1.2 m in diameter
Degign heads . .151 m at turbine center

- Generation Equipment

Power station arrangement

Two sets each of hydraulic turbine, generator and

step-up transformer with . their auxiliary equipment will

be installed in the underground powerhouse.

A 380 kv

switchgear will be arranged in the outdoor switchyard.

380 kVapower cables will be installed along the access

-tunnel_to connect the undérgrouhd_bowerhouse and the

outdoor swit¢hyard.  A'sing1e line connection diagram

- of the power station is shown in Plate P27. A general
- plan of underground powerhouse arrangement is shown in
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Plate P19 and a layout of the outdoor switchyard in
Plate P28.

Two sets of overhead travelling crane of 135 ton capac-
ity will be provided in the poWéfhouse for'handling
heavy power station equipment such as hydraulic tur-
bines, generators,'main transformers and so forth.

Number of ﬁeneratinq units

The number of generating units for the total installa-
tion of 320 MW with the rated hydraulic head of 308 m
is selected to be two from considerations below: '

(A)

(B)

(c)

The total construction cost will décrease by
reducing the number of generating units to be
installed. The total cost will be cheapest for

the one unit installation.

From.the"gperation aspects, the number of equip#
ment had better be two or more. The minimum
operating output of Francis turbine is normally
about 40 per cent of the rated output, and accord-
ingly the minimum operating output (320 MW x 0.4 =

128 ij under one unit installation will be too
large to adjust the operating outputs in accord-
ance with the system requirement especially during

- the off-peak time. In addition, one unit cutage

under the one unit installation will result in the
total outage of the station.

The total capacity of the Turkish'pdwer system and
that of the neigbouring region is large enough and
it will not require an installation of 3 units or

more.

- 148 -



(3)

(4)

Hydraulic turbines -

Considering the working head and rated output, the

hydraulic turbines will be of vertical shaft Francis

type and their particulars will be as mentioned below:

(A) Hydraulic conditions
?_Reéervoir_water level
Maximum
Hinimum y
Rated (aVefége WL, 65 % in
probability of exceedence)

Tail water level

Gross head
| Maximum
Minimum
Rated
- Rated net head
Maximum discharge

(B) Hydrauiic turbines
- Type

Rated head .
Number of units
Ratéd.output
Rotation speed

»
S

-
-

+ 282

.

-
*«

675 m
615 m

660
333

=

g

342

327
308
116.

o2 8 7 3

m;/s-

Vertical shaft,
Francis

308 m.

.

163.5 MW

333 rpm

The hydraulic turbines will be designed so that the

“machines can be opefated at an output 5 per éeht larger

than the rated one under an operating head higher than

 the rated one. .

Generators

 The generator wili be vertical shaft alternators to be

directly coupled with the hydraulic turbine with par-
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ticulars as given below:

- Type _ o : Vertical shaft, revolving
‘ ' field, 3-phase, synchronous

alternator S

- Number of units : 2 _

- Excitation system : Static thyrister type

- Rated output t 180 MVA

- Rated voltage : 14.4 kV .

~ Rated power factor i 88.9 per cent under normnal
operation

93.3 per cent under § pex
cent overload operation

.

- Rotation speed 333 rpm

(5) Main transformers

For the main transformers to step up the generator
output voltage to the 380 kV transmission voltage,
single phase transformers will be adopted'in order to
limit transportation weight. Three single_phaée trans-
formers will be installed close to each other and will
form one bank. Particulars of the transformers will be
as follows: -

- Type ' : Single phase, two winding

- Cooling sy'stem : Water cooled, férced eil
circulation

- Capacity : 60 MVA

(L]

- Number of units 6 (3 units x 2 banks)
- - Voltage ratio i : 14.4/380 kV ' '
Off-load, pilus and minus

1]

- Tap changer
10 per cent
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(6)

(7)

(8)

Power cables

380 kV cables of €V (cross~linked polyethylene insulat-
ed'and_PVC sheathed) type or o0il-filled type will be
installed along the access tunnel, to connect the main
transformers in the underground powerhouse with the
outdoor switchydrd.

outdoor switchvard

A 380 XV switchgear for. connection with txansmission
lines will be -arranged in the outdoor switchyard to be
located near the entrance of the access  tunnel. The
bus system of the switchyard will be of double bus with -
a transfer bus.

‘Control system

A one-man-control system will be employed for

controlling the generation equipment.' Both the genera-
tion equipmént in the underground powerhouse and a 380
kV switchgear in the outdoor'switchyérd will be con-
trolled from the coentrol room to he located in the
underground powerhouse on the elevation hlgher than the
machine room so that the generatlon equipment can be
seen from the controllroom,

Ancther contrél house will alsc be provided at the

.outdoor switchyard to control the 380 kV sw1tchgear

Relaylng equlpment and - local control equipment will be
installed in the control house. However, under normal
operatibn, no operators will be stationed in the out-
door control house as ‘the 380 kV switchgear will be
remotely—superv1sed and contrelled from the underground
control room. Data ‘communication between the under-
ground control room and the outdoor control house will

be made through optlc fibre cables.
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8.10 Transmission Line

As mentioned in Sub-section 3.5.1, the transmission
line to be constructed under the Project will be a 380 kV
transmission line between the Ermenek pdwer'station and the
Seydisehir substation. -On the Seydisehir side, the 380 kV
line will be terminated at the existing substation bus.

This transmission iine will be providéd with 3-bundled
954 MCM ACSR, which are the standard conductor size of main
380 KV lines in Turkey. The current carxying capacity of
this line is about 2,600 A and the allowable power capacity
is about 1,700 MVA.

Except for the limited sections approaching the
Seydisehir substation, the proposed line route will run in
mountainous area along national roads. However, the moun-
tains are generally not so steep and there will not be much
difficulty in-apptoaching most of the line route by motor
vehicles. . The proposed route of the transmission line is
shown in Plates P31 and P32,

The line protection:system will be provided with two
fully-independent distance protection schemes with different
types of static relays. Main 1 protection will be direction-
al comparison blocking scheme and Main 2 protection will be
permissiﬁe underreach transfer tripping scheme.

The voice and data communication on the transmission

line will be provided with the power line carrier (PLC)

systen.
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8.11 Generation Equipment of Erik Power Station

(1}

(2)

(3)

Overall arrangement

Generation equipment of the Evik power station wiil be
arranged in the surface type powerhouse, which will be
provided with a small overhead travelling crane. A
step~up transformer and a 34.5 kV switchgear will be-
placed outdoofs_adjacent to the powerhouse. The pro-
posed arrangement is shown in Plate P25.

Number of hydraulic turbine-generator

Against the maximum discharge of 6 m3/s, the 90% de-

pendable discharge is 2.85 m3/s (47.5 %) and the mini-
mum discharge is 2.14 m3/s (35.7 %). . This variation in
discharge can be covered by one unit Francis turbine.

For the rated output of 6,700 kW, total constructiaﬁ
cost of one unit installation will be mubh cheaper than
that of two unit installation. Therefore, one unit

- installation will be selected for this power station.

Hydraulic'turbinef

One set of vertical shaft Francis turbine will be

installed in the powerhouse.

(A) Hydraulic conditions

= Intake water level T 820 m
- Tail water level :. 675 W
- Gross head : 1§5 m
~ Rated head : 133.m
- Maximum discharge : 6 m3/s

(B) Turbine details
.= Type : Vertical Francis
- o= Qutput, .- . - 1. 6,950 kW -

K1)

- 153 ~



(4)

(5)

-~ Rotation speed - - : 750 rpm

The intake water level was initiallyfassumed_at'EL. 815
m, being about 2 m below the elevation of Erik springa
This water level was later raised by 5 m to EL. 820 m
in order to have a hydraulic head necessary to flush
sediments deposited in the desilting basin. As a

result, there is a possibility to increase the "above

rated head of 133 m to about 138 m.

The horizontal type of turbine-generator is also con-

-ceivable. However, the vertical type was tentatively
selected as its required floor area is smaller than
that for the horizontal one. '

- These matters need thorough review and examination at

the final design stage.
Generator

The generator will be directly coupled with the hydrau-
lic turbine and its particulars will be as given below:

- Typé : VYertical shaft, revolving
field, 3-phase, synchronous
alternater '

- Excitation system : static thyrister

~ Number of phase : 3 '

~ output : 8,375 kVA

- Rated power factor : 0.8

- Terminal voltage : 6.6 KV

~ Rotation speed :

750 rpm
Power station control

As the Erik power station will be operated automatical-
ly depending on the available flow of the Erik river,
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(6)

no daily control operation will be required under
normal operation. - Therefore, it is planned to operate
this power station with remote supervision and control

from the control room of the Ermenek power station.

Data and signal for supervision and control will he
transmnitted through a telephone cable.

‘However, local control equipment will also be provided

for testing and maintenance operations.

Other power facilities

One set of 6.6/34.5 kV, 8,375 KVA transformer and one
lot of 34.5 kV switchgear will be installed outdoors
adjacent to the powerhouse for stepping up the géneraf
tor voltage to the 34.5 XV line voltage and for taking
out one 34.5 kV power line. The 34.5 kV line from the
Erik.power station will be connected to the 34.5 kV
line which will be constructed between the Ermenek
power station and the Ermenek dam/Erik intake weir
sites. This line will further be connected to the 34.5
kV line existing between Ermenek and Kazanci for supply
to the public demand. Plate P27 is referred to regard-
ing the connection of the Erik power station with the
main power station.
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