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CHAPTER = 1. - INTRODUCTION

, _7{This'report“describes'the;gealogical inveétiqatioh_re*
‘aults for;the'EeaSiﬁility»Stﬁdf-of‘the Ermenek Hydroelectric
power Development Project. The investigations were carried
outrby E1E for the project definition from 1984 - (pre-F/§
study). And then, the additional geological-inveStigations
were performed jointly by JICA and E1E from 1989 to 1990
- for the feasibility study of the Project. All the investi-
gation results are compiled in this report. '

The follow1ng geologlcal anestlgatlons were carrled
out by EIE from 1985, before the feasibility study

Geological mapping of the reservoir area
_ (1/25,000 scale)

Geological mapping of the project area

- " (1/5,000 scale)
Core boring investigation and ILugeon test
Geophysical survey |
Test adit excavatlon 1n I-8 dam51te
Mlcropaleontologlcal and mlneraloglcal study

The study'results of the above investigations'are
“described ih the following_reports_by ELE.

'(1) INTERIM GEOTECHNICAL REPORT FOR ERMENEK
DAMSITE
Yayln: 88—7,'September 1987

(2) ERMENEK BARAJ YERI JEOFIZIK RAPORU
Yayln 87 43 Aprll 1987

(3) ERMENEK HES., PROJESI KUVVET TUNELI GUZERGAHI
JEOFIZiK ETOT RAPORU
Yayln. 88-24, May 1288

 In'the"Feasibi1ity study (F/S study) from 1989 to 1990,
the following additional geological investigations and



review of the above~mentloned 1nvestigatlon results were
performed.

Geological mapping of I-C damsite area

_ (1/1,000 ‘scale) -
'Geologlcal mapplng of. Erlk intake area -

(1/500 scale)”

-Core - horlng 1nvest1gat10n . :
Seismic exploratlon
Test pit excavation:
Test adit- excavatlon in I-C dam31te,
Laboratory test .
Study of_selsmlclty
Mineralogical study



 CHAPTER 2.  GEOLOGICAL INVESTIGATION

2.1 Geoldgiqal Mapping

The following'geélogical'maps were prepared for the F/S

- study.
Plate Gl -'Geologicai map- of reservoir area : 1/25,000
Plate G2 - Geological map of project area : 1/5,000
Plate G3  Geological map of damsite I-C : 171,000

Plate G22 - Geoiogical map of Erik intake site : 1/500

~The Qeélogical map of reservoir area (Plaﬁe Gl of
'Volumels: Drawings) and the geoclogical map of Projéct area
- {Plate G2) were prepared in pfe-F/S stage. = These were
‘partly revised based on the_reSults of the field reconnais-
- sance-survey in F/S stage. '

2.2 Boring Investigafion

The core borlng 1nvestlgatlon of 7,438.75 meters in
total (5 111.05 meters in pre~F/S stage and 2,327.70 meters
in F/S stage) were performed for the proposed damsite I-B
and I-C, power house area, headrace tunnel route, landslide
‘area, tallrace cutlet and . limestone area near the Nadire
_sprlng (backwater area) as shown in the attached Table A2.
The.borehole location is shown in Plate G2. - Lugeon tests
1,191 timeé in total (968 times in the pre-F/S stage and 223
times in the F/8 stage) were performed'iﬁ these boreholes.

_The-résultsrare summarized in the geoiogical profiles
for each structure site, Fig. A7 and listed in the Drill Log
in the Attachment Al hereto. -



2.3 Geophysical Investigation

In the pre~F/S stage, the following investigations hévé'
- been performed.

Damsite I-B area (1987):
Vertical electric souhdihg :
(ré51stivity hethod): 84 points
Selsmlc exploratlon
(refraction method) ‘'t along 17 proflles
Damsite I-C and headrace tunnel route areas{1988)
 Vertical electric soundlng '
{resistiVitylmethod):_109:pcints
Seismic exploration .
(refraction method) : along 14 profiles

In the F/S.stégé,rseismic ekploration.(rgfraction
.method) of 9 lines (9,360-meters) in totél was'performéd as
shown in Table A3. The results of the F/S"Staqe_are shown
in the geological profiles for each seismic line; Plates G8,
G9, G10, Gl1, G16, G17, G19, G20 and G21; and Attachment A3.
_ The locations of these points and lines are shown in Plate
- G2.4. ’ :

2.4 Test Aditllnvestigation
The excavated test adite are as follows:

I-B damsite: 42 meters in length, ‘in the right'bank;*
(pre~F/S8 stage) - '

I-C damsite:'231.2 meters in 1ength,'in the right bank.
' - (Access tunnel of 186.40 meters and

test adit of 44.80 meters, F/S stage)

The_geological'sketch is shown in Fig. A9.



2.5 Labpfatory Test
_ - The test samples were taken from the borlnq cores. of
SK*302 307 and 313. The test items and quantities are

summarized as follows..

 Test item. . ..o ‘Test quantity'(samplés)

Specific gravity & water-absorpticn 18
Unconfined compression test _ 18
Super sonic wave test . - . 18

The results are summarized in Table Ad.
2.6 Btudy of Beismicity

The study report; BRMENEK BARAJ VE HES YERI DEPREMSEL-
LIK RAPORU {Yayin: 90-3, January, 1990). prepared by EIE,
was partly revised by the JICA Study Team.. . The study're—
:sults are explalned in Chapter 6, and the earthquake record
is listed ‘in the Attachment AS. -

2.7 nicropaleontalogical and Mineralogieal-Stuﬁy

The mlcropaleontologlcal and mlneraloglcal study was
performed in the pre—F/S stage for 53 samples taken in the
field in qrder_to.conflrm-the geological age of each
-limestone blockJinfthe study area. The sampling location is
shown in Plate G26. - '

In F/S stage, mineralogical study was performed fori4
samplés'taken from SK—loz and'outcrcpé in the'power house
.area in order to examlne swelling tendency of rocks by anay
dlffractlon method and mlcroscape. The results are summna-
':rlzed in Table Alo and the details are ‘listed in. Attachment.
-_A4 together with the results of pre-F/5 study.:



CHAPTER 3. REGIONAL GECLOGY

3.1 Previous Geologiaal'lnvestigation'

The follow1ng geologlcal 1nvest1gatlons were carrled
out for the Ermenek river basin before the JICA feas1b111ty
study. : C ' :

(i) Geological preliminary report on Géksu-Ermeriek
damsite, Ppssibilities-and their reservoir areas.
 ElE, 1975-1977. | |

(2) Gilnar Ilisu (Erik river) hydroelectrid project,
Engineering geology study. EIE, 1975.

(3) - The geology and 011 pOSSlbllltleS of
Mut-Ermenek-Silifke Region.
. Bulletin of Turkish Geological Society.
. (No.22, pg.7-26).
Gedik A. et.al. (Investigation perlod, 1975-1976.)

{4) Stratigraphic-and tectonic study for the Gdktepe
area in the western part of the study area. _
Blumenthal (1956) , Ozglil {1976), Demlrta$11, et.al.
(1978), and Kuggu (1985).

All the descrlptlon in this chapter is based on ‘the
Interim Geotechnical Report for Ermenek Dam51te, "ElE, 1987,
while some parts are revised by the investigation results of
the JICA F/S study. ' '

3.2 Topography

The Ermenek river is the biggest tributary of the Géksu
river, and joins the Goéksu river in the vicinity of Mut



city. The Gdksu river basin is located in the middle part

- of -the- Central Taurus Mountaln Range (Central Taurides).

which is developed a]ong the Medxterranean coast. The
Central-Taurus Mounta;n.Range_ls_a qeographlcal subdivision
of .the Taurus Belt in theé south-eastern anatolia.. -

The'Taurus Belt 'is divided into three-ranges; i.e.
" Western, Central and Eastern Taurus Mountain Ranges. These
- ranges afe deflned as the areas by two major tectonlc struc-
tures._ In the west Qf Alanya city, NW-SE trend structure is
~ the border: betweén Western and Central Taurus Mountain
‘Ranges, and 1n the east near Adana 01ty, NE-8W structure
(Ecenisg fault) is the- border between Central and Eastern
7Taurus Ranges. (Refer to Fig. Al). :

The study area, which is located in the midstream of
the,Efmének river, covers the whole areas of proposed dam
'andcﬁeservoir, dameite, headrace tunnel route, - powerhouse
~area and Erik intake site. The'prbposéd damsites are locat-
‘ed in the south of the Ermenek city, near the Gérmel bridge.
Thé'power'hquse;area3is lqdated at about 10 kilometers down-
stream from thé damsite, énﬁ.the]reservoir will extend up to
about720.kilométérs upstream from the damsite, near the
Nadire spring. ' The Erik ihtake-Site_is located at 4 kilome-
ters upstream form the confluence of the Ermenek river.

The Top0graphy in the-surrounding area of the Efmenek
river-show_rather-f;at plateau with 1,500 - 2,200 meters in
elevation, which is formed by mainly thick and horizontally
bedded limestone layers of Tertiary Miocene Ermenek
formation.

‘.. In the sfudy-area,:the-Ermenek river flows from west to
east. VThefhain_triﬁutariesuin;the study area arelkﬁgﬁk
‘river and Balkusan river in the northern- area of the Ermenek
river,  and Zeyve. rlver and Erik. rlver flow1ng from scuth to
:north in the scuthern area of the Ermenek river basin.



:n'the areafbetween*xﬁcﬁk river'aﬂd thé'ZGyve'rivér”
which is the major part of the dam reservoir, both banks are "
formed by rather gentle slopes, where the foundation rock is
mainly marl of Tertiary Gérmel formatioh.  In this’ area,
some remnants of historical landslide are seen on the slopes -
of both banks, especially on the left bank. Now these are
ih-stdbledendition,jand any'SIiding'adtiﬁity”canvﬁbt be
seen in the area. - IR o R

Iﬁ'ﬁhe-upstréam area of the Kigiik river and downstrean.
of thEVZeyve-rivér,3both'bankS‘are"formed'byrsteep
nountainous slopes;-where'the rocks are mainly conposed of
Cretaceous Ermenek Ophiolitic Melange. - Where the ‘river
flows in limestone blocks, the both banks'shQW'very narrow
and deep gorges. ) '

Most of the flows of the Ermenek river originate from.
Kapiz spring and Nadire spring located in the west part of
the'studyxarea; while the uppermost reaghes-oﬁ_the'river[are
located on' the limestonefplateau..fTheffloWs of thefabdvé¥'
mentioned tributaries also originate from springs, such:as
'Balkusan‘sgring, Zeyve spring, Erik spring, etc. :The-iiver
flows in the upstream reaches of these springs are geﬁerally
very little ox almost nil, éspecially in the dry'Seééon.
These springs are seen in the limestone bhlocks of ‘the Erme-
nek Ophiolitic Melange, and in the foot slopes of'steep-
cliffs of Miocene limestones which are distributed on the
top part of both banks forming the plateau.

3.3 - Geology

In the study area, the Upper Crefaqeous Ermenek
Ophiolitic Melange outcrbps*in the vast areas as aibasémént.
It is composed'of-Carboniferoﬁé-Uppér Cretaceous blocks of
sedimentary rocks,-mainlyllimestone, in different‘charaétef,'
and the matrix layers. - The Qimené-groub“bfﬁcarbcniférOus%
Triassic age which is the oldest stratum in the study area



'was identified in the study of pre-F/S stage.  The Cimene
- group Was not known either the basement formations of the
. project area, or an olistolith (block) inrthe'Ermenek-ophiOﬂ
litic Helangefto.daté. However, it is considered as olisto-
lith*in this-repbrt;' :

-In the west area, thé'hiadag unit of Palaeozoic-
Mesozoic age . (6zugﬁl 1976) thrusted over the Ermenek Me-
lange probably at. Palaeogene in Tertiary age. There is a
tectonic - contact (thrust fault) between the Aladag unlt ~and
Ermenek_Ophlolitlc Melange. In the study area, two numbers
‘of formations:of Aladad unit, namely Balcilar'formation'of
Upper Triassic- age and Cihandere formatlon of Jurassic-Lower
Cretaceous age are seen. . . '

The Cen0201c Tertlary formations, namély'Gérmel
formation of Lower. Mlocene age and Ermeneék formation of
Middle Miocene age are representatlve.ln the study area.
. The . Quaternary deposits, such as terrace deposit, talus
' deposxt,_etca are seen widely on the slopes and along the
rivers.

‘The most recent and main tectonic deformation . was
developed durlng the perlod of . Palaeogene to Miocene in
Tertiary age. -After that, ‘the area was uplifted by the
effect of epeirogenesis and then the various. erosion oc-
"curred diuring late Tertiary and éarly'Quaternary~aqe, and
the presenthtopbgraphy:of the region was formed.

' The geological map in the reservoir area is shown in
Plate'Gi}%qéolégicalfmap;of the_project.area'inﬁPlaﬁe G2;
and the geoloéiéal formatiohs distributed in the reservoir
area is summarized in Table Al. Each geological formations
are as follows. | S



3.3.1  Aladad unit

' Paleozoic-Mesozoic age depbsits ‘outcropping in the
‘western part of the study“area-cdnsist.of platform,typé
carbonate rocks. These were calied'as'Biack,Aladgg uﬁitwby:
Blument Hal (1952) in the Aladad region. The Aladad unit
consists of Géksu, Dumlugdze, Haydar, Balcilar ard Cihandere
formations from old to young. ' ' Co -

While the Aladad unit is not easily recognized every-
where due to the'thrusting;_two formations, Balcilar forma-
tion of Upper Triassic age and Cihandere formation of -Juras-
sic—Lower.Cretacebus; ave seen in the western part ofﬁthé
study drea. Cihandere formation which is confbrmable;with'
Balcilarlformatiqn, and overlies the Ermenek'bphiolitic
Melange with the tectonic contact (thrust fault) at the west
and south of Nadire sprinq. Fach formation is as aescribed

below.
(1) Baldilér formation (OUTzrb)

The Bélcilar formation outcrops in the west end part of
the study area. The lowest part of this formation'ié_
. formed bf reddish cclored.cénglomeratefof the lower
part of this formation. The dpper section is made up
of clayey limestone'ahd:red - claret red'coloredﬁshale
layer which is interbedded with sandstone. The upper- .
most layer is thin bedded dolomitic limestone. |

This- formation lies on Haydar formation unconformably.
On the other hand, this is overlain by Cihandere. forma-
tion conformably. ' :

(2) Cihandere formation (JKc)

The Cihandere formation outcropping between Balciiar
formation area and the above-mentioned tectonic con-

A - 10



ooctact, conSisthof dolomitic limestone, oolitic-piscolit-
‘licnliméstonezand-light gray . colored limestone layers
from. the bottom to the top. The lower sections of this
‘fdrmation show neritic sea condition, and the upper
sedtions show'abYSSalzsea'condition.

;Thislformation lies on Balcilar. formation conformably.
. Its contact with Ermenek Ophiolitic Melange is tectonic
- {thrust fault). '

3.3.2 . ErmeneX Ophiolitic Melange

In the-study'areé,-the-Ermenek-ophioiitic Melange
forming_;hé basement for,the‘Gérmel'and_Ermenek formations
outcrops in large area between Kigilk river and Yesilkoy, and
in the eastern part of the proposed damsite along tha
Ermenek:rivér,;]The Ermenek-Ophioliticruelanqe.consists'cfz
héterdgen blocks  of sedimehtary rocks of Carbonifercus-Upper
Cretaceous agé and matrix layers. The size of blocks shows
occasionally~more5thaﬁ~one'kildmeter. -The oldest blocks are
estimated to be cimene'group}of~Carhoniferdus-Triassic age,
and the ycungast-blccks:are estimated to be Upper Creta-
ceous. Then it is considered that the age:of this melange
Gorresponds to late Upper Cretaceous.

,Micrqéaleontologiéal and mineralogical study was
carried out in order to recognize the geological age of each
block in the melange. Theisampling'location for the study
is shown in Plate ©26, and the study results are summarized
in Table A7 and in Attachment A4 in detail.

(1) Blocks .
.. (a) ¢Cimene group
' The (imene group outcrops along the Ermenek river

in the east-part7of-the study area, between the

A~ 11



proposed dam51te and power. ‘house 51te.' Thié'groﬁp

s

~divided . into three formatlons from bottom to

- top: Balkusan,'Esklce:and,Tahtac;:formatlons.-

(a)

(b)

'Balkusan formatlon (K¢b)

The lowest part of the Balkusan formatlon of

'Carboniferous age; Wthh corresponds to the
lowest part of the Gimene group is noti seen

in the study area. This formation is com-
posed of moderately to thickly bedded, black-
ish-dark gray colored and hard 1imestone
which has lapies on its surface. The Balku-
san formation is overlain by Eskice formation

~ conformably.

Esklce formatlon' o
The Esk1ce formation of Permlan age lles over

the Balkusan formation conformably.  Because

of its lithologic properties, it is divided
into three members from bottom to top; Pire-

- licenin, Akarca and Saribayir members. : Some

transitions between Sarlbaylr and Akarca
members are observed in the study area. The
Eskice formation is conformable with Balkusan
and Tahtaci formations.

Phirelicenin member (Pcep):

The Pilirelicenin membey which corresponds to
the lowest layers of the Eskice- formatlon-

consists of red, brown;’yellow:and'claret7réd

colored limestone. This limestone shows
brittle, thinly and moderately bedded, and
partly sandy. This member is non-

fossiliferous, but was ‘accepted as: Lower:
Permian according to the stratigraphical

- seguence.,
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:_Akarda;mémberﬂfpgea)i o
- The Akarca member consists of thinly to

moderately bedded, dark gray and black col-
oréd_fossiliferous‘limestone, with calcite

~veins. . It shows. great resemblance to the
- Gokgesekl formation of Permlan age. The
'llmestone_shQWS;moderately hard, with solu4

tion traces and lapies.

Saribaylr member: - (Pges)

The Saribayir member consists of moderately

bedded, grayish and brownish colored lime-
stone, with thin to moderately bedded, pink-

--ish to brownish .quartzite and graylsh to

qreenlsh shale layers._ No fossils were found

in this menber, but this has lateral and
_Vthical transitionS'with;black'coloréd

limestone of Akarca member.

.Tahta01 formatlon

The - TahtaC1 formation of Triassic age con-

- sists of 1light gray, brownish and beige

colored limestcone, Whiqh is divided into two
menmbers; Ardi¢li and Tasdibi members from
lower to upper'as follows.

Ardigli member (Trgta):

.,The'Ardigli member consists of massive,

moderately to thickly bedded and hard llme—
stone in general.

Tasdibi member (Trgtt):
The Tasdibi member consists of thinly bed-
-ded, -moderately hard and brittle limestone.

This is not easily recognized in the study

. area due to thick talus,deposit.cover. There
~are some .lateral and -vertical transitions
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(B)

©

(D)

between theTagdibi and*Ardigli"members.

Nisa formation '(Pn)

The Nisa formation: of Permian age appearing in the
rarea- near the confluence of" Balkusan river ‘con-
'sists generally of massive, brown to belge colored

limestone. This block loocks like a floating unit
in the matrlx 1ayers which are formed by qraywacke
and Ophlolltlc rocks.

Gokceseki formation (Pg)

“The Gékgeseki formation of Permian age is'fbund'in _
" ophiolitic rocks southwest of Camlica village, and

in the right bank of Ermenek river about 3 kilome-

ters downstream from the proposed damsxte, sur-=

rounded by sandstone of matrix. layers. This

'format;on consists of black colored, thinly to

moderately bedded and hard limestone, with quite

. numerous calcite veins. It has some solution

traces and lapies, and shows great resemblance to

the Akarca member of Cimene group.

Kiukiirce formation (Trk)

The Kikirce formation of Upper Triassic age is

- composed of brown, beige . to gray colored, thinly'
" to moderately and occasionally thickly bedded,

rarely jointed and hard limestohe. It has solu-
tion traces and lapies on its surface.

A huge limestone block of"thiS'fdrmation is locat-

ed at about 3 kilomefers west from the prbposéd

power house site, and small limestone blocks are

found in thé north area of the huge block. -The

huge limestone block is surrounded by matrix
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layers which contain mainly graywackes, and dia-
_bases in the north, south and west paft of the
'ﬂbidcks, anngabbro and serpentinized peridotite in
the eést;part;_ '

. In the northwestern part of the huge block, there
' may_beva_fault;between the block and graywacke.
Besides, an old fault with a strike of N42°E is

eStiﬁated to be in'thé block. The small blocks

. seems to be floating units in graywadke;

(E)

- (F)

' In a block which is located in the left bank of
: Efmenek7river.at'about 3_kilqmetersidowﬁstream of
. - the proposed damsite and surrounded by graywackes,

no fossils, suitable for age'determination.have'
beén_éncduntered. However, the limestone forming
this block shows lithologic similarities to the

_Kaklurce formation. Therefore it is described that

this block belongs to the Kiikiirce formation. in

this study.
Azitepe formation (Ja)

‘The Azitepe formation of Jurassic age outcrops in
~ the area between Qamlica village and Ermenek

river, surrounded by ophiolitic rocks in general.

It is generally white, cream, beige to pinkish
~colored, thinly and moderately bedded, densely

jointed and hard'gimestqne, with some solution

'traces,and 1apies on its surface.
Nadire formation (Jkn)

in the1study area, all the limestones which could

not be;détermined,ciearly,;provably Jurassic-Upper

‘. Cretaceous, were named as Nadire formation in this
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(2)

The Nadlre formation outcrops w1daly in’ the study -
area. The propOSed damsite:I-C and power house.
”also\are located in: this formation: - The blggest
bleck is seen in ﬁhe”upper-reaéheé?between_Nadlre
spring and Kigik river, which also have no charac-
vteristic'fdésils for'égé determination'acoordihg
Ato the prev1ous study (by MTA; Mineral Research
and Exploration Instltute, Ankara, from 1983)

In the study area, all. the blocks of Nadire forma—
tlon are generally surrounded by ophiolitic rocks,
whlch are qenerally formed by ‘white, cream, belge '
to ‘gray colored, very hard, thinly to moderately
bedded, -occasionally massive in appearance and
“karstic limestone. : :

In the'area between Kﬁgﬁk river and Nadire_spring,‘
the Nadire formation is formed by dolomitic Ilime-
stone which is dark gray to blaok at weathered -
‘surfaces, and brown, beige to gray'at‘fresh sur-
faces, sugar textured and hard rock, with solution
traces and lapies. " Besides, the Nadire formaticn
includes some claystone and marl layers in the
upper layers in this area.

Matrix layers

The matrix layers of ‘Ermenek ophiolitic Melange are
composed of several kinds of sedimentary rocks and
ophiolitic rocks. 1In the study:aréa,‘thé matrix 1ayers
are formed by diabase, serpentinized peridotite, gab-
bro, graywacke, graywackish sandstone, schist, oonglom—
erate, etc. 8 '

The graywackes are typically seen together with the

ophiolitic rocks in the area near ‘the huge block. of

Kikirce formation and in the east and west area of
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. Adaggali villagegat_about 2 kilometérskﬁorth-from the
'.,prdpaééd damsite. It is dirty yellow colored, well
-‘sﬁratified,andumoderatély'brittle;rock,_and ¢qntains

some fragments of quartz, limestone and ophiglitél
-Bedding thickﬁess-vaties between 5 and 10 centimeters(,.

Sérpentinized peridotite,3gahbro, diabaée-and'schist
.freqhently,¢ccur in the area WhEre_the_OPhiQIitic
Meiangé_dutcrgps.' These rocks show dark green, blue,
brown_and,black_dqlors. .Therefére.the ophiolitic rocks
are easiiy recognized in the field. These ophiolitic
_rocks are in general moderately hard and friable.

3.3.3 Gérmel Formation (Tg)

' In the study area, the Gérmel formation covers vast
areas on both banks of the Ermenek river. o

' Sihce the Gérmelﬂformatibn_is_filling up the eroded
area of the Ermenek Ophiolitic Melange, its thickness is
much variable. - The apparent thickness is about 700 meters
in the southwest area of U¢bdlik village, which is located
‘at about 3 kilometers southeast from the proposed damsite.

The Gérmel_formation_might be deposited in flyish
facies, which is composed of mainly marl, and_?artly
.claystohé, sandstone,fclayey-limestoné and conglomerate.
Marl is green (weathered surface) and greenish to dark qgray
'(fresh-surfaCQ)'colored, rather well. bedded in general,
brittle and soft rocks.

_Claystone is green to greenish gray colored, well
'bedded,'brittle and soft rock. Sandstone is dark greenish
gray and brown.colored, rather well bedded and moderately
hard rock. .Grains of sandstone arejsérpentinite, ;imeétone,
_quattz,'biotite,.éﬁdf-'Clayéy.limgstbne is gray to beige
ccibred,fweli bedded, brittle and moderately hard rock.
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00nglomerate is yellowish white to 1lght gray colored
moderately hard to hardurock, which is formed malnly by--
1ime5tone;”serpentinite and .quartzite gravel generally
lousely and occa51onally densely ‘cemented by sandy to clayey
materials. Gravel 15 rounded or subrounded, 2 to 4 centlme—_
ters in diameter in general.

_ Some coal bands exist in the Gérmel formation. A coal
mine which is currently being in operation is located on the
right bank of Kicik river in the southwest of Ermenek city.

The Goérmel formation is in angular unconformity with
the 1ower'fbrmatioh of the Ermenek Ophidlitic Melangé, and
also this is overlain by the Ermenek formation with “angular
undonformity.

~ No fossils'were found ‘in the samples which were
collected in this study. During the previous studies (by
MTA), the age of this formation has been considered as

Tértiary Lower Miocene.
3.3.4 Ermenek Formation (Te}

The Ermenek formation outcrops at rather high
elevations, in the northern and southern parts_of'the study
area with Steep’cliffs'along”the'Ermenek valley.' Because of
its karstlc appearance, the Ermenek formation is recognlzed
‘easily in the field. The thickness of this formation is
estimated to be about 500 meters in the upstréam reacheé_of :
Kigik river. ' B '

The Ermenek formation is composed of-mainly”limeétonél
partly sandy limestone, sandstone and marl, which shows
horizontal and vertical transitions. Limestone is gray to
beige (weathered surface) and cream to white (frésh-surface)
colored, rather well bedded, Chalky'and-moderatelyfhafd.
rock. It is karstic and its surface shows many solution
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features-and 1apiasﬁa'Sandy-limestone-is white colored,
rather;thiok bedded, chalky and moderately hard rock.
Sahdstpne is righﬁ.bfown colored, rather.well bedded and
' moderately hard rock, formed by mainly serpentinite and
limestoha grains., Marl is light gray colored, well bedded,
brittle ahd;spft_:ocks.

/Tt is quite difficult to distinguish the contact
between Ermenek formation and Gérmel formation, because
weathering is extensive in the surface zones .of both:
formations and thick talus deposits cover the contact.

Thé-Ermének formation overlies Aladad group, Ermenék
Ophiolitic Melahgg and Goérmel formation with:anghlar
unconformities. . During the previous studies (by MTA), the
age of,this_formation-has been considered as Tertiary Middle
Miocene. '

3.3.5 'Quaternary deposit
(1) Diluvial deposit (Qtr)

The dlluVlal terrace deposits (Qtrt) are. dlstrlbuted
rather w1dely on both banks of the Ermenek river in the
| area from Kicik river to the proposed damsites overly-
ing the Gérmel formation, and areﬁgenerally weekly
‘carbonate cementéd.',These deposits consist of rounded
gfévéis, boulders, occasionally blocks and sahdy to
clayey materials} ‘which are generally limestone and
‘rarely ophlolltlc rocks.,

(2) Alluvia1=deposit (Qar)
The alluv1al rlverbed dep031ts (Qalr) and terrace
- deposits (Qtrt) ‘are w1dely developed in the area be-

. tween: Kaguk- r;ver and the,proposed ‘damsites along the
- Ermenek river. . The deposits are generally composed of
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(1)

(2)

sand and medium to coafSe*gravéls.‘“In"the'upétreém‘

area’ from Kuguk river and: the downstream area from the

proposed damsites, these. dep051ts are: seen only 1n
narrow areas along the rlver but have’ very blg boul-

'ders.

Talus deposits (Qalt) are well developed on the slopes
of ‘both banks: of Ermenek river. - On the left bank of

© Ermenek river in the upstream area of the proposed
'daméites; debris of old landslide is-developéd widely. -

Geolegical Structure

 Pold structure.

In the”study'area the foldsg are seeh’'in the-blocks of
Ermének Ophiolitic Mélange and Gérmel formation;
However these folds are mostly small and local, espe-
cially in the Gormel formation. ‘The - only one which can

‘be recognized in the field is an EW trending anticline

in the blocks of the Cimene group in the Melange along
the Ermenek river in about 3 kllometers south of Eskice

'Vlllage.
'Fault-structure=

“Several numbers of féults, such as F1, F2 and F3 in the

proposed damsite I-C, are seen in the Nadire, Azitepe
and Kikirce limestone b10cks of the Melaﬁge."Hohever;
these are mostly minor faults geologically. 'In the
Gérmel and Ermenek formations in the study area, any
big fault structures could not be recognized. -

'ThrustVfault is seen in the western part of the study

area near Nadire“spring Where-thedﬁladagwunit*overé
thrusts the Ermenek Ophiolitic Melange. - The age of

this thrusting is estimated to ‘be Palaeogene 'of Ter-
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3.5

. tiary age. . ‘The dlp of this thrust could not be meas-
ured in the study area. :

Bprings'and Groundwater Level in the Pgoject.nre@.

3.5.1 . Major springs -

Many springs are seen in the reservoir area from the

lower to higher elevétions, and the sources of the Ermenek 

‘river andritS'main;tributaries*are'mostly'fhese_springs as

déScribed_ih Section 3.2, The major springs in the reser-

voir:area are Kapiz spring, Nadire spring, Ermenek spring,
Zdeyve Spring and Erik spring as described below.

(1)

Source of the_Ermenek:riVer

Two main Springs,_Kaplz and Nadire springs are the-

source of the Ermenek rlver as follows.

Kaplz sprlng.; . S .

The Kapiz spring is located on the right bank of the
river at an elevation of about 680 meters, about 2
kilometer‘upstream from the Nadire spring, which is the

_biggest source of the Ermenek river. The.spring dis-
~charge quantity is estimated to be 2 to 3 m3/$ec in dry

season ‘and to become 1.5 to 2 times in rain season.
The spring is seen scatteringly_in'the talus deposit
formed by main1y limestone boulders. Below these talus
deposits, it is- estlmated that a thrust fault is run-
ning across the river.

_The downstream area of the fault is composed of the

. ophxolltlc rocks of the Ermenek Ophioclitic Melange, and

;-the upstream of:the fault is formed by the limestone of
- the Cihandere  formation of ‘Aladag group.-_The lime-

stone of the Clhandere formatlon is widely distributed

| in the upstream area of the sprlng, and is widely

‘A --21



(2)

covered by the hlghly karstic 11mestone of ‘the: Ermenek

formation.

Consequently, thé source of spring is estimated to be

groundwater in the limestone of the Cihandere forma-
tion., The recharge area of this groﬁndﬁater-mayfbe-thé
1imestdne of the Ermenek formation.

:Nadlre spring:
The Nadlre sprxng is located on- the rlght bank at an

elevation of about 700 meters, about ‘10 kilometers.

'upstream of the confluence of the Kuguk river. The
'sprlng is gushing out’ dlrectly from cav1t1es in" the

11mestone block of the Nadire formatlcn in the Melange._
The spring discharge quantity is estimated to be 1.5 to
2 m3/sec in all seasons.

- The limestone block is estimated to be overthrusted by

the limestone of the Cihandere formation in the higher

'part of the sldpe in this area, and the Cihandefe_
“formation in the top part of the slope is covered
~widely by the limestone of the Ermenek  formation.

Therefore, the recharge area of this spring-iS'also

 estimated to be the Ermenek formation.

Ermenek spring

The Ermehnek spring is located at an elevation of 1;100_
1,200 meters, just-behind the Ermenek.city_and this
spring is being used as the main water supply source to
the city. The spring quantity is estimated to be
several cubic meters, may be 2 to 3 m3/sec. The Spring
water directly comes out from big' cavity in the lime-
stone of the Ermenek formation. The recharge area is
the Ermenek formation whlch is w1dely distributed 1n,:'
the northern area of the city. ' : '
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(3)

(4)

Zeyve spring

-.The_Zeyve'Sprinq is the'mainrsburce of the Zeyveé river,

located ‘at an elevation of 750-800 meters, = near. the
Zeyve village on the right. bank slope of the Ermenek
river. The 'spring guantity is estimated to be 1 to 2
n3/sec. eTheﬂslopelis—covered by. thick tdlusedeﬁosit.

Rocks below the talus deposit are estimated to be the

cérmel formation (mainly marl). The southern plateau
area of the spring, the Ermenek formation,. is widely
distributed and may be the recharge area of the spring.

Erik spring-

The Erik spring is:lOcated at an elevation of about 817
meters, in the righﬁ bank of the Erik river at about 4
kilometers from the confluence of the Ermenek river,
and is. the main . source_of the Erik river. The spring

'quantity is estimated to be 1 to 2 m3/sec.

The spring_ﬁater]is gushing out directly form a cavity

in the limestone block of the Kikiirce formation in:the

Melange. = This limestone block .is estimated to be

~continued toward east, and the top portion of this

block may dlrectly be cevered by the 11mestone of the
Ermenek formation which is dlbtrlbuted.w1dely in the

‘upstream plateau area of the Erik river basin. The

recharge area of the spring may be the plateau area
formed by the ErmeneX formation.

3.5.2 Groundwater level

Many sprlngs are seen at various elevatlons, almost

from the Ermenek riverbed (EL.700 m) to the Ermenek c1ty
'e(EL 1,100 -~ 1,200 m). ' And the recharge -areas for these
sprzngs are estimated to be all the plateau formed by highly
karstlc limestone of the Ermenek formation, which is dlS-
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trlbuted widely at elevations of 1,500 to 2,200 meters,.in-f
“the southern and northern areas of the . Ermenek river basin.
Therefore, it is con31dered that the groundwater levels’ in
both panks of the Ermensk river nay’ -be rlslng ‘from the
rlverbed towards the plateaus in general. '

The reservoir areafis_formedrbyithe'Efmenek.Ophiolitio
Melange ahd‘Gérmel formation, which are all low pervious
rocks in general, except the limestone blocks in the Me-
1ange;.'The_limeStohe blocks are scattered in the feservoir
area, and some blocks are estimated to be directly connected
to the linestone of the'Ermenek'formation;' such blocks show
sometimes very high potential of groundwater:and have big
springs, as mentioned in Sub- seotion 3.5.1. Other hlocks,_
such ‘as the block in which I- -C dansite 1s located show
rather low groundwater 1evels, almest 51m11ar to or sllghtly
lower than the Ermenek river water level. However, these_
low water levels seems to be very local and limited only in
these limestone blocks, being independent from:others. In
‘the surrounding areas of .these blocks which are formed by
ophiolite and other sedimentary rocks, the. water levels.
show'much'higher than those in the limestone blocks in .
general. '
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CHAPTER 4.  ROCK PROPERTIES IN THE PROJECT AREA .

4.1 Beismic Velocity

_ According to the results of seismic exploration, the
estimatedaséiémic velocity for each stratum and its weather-
ing condition are summarized approximately as follows (Refér
to Plates_GS to Gll,'GlG, G177, G19 to G21).

Seismic velocity (km/sec)

Top soil and talus deposit _ 0.3 = 0.9
Debris'qf landslide _ 1.3 - 3.0

Matrix 1ayer of
| Ermenek Ophiolitic Melanqe
Highly weathered;rpcks oo ' 1.5 -~ 2.0
Hcdeﬁhtalymwaathered rocks 2.8 - 3.0
Slightly weathered to fresh rocks 3.5 - 3.9

Gérmel formation
Highly weathered rocks 1,5 - 2,0
‘Moderately weathered rocks - ' 2.8 ~ 3,0
Sllghtly weatherad to fresh rocks 3.5 - 3.9

leestone blorks in the Melange _

' nghly weathered rocks 1.8 - 2.3
_ Moderately weathered rocks . 3.8 - 3.9 (3 1 - 3 3)
. Slightly weathered to fresh rocks 5.0 - 5.2 (4.5)

,Note:'(é}l.-3.3) éndf(A,S); deer house site
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4.2 Laboratory Test

The'laborétory tests were performed for the Iimestene_
(Nadire formation) in the damsite I-C for the purpose to
estimate foundation rock strength. 18 sampleslin-toﬁél were
taken from the boreholes SK=-302, 307 and 313, which are all
sllghtly weathered to fresh rocks. 'The'test'items are
.unconfined compre551ve strength and super sonic'wave. test
The test results are summarized’ in Table A4. The average,
maximim and minimum values of these test results are as

follows.
Compressive Supersonic - Dynamic Dynamie Elast.
strength wave velocity  Poisson's modulus.
(kq/cmz)'- (m/sec) ratio o (kg/cm )
' Vp Vs - e
Average 731 6,236 3,025 0.35 718,749
Maximam 1,366 6,500 3,261 0.38 - 837,107
Minimum ‘288 5,847 2,808 0.33 612,854

The values ef unconflned compressxon test results are
in rather wide range, between 288 to 1, 366 kg/cm ~ The
values in each hole are summarlzed as follows. Bulk spe01f~
ic gravity is 2.68 g/cm on average.

Compressive SK-302  SK~307  SK~-313 All holes
strength (kg/cm ) . (nos) {no=) (nos) (nos) ..
More than 1,000 1 0 4 5 (28%)
1,000 to 800 0 0 0 o (0%)
500 to 800 2 3 5 10 (56%)
200 to 500 o 1 1 3 (16%)
less than 200 0 0 0 o (0%)
Average (kg/cm2) 727 . 533 812 731

(Note: SK-302 and 307; drilled in pre-F/S stage)
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4.3 Rook.CIassificitiph_and'Estimated.Rock-?roparties%

‘The rock classification applied to the Ermenék_PrgjeCt
ig shown in Table'AS?_and the rockfclassification-(K,Kikﬁchi
Et.al.) which is used in Japan in general is. shown in Table
A6. The comparison between each classification is shown in
Table A7, in which estimated rock properties for each clas-
sification are described.

_ According to_the1ab0VQeméntioned investigation and test
results and ébservation results of boring core samples, the
rock properties-forjiimestqne in the damsite I-C and the
poWér house;site,{and marl of Gormel formation in the dam-
'site I-B in slightly weathered to fresh rocks are estimated

to be as follows. : ' o

Limestone in damsite I-C and power house:

Rock classification : CH to B (Hard rock)
:CbmpresSive‘strength~' S 700;3-800-kg/cm

Static modulus of. elastlclty. 80;000 —1200,000rkg/cm2
‘cohesion N - 'z 40 - 50 kg/cm2
Internal frlctlon angle .1 40 '~ 55 degrees

-Statlc P01sson s ratlo w8 0.25 = 0.3 ..

Marl (Gdérmel formation) in dam51te I-B: - . _
' yRockaclasslflcatlon _ .t CM (Soft rock)
Compressive strength '+ 100 ~'200 kg/cm2
10,000 - 15,000 kg/cm2
10 - 15 kg/cm?
30 - 40 degrees

Static modulus of elasticity
Cohesion |

L2

Internal friction angle

(1]

_'Static-Poisson's”ratio : 0.15 - 0.2

'-:leestones 1n the other formatlons have ‘similar proper-
tles to those of the dam51te I- C. The matrix layers of the
Ermenek Ophlolltlc Melange are. fcrmed by medium hard (sand~-
stone, conglomexate,_oph;olitlc rocks ~eto.) to soft
_(schist, siltstoné,_etc.). These rock pfoperties are varied
in wide range, and are CL to CH class rocks in Table A7.
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CHAPTER 5. = .BITE GEOLOGY '

5.1 Damsite I-B
5.1.1 Geclogical condition . -

The geologlcal proflle of the damsite I-B is shown in
Plate G&. ... . R : :

The left bank of approxlmately above 550 meters in’
elevation is formed by very. thlck debris of’ landslide. The
alternatlve dam axis I-B is located at a little. upstream ‘
side of these very thick debris area. The thickness of
debris is 23.8 meters at SK-202 (hole mouth EL.613.62 m) on
the proposed dam axis, while it is about 60 meters at SK-209
(hole mouth at EL.619.68 m), which is located at about 150
neters downstream from 8K-202. in the_thick debris area. The
foundation rock is marl of Tertiary Goérmel: formation.

The river sectldn is about 600 meters in w1dfh; The
surface of this section is covered by Quaternary deposits,
such as terrace deposit, talus dep051t and riverbed dep051t,
with thickness of 10 to 30 meters. The foundation rock is

narl.

The right abutment is. formed by mainly marl, with sonme
intercalation layers of thin sandstone"and'coanOmerate_of
Gérmel formation. Depth of fresh and stable rock is
estimated to be 35 to 40 meters in general. The fresh récks
are ‘seen below 37.7 méters in-depthfin the borehole SK-212.

Any major fault structures could not be found -in the

propesed damsite.
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§.1.2 Engineering geology for damsite I-B

(1)

 (2)

Foundation rock

The foundation rocks are mainly marl in the'whble_

Lsecﬁion-of'the dam,'which'are typical soft rocks.
=Sllqhtly weathered to fresh rocks of marl correspond to

CHM class, and moderately to highly weathered rocks

- correepohd to CL to D class (rock cla551f1cation of

K.Kikuchi Et.al., refer to Table A7). The rock proper-

- ties are described in Chapter 4.

A test adit was exca#ated in_pre—F/S_stage at EL.
560.62 meters near the boreholes SK-212 and 213, in the
right bank, downstream of the proposed dam axis I-B.

_In the test adit, slightly weathered to fresh marls are
-seen in the section deeper than 15 meters. These have

sufficient strength-and be appropriate for a 100 meters

'hlgh dam foundation (refer to Fig. A9).. The eétimeted

depth of sllghtly weathered to fresh rocks is shown in
Plate G4.

on theeleft'abutment,-very;thick landslide debris is

‘distributed widely. While the thickness of debris is

about 24 meéters at the borehole §K-202, it is estimated

to be increasing towards higher elevation of the slope,

especially 1n the area abovs EL.600 meters. 'Precticalw

-1y, the maximum crest elevation of dam 1n this site had
-better be. lower than approxlmately EL. 600 meters. If

crest elevatlon exceeds this level, the excavation
volumes will be drastically increased.

‘;Permeability

. ‘There will be .no serious problems about water leakage

after 1mpound1ng of the reserv01r 'with a dam- at this

_axls, because the foundatlon rocks are all low perv1ous“
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(4)

marl, sandstone and conqlomerate of Gérmel formation on_
the proposed dam axis.

Foundation treatment

- Although the foundation rocks are ‘almost low pervious
- marls, groutings for curtain, blanket and consolidation

will'be'required'alongfthé'dam axis below impervious
core -Zzone andg spillﬁay structures for'treatment of

-permeability and uniting the foundaticn"rcéks; - The

required foundation treatment works would be as fol-~
lows.

Curtain grouting:

Two rows, and hole intervals of 2 -'3 meters in each

" row. Maximum depth below riverbed section will be

about half the dam height (50 meters when dam height is
100 meteys), and ninimum depth in both abutments will
be about 20 meters.,

- Blanket grouting:

Two to three rows in both upstream and. downstream areas

‘of the curtain grouting,; and hole 1ntervals_of 2 to 3

meters in each row. Hole depth will be 5 to 10 meters

as a rule.

Consolidation grouting:
Similar density and depth to those of the blanket
grouting will be required for the spillway structures.

Slaking

Marls, even in fresh rocks, have a tendency?to'sléke_
easily by exposing to air. Therefore, some special
care will be required durlnq embankment works of. 1mper—

VlOUS core zZone. -
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5.2 pamsite I-C.

5.2.1 Geological condition

)

(2)

-Base rock

There are three alternative sites, I-Ca, I-Cb and I-Cc
ih.the narrow gorge as shown in the geological map"
(Plate G3). The geological condition of each alterna-~ .
tive site isvshownfin'the above~mentioned;geological-
map and geolqgidal profiles (Plates G4, G5 and G&), aﬂd_
seismic exploration profiles (Plates G8, G9, G10 and
G11) .. ' o

All. the thfee”alternative sites are located in an upper
Jurassic - Cretaceous limestone block in the Ermenek
Ophiolitic Melange. This limestone is hard and massive
rocks but has many solution cavities which are seen on
the rock surfaces in the gorge and in the drilling core

_samples.

Fault structures

Three fault structures were confirmed in the limestone

-block through the field reconnaissance as listed below

(Refer to Plate G3)..

Fault : Location Strike and dip
F-1 . At the upétream end N30°W/vertical
o of gorge ' B
' F~2 At the middle part = N70-90°W/50-75°SW
' of ‘gorge ' 2 o
' F-3 _ Branch of F-2 o N60~70°W/65-80°SH

‘on the left bank

The'fault F—4'(N30°W/vértical)rat thegdownstyeam end of

the gorge, could not be confirmed clearly in the field,
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while this could be estimated from the topographical
features. The faults F-1, F-2 and F-3 have openlngs and/or
fractured zone of 0.5 to 1.0 meter in width. '

Accordlng to the results of borehole SK-310, there ‘may

not be major fault structures_below the riverbed. The SK- -
310 shows that:

(3)

(A} Rocks below the riVerbed-are formed by very hard,
nassive and fresh limestone, without any fractur-

ing, in the whole length.

(B) Permeability is very low, almost 1ess'than'1.0
Lugeon, according to the tested section of 40.0 -
160.0 meters in hole depth {EL.480 - 360 m;.

{C) -8Sclutions were not seen in the whole length.

Groundwater level

Groundwater level in the left bank rises towards moun-
tain side along the boundary between limestone and

matrix of Melange. In the right bank, it is almost

horizontal but, in general, slightly rises towards

_mountain side with such exceptions as slightly lowers .

towards mountain side within limited local areas (Refer
to Plate G3). '

Groundwater levels measured in the boreholes SK-302 and

303 from January to December 1989 in the left bank, and -
SK-304, 305, 306 and 308 in the rlght bank from April
1989 to April 1990 are summarlzed together with the
river water level in the Fig ASB. The measurement'
point of river water level is 1ocated at 3ust entrance
of the gorge as shown in Plate G3. The flgure shows -

-the fOIIOW1ng=feetures.
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Right bank.;»‘f

. (A) .

_From Aprll to September 1989 water 1evels in SK-
304, 305 and 308 show drew down from EL.507-508

meters to EL.504-~505 meters, while river water

“level stayed almost constant, at about EL.506

eters. Water level in SK-306 was about EL.509

-:meters 1n September.

(B)

From OctOber 1989 to April 1980, river water level
showed rather irregular elevation due to rain, at
about'ELysoe_meters_to_nearly EL. 510 neters.
Water levels in bdreholes’SK -304, 305 and 308

- showed generally rlstng from about EL. 504 505

(C)

Lefﬁ
(2)

meters to about ‘EL.506-507 meters.

Water level in SK-~306 was rather constant, at
about EL.508.5 meters.

In.genEraliZWater'leVel df SK-304 showéd the
1owest_in the whole period:bbServed,_seddnd was

§K-305, third was SK-308 and the highest was SK-

306;in“general. These suggest that the water
level in the area surrounding the SK-304 may be
the lowest and it may rises towards the river and
towards the mountainQ

bank: : :
Water level of SK-302 was about EL.550 meters from
February to April, and nearly EL.540 meters from

'SMay to December,

(B)

{Q)

Water level of SK-303 was about EL.620 meters in

- all the above period.

. River water level was the same as that in the
"right bank which was about EL.506 meters in

" géneral.
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(4)

{D) These two holes showed much hlgher levels than_
that of river water 1eve1 ‘in-the whole period
observed e : :

Rocks-and'permeébility'cghdition-inVEhe right bank

The rocks and permeabiiitchondi£i0n=in'thé‘right bank
is shown in Plates G12 and G13. All the boreholes'

- drilled . in ‘the rlqht bank suggest that:

. (a) In the section from the:ground'surface to EL.500
meters; oxidatiOn'{weathering)-and”solution.are
‘Gommonly Seen in all the holes, and permeability
shows very high Lugeon partly. ' '

. However these decrease gradually towards the hole
battom, and decrease ‘much in theVSQQtibn épprokié
mately below EL.350 meters in SK-304, EL.320

- meters in SK-306, EL.500 meters in SK~307, EL.400
meters in SK-308, EL.470 meters in SK-313. 1In
5K-305, weathering and solution are seen in the
hole section down to the hole bottom (EL.323.57
‘m). Also in SK-314, these are seen till hole

. pottom (EL.276.38 m). o

{B) The Lugeon test results are summatized in Table
A8, and approximately as foliows._

Percentage of all Lugeon values (%)

' Above © EL.500m to Below
Ingeon value EL.500m . EL.400m "BEL.400m
Less than 1.1 . 54 . €. . 80
1.1 ~ 10.0. o2 33 11
10.1 - 50.0 - 9 : 3 0
More than 50.0 . 1 : I P .0
Gauge P.= 0 . o1 a9

(Gauge P.: Gauge pressure).
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*The gauge‘pre$sure zero -means that the ILugeon

values of the-sections tested will be rather high

in_genefdl. In the low elevation area below
_ EL. 400 meters,'zero gauge'pressure'was recorded at
11 méasurements. (2 %), all in the SK-314. Other
-JLugeon values of 112 measurements in this low
' elevatlon‘area all showed figures less than 10.

In the section from ground surface to about EL.500

‘meters, those test results which showed more than

10'Luge0nior zero gauge pressure were about 20 %.
. In.the section below EL.500 meters, those were
= iess-than~io %. '

(é) 'Clayey.zones are seen in the section between.
314,90 meters (EL.393.64m) and 332.50. meters
(EL,376.29ﬁ) in 8K-306, and between 369.50 meters
(EL.357.23m) and 38%.50 meters (EL.337.23m) in
§K-314. These clayey zones are estimated to be

".fiiiing-materials of old cavities, which are very
- well compacted and without any openlngs judglng
from the drllllng records,

-Consequently, it can be said that the area'from the
ground surface to the EL.500 meters is formed by highly
xarstic llmestone. the. area. below EL 500 meters may be
formed by  low permeable limestone in general.

ﬁoweﬁér there arefste possibility of existence of
solution. cavities-approxihatély'up to a level of EL.400
L= 350 meters in. general and partly up to EL.320 meters,

'».whlle most of these cavities are estlmated to be o0ld

and—f;lled byawell compagted.clayey materlals_complete-
ly. ' Below these elevations, such possibility may
“decrease muchi - '
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(5)

Geologiqal”éondition of alterhative'damsitef*'

- (A)

“Damsite I-Ca

The damsite I-Ca i& located near the upstreaﬁ end
of the gorge. The geoldgicallprofilg‘is shoWn in
Plate G5. | )

(a) -

(b)

Foundation rocks

The foundation rocks are a limestone block of
the Nadire formation in the Ermeﬁek Ophiolit-
ic Melange - ophiolitic rocks are distributed

_1n the area below EL.360 meters: at the river-

bed (SK-310), and below EL.475 meters in the
right bank (SK-307).

Major joint direction
on the both abutments:
Ja: NS-10°E/vertical : = Interval of 1-3
' :  meters. ' _ |
: - Continuity is low. -
Jb: N70°E-EW/90-70°NE: . Interval of 1~
' 'meters.
COHtlHUlty is med1~
um. -
Jo:. N40—80°E/30'-40_’NW: _ fIﬁterval . i'of- 10
meters .or more.
Cohtinuity_is high.

'In the test adit: (Adlt along dam ax1s)

Joints having hlgh continuity
N35-40° E/GO 65°N; - section 9 10m: (Jc)

"N1O°E/5G°W 7:'3-;"-sectlon.16?17'm _
N30-40°E/20-35°N; section of 25-30 m
_ .  (Fey - _
N70°W/65°N ' section of_37?38 m
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Joints'héving low continuity but high fre-

t,quency

_ N5-15° E/50 60°W
N30 80° W/?O 90°E
(Refer to Flg A9)

Weathering and stability of abutment

Frbm-riverbed to. apbroximateiv EL.S580 meters:
Weatherlng seems to be of low grade, espe—
clally in the area below approx1mately EL.520
meters.._Both banks are formed by almost
vertica1.$10pes, without any deposits, and

..are in stable condition. all joints are in
. tight condition. '

',Many Cavities (1-3 meters in width) are seen

along the joint Jc in the area above EL.520
meters. The area below EL.520 meters, such
cavities are very rare (observatlon from
window of test adit).

-Above EL 580 meters:

The rock surface shcws hlghly weathered
condition in both banks. Many open joints

are seen.

The wall slope of the left bank is about 60
degrees from horizontal direction, and 40

degrees on the right bank in the elevation

range between EL.580 meters and EL.650 me-

‘ters. The wall slopes are partly covered by
thin (1 to 2 meters) talus deposit. Above

EL.650 meters it is 10 to 20 degrees in both
banks.  Both banks seem to be in stable

.condition except surface zones.
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(B)

'=(d): Permeablllty

According to the Lugeon test results in the_
boreholes SK~310 ‘and 307, permeablllty was
Yery low (almost zero Lugeon) below the'
riverbed and below EL.510 meters in the rlght
abutment. '

In the right abutment, the area from ground
‘surface to 'EL.510 meters, rock is karstic
* limestone with very high perneability.

“Solution cavities are seen along the above-men-
‘tioned joints and/or irregularity on the rock

surface in the whoié—abutmént'aréa."Large and
serious fault structures for the dam construction
were not observed on the rock surface and in the
boreholes SK-307 .and 310. —

Damsite I-Ch

The damsite I-Cb is located at about 70 meters
downstream from the I-Ca site. ' The geolegical

profile is shown in Plate GS6.

(a) Foundatlon rocks
Almost qlmllar to that of the I- Ca dam51te..

{b) Major joint directions

Almost similar to that of the I-Ca damsite.
Continuous and notable joints are N60-920°W/
50-60°N (Jd~1} at around EL,640 meters on the

. left bank and N80°E/40°N (Jc-1) at around 600 .

‘meters on the tight bank.
{c) Weatherlnq and stablllty of abutment

From riverbed to approximately EL. 600 meterS°
Weathering seens to be of 1ow grade, espef;-
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5CiéllY.in5theﬂsection below approximately
- EL.520 meters. 'Both banks are formed by

almost. vertical slope, without any deposits,
The left abutment is in stable condition, but
the shoulder part of the rightdb&nk*near
EL.GOO neters seems to be unstable judged

~from the existence of joints Jc~1 and others.

‘Above EL.600 meters:

Rock surface shows highly weathered condition
in both banks. Many open joints are seen.

- In the elevation range between about EL.600

~-and EL;GGQ meters on the left bank, the wall

(@

‘slope is 30-40 degrees from horizontal direﬁ—

tion in the lower half and 60-70 degrees in
the upper half. Above EL.660 meters, it is
about 20 degrees. C -

- On ‘the right bank, it is about 40 degrees_in
;the 1owef.ha1f:and about 70 degrees in the

upper half in the elevation range between

EL.600 meters and EL.670 meters.

Both_banks are partly éovered by thin (1 to 2

‘meters) talus deposit. The left bank is in

stable condition except surface zones. The

“right bank seems to be unstable because of

Joint Jec-1.

‘Permeability -

Similar to that in the ImCa_damsite.

solﬁtion'cavities are seeﬁ.along'the'abdve—
mentioned joints and/or irregularity on the

‘rock surface in the whole abutment area
except the area below EL.520 meters where
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. these are very rare. Large and serious
- geological structures for the dam construc-
tion were not observed on the rock surface.

Damsite I-Cc

-The damsite I-Cc is located at the middle portion

of the gorge, about 400 meters downstream of the
I-Cbh site. The geological profile is shown in
Plate G7-

{(a) Foundation rocks
The foundation rocks are limestone of the
Nadire formation in the Ermenek Ophiolitic
Melange. | '

(b)  Major joint direction - _ _
Je: N10-30°W/vertical: Intei—véls of 1-3
‘ SR meters. o

: T continuity is low.
Jf: N70°E-EW/90-70°NE: -~ Intervals of 1-3

' _meters." _ _
. . Continuity is high:.
Jg: NS-30°E/50-70°NE : Intervals of 10

" meters or more. '

Contihuity=isfhigh.

(c) Weathering and stability of abutment
From riverbed to approximately EL.650 meters:
Weathering seems to be in low grade. Both
banks are formed by-almost'vertical slopé,
without any depesits, and ‘are in stéblg
condition. |

‘above EL.650 méters;

Rock surface shows moderately weathered 
condition in both banks,
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Slopes:a;e about. 55 degreesufrom horizontal
direction on the left bank and about 70
degrées'on the right bank in the elevation
range bétween EL.650 meters and EL.720 me-
‘ters;;partly covered5by thin (1 to. 2 meters)
talus deposit. Above EL.720 meters, it is 15
to 30'degrees on both banks. Both banks seem
to be in stable condition except surface
zones.

(d) Permeability | o
In the right abutment, the Lugeon tests in
the borehole SK-313 show that high-pervidus

_karstic limestone exists in the section from
ground surface to EL.475 meters. - The section

' below EL.475 meters is low pervious lime-

-stcne.: There-are no_reco:ds in the left
abutment; however, it is assumed td_be simi-
‘lar condition to that in the right abutment.

Solution_cavities are seen along the above-men-—
tionead jdiﬁts'and/ot_irregularly_on,the;rbck
Lsurfaéa,ih the whole ébutment area, espeqially in
‘the middle part (EL.550 to 650 m). The SK-313
show that solution is very rare below EL.475
meters. ' '

~ Large and serious geclogical structures for the

,cbnétrudtion'of dam are not observed on the rock
surface and in the borehole SK-313. The faults
F~2 and F;3_eXist.at about 100_meters upstrean,

but those dips show toward upstream by 50 to &Q
degrees.
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5.2.2 *Enginééring'gaology;for damsite I-C

&

(2)

Foundation rocks

According to the result of seismic éxploration, seismic

Veloclty is’ estlmated to be 5.0 km/sec in slightly
'weathered 'to fresh rocks which’ correspond e B to CH
c1ass of rock cla551f1catlon (K. Kikuchi Et.al. ),'apd

these will be appropriate for thevfoundation of 200

‘meters high arch dam (refer to Table A7) . 'Rock proper-

ties Ffor limestone in this area are mentioned in Chap-

“ter 4.0

In the test adit which is located at EL.520 meters,

rocke are very tight and massive condition, while
weathering is seen 6n joint surface in the section
déeper than about 7 meters. The section from wall
surface of gorge to 7 meters-deep'are formed by moder-
ately weathered rocks, with some open joints. -

'-Accordlng to the results of selsmlc exploratlon, rocks

having 5.0 km/sec veloc1ty are ‘distributed approx1mate-

- ly deeper than 20 to 40 meters from ground ‘surface in

general. - Consequently, the excavation depth of founda~-
tion rocks for all the three alternative sites is
estimated to be as follows: ' '

Béth'abutments near crest elevaticn: 30 - 40 meters.
Riverbed elevation _ o '3 5 =10 meters.
(Refer to Plates G8 and G9) - '

Foundation treatment
Consolidation grouting and curtain grouting will be
required for the dam foundation to treat permeability

and to unite the r6cks for all the alternative dansites
as follows.
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(A)

(B)

ConSélidatiQh grouting

in thé whole dam foundation area, with hole inter-

:_vals of 2 ~ 4 meters and depth of: 10 - 20 meters
as a’ rule.,:_ '

_-Curtain grouting.

._According to the results of Lugeon tests in the

boreholes, permeability of rocks'decreases'gradu-
ally towards deeper portion. The permeability

'édndition of the foundation rocks in the surround-

ing area of all the alternative dam51tes is sunma-
rlzad as. follows (Refer to Plate GS)

Limestone:
Area from ground surfacé to about-EL 500 meters:
High pervious and karstic limestone.
Area approximately between EL.500 to 400 meters~
"-Low:pervlous llmestone, but p0551bly having
solution cavity in some places..

“Area below. about EL.400 meters: .

_ngw'peivious limestone, with very low possi-
bility of cavity existencé. '

Area near boreholes SK-316 and 314

._Rather highfpervious limestones and cavities
are seen for the. depth until about EL.350 -
320 meters. '

ophiolitic rocks and marl {Gérmel formation):
~Low.perméability'in fresh rocks, without
solution cavities.

_'Coﬁsidering the above-mentioned permeability
--conditions;.the'follcwing curtain groutings will
" be required for all the alternative damsites. )
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Grouting area:

In the right bank, ‘the depth of groutlng will be
- down  -to dpprox1mately EL.400 meters in qeneral
except in the area near boreholes- SK-306 and 314_

'where it will be down to about BL. 350 meters. The o

~ horizontal end portion of curtain groutlng will be
penetrated into marl layer of gérmel formation.

In the left bank} limestone becomes thinner to-
wards upstream.  In the area below limestone,
rocks are low pervious ophiolitic rocks. Then,
the bottom of curtain grouting will be raised
along the bottom surface offiimestone,-and Will'bé
penetrated into ophiolitic rocks”(Réfer to Plate
G12) .

Grouting pattern. .

" In the section close to the dam foundatlon, both
abutments- for 100 to 200 meters horlzontally from 
the end of dam crest, the required groutlng pat=7
tern will be two rows, with hole intervals of 2

meters in each row. The grouting will be done
until obtaining Lugeon value of less than 1.0 in
this grouting area. ' '

In thE'otherfsections apart from'thé-dam,'it will
be one row, with hole intervals of 2 to 4 meters.
In this area, the purpose of groutlng will be to

£ill up rather big solution openings which would o

‘cause serious leakage after impounding of reser-
voir. Then the target of treatment will be 10
lugeon or more. '

Grouting gallery°

The curtain grouting will be perfcrmed mostly from’
tunnel galleries. The intervals ‘of gallery will
be approximately 40 to 50 meters vertically. The
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(3

(4).

(5)

size of géllery will be decided based on the
"anticipated size of drilling equipment, which will
be more than 3.0 meters high and more than .2.5
meters wide.

Treatment of féult_F—z

In the I-Cc damsite, treatment of the fault F-2 which
is located in the right abutment will be required by

_.means -of grouting, concrete replacement, etc., while
. the fault will be treated by the. curtain groutlng for

the depth until EL.400 meters.

Drainage system

‘ThéfdrainagefSYStem'by drainage holesgwill“be‘required

in:the downstream side of all the curtain grouting area

for the purpose to decrease uplift pressure for the danm
quy and abutment f¢undation, and also for the monitor-.

ing;of.leakage.lThe:grainage.holes will be drilled

'mostIY'from the gronting gallery. - The intervals of

draihaqe-holes_will be about 10 meters horizontally'in

_'the'afea'clOsé'to the dam, and 10-20 meters in the
~other areas apart from the dam.

Surface excavation.

: As.a_general'rule; excavation slopes are designed to be

Vanqﬁsteeper than-any_steeply inclined discontinuity

~.along which sliding may occur. Where a slope is under-

cut by steeply inclined discontinuity formed by two or
more sets of jOlnts, ete., support may be required to.

,prevent,slldlng.

.The supportlng methods will be de31gned based. on the

rock nass quallty and distribution of dlscontlnulty as
1nvest1gated by mapping and drilling.
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5.3 Power House

5.3.1. Geological condition

The geologlcal condltlon of the power house area is

shown in Plates G15 and G16. The results of boreholes SK-
102 and SK-108b are as follows.

SK-102:

(1)

(2)

(3)

(4)

(5)

The section from the &urface to'156'meters'in*depth
(EL.469 m) is formed by limestone, which is very hard
and massive in the deep portion. ' ' '

The section between 156 meters (EL 469 m) and 263.2
meters (EL.361.8 m) is formed by the matrix layer of

.-Ophiolitic Helange, which ‘is alternation of schist, -
' sandstone and rarely limestone. Schist is mostly silty
‘to clayey,-friabléowith'high schistosity.

The section between 263.2 meters (EL.361.8 m) and
286.55 meters (EL.338.45 m) is formed by fresh, hard
and ma551ve 11mest0ne.- ' ' K

The section from 286.55 meters (EL.361.8 m) to the
bottom, 341.6 meters (EL.283.4 m), is formed by black,
medium hard sandstone, which also are wmatrix of Ophio-
litic Melange. |

Gfoﬁndﬁater'ievel, which was measured'durinq'drillinq

" works, was approximately 120 meters'(EL.BOS-m} deep.

SK-IOBb“

(1)

The section from 5.0 meters - (EL 479 49m) to-27.0 meters
" (EL.458.82m) is hlghly to moderately weathered. 11me-
stone. ' e
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(2) The section from 27.0 meters to 196.75 meters

(EL.299.31m) is slightly weathered to fresh limestone

~-in general. The core samples show partly highly cradky

.. zones,:'such as the section between 103.0 meters
(EL:387.40m) and 126.90 meters (EL.364.94m).

(S}p:Thé éecti¢n~fr§m:196.75_meters to 201.2 meters .
(EL.295.12m) - is schist of matrix layer of Ermenek
ophiolitic Melange. '

5.3.2 Location of power house

'According tq the aboVénmentioned‘investigation_resﬁlts,,
the matrix layers are D, CL to CM class rocks. Such rocks
are generally unsuitable for the construction of underground
power house. = Rocks hav1nq appropriate condition are only
limestone in thls area.

The location of the power house is proposed in the
elevation range between about 312 meters and 355 meters.

The'bdreholé SK-108b show that the depth of limestone
bottom . is 196 75 meters Whlch 15 EL.299.31 meters. In the
borehole SK—IOG 1ocated on the Erlk rlver, the limestone
‘thlckness is 186 7 meters, and‘the bottom of limestone is
lower than EL 182.85 meters. These bottom elevations at
ISK-108B~and:SKf106 are lower than that of the proposed
bottom of the power house (EL.312 m).

. According to. the ébove—mentioné& results, the power
house can be. probably placed in limestone block. in the area
between the SK-108B and SK-106, ‘while more 1nvest1gatlon to
'confirm the bottom elevatlon of limestone block will be
-requlred (Refer to Plate G15) '

A - 47



5.3.3 Strength of 11mest6né

'Thé"limestbne'is“Nadire formation in”thefErﬁenek
Ophlolitlc Melange, and it w111 corraspond to CH to'B class
in the rock classification of K. Klkuchl Et.al (Refer to
Table A7). According to the results of seismic expldration,_
the'selsm;ésvelocity‘of 91ight1y_weathéred’to'fresh‘limQQ:.
stone is estimated to be 4.5 km/sec. ‘The details are de-
scribed in Chapter 4. -

5.4 BendraceITunnal
5.4.1 Geological condition

_ The total  tunnel iength is about 9,000 meters and
prdpdséd tunnel diameter is about 6 meters. The estimated
geology along the tunnel is schematically shown in Plate
Gl4, and approx1mately as follows.

‘Entrance to 1;500'metefs: _
Limestone of Nadire formation.
1,500 meters to 1,900 meters:
Matrix layers of Ermenek 0ph1011t10 Melange.
1,900 meters to 2,400 meters: '
‘Limestone of Nadire formation.
2,400 meters to 2,700 meters: '
' Matrix layers of Ermenek Ophlolltlc Melange.
2,700 meters to 4,500 meters' o
leestones of Ta$dlbl member, Ardlgll member and
“Saribayir member. o e
4.500 meters to 5,700 meters:
Matrix 1ayers of Ermenek 0ph1011t1c Melange.
5,700 meters to 6,800 meters: - o
Limestone of Kikirce formation.
6,800 meters to 7,600 meters: |
Matrix layers of Ermenek Ophiolitic.Melange,'
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7, 600 meters to. Surge tank:
Limestone of A21tepe formation and Nadlre
formation.

. The tunnel will penetrate limestone for About 6,300
: meters and matrlx layers of the Ermenek Ophlolltlo Melange
for about 2,700 meters. . These llmestones are all blocks in
the_Ermenek Ophioiitic Melange, and the matrlx-layers of the
Mglangéﬁare composed - of schist; sandstone, siltstone, con-
'glomeraté,_ophiolite,.serpentine,'étc.

The abcve-mentloned llmestones are all hard and massive
rocks which correspond to CH to B class of the rock c1a551~
fication (K;Klkuchl-Et.al) 1n,sllght1y weathered to fresh
rocks. The details-are:describedfin Chapter 4. |

- The matrix layers are medium hard to soft_rocks which
'correspbndlto CH td:CH cl&és in ffesh focks. In the boring
core sample, the rocks are in general hlghly cracky and
partly fractured (Refer to Table A7). '

Mineralbgical studf.was performed for green schist and
serpentinite by X-ray diffraction method for the purposertq
_examine_sﬁeilinq~tendency of these rocks. Samples have been
" taken from outcrops near the power house and from the bore-
hgle,SKﬁloz., Thé.results are,summarized_in Table Al0.
while only two samples were testé&tﬂthe,results_suggest that
theée_fOckQ havé nil,Q:'verylrare amount of minérals”which
‘have a swelling tendency (Refer to Attachment A4).

$.4.2 Groundwater condition along tunnel route

Grouhdwéter-Ie#gl in limestone block of the Nadire
forﬁation at the entrance of the tunnel is almost similar to
thé river water level (abbut EL.500 m}). OQther measurement
. records are. only in the boreholes SK-101 and SK-102 as
.“follows.
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SK-101:
Located at” around middle’ portlon of the tunnel route°
‘Water level in borehole: 20.0 neters (EL 960.61 )

- SK-102:
‘Located near power house. :
water level in borehole: About 11% meters (hL 500m)

‘Many sﬁrihgs can be seen along the tunnel‘roUte;o*The
source of these sprlngs 1s estlmated to be: 11mestone of'
Ermenek formation which is distributed w1de1y in the hlgher
elevation of the mountain in the’ southern area of" the tunnel
' route.  These sprlngs suggest that groundwater level may ‘be .
rafher'hlgh in‘'general, and rising towards southern mountaln_
area being parallel to the ground surface. HoWever, water
levels in llmestone blocks are supposed to be rather low in
comparlson with that in matrix 1ayers, because of the kars-
tie characters. If these blocks have no direct contact w1th'
limestone of'the-Ermenek formatlon,'water levels” in the"
blocks_will be much low, even these show high elevation in

the surrounding matrix layers.
5.4.3 Rock support

 "The rock supporting system during tunnel exoavation
will be made in general by coémbination of rock bolting,
shotcreting with wire mesh and/or steel support. . The type
and density w1ll depend on the quality of the rock mass.
Considering the rock condition mentloned above, no support
or light supporting system, such as rock bolt wlth w1de grid
(2 by 2 m grid) and thin shotcrete, w111 be sufflclent for
the limestone sectlons and rather heavy support wlll be
_requlred for the matrlx 1ayer sectlons.' ' '
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5.5 Surge Tank and Penstock Line
5.5.1  Surge tank .

_ The.proposed headrace surge tank site is located in
limestone of the-Nadire'formation which corresponds to CH to
B class rocks of the rock classification (K.Kikuchi Et al.)
in slightly weathered to fresh condition.

~No boreholes have yet been drilled in this site.
According to the.results of the seismic exploration line PB
in the power house site which is located in similar
limestone area to that in the surge tank site, seismic
veldéity and'depth'of velocity layers are estimated to be
approximately as follows.. :

Surface to 10-20 m in depth: 0.7 to 0.8 km/sec

10-20 m to 25-50 m 2.0 to 2.3 km/sec

25-50 m to 80-100 m © :.3.1 to 3.3 km/sec
' More than 80-100 m ~t 4.5 km/sec

(1]

Thé'b@ttomufcundation offkhe surge tank nay bekslightly
_weathered'to fresh'rocks_(4.5 km/sec). However, upper. sec-
tion of the surge tank site will be in such rocks as have
seismic,velocity:of_3.1 to 3.3 km/sec, or 2.0 to 2.3 km/sec
and correspond to CH to CM class in the rock classification-
(K.Kikuchi Et.al.). | | .

5.5.2 Penstock line

The proposed penstock line will penetrate llmestones of
the Nadire formation 1n the uppermost and 10wermoet sectlons
near. the ‘headrace surge tank and the power house s;tes, and
matrix- layers of the Ermenek_Ophlolltlc Melange in the
middle section. |
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The rocks are estimated £6'be-in‘sli@ntiYJWéatherédftof_
fresh condition for'thé whole section. Supporting sYStemi
for tunnel works will be similar to that in the" headrace'
tunnel (Refer to Sub-sectlon 5.4.3).

5.6 *Tailrace ?unnel

- The proposed tailrace tunnel is about 1,750 meters in
1ength and 6.1 meters in diameter. The gnologlcal condl-
tions along the tunnel route and the outlet ‘area are shown
in Plates G17 and G18 respectlvely,'and are approx;mately*
'estlmated as follows. B - i

From power houée to 1,050 meters:

Limestone of Nadire formation.
1,050 meters to 1,200 meters:

Matrix 1aYers of Ermenek Ophiclitic Melange.
1,200 meters to outlet:

Marl of Gérmel formation.

' The rock conditions of limestone and matrix 1ayeré are -
similar to that in the headrace tunnel, described in Sub-

section 5.4.1.

.~ Marl of Gérmel formation is soft, massive and very low
pervious rock, which corresponds to CM class rocks in ‘fresh
condition. Bedding of this layer is_estimated to be hori-
zontal to 5 degrees in dipping and to have a strike towards

north.

According to the results of seismic éxploratioh line
PC, the seismic velocity of each layers is as fOllOWS (Refer
to Plate G17). : T e oo
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leestcne.: P ol
Ground surface to 1-5 m in depth' ~ 0.3-0.4 km/sec

1«5 m to 15-20 m : 2.0-2.2
15-20 m to 50-65 m : 3.1-3.3
Deeper than 50-65 m ;4.5

=_;Matiix layers and mafi: _ .
Ground;Surface'to-lés m in depth: 0.3-0.4 kn/sec

1-5 m to 8-15 m. . 0.8-0.9
8-15 m to 15-30 m s 1.5+1.7
~15-30 m to 45-70 m . _ t 2,8-2.9
' Deeper than 45-70 m . 1 3.6-3.7

Rocks in all the tunnel section are slightly"weathered
td fresh limestone (4.5 kn/sec) , fresh matrlx layers and
marl {3.6-3.7 km/sec) except the outlet portlon

Rock condition in the outlet portlon was. investigated
by the horehole SK~107.. - Thig hole shows that weathered
rocks are seen in the sectlon until 9 meters in depth. The
sect;on below 9 meters is formed by fresh marl, while Lugeon
values.are rather high, being more than 10 in general and
partly more than 50, until 26 meters. Iugeon values below
‘20 meters are less than 1.0. And the seismic.exPloration
results show that the outlet part for about 60 meters in
.horlzontal length is 1.5-1.7 to 2.8- 2 o km/sec ve1001ty zohe
near the tunnel elevatlon (Refer to Plate G18).

Gréund'watef‘level, which was measured in the SK~107
during driliing works, is 15 to 16 meters in depth.

'"Supportihg Systems'for'tﬁnnel exéavation works are
Supposed to be similar to that in the headrace. tunnel for
the’ sectlon of llmestone and matrix layers. For the marl
section; a medlum to heavy supporting system will be re-
_quirédfhécause of its slaking'tendency.._A heavy_supporting
system will be required for several 10 meters in length from
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the outlet towards upstrean.
5.7 Landslide Area
5.7.1 Geologicalfuondition

The geological profiles alongfthe“seismiciekpldration
lines LA, LB and LC are shown in Plates G19, G20 and G21
respectively, and are featured as follows. R

(1) bebris'zone'of landslide is.formed'by'mostly.rqck
fragments and blocks of chalky marl, which is very
highly pervious and loose deposit. o

(2) The deepest sliding planes (bottom of 1andslide:zohé)
may exist in the surface zone of marls, which are in
the depth between 128 meters (EL.587.51 m) and 155
meters (EL.560.51 m) in the borehole SK-214, and be-
tween 115 meters (EL.633.78 m) and 130 8 meters
'_(EL 617.98 m) in SK-220. - S

(3). Groﬁndﬁater-leveis were seeén just aboﬁe.the marls in
the whole boreholes, and were 112.45 meters deep
(E1.636.33 m) in SK-220 at the end of September 1989.
These facts suggest that marls are always in saturated
condition by groundwater. The water levels measured in
SK-201, 202, 217, 218, 219 and 220 from January 1988 to
December 1989 are shown in Fig. AS8.

5.7.2 8lope stability
The major conditions which cause landslide in relation
to reservoir impounding are generally'described in'Japan*as-

follows (M.Wétari, President of'Japan Landslide Sodiety).

(1) Topography and geology show : features of historlcal
landslide activities. : - S '
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(2)-'Steep slope inclinatlon. _
“ . Many cases: of" landslides in the past have slope ineli-
- pnation of more than 20 degrees in general. '

k3)_'Rap1d drawdown speed of reserv01r surface. 

' Most of landslldes occurred during drawdown of reser-~ -
' vo1r water: 1evel-w1th a. drawdown speed_of more than 2.0
- meters/day. s S

While the-topography'and geology in this site actually
show historical'landslide features, the slope inciin&tioh.iS‘
‘about 10 degrees on average, and'also an expected drawdqwn_
speed of the reservoir water level is much low, abdﬁt 10
centimeters/day or less, in comparison with the 2.0
meters/day above. ' '

Conséquently, it can be judged that noé serious and huge
volume of landslide will occur during and after 1mpound1ng
of the reservoir. '

5.8 FErik Intake Weir, Diversion Tunnel and Power House
5.8.1 Erik intake weir

: The weir site was first conceived at about 2 km up-
stream from the confluence of the Ermenek river and the Erik
river. However it was shifted to an upstream p01nt about 4
km upstream from the confluence, because a large scale and
active landsl;de exists on the upstream reach of the’ first
site. - The new site is ‘located ‘at an immediate upstrean
point of the landslide. The geological condltlon of the
1ntake site. is shown in. Plate G22. o '

- The intake site is formed by hard and massive limestone
of Kﬁkﬁrce fé:matibn'in the Ermenek Ophiolitic Melange. The
fdﬁndationﬁrocksfwell Outcrop in ‘both abutments-pf the weir,
which are mostly in moderately;weathered condition and
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'highly weathered and loosened conditions partly.on tﬁe'

surface. The;moderately:weathered~1ime5tdné'cdrfeépoﬁds to. -

CH class in the rock .classification, and-has sufficient
strength for the weir foundation. Excavation of 1 to 3
meters in depth will be required for the weir construction: .

‘The riverbed is-covered:by sand and-gravel_layérs of
several meters in thickness. Removal of such deposits will
be required for the weir construction.

£.8.2 EBrik diversion tunnel .

* The tunnel of 3,580'metérs in length with*sectiondbf
2.2 X 2.3 meters will connect. the intake weir to the head-
tank. The tunnel route is located in rather deep portion of
mountains to detour the active landslide area.. The'geqlogi—j
cal condition, which is estimated by geological reconnais-~
sance survey, is s¢hematically shown in Plate G23, and is
featured as follows. '

Intake weir to 800 meters:
Limestone of Kikiirce formation.
800 meters to 1,250 meters: . .
Matrix layers of Ermenek Ophiolitic Melange.
1,250 meters to 1,400 meters:
‘Limestone of Kuokirce formation.
1,400 meters't031,650 meters: :
Matrix layers of Ermenek Ophiolitic Melange.
1,650 meters to outlet: | o
Limestone of Azitepe formation.

Limestones are hard rocks, partly well bedded, and
correspond to CH to B class rocks. Matfix_iayefé are com-
poséd of well bedded alternation;layers'of,Sahdstone; con=
glomerate and siltstone in general, which are soft (silt-
stone) to medium hard (sandstone~ahd conglomerate) rocks -in
rather stable condition, with rare fracturing. . These layers
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. correspond to CM to CH class rocks (Refer to Chapter 4).

'Required:suppbrting.systems-fcr'tunnel works are
estimated to:be light to medium for the matrix layer sec-
tions, and~non—suPport-or light for the limestone sections.

5.8.3 Erik power house .

.:puGBoringﬁinyesﬁigétion_was not performed in thie area.
The poﬁer house site is'1¢cated'in_the-G6rmel matrix layers
of Ermenek Ophiolitic Melaﬁge. The surface is covered by
thin talus {1 to 3 meters) deposit. Foundation rocks are
alternation of sandy limestone and siltstone, rarely schist,
sandstone and conglomerate, which are highly'wéathered:in_
the outcrops'and wall bedded but irregular. Irregular
'bédding may suggest-that the surface zone creeps along the-
slope. Strength of these rocks will be sufficient as foun-
dation for the power house.

In the.upper-slope.bf.the_power-house, apprcximatély
.ébove'EL.74O meters, limestone of Azitepe formation well
outcrops, and is hard and well bedded (about EW/40°N). The
'prbposed headtank and outlet of the diversion tunnel is
located in the limestone. No geological difficulty could be
found for construction of such structures in this dfea.

5.9 Reservoir Area
5,9.1  General condition

.. The geology of the reservoir area is éomposed mostly of
.sédimentary;rocks, such - as marl;'sandstoneiand conglomerate,
ofxTertiary,qarmel‘formation} and3partly-matrix layers and
limestone blocks of the Ermenek Ophilitic Melange. = These
rocks except limestone bi¢cks are generally low pervious
without any s¢lution.¢avitieSa Therefore, .theré are no
'leqkaqe,prdblems in* all the area formed by.the:Gérmel forma-
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tion and matrix layers of the Melange.. -

Linestones are seen only in the damsite area and ‘in the
backwater area. - Limestone iﬁ'thé'damSité'will be ttéatédrby _
'the,curtaineqrouting. Pbssibility of 1eakage-from=1iméstohef'
block located in the backwater area will be described in
‘Sub~section 5.9.2. | | L |

'Any_serious-slépe stability prob1ems could not be found
in all thenrQServoir'-a:ea,-because, slopes'infthe
surrdundihg-area of the reserVoirlshow'very géntlé?ihclina4
' tion'in‘general although-mahy-hisfdrical.sliding.topogra—
phies were seen, such as those on the left bank of the I-B
damsite. ' ' | o

5.9.2 Leakage from backwiter aréa of raserveir

According to the drilling core observation of SK-215
and SK-216 and site reconnaissance, the geological condition
of the limestone block' in the backwater area of tﬁerErmenek
feservbir is as follows (refer to Plates G24 and G25).

(1) Alternation layers (siltstone, sandstone, claystone and
‘limestone) of about 100 meters in thickness are dis-
tributed on the right bank area of Ermenek river with
bedding of approximatély_EW/20—40°N._ |

(2) The alternation layer is low pervious in general, and
groundwater level rises towards theésquth"aibng fhe'
upper boundary of the alterhaticn-layer on the right -
bank of the river. Many springs can be seen along the
existing logging roads and in the higher-eiévation'
‘areas than that of the'foadSW(higher'thah.EI;7d0:me-

- ters). : N S o

In the right bank of the river, thisiiaYer'will'aQﬁ'as'
a barrier against groundwater flow towards south direc-
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_tion,

(3) The northern area of the river_is formed by very wide
mountainous plaﬁeau of elevation'higher than 1, 000
neters, where the llmestone block is surrounded: by the
Imatrlx layers of the Ermenek Ophiolitic Melange. The
-matrlx layers, which are low pervious in, general, are
fwldely dlstrlbuted towards the north, and are covered
by Mlacene_karstlc llmestone.'_Also,_many springs  are

o widely.distributed'in:this-area. This -area may have
very high potential of groundwater. |

{4) In the upstream of this limestone block, Nadire and
Kapiz springs (refer to Chaptef 3) are located, which
suggest_that'the'area'has very high potential of
groundwater. . Also thrust fault which may be ldcated:
just upStream'of'these springs with south-north trend
would act-as a barrier against groundwater flow towards
west dlrectlon.

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 léw.
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