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LETTER OF FTRANSMITTAL

November, 1970

Mr. Semih Uzel, General Director
Elektrik Isleri Etut idaresi
Ankara, Turkey

Dear Sir:

Representing the team of Experts dispatched by the Japanese Govern-
ment, the undersigned teke pleasure in submitting herewith the report on
priority studies of four hydroeleectric projects in Turkey.

At the request of the Government of the Republic of Turkey, the
Government of Japan entrusted to the Overseas Technical Cooperation Agency
(oTCA) with the task to send three experts from the Ministry of Inter-
national Trade and Industry and the Electric Power Development Company.

After short term investigations and studies, the Experts recommend
the KIZILIRMAK - INOZU Project as the first prlorlty of development among
the four projects studied. This project is very promising thet we consider
the feasibility study should be started in the neesrest future. Further
investigation program necessary for the feasibility study is recommended
in this report.

Though the other three projects have several problems technically
and economically at present, some of them mey be solved after further
investigations or studies on other alternatives. These cre described in
this report.

It is my sincere hope thet this report, which is the outcome of the
cooperation of the people of Republic of Turkey and Japan, will prove to
be useful in some way or other for the future development of Turkey as
well as for the promotion of friendship and economic cocperntion between
two countries,

On behalf of the Experts, I would like to tcke this opportunity to
express our sincere apprecietion znd gretitude to Mr. Semih tizel, the
General Director of the Electrik Isleri Etut Idaresi (EIE) and engineers
of EIE for their generous assistonce and cooperation, as well as to the
Embassy of Japan and Anckara office of Electric Power Development Comneny
for their warm hospitelity extended to the Experts during their stay in
Turkey.

Respectfully yours,

Yasushi Takaishi

on hehalfl of
The Zxperts of Japan
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'I. FPREFACE -

’
- ot 1

I.1 Purpose and Scope of Study

In order to meet the rapidly growing demand of power in Turkey, which is
predicted to be as much as 12% annually for the time to come, Elektrik Isleri
Etiit Jdaresi and Stone and Webster Overseas Consultants Inc. (SWOCI) jointly
made a priority study in 1967. It recommended the construction of several
hydroelectric projects and thermal (including nuclear) projects in the period
up to 1982,

About the projects to be completed after that peried, E.1.E. is now con-
tinuing studies and investigations. In March 1970 E.I.E. requested the-Japa—
nese ‘Government to- send three experts to study the priority order of develop-
ment of three projects which E.I.E. selected, and later one more project was
added. Those are Kllelrmak—inﬁzﬁ, Dicle-Ilisu, Seyhan-Kevsak and Sandalcik-
Dalaman.

This report, in accordance with above mentioned objective, gives the
oriority and further investigation required as the result of studies of nat-

ural condition, technicsl problems ond economical analysis.
I.2 Procedure of Study

The Experts stayed in Turkey f£rom 1L6th of September to 19th of November,
In that pericd they made field reconnaiséﬁnce with eﬁphasié on inspection of
topography and geology at four project sites with the assistance of E.I.E.
personnel. And at Ankara, they prepared a report based on informafion ohtain-
ed by thg reconn;issance and made aveilable by E.i.E. engineers.

The present state of investigations by E.i.E. on those four projects are
different respectively. Some of them are finished already to the preliminary
stage, and some are under, investigation now. In every case, E.I.E. has made
laborious studies on the projects bo their present stage of investigation.
Fortunately the. Experts could inspect many drill cores and adits in the
field, and geological reports and geoleogical meps were available as well as
technicall reports, maps and annual records of discharge data covering a long

period.



For economical analysis of the projects, the method used in SWOCI report
are applied with some revision by changing the forxeign currency rate and in-
terest to 1 § = 15 TL. and 8% respectively.

Because of the limited time for this study, the method of economical anal-
yais of the projects, which are used in the priority study of SWOCI and E.I.E.
1967, is applied with the above mentioned modifications.

But projects which have been studied here are all expected to be in ope-
ration after 1982, and composition of electric enmergy supply corresponding to

demand ot that time is thought to change remarkably firom now.

And SWOCI's assumption of supplying peaking energy by gas-turbine of one
hour operation per day, seems not suitable, because of various unsolved prob-

lems about its life and mainfenanée cost,

So it seems better to study the methed of economical analysis, consider-
ing various conditions which are assumed to exist at the time those projects

are in operation.

The names and specinlities of the three experts dispatched by the Japa-
nese Government through the Oversens Technical Cooperation Agency {Japan} are

as given below.

Senior Civil Engineer-

Tasushi Tnkaishi Blectric Power Development Company

Consulting Geologist

Taketoshi Pujita Electric Power Development Company

Senior Civil Engineer

Toshioki Shimada Ministry of Internmationel Trading and Industry

II. CORCLUSION AND RECOMMENDATION

As a result of the below mentioned studies, it is concluded that the
NGzt project should be the first in order of priority, because the results
of tentative analysis show it to heve higher possibility to be feasible and
it has not many major technicanl problems to be solved by further investiga-
tion as in the case of the other three projects.

-2 -



It is recommended that studies and investigations of further stage, as
described in the next chapter, should be carried out. After that stage,

feasibility study should be conducted as soon as possible.

i

"III, SUMMARY AUD FURTHER INVESTIGATION

IIT.1 KIZILIRMAK - INOZU Project
8) Summary ‘

inszii project is located not for from the Black Sea Coast Highway and
also from a main transmission line which is expected to be constructed in the

near future.

The Kizilirmak, the third largest river in Turkey, has an average dis-
charge of about 170 m3/sec. ot the proposed dam site and this discharge is

somewhot regulnted by the enormous reservoir of Hirfanli.

The project has no leakage problem due to karstic limestone from which

many projects in Turkey suffer,

The width of the river is not very narrow but any type of dam may be

acceptable topographically.

The foundation rocks composed of hard pyroclastics are somewhat jointed
but the depth of weathering is very shnllow and big fault may not be encounter~
ed in it. Deep river deposit reaching 60 m. is somewhat a problem, though it
can be overcome without technicel difficulty. No big problems are anticipated
for the construction of the dam and appurtenant structures, even 2n underground

poverplant.

Concerning the construction materials, the rockfill material can be
guarried around the dam site, and the filter moterial and concrete gggregote
can be acquired from the deep river deposits. Impervious @aterial of
1.000.000 m3, which is almost the required volume, is expected to be available
at a point around 4 km. upstream of the dam site. Besides, gbundant material

was confirmed in the area about 11 km. downstream of the dam site.
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construction costs were estimnted.

High water elevation

Effective storage copocity

Dam

Moximum height from foundation rock
Crest length

Volume of embankment

Powerplant:

Installed capacity (125,000 kW x 4)
Rated head

Powerhouse discharge

Average annual energy output

Project cost

Annual Benefit
Annual Cost
Surplus Benefit

Benefit-Cost ratio

In order tc make the economienl anilysis, a tentntive plan was made and

The results are summarized below.

174.0 m.

2.4 x 109 m3

Rockfill
175.0 m.
544 .0 m.

10.5 x 10° o>

Underground

500,000 xw
97.0 m.
604.0 m3/sec.

1,353 x 10° ki

1,766 x 10° TL. -

Results of econcmical analysis of the projeet are shown below.

177 x 10° L.

160 x 106 TL.
17 x 10° 1.
1.10

As this project is a peaking power station mear Bafra plain, it is neces-
sary to reregulate the peok discharge. Although, no detail study was performed
about this problem ot this time, according to the report prepared by DSI,
Derbent site, located 22 km. downstrecam of Inézii site, is considered to be
suitable to hnve enough capacity by comstructing a low dam. This reregulating
dam and powerplant may have only little effect on the overall economics of

Inszii project.



b} Recommendation

As mentioned above, Kizilirmak-inbzii project has few problems technically
and is estimated to be feasible economically. According to our studies, since
the other three projects have problems big or small, this project is consider-
ed to have the first priority. Besides, this project is so promising that
the feasibility study should be condueted in the nearest future.

Further investigations described hereinafter are necessary for conducting
the feasibility study. Rock condition is very sound so that some investiga—
tions are considered to be sufficient on the abutments. On the other hand,
investigations on the river deposits and impervious material will be essen-—
tial.

Concerning Derbent rereguleting pond, as the team did not make a field
reconnaissance, we are not in a position to comment about the detail investi.
gation program. However, ordinary investigation might be done considering the

geclogical condition,

1) Gaging of river water level near the proposed powerplant site to

investigate the tailwater and flood discharge water levels.

2) Reservoir area: Geological mapping on 1/25.000 scale map to confirm
the stability of slopes., Photo-intorpretotion shall be helpful,

3) Dam site: Additional adits at El. 180 m. on the left abutment, at
El. 180 m. and 125 m. on the right abutment.

Drilling and permeability test in the river depesit along the dam axis
and vieinity. Every effort should be made to obtain datn on the groutability

and stability of alluvium,

Detail geologicnl mapping using 1/1.000 scale map.

4) Quarry: Geological mapping around the dam site using 1/5.000 scale

map.

5) Filter material and Concrete aggregate: Leboratory test on samples
taken from test pits in the flood plain of the river side.
-5 =



6) Borrow arca: Test pits, core boring and laboratory test on materials
in Keslik, Kolay and Kapukeyo areas.
,r- T) River water quality analysis in the course of a year, taking period-
ical samples. .,

4
I

ITr.2 Diecle River ~ Ilisu Project
() Summary

The Dicle, known in English as Tigres, is a large international river

which originates in Turkey. Tt has an average run—off of 540 m3/sec. at
project site. The site is located in the southeastern part of Turkey neor
the Syrian border and somewhat far from the big energy consumption area.
. E.I.E. has mede laborious investigantions for utilizing this plentiful
run-of'f at the downsiream reach of the Dicle river in Turkey, and selected
Ilisu B site in 1970 after long year of studies and investigations, because
the geological condition clong the river presents difficult problems.

The study arep comprises Germav formation, Becirman limestone, Gerclig
formation, Midyat limestone and §elmo formation in the order from lower to
upper, stratigraphically. Severzl parallel dome shaped anticlines exist in
the general direction of E-V crossing the Dicle river. Germav, and Gercﬁ§
formations crop out in limited areas around the eroded anticline axis, and
another wide area is covered with only Midyat limestone.

”

Midyat limestone is highly knrstic and many springs from this formation
are seen along the Dicle, Gereily formntion is gypsiferous formation and
deeply decomposed in general., Nine dom sites smong eleven proposed sités were

affected directly from these unfavorable Gerciiy and/or Midyat formations.

Ilasu A and B sites are located on Germav formetion which is exposed
like a window by ercsion of the Dicle river at the dome-shape Germav anticline.
Germav formaxtion consists of moinly morly cleaystone and has neither lenkage
problem as Midynt limestone nor solution or rehound problem as gypsiferous

Gerectis formation,

Germav formation, existing ot high elevation along Germav anticline, is
-6 -



expected to act'as:a- barrier against leakage which may take place through the

Midyat end “the other formations from the reservoir.

The viecinity of the Ilisu site is widely eroded and forms a small basin
between a narrow gorge on the upsitream and downstream of this eroded section.
At Ilisu B site, the left abuiment is formed by a cliff up to 120 m, high from
the river bed. On the other hand, the right bank has a long gentle slope of
around 10°. The width -of the river is estimated to be approximately 150 m,
including the right bank flood plain. Consequently, the crest length is
estimated to be as long as 1,530 m. at the elevation of 515 m. In this case,
the dam height is about 130 m.

No top soil covers the left abutment. Terrace deposit estimated to be
around 20 m. deep exists on the gentle slope of the right bank. This terrace
deposit consists of round gravel and is well cemented., It is considered to
have enough bearing strength for the proposed rock-fill dam, but permeability
must be confirmed. The bedrock crops out on the river bed in places. The

depth'of river deposit is considered to be shallow.

The foundation rock, mostly marly claystone, is bedded thinly or thickly
with horizontal bedding planes., The rock is not so strong and can be scratch-
ed by lnife and also broken by strong hemmer blow., It is considered to have
enough bearing strength and shenring strength for a concrete gravity dam of

the proposed height.

Hovever, the rock characters, easily eroded by running water and scaling
on the ground surface, should be taken into consideration in the design of

appurtenant structures.

Neither deep weathering and nor big fault are scen on the widely stripped
cliff of the left bank,

Concerning the comstruction materials, rock-fill material and transition
material of an'embankment dam with upstream asphalt impervious facing whivh is
tentatively planncd, con be quarried from the Midyat limestone which is dis-
tributed about 2 km. downstream of the dam site. Also concrete aggregate must
be obtained from a quarry due to lack of alluvial deposit. Tt may be difficult

to obtain the large amount of impervious material around the project area.

-7 -



In-order to make economidal analysis, a tentative plan was made't&king
into account various conditions of this project. The dem in the river chan-
nel is considered fo be a concrefe gravity structure and the dam for the right
bank is considered to be a rockfill structure with upstream asphdlt impervious

.facing. The results are summarized below:

T

High vater elevation 510.0 w.
Effective storage capacity 4.5 x 109-m3
T r
., - Dam . Concrete gravity and
rock-fill
Maximum height from foundation rock 130 m.
Crest length Concrete dam in river

channel 650 m.  Embank-
ment dam on the right

bank 880 m.
Volume Concrete dam 2.94 x 106 m3
Embankment dam 6.90
x 106 m>
Powerplant OQutdoor
Installed capacity 150,000 k¥ x 4 600,000 k¥
Rated heed 95.0 m.
Powerhousc discharge 740 m3/sec.
Average annual energy output 3,134 x 106 kWh
Project cost 3,140 x 10° 7L.

Results of economical analysis are shown below!

Annual Benefit 286 x 106 TL.
Annual Cost 267 x 106 TL.
Surplus Benefit 19 x 106 TL.
Benefit-Cost ratio 1.07

In this tentative plan, peaking capaecity is considered to be neot 'so big,
and no irrigable areca exist on the downstream, but because the site is loested
not far from the border, it seems necessary to construct o small pond at a

-8 -



suitable site somewhere downstream of this site for reregulating the peak dis-
charge of the plant. At this time no detnil study was performed on this prob-

lem.
{(b) Recolmendation

"As mentioned ﬁbove, the result of our study indicates thnt Dicle-Ilisu
project may be feasible. However, as the investigntion on this site was
started recently, there remain some problems to be investigated as follow.
Furthermore, investigétioﬁ f; locate o norrow dam site, for example by drill-
ing at the entrance to Celikan gorge should be executed to find o more eco-
nomical dam site. Besides, study and investigation of the reregulating pond

is necessary.

(1) Study of topography using o detail map to select the best dam axis,
protection aganinst scoling of marly shale and extent of curtain

grouting,

(2) Gaging the river water level near the proposed powerplant site to
study the tailrace and flood discharge water levels.

(3) Reservoir area: Elevation of Germav formntion along Germav anticline
should be investigated in more detail in the vicinity of the project
area.

{4) Dam site: Drilling =nd permeability tests on the right bank to
know the depth and condition of terrace deposits. Detoil pgeological
mapping using 1/1.000 to 1/5.000 scale map. Mapping area should
be extended to the uppermost reach of Celikan gorge (Baniga dam

site), in order to look for suitable quarry and dam site possibility.

(5) Borrow crea: ZExcovotion of test pits at selected areas where meterial

is available and testing at laboratory of samples taken.

(6) Banign dam site {entrance of Cerikan gorge):

- Drilling from rivex level to confirm Gerciis formation. Further
investigation should be performed depending on the result of this
hole.



III.3 Seyhan-Kavsek Project
(a) Summary

Kavgak project is located about 70 km, north of Adana, main city in
Cukurcova, which is one ¢f the biggest energy consumpiion area in Turkey. It
is also not so far from the route of 380 KV transmission line which is under

construction connecting Keban and Istanbul.

Drainage area and average discharge of the Seyhan river at Kavsak site
is about 13,000 km> and 125 m/sec. or 3.9 x 10°

Seyhan dam and powerplant located about 60 km, downstream of Kavsak site are

3 .
m~ per year respectively.

beiné opérated for irrigation of 154,000 ha land and for generating of
284 x 106 k¥Wh annually. Two projects are proposed between Kavsak site and
this existing Seyhan dam.

Becausce of advéht&gaous location, E.i.E. proposed a big dam on Kavgak
site as & itey dam of the river development plan, and carriéd out laborious

investigation from 1962 to 1968.

The dam site and reservoir aren along the Zamanti river comprise of the
Permo-Carboniierous limestone. The reservoir area of the Gikdere river com-
prise of mainly schist, quartzite, sandstone and marble of Silurian period
ﬁith interclated Devoninn Fermation. Therefore karstic problem is the most
important in this projoct. There is no detail information in regard to
karstick phenomena in the reservoir ares but some karstic fectures are seen

in the dam sitec as meritioned balow.

Mony long drill holes and explorntory adits have been executed into
Permo—carboniferous limestone which is distributed in most of the dam site
except the upper‘level of the left bank. Somewhat karstic phenomens are seen
in the adits and in tho recovered cores. Three faults, more than 3 m. wide
cach are found in Adit P3A-1. Although, continuity of these faults has not
been defined, it can be observed in the adit that the widths of these faults
change in short distances. However, there are no significant open joints
along which solution has occurred, and also faults has little gouge in general

exceptl for the above mentioned one. The results of water pressure tests

- 10 -



generally show watér%ightness of rock except for a few portioné. Under the
river bed, especinlly below 25 m. the rock is entirely impermeable. :ﬁélbig
karstic spring has been found in the vicinity of the dam site. It seems to
be possible to reduce the leckage water to o negligible mmount b& extensive

curtain grouting.

The dam site is located in the Contral Teurus mountains and the valley
is narrow, steep and "V" shaped. Hovever, at the dam site, highéf than El.
490 m. on the left bank is o gentle slope. Crest length and height of dam at

El. 490 m. will be 468 m, and 207 m. respectively.
i

-

Limestone crops out on the steep slopes and slope wash materials deposit
on the foot of slopes in wnlaces, Shale isréistributed on the gentle slope

of the left bank overlying with thick topsoil. River deposit is around 13 m.
deep.

Limestone is dark grey ond strong, and is medium to mnséively bedded.
Generally its strike across the river and the dip is about 35° — 50° towards
the downstream. Rock is highly faulted and shows secondary folding. But
almost all of the faults have little gouge and joints are closed as mentioned

before.

Shale on the left bank hus morly character and soft in general, It isg
encountered with wide shear zone and decomposed into clayey materisl in many
places, A structure which would a big load on this shale is considercd un-—
favorable, From this point of view, embanlment dam is likely to be more
suitable at this site. Coreful trentment of this shnle will be necessary even

for foundation of embankmant dan.

Mo great difficulty is oanticipated in the excavation of underground
structure, ineluding powerjlzant, power tunnel and diversion tunnel in lime-
stone, judging from the geologicnl condition in the adits. Of course, big
faults as seen in Adit RSA-1 must be ovoided by coreful investigation before
the final layout is prepared. It is better to estimate the cost of concrote

lining for underground structres at this stage of study.

Not only rock-fill material, but filter and concrete aggreéatﬁ will have

to be quarried because of scarcity of river deposit. Most of the rocks found

- 11 -



in the vicinity of the dam site, except shale, are considered to have good
character for these materials.

It is obvious that enough quantity of impervious material cannot be ob-
tained in the viéinity of the dam site and it is assumed that the material
will be obtained from a borrow area lecated south of Kabasakal village, 25 -

30 km. away from the dam site. However, the probable borrow area has not been

Yy
investigated.

In order to male economical analysis, one of the alternative plan (EL,
490 m) was taken from E.I.E. technical report {1970) as a tentative plan.
Revision was made to some items, mainly adding 2,800 m. of grout curtain in

both abutments. Construction cost was estimated with revised unit prices.

The results are summarized below:

High vater elevation
Effective storage capacity

Dam

Maxirum height from foundation rock
Crest length
Volume of embankment

Poverplant

Installed capacity 85,000 kW x 4
Rated head

Powerhouse discharge

Average annuval energy output

Project cost

485 m.
697 x 10° m°

Rock-1fill

207 m.
468 m.
10.70 x 10° o’

Underground.
340,000 kW

172 m.

232 m3/sec.

1,622 x 10° wwn

2,127 x 10° 0.

Results of economical analysis are shown below.

Annual Benefit
Annmual Cost
Surplus Benefit

Benefit-cost ratio

173.5 x 106 TL.

184.3 x 10° TL.
- 10.8 x 10°% TL.

0.94



The abovementioned results of economical anmalysis show that this tenta-

tive plan is not economical.

Estimated cost of this tentative plan ineludes the cost of grout curtain
.extending along about abuiments, namely on the right bank up te 2,100 m. and
on the .left hank up to 900 m. 1o prevent leakege of water which might occur
through karstic limestone in both banks. It is difficult to know at present
whether this amcunt cf grout curtain is enough or nmot. But it seems that
treatment egainst leakage may be possible, though a certain amount of expend-
iture would be required.

Setting aside .this unsolved problem, this tentative plan ma;‘hecome
economical by modifying the project features, such as lowering the dam
height, or adding little more peaking capacity. I+t is believed that this

can be done without much difficulty,.

The value of the poiential of Kavsak project is not too small to abandon
without due censiderstions. It would be worthwhile {to carry out more studies
to get the best alternative aleng with investigations to determine the neces-
sary extent and method of treatment of the abutmenits to reduce the amount of -

leakage to within tolerable amount.

(b) Recommendation

As mentioned albove, the possibility of leakage through karstic limestone
and/or possible sesms or faults and the method to prevent leakapge would
govern the feasibility of this project.

:

Though laborious geological investigations had been performed, unfortunate-
ly, the date collected so lfar are not in detail as to enable an approach to
the. selution of this difficult problem. It is therefore recommended that
further detail studies be conducted to reveal the geoclogical condition of

the entire projeci area.

(1) Adits and drill cores should be inspected again in detail. Method

of description of adit sketech and drilling log should be improved.,:

(2) Geological plan should be prepared by detail field mapping. Re-

sults of photo-interpretation should be confirmed in the field.
- 13 -



Direction, width and other phenomena of faults or shear zones should

be checked in detail and noted on the map.

(3) Geological sections with close spacing on various directions includ-

ing the horizental digection should be prepared based on the results
of revision of existing investigation works and of geological map-
ping. Goological structure, especially continuity of faults or
shear zones and distribuéioﬁ of shale at the left bank should be

shown definitely.

(4} Adit excavation and/or drilling to confirm the continuity of wide

fault zones which were found in Adit-HSI on the right bank and

adit excavation to clarify the kerstic phenomena in limestone which
is under%ain by shale on the left bank is recommendable at this
stage. Purther additional investigation works should be studied

and commenced after completion of the above mentioned studies,

Along with the above mentioned geological study of karstic problem, studies
to modify the tentative plan, investigations on impervious materianl ani geo-
logical conditions of underground structures and also run—off gaging water

near the proposed powerplant should be carried out.
IIT.4 Dalaman-Sandalcik Project
(a} Summary

The Balaman river is located in soulh western Turkey, which is one of the
big energy consuming arcas. ‘%he river has an average run-off of 29.8 m3/sec
at Sandalcik site. According to the previous study, flood control and irriga-
tion of 14,000 ha in Dalaman plain were included in the Dalaman river develop-
ment plan, as well as developing hydroelectric potential of 327 MW (Maximum

output) and 1,453.6 x,lO6 kWh (average annual energy) in 4 projects.

However, after numerous geological investigations performed at the dam
site and ?n the reservoir area, it hnd been revenled that there is fear of
leakage from the reservoir through the karstic limestone which is a very

serious problem.

hccording to our studies on the information made available by E.I.E.
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geologist and by our field inspections, it seems technically difficult and
economically unfeasible ‘o, prevent the leakage from the reservoir that may

occur after impounding of water.

Consequently, it is concluded that the Sandalcik project should be drop-
ped from further study. Result of study to locate an alternative site st the
upstream of Sandaleik show that it is impossible to develop the upstream reach
economically becauss of the small apount of river discharge and the difficulty

10 obtain enough head.

At the middle and downstream course of the river, the river discharge
becomes relatively large, so it seems advisable to conduct desk studies and

geological reconneissance of this river reach.

. ; KIZILIRMAK RIVER BASIN — iNOZU PROJECT

' ' *

IV.} General Condition .
-~
The Kizxlirmak river has the second largest drainage area in Turkey flow-
ing mainly through the central Anatolian plateau east of Ankara and pouring
into the Black Sea at,the town of Bafra about 50 km west of Samsun. Bafra

plain, covering 62,500 ha, is typical delta formed by the Kizilarmak river.

There are two existing dams on the Kizilirmak river. Hirfanli dam which
has quite big storage capacity is located around middle reach of the river,
about 80 airline km southeast of Ankara. Kesilkkopru dam is located 25 km
downsiream of Hirfanli dam. Installed capacity of their power plant is
96,000 k¥.and 76,000 kW respectively.

Many projects have been considered on the river upstream and downstream
of ‘existing dems.  TIn8zli project is "the most downstream one among them. Re-
cord of the IntzH gaging station which is located 7 km downstream of the pro-

posed prnaeci.51ie shows the average discharge of 169.4 m /sec.
IV.2 Previous Study.and Develcpment Plan

Three alternative dam sites have been investiganted successively on the
downstream reaches of the Kizilirmek river. They are located at about 3.5 km
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interval. Asar dam site which was investigated during 1960 — 1967 period is
located at a limestone gorge. 23 drill holes were drilled in a total length
of 2,300 m and big faults were found at the site to run oblique to the river
course. inﬁzﬁ—A dam site has a large flood plain on the right bank and the
cross section of the rive; is of a considerable size. 102 holes were drilled
in a total length of 5,438 m during 1967 — 1969 period., Alluvial deposit
about 60 m deep and texrace deposit 25-m thick were confirmed in the river

channel and on the left abutment, respectively.

Insz4-B dam site, which is the most upstream of the alternatives, has
rather nerrow river section. The investigation works started in July 1969

in syccession to field reconnaissance. The works are still continuing.
SWOCT study'l) considered only Inbzi-A site.

The VII Regional Office of DSI prepared a preliminary study report(z)
on Indzii-B dam and Derbent reguleting dem sites. In this report, a dam 185
m high above the foundation is proposed at Inszii~B site to hold water up to
a normal high water level of 195 m to feed a powerplant with a total capacity
of 900 m¥ of which 300 mW is by reciprocal turbines for pump storage.

The project name “inﬁzﬁ" is used exclusively for inﬁzﬁ—B site at present.
IV.3 Available Data

(1) Hydrographic Pate
1
E.I.E. has twenty gaging stations on the Kizilirmak river. Indzli gaging
station located 7 km downstream of Inbzii-B dam site is the most appropriate

source to supply date for planning of this project.

: Drainage : Discharge during :
Name of :  Area : Altitude : gaging period m”/sec. ; Gaging
Station : km2 : i : Average  Min. Max. : period
. * -
Inbzti  75,120.8 60 180.742  18.4 1,673.0 iggg

* Drainage area at Indzli-B site is 74,666 km®,
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(2) Topographic Maps and Airphotos

; cTopoggaphiq,survey to provide basis for 1/1,000 scale mep has been finish-
edlrgcgntl& %nqrquSS section along the tentative d&m axis is év&ilable by now,
Iopqgr&phic map is expected to be completed very soon. Airphotos of 1/35,000
scale are available over all project area.

(3i Geological Investigation

12 drill holes in a total length of about 1,630 m, and 3 adits in a total
length of 305 m have so far been carried out. Drilling and adit-excavation

are still being continued.
(4) References

1. Power resources priority Study
SWOCI 1968

2. Lower Kizilarmok Project, Alitinkaya
(inbzﬁ—B) and Derbent dams
Reconnaissance Summéry Report
DSI VII Region 1969

IV.4 Reservoir Geology
In6zii-B reservoir area is composed mainly of flysch formation of upper
Cretaceous and metamorphic series of Paleozoic. According to the 1/500,000
scale geological map, two kinds of limestones are distributed; one belongs to
Jurassic, another belongs to metamorphic series. However, their distribution
are limited in the draipnage area. In the reservoir area, on the whole, top-

s0il is not thick and weathering of rock is not severe.

Ng landslides of substontial scale are anticipated nor sny topographical
or geological factor is involved which might cause leakage of water from the
reservoir. Although, a reconnaissance should be performed in the reservoir

area to confirm the non-possibility of land slides.
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IV.5 Topography of Dam Site

The F1z1lirmelk river; as a whole, flows in a direction from WSW to ENE

" in the project area, but it bends towards ESE immediately downstream of dam
axis. Accordingly, the mountain slope on the left bank is concaved and rféht
bank slope is convexed around the dam axis. Around the dam site, on the left
banlt of the river, there exist two ravines cn the upstream and downsiream

side of the dam respectively, about 650 m zpart from each other, On %he right
bank, also, a ravine is located 400 m upstream of the dam axis and another
ravine is located 700 m downstream from the dam axis. The downstream ravine
on the left bank is located neer the dam axis and it dissects deeply. There—

fore, necessity of curtain grouting should carefully be studied of this ridge.

There are no extensive flat land along the river, but small fans created
by the ravines and narrow flood plains are found scattered along the river.
The mountain slope on the bank is rather steep in general. The dam site was

selected at the narrowest cross section of the valley.

At the dam site, the width of the river channel is 80 m, and there exists
a flood plain of 55 m wide on the left bank. The slope of the valley around
the dam axis is 33° at the left bank and 28° at the right bank. The width of
the valley is 540 m at the elevation of 180 m which is considered to be the
elevation of the dam crest. In this connection, the height of the dam above
the river bed is 120 m. However, since the river deposit which exists at the
dam site to a depth of 57 m will be excavated, embankment will be actually be
177 m high. B

IV.6 Geology of Dam Site

(1) Overburden ‘on the Abutments

The bedrock crops out widely and thin top soil scattered over small area.
No significant slope wash deposit is found on the dam site. Big pine trees
and bushes cover the slopes relatively thickly.

{(2) River Deposit

River deposit of 57 m depth at the deepest point has been confirmed to

exist by 4 drill holes which were drilled in the river channel and left bank
- 18 -



flood plain elong the dam axis. .

4s it is difficult to recover 100 per cent of sand and gravel by core
drilling, gradation of river deposit can not exactly be known. Judging from
the observation of the deposits on the river side and 1ifted cores, the
deposits are composed of well graded gravel, sand and silt. Gravels, mostly
less than 10 cm in size, are round, hard and not deteriorated.

Permeability tests applying the open end method have been performed every
1.5 m depth in drill holes. The result of the tests show coefficient of
permeability mostly in the range of 1072 em/sec to 1074 cm/sec.

(3) Bed Rock

According to the 1/500,000 scale geoclogical map prepared by MTA,
flysch formation belonging to upper Cretaceous is widely distributed in
this area. The dam site is composed of two different lithological units,
namely messive andesitic rock and well bedded sedimentary rock. Bedded
tuff is distributed on all right abutment and upstream part of left abutment.
On the other hand, massive andestic rock is distributed on the left abutment.
The latter overlies the former stratigraphically. It is considered that the
contact runs parallel with bedding plane of upper unit having a strike of N
80° E and a dip of 35 — 40° SE.

Both rock units are green in colour having pyroclastic character.
Massive rock partially contains a few volcanic bleocks of up to 10 em in size
and designated as tuff breccia. Overlying bedded strata are composed of
alternations of shanly layers and sandstone like layers and are classified as

tuffite.

- Tuff breccia distributed on the left bank is massive, compact and very
hard. Tuffite distributed mainly on the right bank is also very hard in un-
weathered condition. Although the outerops of fine-grained tuffite are
weathered and soft on the ground surface, it is also as hard as tuff breccia

in unweathered condition.

No significant fault is anticipated. Although beddings are clearly
seen in tuffite unit, they adhere tightly. Joints striking N 20° w - N 20° E
and dipping 80° ¥ are encountered in both Tock units predominently across the

river.
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Rocks are somewhat cracky in general. It is noticed in adits and' on the
drilled cores that joints znd cracks are coated by limonite even at deep por-
tion from the ground surface. Dripping water from the joint is seen at

several points ‘in adits.
IV.7 Construction Materials
(1) Rock £ill Material

Tuff breeccia distributed on the left bank is massive Qnd hard, Tuffite
distrituted on the right bank is also haxrd but it is bedded thinly or thickly,
These rocks, especinlly massive one, which are distributed widely in the
vicinity of the dam site have good quality for rock fill material. Thickness

of the topsoil and weathered zone is very thin in general.
{2) Filter Material and Concrete Aggregate

At the upstream and dounstream sides of the dam site, a large quantit& of
'sand and gravel are deposited. Flood plains scattered along the river are
neither wide nor high from river level, Majority of the deposits lie below
the water level. The quality of this river deposits are considered to be

good for filter material and also concrete aggregate.
(3) Impervious Core Material
Three barrow areas are proposed as follows,

{n) Kesilik Area

The area is leocated on the left bank about 4 km upstream of the dam site.
Slope wash deposits lie at the elevation from 60 m to 90 m in the aren ap-
p}oximhteijll Itm long along the river and 200 m wide. The afea was investigat-
ed by 6 test pits end samples were analysed at laboratory. Three pits reached
bed rock at the depth of about 4 m. Another three pits about 6 m depth'éoui&
not reach bed rock. As the average depth of this area to bed rock could, ac-
cordingly, be estimated as 5 m, this area could produce material in a quantity

of approximately 1,000,000 o,

Acéording to the laboratory f%st“results and observation in the field,
the material contains reletively large amount of oversided blocks, and ‘the'
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gradation is different place by place,

Although thisjgreé may not he satisfactory for the purpose in view of the
éuéntity and qﬁality of available material, investigation should be made fur-
ther of this area to confirm its acceptability; the area is superior to other
area with respect to location requiring the shortest handling distance to

construction gite.

(b) Xapikaya Area

This area is located on the right bank about 5.5 km downstream of the
site. Slope wash material and decomposed schist are distributed in an area
1.5 km by'O.S km forming gentle slope. This area had been investigated with
several test pits. This area could produce material in sufficient quantity
since all pits did not reach bed rock and the area is very wide. Results
of laboratory test show that the so0il consists of rather fine-grained mate-
rial and few coarse material. Kapikaya, relatively big village, iz located
in this area. A long bridge will be necessary to connect the area and the
road on the left bank,

(c) Kola}‘Area

This area is located on the left bank about 11 km downstream of the dam
site and st the elevaiion from 50 m to 150 m. Slope wash material covers the
ferréce deposits in the arez 1,5 km by 0.6 km. The area was investigated by
24 test pits and samples were analyzed in laboratory. According to the test
result and observatlon made at the field, soil consists mostly of particles

flner than No. 200 sieve mesh,.
IV.8 Technical Study

As described above, this project site has no big geolegical problem which
requlres speclal treatment, except for deep alluvium on river bed. Consider-
1ng the abutment conditions, it seems possible to construct concrete arch dam
only if conventional treatment is applled As regards the deep alluvium in
the river bed, excavatlon could be possible without much trouble in view of
its depth of 57 m which was confirmed by drilling. It will not be impossible

to prevent leakage of waier by grouéing.

Geological conditions of reservoir area, water ways and power house site
are considered to involve no substantial problem,
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Due to topographical condition of the site, the ratio of dam‘heiéhf to
crest length will be 1/3.1 at E1 180 m. However, the valley opens widely as
* far as some kilometers upstream, the reservoir could be provided with a fair-
ly ‘big capacity.

'As to 'discharge of river, though it is rether small comparing with drain-
age ares, the amount of natural discharge is sufficient enough for generating
of bulk electricity. In addition, fairly amount of the discharge can possibly
be controlled by upstream Hirfanli reservoir.

“ Therefore it seems to be very promising to construct power station

having big.reservoir at this site.
- For preliminary' study one tentative plon was formed-up based on the
conditions described below.
1 R L
(a) Effective capacity of reservoir should be decided by mass curve and
reservoir capacity curve, considering that reasonable amount of discharge of

river should be conirolled and thet dam height should be as low as possible,

(b) Type of dam should be rockfill type by the reason that excavated
meterial of spillway is available for rockfilling and impervious materisl can
be obtained-neighbouring area,

“(e} Alluvium in the river bed should be excavated under impervious core
section, - l

(d) Spillway and diversion tunnel should be on the right bank due to the

topographical condition,

i

(e) 'Power house' should be located on the right bank and be of underground
type. Downstream portion of diversion tunnel should be utilized as teilrace,
considering lay out of spillway and diversion tunnel.

(f} TFlood discharge is assumed as 8,900 ma/sec referring to SWOCI report.

{(g) Capocity of diversion tunnel should be 1,700 m3/sec considering

recorded max. flov et Indzi gaging statiocn.
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Features of the plan are as summarized in the following pages, and the
result of economic analysis for the plan is as below which shows that the

plan is feasible from economic point of view,

Annual Benefit 177 x 10° TL.

Annual Cost 160 x 106 TL. .
Surplus Benefit 17 x 106 TL.,

Benefit/Cost . 1.10

For the present study, economic analysis was tried only for one alter-
native. But it seems possible to improve the feasibility, if further studies
be exerted with respect to the type of dam, treatment of alluvium in the
river bed, type and location of powerhouse, dam height, effective capacity of
reservoir, installed capacity of powerplant and ete.

Therefore furiher studies and investigations should be continued for

the feasibility study en this project.

Since the location of Inbzi project is not far from Bafres plain, it is
necessary to provide a reregulating pond for peaking power station. No
investigation has been performed of this subject, but according to the report
prepared by DSI in 19€9, it may be possible to provide a sufficiently large
effective capacity amounting 70,000 x 103 m3 by constructing 32 m high rock-
fill dam for a 40,000 kV power steation at Derbent site about 25 m downstream

of inﬁzﬁ site.

By the DST report, vhere will be no substantial problem in constructing
a low dam.at the site. Construction cost of Derbent project which is estimat-
ed in the report will increcase by 20% for this measure, but the increase will

have only minor effeect on the economic condition of Inbzi project.
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SUMMARY OF INOZU TENTATIVE PLAN

Hydrology

Catchment area

Annuael run-off at Indzi gaging

Station (During past 6 years)

Design flood discharge
Reservoir:

Sdrfacerarea '

Total storage cepacity
Effective storage capacity
High water level

Low water, level

Available drawdown

Installed capacity.
Maximum output
Maximum discharge
Firm discharge
Effective head

Annual energy production

Dam

Type
Height

Crest length

Volume of embemktment
Crest elevation
Upstream slope
Downstream slope

Crest width

74,666 kn> at Inozi site
75,121 xnZ at Inozi gaging station

_maximum 7,027x106 m3 (222.79 ma/sec)

6
average 5,332x10 m (169.44 m3/sec)
minimum 2,626x106 m> { 83.77 m3/sec)

8,900 m3/sec

65 km>

4,000 x 10% n’
6 3

2,400 x 10° m

174 m

140 n

34 m

500,000 kW {125,000 KW x 4)
604 m3/sec {151 m3/sec x 4)
154.4 m3/sec

97 m

1,353 x 10° K

Roelk fill with Central core
175 m (above foundation rock)
125 m (above bottom of river)
544 m

10,500 x 10° m°

180 m

1:2.5

1:2.0

10m
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Spillwey

Type
Capacity

Diversion
Design capacity
Number and typé
Length I

Penstock‘
Type
Number

Length

Power plant

Type

Installed capaecity
Type of turbine
Dischearge

Project cost

Gated chute spillway

8,900 m?[seg

1,700 m3/sec

2 Concrete lined tunnel

1,2 km

Concrete lined penstock

2 line, each bifurcating

400 m x 2

Underground
125,000 kW x 4
Prancis

151 m3/5ec x 4
1,766 x 10° TL.
3,530 TL/kW
1.31 TL/kVh
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No.

10

11

12

13

14

15

16

17

18

19

COST ESTIMATE OF INOZU TENTATIVE PLAN

DESCRIPTION '

Main dam
Spillway
Gate
Coffer Dam
Diversion tunnel
Intake
Penstock 7'

Powerhouse

Power station equipment
Surge tank

Tailrace

Others

Sub total

Temporary facilities
Access road

Road relocation

Sub total

Engineering &and administration
Sub total

Contingency

Sub total

Land

Sub total

Interest during construction

Grand Total

TOJAL
~10° TL.

204,750
72,622
12,276
17,769
45,390
27,085
39,565
65,752

294,082

1,500
20,864
13,000

814,655
30,142
10,000
20,000

874,797

131,220

1,006,017
201,203
1,207,220
217,000
1,424,220

341,813

1,766,033

- %6 -

LOCAL
10-TL.

79,853
28,323
4,788
6,930
17,702
10,844
15,430
25,643
64,698
585
8,137
507
263,440
11,748
3,900
7,800
286,888
91,854
378,742
75,748
454,490
217,000
671,490

161,158

832,648

FOREIGN
10° TL.

124,897
44,299
| 7,488
10,839
27,688
16,241
24,135
40,109
229,384
915
12,727
12,493
551,215
18,394
6,100
12,200
587,909
39,366
627,275
125,455
752,730
0
752,730

180, 655

933,385

REMARKS

6 years,
interest rate
of 8% p.a.
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V. DICLE RIVER BASIN — ILISU PROJECT

¥.1 General Condition

'The Dicle, known in English as Tigres, has a catchment area of 38,295 km2
at Cizre nearby the ‘Syrian border and flows into Persian gulif’ through Syria
and Iraq. The average discharge of the Dicle river is 540 m3/sec. at Rezlk
gaging station which is located 20 km.upstream from the Ilisu dam site,

Scuth eastern part of Turkey is less developed one of this country. '
There is no big industry in this region. But recentily the oil fields have
been developed and already 40% of the petroleum consumption in Turkey are
produced and 14% of the consumption are refined at Batman refinery which is
located 80 km. far from Ilisu project site.

The diversion dams for irrigation are planned and some of them are
under construction on the upper tributaries of the Dicle river. However,
the big hydroelectric potential of this river has not been developed yet.

The proposed Ilisu dam has not benefit for irrigetion because no considerable
irrigable land exists in downstream area,

AT,

V.2 Previous Study and Development Plan

The Dicle river has been studied by E.I.E. since 1954 with respect to
hydrolegy, reservoir geology and the conceivable dam sites; After reconnais-—
sance siudies on the river basin, these detailed studies have been concentrat-
ed on the downstream reach of the Dicle river, because geologically better dam
sites can be found and much bigger hydroelectric potential can be developed on
the downstream stretch. TPFurther detailed studies of development plan on the
overall river basin are considered to be started after conclusion of the studies
is reached on downstream dam sites. Eleven alternative dam sites which are
rather closely located have so far been proposed on this downstream streich.
They are, from upstream to downstream, Rezik I, Rezik III, Kezik II, Pireder,
Dermah, Ilisu B, Ilisu A and four more sites on the Celikan gorge. Rezuk I,
II and Dermah -dam sites were investigated by means of core boring in 1955

(1) by Dr. )

and 1956. Rezuk III and Pireder dam sites were proposed in 1968
Kemal Erguvanli after bis comprehensive geological studies on the Dicle river

basin between Hasankeyf and Dermah.
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After = study(z) by E.L.E. gedlogists was over for 35 km-long area on
the Dicle river between Dermah and Bafi, Ilisu A dam site was selected in
1970 together with another four dam sites on Gelikan gorge which is located
downstreem of the Ilisu basin. It was also revealed by this study that there

is noldam site suitable on the downstream stretch from Bafi.

. L
"1 g

E.1.E. geolégists are making reservoir studies over upstream area of
Hasankeyf now. Those two areas are neighbouring to the area Dr. K, Erguvanli

studied,

According to the above-mentioned studies, these proposed dam sites, ex-
cept Ilisu site, have ‘geologically advérse character due to gypsiferoué
formation and karstic limestone. These unfavorable strata are not excébfional—

1y encountered in the Ilisu area which is a very small piece of Jand.

Ilisu A site, downstream axis was investigated by means of explorafory
adits and core borings in 1969. The result showed that the foundation is in
an unfavoured condition including fracturing, thermal alternation and hot
gpring which are due to faulting. Therefore dam axis was relocated to Ilisu

B site about 1.4 km upstream of Ilisu A site.

At present, core borings are under progress at this Tlisu B site. The
project name "Ilaisu" will be used for exclusively for Ilisu B site herein-

after.

At Tlisu site, necessary active storage capacity of 5 x 109 m3 is estimat-
ed to be 30% of the ananal run-off. -Then, high water elevation is estimated
to be 510 m or 520 m. Embankment volume was estimated for various height at

9 kWwh. Economic

Ilisu A site. Energy generation will approximately 4 x 10
studies as well as study for optimum scale of development plan have not been
started yet. The compensations for land and houses, the relocation of road
and railway, which will be submerged under the reservoir have been roughly
studied. The result of stidies which have been done up to the present, are

summarized in the "Interim Preliminary Report" in 1970(3).
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V.3 Available Data

{1) Hydrographic Data

E.I.E. has twelve gaging stations on the Dicle and its tributaries. The

following is the data of major stations made available by the E.i.E. engineers.

Drainage . Discharge durin
et e ia® Tt Sesng Ferad wl/se. Gaging Frio
Diyarbakir 6,298 564 71 3.10 2,640 1945 —
Sinan- 4,988 518 169 9.54 1,476 1945 -
Besgiri 2,450 545 58 1.60 1,210 1945 —-
Billoris 7.975 458 136 28.00 1,777 1945 -
Rezuk: 34,493 427 540 51.00 7,900 1955 —
Cizre 38,295 367 1945 ~~

The record obtained at the Reziik station which is laocated about 20 km

upstream of Ilisu B site can be used for planning of Ilisu project.

(2) Topographic Maps and Airphotos

1/5,000-scale topographic map made by pantographic methods from 1/25,000-

scale map has been used for Ilisu site tentatively. A photogramatiric map of

the same scale

is expected to be available by the end of this year.

1/35,000-scale airphotos covering the dem site and reservoir area are

available,

(3) Geological Investigation

Reziik T :
Reziik II :

Dermah @

o

2 drill holes, 200.66 m. in total length
19 drill holes, 1,412.88 m. in total length

52 drill holes, 3,426.38 m. in total length
1 pdit, 153 m long
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Tlisu A : 14 drill holes, 1,120 m. in total length °
2 adits, 92.8 m. in total length

Ilisu B : 3 drilling machines under working, 2 in the river bed

{incline hole), 1 in the right bank ravine.
(4) References

©- YT REport onDicle River, Dam-3ite Possibilities and Engineering
Geology of the Reéervoirs between Dermah and Hasankeyf.
Dr. Kemal Erguvanli Professor of ITU, 1968
T T hppendix to (1)

~

2. Report on Dicle River, Geology of Dam-sites and Their Reservoirs

_ _between Dermah and Bafi.

LY N i

A.. Kirmacioglu, A. Ertinc, H. Taslica (B.I.E. geologists), 1970.

3= Interim Preminery Report

On Dicle River Power Development and Ilisu Dam-site

Kemal Arkun (E.I.E. adviser}, 1970: ' '

V.4 General Geology

Following five formations, from upper to lower stratigraphically, are

distributed in the project area.

. f
1 : &

Selmo formation; Miocene, 250-800 m thick.

Congisting of conglomerate, sandstone, limestone, siltstone, claystone
with occasionally gypsum including. Distributing mainly upstream area

of Rezlik I and Dermah sites.

Midyat formation; Eocene, 500-750 m thick.

LR - -

Consisting of sandstone-~like marly limestone and dark marly limestone in
lower levels and white to grey thick layered limestone in upper levels.
Upper levels present karstic character. Distributing generally over the

whole area in the Dicle river basin.
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Gerciis formation; Paleocene—lower Eocene, 380-460 m thick.

Consis?iﬁg of sandstone, conglomerate, clay-marl and gypsum layers.,

Croping out at the eroded cores of anticlines.

Becirman formation; Paleocene, 50~70 m thick.

Consisting of limestone, very hard and heavily jointed. Distributing as

a transition zone from Germav formation to Gerciis formation.
Germav formation; upper Creteceous, 350-850 m thick.

Consisting of claystone, marl, marly limestone and sandstone. Exposing

at theferoded cores of Germav and Kentalan anticlines.

Several parallel anticlines exis+t ascross the Dicle river in the general
direction of E-W. HMidyat formation crops out mostly along the Dicle river and
another 1owe; formations crop out in the limited area around eroded cores of
anticlines. Many aliernative dam sites suffer from unfavorable formations
such as karsiic Mldyat and gypsiferous Gercis., Only Ilisu site located on the
Germav anticline is covered with the Germav formation which is the most favor-
able and lower most formation among the all distributed formations. Ilisu A
site which is proposed formerly is located nearby the fault which is assumed
to exist emong the southern flank of Germav anticline. The results of core
drillings and adits executed on this site show the foundation rock is much
fractured due to abovementioned faulting. Ilisu B site, proposed site at
present, is located about 1.4 km upsiream of Ilisu A site and has good geolog-

iecal condition as explained in following article,
V.5 Reservoir Geology

In this river basin, leakage from reservoir through widely distributed
Midyat limestone and intercalated gypsiferous Gerciis formation is most impor-
tant problem influencing the selection of a dam site. Greater part of these
formations will be submerged under the proposed Ilisu reserveir, However, the
dam is located on Germav formation at Germav anticline and the formation is
estimated to exist at higher elevation then proposed high water level along
this antiecline vhich extends crogsing the river just like a barrier against
leakage through overlain formations.
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The landslide of 5-6 km2 ares is developed in the vicinity of upstream
end of reservoir on the Zarova valley and many small landslides are reported
at 4 km east of Haéankeyf covering 3 km stretch. These landslides may not pose
big problem since they are ldcated quite fer from the dam site. Although
another small landslides and rock falls are seen in the reservoir area, they

are not anticipated to present the serious problem for reservoir,
V.6 Topography of Dam Site

The Dicle river flows in the direction from north to south having the
river bed elevation of approximately 400 m at Ilisu dam site. Up-and down
stream reaches of Ilisu area form gorge without any flat land on the river
sides. Ilisu area forms small basin between them having gentle mountain
slopes. At the dam éité, the width of the river is estimated to be approxi-

mately 150 m including flood plein which exists on the right bank.

The left abutment is formed with steep c¢liff up to 120 m high from the
river bed and gentle slépe continues from there to the higher part. This
left bank is dissected by narrov and deep ravines which are located at 350 m

interval to each other.

On the contrary, a stecer step of the right banlk is only 10 m high and
long gentle slope of around 10° continues from top of the step to the higher

elevation. Shallov ravines dissect the right abutment.

The dam axis should be sclected on the ridges which are formed between
ravines on both banks. The heighl of dam is limited to less than 120 m due
to the height of the cliff and width of the ridge on the left abutment., The
crest length of Ilisu dem will be long due to gentle slope on the right abut-
ment. The dam height and crest length are estimated to be 130 m and 1,530 m

respectively at the crest elevation of 515 m,
V.7 Geology of Dam Site

(1) Overburden on the Abutments

Bed rock crops out widely on the steep cliff of the left abutment and
no top-soil covers. A limited amount of slope wash material deposits along

the skirt of the cliff.
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Terrace deposit estimated to be around 20 m deep covers the lower slope
of right bank. Bed rock crops out here and there, and thin top-seil less than
1 m thick covers the slope heigher than EL. 480 m. ferrace deposit consists
of round gravel of less than 15 cm in diameter and is well cemented with sand
and clay. It is considered to have enough bearing strength and strong slid-
ing registance for proposed rock £ill dam. However, permeability of this
deposit should be confirmed by further investigations and grouting test is

also recommended for establishment of curtein grouting plan.
(2} River Deposit

The bed rock crops out on the river bed in places and the thickness of
river deposit is estimated to be very shallow in general. The deposit con-
sists of meinly limestone gravel of less than 15 cm in diamter and few amount

of sand.
(3) ‘Bed Rock

Thg dam foundation rock is marly claystone which belongs to upper
Cre{déeous Germav formation. The rock presents dark grey colour and is com-
pact bﬁt not so hard and can be scratched by knife and also broken by strong
ﬁammer—blow. Veak characters, such as for abroding and scaling are seen on

the outerops but depth of weathered zone is generally very shallow.

Horizontal beddings of which thiclkiness differs are clearly seen but no
any dislocation of strata are seen on the widely stripped cliff of the left

bank. The bedding planes are tightly adhered and not deteriorated.

According to the above-mentioned rock character and geologica} structure,
although the foundation rock is considered to have enough bearing strength
and shearing strength for a concrete graviiy dam of the proposed height,
prdtég%ion against abrading and scaling should be taken into consideration

in the design of appurtenant structures.
V.8 Construction Materials
(1) Rock Fill, Filter Materials and Concrete Aggregate.

Not only rock fill material but also filter (transition) material and
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concrete aggregate including‘sand mé&'have to be obtained from quarry because
of lack of alluvial deposit.  The Midyat limestone which is widely distributed
surrounding Ilisu basin is considered of good quality for the materials. The
escarpment located about 2 km downstream of the dam site can be proposed as a

guarry site in view of its advantageous location.
(2} Impervious Material

The comprehensive field investigations locking for impervious material
have not been completed yet. But according to the informations obtained‘up
to present, it is difficult to secure the large amount of impervious material

around the project area.
V.9 Technical Study

As described earlier, possible location for the dam site of this project
could be selected only at o limited area, because of gological conditions.
Immediately downstream of this area, an unfavorable frectured zone is con-
sidered to exisi which is subjected to 'fault action and hot spring. At the
point 2 km upstream, there is very likely another unfavorable geological
formation consisting of Karstic Midynt limestone and gypsiferous Gerciis forma-

tion.

However, at the area where the dam is conceivable, Germav formation,
consisting mainly of marly cleaystone whieh is free from problems of leakage
pertinent ‘o Midyat limestone and of solution or rebound as involved in the
case of gypsiferous Gerciis formation, exists at higher elevation along Germav
anticline, and is expected to make a natural barrier against leakage which

may happen from reservoir through Midyat and other formation.

Some treatments are necessary for permeable terrace deposit on the right

bank and erodible rock, but no serious problem is invelved with respect to’

geology.

When viewed from topographical point, the ratio of dam height to crest
length at around EL 510 m is 1/11.7, that is, the width of river is very big

*

at the location of dam axis.

So, the dam will have a big volume to hold the water up to the required
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water level of reservoir.

4As to discharge of the river, annual average run-off of 540 m3/sec is
sufficient enough to compensate for construction cost of large dam and long

distance transmission line to the nearest point of trunk line.

And from political_point of view, the development of this project hasz a

significance for the development of under-developed eastern part of this coun-

try.

Therefore, though investigation of this project has not been wholly com-
pleted to provide a firm and final basis for any conclusion, it seemes ad-
vantageous to construct a big dam at this site and to develope a power plant
which is to be fed by f@g refervoir to produce a larée bulk of power, if ne

substantially adverse elements are revealed anew in the future study.

For preliminary stuéy, o temtative plan was estoblished on the bosis

of the conditions which are as described below.

(a) Effective capacity of reservoir should be decided by mass curve and
reservoir capacity curve. Reasonable amount of discharge of river should be

controlled and dam height should be as lower as possible.

.(b) The dam should be combined type of comcrete gravity with spill-way
forlriver channel portion and asphalt—faced‘rock fill for right bank portion
by reason that, in the case of absolute fill-type care of flood water during
construcfion will be difficult and impervious core material are not available

in sufficient quantity in neighbouring area.

{¢) Terrace deposit on the right bank is to be treated by grouting and

erodible rock around both abutments are to be protected by concrete.

(1) Over-flow type spill-way with control gate is to be set on concrete
dam. Flood discharge is assumed as 20,000 mj/sec referring to Interim
Preliminary Report on Dicle River Development and Ilisu Damsite {(August 1970
E.I.E.)

{e) Power house is to be located on the left benk immediately downstream

of dam, and be outdoor type.
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General features of the tentative plan are summarized in the following

pages.

Economic analysis of the plah resulted as below: ' Rk

Annual Benefit 286 x 106 TL.
Anpual Cost 267 x 10° 1L.
Surplus Benefit 19 x 106 TL.
Benefit/Cost 1.07

The result shows that the plan is feasible from economic point of view,

For the present study, economic analysfs was tried only for a plan and
comparative study was not made on alternatives. However, it seems possible
to improve the feaéibility of this project if studies be made further with
respect to dam height, effective capacity of reservoir, installed capacity
of power plant, type of'ﬁam, type and location of power house and ‘other

elements which essentially influence the economy of this project.

Accordingly, it is requisite to continue further studies and investiga-

tions on feasibility level.

There is no irrigable arca downstream of this project site, but the
dam site is not far from the border. Therefore, it seems necessary to provide
a2 small pondage at a suiteble site somewhere downstream of the dam site in
order to re-regulate peaking discharge of the project which, otherwise, would
cause disedvantageous influence =t the downstream, No detailed study was
performed on this problem for the present study. However, it seems preferable

to make investigation to locate the pondage somewhere around Celikan Gorge.
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1.

SUMMARY OF ILISU TENTATIVE PLAN

Hydrology

Catchment area

Annual run—off at Rezik gaging
Station (During past 9 years)

Design flood

Reservoir

Water surface area

Total storage cepacity
Effective storuge capacity
High sater level

Low vater level

Available drawdown

Installed capacity
Maximum output
Maximum discherge
Firm discharge
Effective head

Annuzl energy production

Dam

Type

Height

Crest length
Volume '

Crest elevation
Upstream slope
Downstream slope

Crest width

39,234 km2 et Ilisu site '

34,493 km® ot Rezuk gaging station
maximum 26,871x106 m3 (852,08 m3/sec)
average 15,641x106 m> (495.98 m3/sec)
minimum 9,348x10° > (296.42 w’/sec)

20,000 m /sec

110 km2

7,000 x 106 m3
6 3

4,500 x 10" m

510 m

480 m

30 m

600,000 kW (150,000 kW x 4)
740 m3/sec {185 m3/sec x 4)
332 m3/sec

95 m

3,134 x 10° kh

Concrete gravity and

Rock~fill with upstream asphelt

facing
Concrete gravity Rock~fill
130 m 90 m
650 m 880 m
2,940x10° m° 6,900x10° m°
515 m 515 m
1:0.1 1:1.7
1:0.8 1:1.6
10m
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Spillwey

Type
Qapacity

Penstock
Type
Number
Length

Power plant

Type

Installed capecity
Type of turbine
Discharge

Project cost

EARS ‘ (Ilisu)

Geted crest overflow spillway
20,000 m3/sec

Steel penstock
4
150 m

Outdoor
150,000 kY x 4
Francis
180 m3/sec x 4
3,140 x 106 TL.
5,230 TL/LW
1.00 TL/kWh
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COST ESTIMATE OF ILISU TENTATIVE PLAN

No. DESCRIPTION

by o -
' Concrete dem.
2 Rockfill dem
3 IInt;ke
4 Penstock
5 Power house
6 Power station equipmeﬁt
7 Tailrace
Sub total
8 Temporary facilities
3 Access road .
10 Heuling road’

4 t

:11 Roadqrgiocatio;:
12 Railroad relocation
Sub total
Sub total
14 Contingency
Sub total
15 . Land .

Sub total

i

16 Interest during construction

“Grand Totel

TOTAL
103 7L,

791,004
231,718
36,628
20,000
70,250
338,888

5,180

1,493,668 *

24,113
33,000
42,000
15,000
10,000

1,617,781

13 Engineering 9nﬁ qdﬁinisf}&tion 242,667

1,860,448
372,090
2,212,538
300,000
2,532,538

607,809

'3,140, 347
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LOCAT,
103 TL.

308,492
90, 370
14,285

7,800
27,398
74,555

2,020,

524,920

9,404

.12,870
16,800

5,850

3,900

573,794

169,867

743,611

148,722

892;333

300,000

1,192,333

286,160

1,478,493

FOREIGN
103 TL.

482,512
141,348
22,343
12,200
42,852
264,333
3,160
968,748
14,709
20,130
25,200

9,150

REMARKS

6,100 .

1,044,037

72,800

1;116,837

223,368

1,340,205

0

1,340,205

1

321,649

1,661,854

\
't

6 yemnrs; .
interest
‘raté of 8%

p.a.



VI. SEYHAN RIVER BASIN — KAVSAK PROJECT

VI.1 General Condition

The Seyhan river whose origin is the Anti-Taurus range, flows south and
pours into the Mediterranean Sea near the city of Adana. The Qukurova plain
is fertile deltaic plain which is formed by the Seyhan river. This region is
not only one of the biggest industrial areas in Turkey but alsc produces a

large amount of agricultural products.

The Seyhan dam, completed in 1956, is located about 8 Km upstream from
Adana where the river emerges from hills to the Cukurova plain. Existing
Seyhan project was planned to irrigate 154,000 ha of land and to generaie
284 x 106 kWh of electricity annually. The project also protect 85,000 ha
of valuable land from the flood. '

The proposed Kavgak dam site is located about 60 air line EKm upstream
of the Seyhan dam, just downstream of the confluence of two principal tribu-
taries, the Zamanti and the Gtksu rivers. Besides, two dams, Kirizli dam and
Catalan dam, are proposed between the Kavsak site and Seyhan dam. Therefore,
the Kevgak dam is located uppermost and will significantly be a Key-dam in the

development plan of the river basin as a whole,

The Seyhan river has a drainage area of about 20,000 sz in total and
12,989 sz at the Kavsak site. An average run-off at the Kavgak dam site is
estimated to be 125'm3/sec.

VI.2 Previous Study and Development Plan

A field camp was opened by E.I.E. for drilling work in 1963 and closed
in 1968. During the period, a map of 1/1,000 scale was prepared, and the
geological investigations on the dam site were carried out by means of adits

and core drillings as well as geoclegical survey in the reservoir area.

The geological .survey in the reservoir area was performed by Dr., 5.0.

(1)

Eroskay in 1965. The results of geological investigations on the dam site

were compiled in a report (2) in 1969 by E.I.E. geologists.
The comprehensive water resources development plan of the Seyhan river
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basin was studied by IECO at DSI's request in 1966(3). The IECO report in-
cludes,as a result of reconnaissance study, several possible power projects
on tributaries upstream of Xavsak. The Kavsal and Kirizli projects are out-
lined in the report on the basis of the data made available by E.I.E. Feasi-

(4)

bility report. on Qatalan project was also prepared by IECO at the same

time as above mentioned raster plan study.

In 1957, a priority study of power resources in Turkey was performed by
S‘HOCI(5 ir compliance with B.I.E.'s request. Xavsak project was proposed in
this report as 246 m-high rock fill dam (crest elevation 530 m) having 19.50
x 106 m3 of embankment volume with an underground powerstation to generate
annual average'enerék of 1.850 gWh by four units of genefaters"of 110 ¥ cach.

Total construction cost was estimated as 1,896,620 x 103 TL.

In 1970, E.1.E. prepared the final report under the tile of "TECHNICAL
REPORT“(G), vhich includes all of the results of study including hydrology,
geology, construction material, layout and desipgn, and cost estimate. The
layout, dé;;gg and unit price which applied in the E.1.E. report are quite
same as those in SVCCI report, but quantities have been revised by E.I1.E.
Furthermore, E.I.E. studied three alternative desipgn with varied dam crest

elevation of 530 m, 510 m and 490 m for comparison of economy.

Economic comparison as described in report for three alternative :plans is

as shown below;

Crest elevation
530 m 510 m 490 m

Rated capacity MW 440 400 340
Firm capacily ¥y M 190 159 127
Firm energy GWh 1,664.4 1,392.8 1,112.5
Average energy GWh 1,980.0 1,832.4 1,621.7
Total construction cost 106TL 2,%82.3 2,503.4 2,159.4
Capital cost per KW of rated capacity TL/kY 6,777.9 6,258.5 6,351.1
Capital cost per kWh of average emergy TL/kW 1.51 1.37 1.33
Surcharge annual cost 106TL 257.6 216.8 187,72

Annual cost per kWh of rated capacity  TL/KW 585.0 542,0 550,.6
Annual cost per k/h of average energy Krs/kiWh 13,0 11,8 11.5
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VE.3 Available Data

(1) Hydrographic Date
‘ . |
There exists.no»gaging station at Kavgak dam site, bui there are two
gaging station about 4,5 kmn upstream of dam axis on the two tributaries re-’
spectively, namely the Gokdere station on Gélksu river and Ergen Usagr station
on Zamanti-river, There is no significant ravine between-thé dam axis and the
gaging stations. Consequently, the.river discharge which inflows int; the’

reservoir can be obtained by adding the discharge recorded at the two stations,

{ Drainage Discharge during

Altitude

Name of Station ' Areg : m. °  Gaging Period m3/sec.
) km - " Averapge Min. Max.
Gokdere '4,242,8 350 59,807 14,000 1,440,000
Ergen Usagi 8,698,4 347 66,106 29,000 970,000
Total ., 12,941,2 125,913 43,000 2,410,000

The gaging records at both stations are available for the period after
December, 1938. The drainage area at the dam axis is 12,989,0'Km2.

i

(2} Topographicel Maps and Airphotos

Two kinds of 1/1,000 scale maps of the dam site were prepared; one on
the basis of aerial photographs and the other through terrestrial photogram-—
metry. Airphot6s of 1/35,000 scale are available on the dam site and the

reservoir area.
{3) Geological Investigation

51 drill holes,- 6,039 m in total depth and 20 adits 1,601 m in total

length has been carried ocut at the dam site.

{4) Reoferences

.

1.- Geological Investigation of the Seyhan-Kavsak Reservoir Area
Dr. S.0. Eroskay 1965
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2. Final Engineering Geology Report, Seyhan-Kavsak °
Dam Site

E.I.E. 1969

3. Water Resource Developinent, Seyhan Basin Project,
Master Plan

" IECO 1966

4. Report on Technical and Economic Feasibility
Catalan Project
IECO * - . 1966

5. ‘Power' Resources Priority Study '
- SWOCT 1967

6. Seyhan-Kavgak Project, Dem and Hydroelectric
Powerplent, Technical Report

E.I.E. 1970

VI.4 Geéneral Geology

According to Dr. 5.0. Eroskoy's report, Seyhan dam site and its Teservoir
area are covered by following lhree geologic systems of Paleozoic era. 'Thé
Cretaceous limestone exists in the upstream outside of reservoir area of the
Zamgnti'river. Alluvial deposit and tep soil are gemerally thin.

LRSI . -

' Perme~Carhoniferous system:

Cansisting mainly of pgrejy-+rhite, hard recrystallized limestone and few
of'weak -shale, “Pistributing mainly over all of the dam site and along the

Zamanti river up to the end of reservoir.
‘Devonian sy-tem:

Consisting of pgreywacke and sandstone with limestone lense. Cropping
cut near dam sibe crossing the Gékdere river. 1.5 km in -maximum width and
5 km in length. - Another Devoninan outcrops are seen in the upstream of the
reservoir in the Gokdere river,

-
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Silurian system:

Consisting of schist, sandstone, quartzite, graywacke and marble, Dis-
tributing most widely in the reservoir area, from the left bank of downstream

of the Zamanti river to almost all of the Gokdere river.

The project aren is subjected to asymmetric dense folding; major ones
having long continuity and minor ones terminating in short distance. The

axis of maior folds trend nearly N - § or NE - SW.

Many significant faults are drawn on the Dr. E.O. Eroskoy's geologic
mep. Some of them run along the contact between different geologic systems.
Their strike are similar with that of major foldings and dip are nearly
vertical. Numerous faults, having large or small shear zone are found in the

adits at dam site.
VI.5 Reservoir Geology

As described above, the dam site and the greater part of the proposed
reservoir area are occupied with Paleozoic limestone and marble. Although.
the Experts had not enough time for visiting the veservoir ares, according
to Dr. S.0. Eroskoy's report, there are natural bridge, caves, caverns and
karstic springs at the differeni elevation in the Zamanti river bagin, How-—
ever, detail conditions and locations were neither explained in his report
nor indicated in his geologic maps. Any description concerning karstic phenom-~
ena in the Gokdere river basin cennot be found in his report. He concluded
in the Abstrect of his report that "Any leaksge in importance would not occur

through the reservoir avea."

Jedging from inspections et dam site, the karstification of Permo-—Carboni-
ferous limestone has not so highly developed as to form a continuous cave
which would conduct the reservoir water directly to the outside of the re-
servoir. However, as will be mentioned in the article VI.T7, wide curtain

grouting will be nceded deep into both abutments in order to prevent leakage.

According to Dr. E.O. Eroskoy, no big landslide is anticipated in the .
reservoir area. However, on the.left bank around 1 km downstream of dam site,
a wide sliding area has been noticed by him and E.i.E. geologist. The pro-
bable sliding volume was estimated at 50 x 106 m3. Investigation will have
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to be performed to detail since if such big landslide might occur, the Kavsak
pover station would possibly suffer from some damage. Access road should be

located on such a route as may well escape damage if the landslide should hap-

pen.
Vi.6 Topography of Dam Site

No big flat land exists in the project area. The dam site also forms
symmetrical steep V-shaped valley up to EL. 490 m, and above this elevation,
steep slope continues on the right bank, but the slope changes into gentle
gradient in the left .bank. Too steep rises and over-hanging cliff should be

trimmed under the core contact.

The river flows at EL. 286 m in a width about 30 m. The maximum height
and crest length of the dam will be 207 m and 468 m respectively, if the ele-

vation of crest is set at ELl. 490 m.
VI.7 Geology of Dam Site
. {1) Overbirden on the Abutment

The above mentioned steep abutments which consist of limestone are naked
without any top so0il in almost all of the area. On the other hand, the gentle
slope on the left bank which consists of shale is covered with thick slope
wash material in general, The revealed maximum thickness of the slope wash

materiel is 39.10 m at drill hole LS3-25.
(2) River Deposit

On the river sides, there exists no flood plain deposit and running water
washes directly rock wall. Two drill holes which were driven in the river

bed confirmed the depth of the river deposit of 5.07 m and 13.55 m respectively.
(3) Bed Rock

Distribution

Limestone and marly shale which belong to Permo~Carboniferous period are
distributed in the dam site and its vicinity. Limestone is much predominant
than shale, namely, limestone covers almost all of the right bank, whole
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section of river botftom and the lower portion of the léft bank up to around
490 m in elevation. The maximum depth of shale on the left bank was ascertain-
ed to be 170 m from the ground surface. Shale’ and limestone are alternated.
However, they are not distinctly separated but show gradual transition from

shale to limestone, or vice versa, except at several portions where both rocks

LR

are separated dve to foults.

Lithologic Character of Limestore

Limestone is classified inio two itypes. One is grey colored hard crystal-
line limestone and the other is black tolored carbonaceous limestone. The *°
black colored limestone exists under the river bed predominantly. The thick-
ness of the carbonaceous horizon interbedded in the black limestone varies
between 1 m and 70 cm. The thiclkness of the grey limestone beds varies from
5 to 80 em., Both kinds of limestone are subjected to minor foldings and heavy

fracturings.

Watertipghtness of Lircestone

Many cracks, joints and faults are encountered in ‘the adits and ‘the drill
holes. But mos% of them are closed or recemented. In the adits RA-1 on the
right bank, three wide fault zones having an opening or filled red clay run pnn
parallel with the river and dip nearly vertically. Their widths are suddenly
change in short distance. ' It is considered that these zones have been en-
larged due to kars*ificaticn along the faults. The grey colored limestone
includes few of karstic phenomena in drill hole on the left bank. However, '
according to the result of the insmection inm all of the adits and drilled
cores, 20 adits for 1601.65 m in Sotal 1dngth and 51 drill holes for a total
length of 6,039.22 m, Fassiificabtion has not progressed so much as a whole.
The result of the water pressure tect performed in the drill holes a2t 2 or 3 m

4

intervals shows 78% ara- less izan § Lugeon and 6% are more than 25 Lugeon emong
the total tests of 1,065. The big water loss were occurred through the upper
20 m from rock surface. lack limestone under the river level is entirely

" watertight. The caves and cavities observed in the valley wall have no big

depths. No karstie springs were found 1in the vicinity of the dam site.

Continuity of the above mentioned larstified fault zones has not been
confirmed yet. But they shouid be plugged by concrete from the surface of
the foundation to & certain depth below river level., The leakage water through
somewhat karsiic limestone may be decreased to allowable amount by rather ex-
tended curtain grouting.
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Shearing Strength of Limestone

The strike of bedding across the river and the dip are about 35% - 5Q0
towards the downstream in general. Many faults separate limestone into indi-

vidual blocks. Such conditions are unfavorable for the foundation rock of &

high arch dam.

According to E.I.E. report, the downstream dipping carbonoceous layers
do not seem to have sufficient shearing strenth and the report suggests the
necessity of consolidation grouting into faulted abutments in order to make
them behave as menolithic siructure. However, in the case of proposed rock
£ill dem, it is considered that limestone has enough shearing strength and
that it will be ununecessary to provide such measures as mentioned in E.I.E.

report.

Underpground Structure in Limestone

The diversion tunnels, pover tunnels and underground powersiation are
proposed to be constructed in the limestone layer. No great difficulty is
anticipated in %Lhe excavation of these underground structures. Of course,
big faults as found in Adit RSA-1 must be avoided by careful investigation
before final alyout is prepared. It is recommendable thet cost estimation of

concrete lining for these structures should be made at this stage of study.

Litholoric Claracter of Shale

Shale is yellow-green in colsr and soft in general. It can be scratched
by nail even in fresh pert. It is medium bedded and heavily folded and shear-
ed. Vide shear -—ones encountered in the adits are altered into clayey material.
Shale is marly ard lhas slacking character due to contact with air or water.

The results of the triaxial compression tests performed on sixteen samples

taken from the drilied core and the sdit show such low compressive strength
as 95.5 kg/cm2 in minimum, 859 kg/cm2 in moximum and 371 kg/cm2 in average.
The results of water pressure tests performed in shale show its high water-

tightness, namely, all +t2st results were less than 5 Lugeon,

Bearing Capacity of Shale

As eesily understandable from the character of the shale which is describ-
ed =bove, the shale has no sufficient bearing strength for foundation of comcrete
dam; Even in the case of fill-type dam, high dam is unfavorable. The sheared

zone should be treated carefully at the foundation of proposed rock fill dam.
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The spill way which is to be located on the shale should be paved by con-—

crete.
V.8 Construction Materials

(1) Rock fill and Filter Materials and Concrete Aggregate

Not only rock fill material but filter materials and concrete aggregate
should be querried and produced artificially since natural material and aggre-
gate are not available in sufficient quantity due to shallow and narrow river
deposits. The Permo-Carboniferous limestone widely distributed in the-vicin-

ity of the dam site nanr be used for this purpose.

(2) Impervious Material
Three borrow areas had been investigated by means of test pit and labo-

ratory test.

The results are as follows.

Kobasakal area; -20 km away from the dam site.

No promising results were obtained by the two test pits. .

Taluvuruk area; 6 — 7 km downstream of the dam site and the access roed

will cross the lardslide area. . o
Nine test.pits were digged and approximately 200,000 m3 of material is
estimated to be obtained. - .

Koselelik aree; G — 7 Im away from the dam site.

Twenty test pits were digged and 116,000 m3 material estimated available

for the core material.

- Required volume is estimated +to be 1.17 x 106 m3 and above mentioned pro-
posed area can supply only several percent of required quantity. South of
Kabasakal village, 25 — 30 km away from the dam site is considered only one

possible borrow area to obtain sufficient quentity.
Vi.9 Technical Study
As deseribed above, Kavsak dam is proposed as a key dam for the develop-

ment of the Seyhan river. The valley is narrow and steeply Vosghaped. Rock
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around the dam site has sufficient bearing powar for construction of & high
dam over 200 m and no serious problems are particularly involved excepting
that treatment of shale zone on the left bank is necessary. No big difficulty

is also anticipated in the excavation of underground power house,

The Zamanti river originates in Anatolian Plateau and passes through the
land where precipitation is rather few. Therefore, the amount of discharge of
river at Kevsalk site seems rather small comparing with its catchment area.
However, the discharge is sufficient to produce & big amount of energy by
developing high head. And the location of this project is not far from the
route of trunk transmission line and from major load center of this country.

~. However, the most important and fatal problem which is involved in the
project is that karstic limestone is distribuled at the project site. Re-
sults of water pressure test made on the rock shows that the rock is of high
watertightness excepting o few parts, but it is probable that widely opened
faults and cavities exists in the karstic limestone, though their width,
number and continuity are not identified yet. An adit actually encountered a
big fault., Then leakage of reservoir water may probebly happen through such
geological defects vhen dam is completed and water pressure becomes higher -in
accordance as impounding inerenses. Judging Prom the conditions of excavated
adits and drilling-cores, treaiment against the possible leakage is possible
by the grouting and dental works with concrete. Therefore it is necessary
to make further invesitigation to detect such defects to detail, and to decide

range and extent 4o vhich grouting and dental treatment ere required.

For a trial or eccnoriz eveluvatior, an alternative plan (EL. 490 m) pro-
posed in the E.I.E.'s techriccl report (1978) was tentatively resorted to.
Some revision or modification was mrde on few factors inecluding addition of
grout curtein in a total length of 2,800 m at abutments. Unit prices were

also revised for the esvimation of construction cost.

Several features of the pian are as summarized in the following pages,

and the result of economic analysis are, as below;

Annual Benefit 173.5 x 106 TL.
Annual Cost 184.3 x 106 TL.
Surplus Benefit - 10.8 x 106 TL.
Benefit/Cost 0.94
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The result of econom1c ana1y51s 3hows that this tentative plan is not

sound from econom1c p01nt of v1ew.
Y

Estimated cost of this tenté%ive plan includes the cost of grbut curtain
over long distances on both abutments, i.e. about 2,100 m on right bank and
900 m on left bank, to prevent the leakage of water which might occur through
karstic limestone. However, as mentioned before, applied quantlty of grout-
curtain is only rough estimate, or assumption which is tentatively considered
for & trial evaluation in the present study and may actually be subjected to '

substantial modification by future study.

Setting this variable factor aside, the economy of the plan could proba-
bly be improved only if some medifications are applied to it. The modifica-
tions will include lowering of dam height, and increase of peaking capacitf;'

etc.; which may be effectuated without much difficulty.

In view of the facts that the project is favorably located and that it
will have a significant downstream benefit which was not quantitatively
counted Tor in the present study, the project involves significant merlts.
Therefore, the project should not be undervalued only for a reaon that the

tentative study has resulted in a negative figure with respect to its economy.

Therefore, it is strongly recommended that studies be further made to
1mprove the economy of the project and to find e best alternative. Studies
and 1nvest1gut10ns are also required to definitively detect geological defects

requiring treatment, as well as to find a cost-wisely best method of treatment.
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SUMMARY OF KAVSAK TENTATIVE PLAN

Hydrology

Cotchment aree

Annual run-off at Gokdere gaging
stetion

at Usag: gaging stetion

Design flood

Reservoir

Weter surface area

Total Storage Capacity
Bffective Storage Capacity
High Water level

Low Water level

Available drawdown

Installed Capacity
Max. Output

Max, Discherge
Firm Discharge
Bffective head

Annual energy production

Dam

Type

Max. height

Crest length

Volume of Embankment
Crest elevation
Upstrecam slope
Dovnstream slope

Crest width

12,950 km2 et Kavsak site
4,242 km2

kme et Usagi gaging station

1,440 mj/seb

maximum
average 59.80 m3/sec
minimum 14.00 m3/sec
maximum 970,00 m3/sec
average 66,11 m3/sec
minimum 29,00 m°/sec
7,000 m3/sec

28,9 km®

1,825 x 10 m>
697 x 106 m3
485.0 m
457.8 m

27.2 m

340,000 kW (85.000 kW x 4)
232 m3/sec

176.2 m
1,622 x 10° kvh

Rock fill with Central core
207.0 m

468.0 m

10,701,300 m°

490,0 m

1 : 2,0

1 : 1.75

12 m
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6.

Spillwoy
Type
Capacity
Diversion'- '~
Design capocity
Number and Type

Length

Penstock
Type
Number

Length

Power plant

Type

Instzlled capacity
Type of Turbine
Discharge

Project cost

gated chute spillway

7,000 m>/sec

2,100 ms/sec\

1 concrete lined horseshoe-shaped

tunnel
79,0 m

Concrete lined
4
145 m x 4

Underground °
85 MW x 4 = 340 MW
Vertical Francis

233 m3/sec

2,127 x 10° TL.
6,256 TL/kW
1.31 TL/kWh
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5

DESCRIPTION
Main daa Wit
Sp}l}way
Divergion .
Antake Structure
Intake Tunnel -
Vertical pressure shaft
Valve Chﬂmbeg
Draft tube tunnel
Tail;ape
Reinforcing Steel
Power Station
Busbar and Ventilation shaft
Access end Construction tunnel
Power Station Equipment
; iSub to?al . o
Conétruction Rords and Briége
C&nst. Pover and Temp. Faciliéies
Access Hoad
Road relocation
Operation Village
Sub totel
Révised Sub total
Engineering and Administration
Sub total ‘ .
Contingency
Sub total
Land
Sub total

Inpgrest

Grand Total

-~ - e

TOTAL
103 TL,

453,811 ,

100,525
45,586
11,293
14,997
15,981
34,103
12,103

1

30,000
44,920
2,901
26,019
229,500
1,021,740
27,000
22,500
35,000
10,000
6,000

1,122,240

1,200,427
180,064

1,380,491

276,098
1,656,589

5,059

1,661,648
465,262

2,126,970
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COST ESTIMATION OF EAVBAK TENTATIVE PLAN

LOCAL

103 TL.

93,625

11,043

3,663

36,720
791,370

FOREIGN

103 1L, REMARKS

6,900

250

L

30,440

192,780
230, 370

Local currency
X1.1

7 years B%



VII. DALAMAN RIVER BASIN — SANDALCIK PROJECT

VII.1 General Condition

L

The Dalaman river flows into the Mediteranean Sea through the Dalaman
plain which is located around midway between izmir and Antalya. The total
catchment area is approximately 5,200 km2 and the length of the main river is
about 190 km. The average discharge‘of the Dalaman river at uppermost dam
site (Sandaleik) and downmost site (Asmacik) is 29.80 m3/sec. and 50.10 m3/sec.

respectively.

The hydroelectric potential of this river, which is situated in the
area near & big energy consumption region has not been developed yet. The
development of this river for hydropower could also contribute te irrigation

for 14,000 he of land and prevention of flood in the Dalaman plain.

VII.2 Previous Study and Development Plan

The study for the development of hydropower on the Dalaﬁén river was
started by the E.I.E. in 1955. In 1966, EFDC prepared a comprehensive report(l)
for the agricultural and hydroelectrical developmen£ of this river. The study
was undertaken on the basis of a govgrnment to governmeﬁt cooperation between

the Turkish ond Jepanese governments.

E.I.E. has carried out laborious geological investigations(z) of the dam
site and its reservoir area of Sandalcik which is the main dam recommended by
EfDC for the first stage program. The revisions of the location and type of
dam were tried according to the results of the investignfions. However, no
detailed studies were undertaken aftervards with respect to the design of
Sandalcik dam as well as developmenthplan of the Dalaman river besin because
the possibility of leakage from thelreservoir through karstic limestone has

been revealed on this key project.

Summary of the four projects whichme suggested in EPDC report are, from

upstream to downstream, as follows;
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Effective storage
Capacity (X 106m3)

Normal high water
level (m)

Tailrace water
level (m)

Maximum discharge
{m3/sec)

Maximum output
(M)

Annual energy

praduction (X 10°

VII.3 Available Data

Sandalcik Giirleyik Goktag Asmacik Total

kWh)

(1) Hydrographic Data

665

705

270
44.3

150

786.6

115 120 2.2 902.2
270 145 71
145 71 30

107.0 129.5 36.5

100 66 11 327

348.9 230.3 87.5 1.435.6

Run-off at various geging stations are shown below:

Name of Drainage

Altitude

Discharge during

- T . 3 - -
Stotion  Ares Km? o, AGaglng Perl?d m3/sec. Gaging Period

verage Min. Max.
Alea 3,250.0 695 17.2 1.74 213.4 1940 -~ 1955
Sugatl 3,411.6 594 20.1 1.18 305.0 1960 -
Akkopri  4,510.0 118 57.7 11.10  870.0 1963 -
Fevziye 5,173.2 25 53.6 1.0 522.5 1940 —~ 1945

1952 - 1958

Ortaca 1969 -
Kopriisii

(2} Topographic Maps and Airphotos

1/1,000 scale map and 1/5,000 scale map are available for the dam site

and reservoir aree, respectively.

ject site and reservoir area.

Airphotes of 1/35,000 scale cover the pro-
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(3) Geological-Investigation

Sandalcik : " 48 drill holes of which depths vary between 60 and 330 m.
were drilled at the dam site and reservoir area. Total
depth of drill holes is 5,806.m.
6 exploratory adits, 1,985 m. in total length, were ex—
cavated on the A.B. and C. axes.

Asmacik : 3 drill holes, 169.30 m.

Goktas : 4 drill holes, 610.99 m.

{4) Reference

l. The Water Resources Development of The Lower Dalaman River in The
Republic of Turkey, .
B Basin Development Plan and Feesibility Study of the Sendalcik Pro-
ject,
Overseas Technical Cooperation Agency, Government of Japan.

(Studies were carried out by EPDC.)

2. Dalaman - Sandalcik,
Dam Site and Reservoir Geology —— . -
Ziye Brol (E.I.E. geologist) 1970

1

3. _Delaman - Sandelcak Project . . . .._ ... .
Dam and Hydroelectric Powerplant Technical Report
Sadan Arican (E.1.E. engineer) 1970

VII.4 General Geology

Geologic systems distributed in this project area are Permo-Carboniferous,

Jurassic-Cretaceous, upper Cretaccous-Paleocene, and Tertiary series of which

descripﬁigﬁ are gi&én below.
Permo-Carboniferous; Dark coloured limestone found in GBkecay gorge up-
stream of Karacan bridge is moderately thickly bedded (10 - 30 cm) and it

containes chert bands.

Jurassic-Cretacecus; Grey coloured limestone distributed in Sugati
gorge and in many surrounding places. It is erystallized and thickly bedded,
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extremely jointed, faulted and folded. Intensive karstification is developed
along tectonic disturbance. The results of many core borings show this grey

limestone underlies peridotite-serpentine complex and most of limestone out-

crops are interconnected each other.

Upper Cretaceous-Paleocene; This series consists of flysch member and
peridotite-serpentine member. Flysh member consists of interbedded marl, sand-
stone and limestone layers. Relatively large limestone blocks are found in

several area. The marl is black and dark brown and flacky, laminated and

microfolded in general,

It is assumed that flysch is depositea on the uneven surface of the
grey limestone transgressively and unconformably. Flysch facies is over-
lain by peridotite-serpentine generally and flysch is altered into clayey
material on thglconﬁnct zone with peridotite. Following the intrusion, the

peridotite covered the flysch due to thrusting forces.

., Jeridotite-serpentine is dark green and black. It is heavily jointed

-

and deep%y altered inte talc, asbestos and sepiolitic clay. It lacks durability.
Tg;ﬁiary series; This formation consists of marly limestone, conglomerates,
limestone, marl and diatoms. These all rocks are weakly cemented and friable

in general. Tertiary series presenis gentle undulating folding.

Asymmetrical foldings trending NE - SW direction and longitudinal faults
parallel o the fold axis are predominant in the Permo-Carbonifercus and
Jurassic-Cretaceous formations. These faults are normal fault and dip nearly
vertical in genecrsal.

VII.5 Reservoir Geology

The Jurassic-Cretaceous grey limestone which is distributed at the dam
site and downstream reach is widely overlaid by serpentine, flysch and
Tertiary formation which are generally distributed in reservoir area. It
was revealed by many driil holes that serpentine does not form a batholith

underneath the grey limestone.

These overlying formetions have own perched water table but some of them
are karstic or fractured. Only the grey limestone controls hydrologic pattern
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of the area. : . C '

-+, 8oluted cavities are encountered in drilled cores., The karstification
along the joints are found om the river side and inside of the adits in the
dam site. Several sink holes and ponor were found in the outside of the

reservoir arca.

Big karstic springs are found 4.5 km downstreem of the dam site at
Koprugzi district. The total discharge of these springs (EL. 380 m) are
around 8 - 10 m3/sec. The absolute minimum ground water table was recoérded
as BEL. 397 m. at drill hole No. 208. It means that the ground water table
is 175 m. below ‘the river level and the river is effluent.

It is assumed that above mentioned deep underground water course
found at the dam site comes from the grey limestone outecrops which extend

over a large area far above the proposed reservoir levels.

Finally, problem of leakasge in the reservoir may be concluded ‘as follow;
As impounding progresses in the reservoir, pressured water may possibly
percolate the small outcrop of flysch limestone and even thin portion of
Tertiary formation, and finally communicates ‘with main ground water flow in

the grey limestone and spring out from the Koprugzi springs.
VII.6 Geological Problems of Dam Site

Sugati gorge has an advantageous valley shape for construction of a thin
arch dam. A, B and C sites were investigated here. However, since geological
conditions of the sites, as revealed in its investigation, -are featured by
karstic channel, wide shesr zones, mosaic faulting and heavy jointing, none
of the sites could offer good foundation for a dam. Therefore another site
was selected at the entrance of Sucati gorge (D site) to undergo investigation
to locate. s filltype dam. The results of seversl core brings performed at
D site showed that the site consists of Tertiary formation which is not only
originally poorly cemented, but also deeply decomposed. Therefore, it is
considered that the' geological condition of D site is also unfavorable for fill-
type dam of proposed height.
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VII.7 Technical Study

As deseribed above, Sandalsik project was proposed as a key project for
the development of the Dalaman river basin. However, geological investiga-
tions, which have so far been made in the dam site and reservoir area suggest
possibility of leakage from reservoir after construction of dam is completed
and river discharge is held in the reservoir, The limestone which is the
mejor factor to cause leakage is considered to be distributed widely under-

neath the reservoir area, aend it seems technically and economically unfeasible

to prevent the leakage.

Accordingly, in order to develope the potential of the river at upper
stream stretch, some alternative plans, which include construction of a lower
dam at a site 10 km upstream of the proposed Sandalcik dam on Dalamen river
as well as construction of a power statien on the Husniye river and others,
vere taken up and studied. However, lhe results of studies showed thet
those alternatives are also all unfeasible because of less amount of river
discharge and of difficulty to develope sufficiently large head, while their

construction costs were estimnted to be a considerable amount.

Then, it is concluded that it is not wise to proceed with further studies
of the project at the proposed site. It seems preferable to continue prelim-
inary studies and investigntions to develope potential of the river at the
middle or downstream reaches of the river, because river discharge is relative-

}y large at these parts of the river.
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