7.3 Site Geology
7.3.1 Bayram Project
(1)  Resernvoir

(a) | TopograpyI |

The Beﬁa river on which the Bayram reservoir is pfanne_d, is the northernmesl 6f the mejOr '

“tributaries which join the Coruh river from the right bank inside Turkish territory. 'T_ﬁe total

length is approximately 72 km,'-end:Bayram dam is planned at approximagely 32 km

upstream from the confluence of the Goruh river and the Ber_té river. -

' The length of the Bayram reservoir will be approximately 5.5 km along the'ma'in_streain: Berta
river (along {he Savsat river) ang approximately 5 km along the tributary Meydancik river

which ﬂows in lhe Berla river on lhe nght bank approxcmalely 2.3 km upstream from the’

~dam snte

‘The mamstream ($aveat nver) in the reservoir area flows from the end of the backwater to

the conﬂuence wnh the Meydanmk river in roughly the noﬂhwest dlrechon and downstfeam

" from there o the dam site, flows in the west-southwesl darecuon. The Meydanc:k river flows

- southwest as a whole, bfut_ inside the reservoir it indicates a fiow of neﬂh to south.

" The width at the high water level of EL, 740 m is appfoximately 380m on the dam axis,

around 400 m in the vicinity of the upstream conﬂuence point, and around 300 m further up

the mainstream, while along the tributary Meydancik river, it is from 150 to 400 m.

The mountam surroundmg the reservoir area, have many h:gh peaks from around EL 2,600

m to 3415m those which have been ‘named including Mt. Egnpmar {3, 054 m} and
"Mt Ziyaret (3 200 m). Olher than these hlgh peaks there are many rugged mounlalns of

EL. 1 000 to 2,000 in ‘the catchment area, topographical features of this reservoar area
being that there are few flat parts on the river bed, and that the right and left banks of

streams connect directly to steep stope. . -~



In the reservoir area, landslide and large-scale colluvial footslope, and thin ridges adjacent
10 other river basins are not recognizable.

{b) - Geology

in the surroundings of 'the Bayram reservoir area, as shown in Figure 7-2, there are the
Berla Formation in Cretaceous time of the Mesozoic _ahd mainly Quaternary deposits of
terrace deposit, talus deposit, and alluvial deposit. The Yusufeli Formation and the lkizdere
granitic rocks are not distriblited dire’cllyir on the foundation of this reservolr area, being
mainly found in the Baglik project area.

The Berla Formalion mainly coniprises' various volcanic rocks '(basall, altered basall,
© rhyolite, tuff, tuff brec_cia,' volcanic bréccia) and various sedimentary rocks (mudslohe_,
sandstone, éong!dmerale,’marl; Iim:estohe). Volcanic rocks are distribuled at the reservoir
found_auon. with sedimentary rocks 'nlainjy:dislribljted at high elevation of 1,000 m and over.
Therefore, limestone which would have a relationship with waténigh{ness of the reservoir is
distributed far above the high water level of 740 m, in addiion to which the thickness of a

' single fayer is thin and it is judged that t'her:e will be no case of leakage from the reservoir
. due to karstic solution of limestone. With re'gard to the volcanic rocks in the re:servo'ir'area :

there is no. fear of Ieakage from the fact that ‘thlS formatuon is an old one belonging to tne._ |

Mesozoic and that the above- ment:oned rocks are very lhlck in actual:ty in the results of

the geological survey at lhe Bayram dam site also, ground-water 1evels are low on both

abutmen!s while data suggestung the exsslmg of underground open fracture Ieadmg to -

leakage of the reservoir cannot be seen in the resuits of permeablllty test:

Quaternary deposits, excepling the alluvial deposit all are refated to stability of slopesinthe

1ESEvoir area. Pamcularly, 1! is necessary for attention lo be paid to stope slablhly at places
where laluses are dlstnbuted thmkly and wndely As a result of lnveshgahons it was found
- that aimost all of the talus landforms were located below the reservo:r hsgh water leved of EL;
:740 m, but a part of the talus deposats dlstnbuted al the nght bank |mmedlately upslream of
the dam site conlinues upward hlgher than EL._'MO m: 'when the Iower parts of these
taluses are-submer‘gé'd due to impoundment of water in the reservoir, there will be a
possibility that paﬁs higher than the impounded water tevel will become unstable. Hereafter,
.it Is necessary for lopogra'phica1 and gedlogical sufveys to be made of i) the relation
between high water level surface and range of talus distribution, ii) thickness, width, etc. of
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taluses above the high waler level swiface, and iii) inclination angle of talus slope with
regard to taluses in this vicinily. {see "Stability of slope” in the next item)

The thickness of the alluvial deposit is approximately 33 m at the dam site.

- (c) Engineering Geologicat Assessments

@  Walertightness

The Berta Formation which comprises’ the reservoir foundation  shows' 'distribelion‘ of
sedimentary rocks wilh thin intercalations of limestone at the upper part, but the limestone is

al far higher than the high water level and is not directly related o the reservoir . The

' treservoir foundation of the Berta Formation are composed of the various volcanic rocks

' c_iesbribed above. The various 'Iayere are generally thick, and dense. - Water flows can be

seen in fullness in the surroundings of the dam site and the resemnvoir area‘ suggesiihg' that
there is suffi cient ground water in the mounlams Further, there are no low col aﬂd thin

ndge with wh:ch there would be concern topograph!cally of Ieakage from the reservow

Judgmg by these topographlcal and geologlcal condmons itis thought water- t|ghtness of the

‘ reservonr is amply assured

oG Stability of Slope

Part: of the talus ';deposit on the righl bank immediately up'streani of the dam site is

distributed to higher than the high water level of the reservoir.  However, in outward

appearances, the scale of the deposit is small, and even if collapsing should occur at a part

it would not be enything that would cause damage to this reservoir or dam. In any event,

" there is no specia! necessity for a geolcigica'l'investigat'ion to be made at the feasibility study
- slage. Itis at the defmate desxgn stage to fo!low atthe stage of studying the fayout for roads

in the vicinity of the dam and various facilities such as intake, when upon investigating the

‘ 'retahve locations  of | the  taluses’ deposﬂ and various facilities, detaﬂed geo]og;ca[

investigations such as described should be implemented if necessary.



Cther surface deposits are almost all lower than the high reservoir surface {(EL. 740 m), or
- slopes are gently inclined and stable, and it is considered stability of slopes around the
reservoir will not be impaired.

(2) 'D_a_\m

(a)  Topography

~ The proposed' Béyram d'am site is located approximately 32 km upstream:of the confluenée: _
between the Coruh river and the Berta river, and the river-bed elevation on the dam axis is
- ‘a'pproxirnatew 635 m. The dam site proposed by the JICA Survey Team coincides with the

site studied by EIE at the master plan stage.

The Berta river in this \}icinily flows form northeast to southwest while meandering slightly.

The slope on the left bank at the dam site is mcnned approxnmately 40 degrees from the
nver bed up to around EL 720 m whvle above EL A20m, an mclmat;on of 25 degrees is

presented.

As for the slope on the right bank,, it is inclined approximately 50 degrees in the vicinity of
~ the river bed, and 30 degreés above EL. 660 m. These slopes have almost no lopseil and

- basement rock is exposed.

The width of the alluvial deposit on the axis of the dam is approximately 80 i, and the valley
width at the high water level of EL. 740 m is approximately 380 m. '

{b) = Geology

‘At the dam snte as shown in Flgs ? 3and 7- 4, volcamc rocks such as basall altered basall

volcanic breccqa and tuff of the Berla Formauon and overlying terrace deposﬂ talus deposit |

: _aHuwa! fan deposnl and afluvial deposit are dlslnbuted
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(i) Foundation Rock
- Rock Type and Lithology

The foundation rock of the dam sile consists of basalt, altered basall, volcanic breccia, and
tff.” Basalt, altered basalt, and volcanic breccia are widely exposed on both banks, and are

_massive hard rocks presenting colors froni greenish gray to dark gray, and it was confirmed

under a microscope that primary minerals have mostly beconie replacement minerals due to

replacement aclion in hydrothermaI alteratlon . The tuff is a rock of banded’ structure - '

‘ jpresentmg a greemsh gray color, . and soladnﬂcahon due' to' replacement action in

hydrotherma1 alteration can be seen at downslream part on the right bank. Thls,tuff_!ayer
has strike and dip of N70°E15° to 35°NW. ' '

: F urther as intrusive rocks, many dikes of basalt can be seen. Smal! scale dlkes not more

than 100 cm in width are numerous and conlracts belween the d|kes and other rocks are in

'complete!y tight contact with other rocks.

- The RQD values of these rooks are generally from 80% to 1 OO_%.

- F_ablts and Joints

--Large scale faults accompamed by wide sheared zones do not exist m the surroundings of

the dam site. Faults have not been conﬁrmed up to now at the dam site either.

Joints and cracks are seen irregularly overall, and are somewhat well-developed.
. _We'athering
' 1There is hardiy any toposoil al lhIS sﬂe and outcropped rocks are dnscolored fo a brown _

" color at many p}aces Weathenng and dlscolorahon along dlscontmunty pianes of jomts and

craoks are seen lo reach into deplhs exceed:ng 50 m on both banks



()  Surface Deposil
- Terrace_Deposil

-Tercace deposil is distributed in the vicinity of Bayram Village upstream on the right-bank
side, and consist of cobbles of diameter 10 to 20 cm, sand, and silt.

- Alluvial Deposit.

Alluvial deposit , according to the results of drilling at Drilihole SK-9 in the river bed, has a
' lh:ckness of approximately 33 m. This deposit is mainly composed of cobbles from 8 to
30 ¢min diameter and compnses sand -bearing gravel layers,

- Talus deposit

Talus deposit is distributed dnly in Small sbéle_ at the foots @f mountaing on both banks and
the vicinity of Bayram Village upstream on the right bank, the thickness generally being not
~'more than 15 m. ‘ L ' :

(iii') " Ground-water

Final water levels in dnllholes carried out by EiE at the dam site are as’ shown in Flgure 7—4
Ground- water Ievels are deep down on poth banks, being at a depth of 94, 9 m at Drillhole ;' |
SK-7 on the right bank and 65.6 m at Orifthole SK-12 on the left bank Although the
ground-water levels are deep down on both banks, they rise up conformmg to the
topographies on both banks.

A{iv) Perméability
Al the dam site, permeability tests {Lugeon lesls) utilizing drillholes were carried out at the
master plan stage ‘at a totat of 13 drillholes, 579 stages, in 1,161 'm._ These tests were

carried out at 2-m intervals on foundation rock excluding surface deposits.

The resulls of the-’on tests are described betow.



- Right Bank of Dam

Parts indicating high permeability of Lugeon values (hereinafter "Lu") 25 or over, were found
not only near surface, but also at many places at depths of 50 to 100 m. In Drillhole SK-7,
at a section from 80 m to 110 m in deptn, a high permeabiiily greater than Lu = 30 was
indicated. ' o

- River Bed

Basement rock under the river bed i.ndioa'ted Lu=0to 10 for. low p_er'mea.bi_'!ity throughout.

- Left Bank of Dam

The 'par'ts of high permeabi!i_t‘yfw_ith Lu = 25 or over are the vicinity of the ground surface to
depth of 15 m and partially in a deeper zone of 15mto 80m. . .

{¢) Engineering Geologicél Assessments

: Judging by the geological conditio_ns at the ground surface and the results’ of drilling

including permeability tests, the following engineering geological assessnents may be mado

~ of the dam site:

_ '(i) - Vo!camc rocks such as basau vo!canrc breccia, and tuff distributed at lhe dam site,

' aithough showing development of joints and cracks to some extent comprise rock
bodres which are massive and hard, while parts of strong wealherrng are limited to
several meters of the surface layer so that it is judged there is ‘ample bearing
strenglh as the foundation for the rockfsl[ dam 145 min helght presently p!anned

: For examp1e ‘uniaxial compresswe strenglh of the bed rocks at the Bayram dam site
is roughly 700 kgflcm to f, 000 kgflcm (Accordrng to the EIFs Iaboralory test -
resulis). '

(i) As pianeé of discontinuity in the foundation rock there are joints, cracks, and

intrusion planes, while faults have not been confirmed to exist. Although intrusion



(iii)

(v}

3

(a)

planes are lightly conlacled, weathering and discoloration along joint and crack -

planés to depths of more than 50 m may be seen at the abulments on both banks,

According to the results of Lugeon tests, many parts of high permeability of tu = 25

" or over are seen at both banks to depths of around 110 m from the ground surface,

while deeper down, low permeab_il'ily is indicated as a whole. On the other hand, the
basement rock under lhe__river bed indicales Lu = 0 lo 10, and permeability is low on

the whole. iln these _tests" 60% were Lu = 5 or lower. Moreover, the ground-water

table is found at about 70 m to 80 m depth below the ground surface of the dam
crest {(EL. 745 m) and it is ascending in paraliel Wlth the ground surface along the
- dam axis (see Frgure 7- 4)

~ The bedrock at this site is composed of hard volcanic rocks with no water
. permeating between mineral particles of rocks, so that the permeability of the

bedrock is governed by the previously-menlioned discontinuity planes such as joints. - '

Accordingly, it is thoughi adequate waterstop treatment can be done for zone of hrgh :

permeabrltty by appircalron of generally- -used cement groutrng

Pait of the foundation for rock zones of the dam will consist of alluvium of maximum

*thickness 33 m. This alluvium is made up mostly of gravel and sand and is thought

to be more ¢r less compacled.
Powerhouse

Topography

For the poWérho_Lrse, the plan is for an underground poﬁé_rhouSe’ to be provided on the rrgh_t_

bank of the Bayram dam. This underground powerhouse 'site is located in a ridge extending

in the southeaSl d;rectron from lhe norlhwest the overburden from ground surface to »

- powerhouse berng from 250 to 300 m.

.
CPR:
3



- {b} Geology

As shown in Figure 7-5, volcanic rocks of the Berta Formation such as basalt, altered basalt,
volcanic breccia, and tuff are distributed in the surroundings of the powerhouse site,

similarly to the dam site.

“These rocks, as described previously in the clause at the dam site, have been subjected on

the whole to the effects of hydrothermal a1terahon but rock quahty is hardly detenorated

* - and the rocks are hard. According to the resuits of dnthng at Drillhole SK-7AD made in the
‘neighborhood of the powerhouse site, qude good cores  have been recovered with
- indicating high RQD values of 80 to 100%. The final water level in this dnlEho!e is at EL.

© 850 m, which is fairly low, while Lugeon values indicale impermeability of Lu = 1 and under.

Prominent faults have not been confarmed in the surroundmgs of the powerhouse site in the

surveys made up. to this ume - Prominent jolnls possessmg d1rechonahly have not been

" found either.

{c) -Engineering Geological Asse'ssm_ents

Judged by the' geologicai conditions on the ground surface and the resulls from Drilthole

SK- ?AD in the ne:ghborhood of the powerhouse snte the following englneenng geological '

: assessmenls may be made:

-{d) Prominent faulls are not recognizable in the surroundings of the poWerhouse site.

(i) - According to the results of drilling carried out up to this time, volcanic rocks of the
.. .Berta Formalion such as baealt -altered basall, volcanic breccia, and luff are
dlslnbuted in the powerhouse 31te surroundmgs !he same as at the dam s‘te These

‘ rrooks are all dense and hard, and RQDi is of high values of 80 to 100% The uniaxial

iy compressnon tests were not executed, however judging form the recovered core
conditions of SK—?AD and as compared with the recovered cases ‘at the dam site the .
compressive strength seems 10 be arotind 1 000 kgf!cm or more. :



Conszdered from such conditions of the bedrock, it may be judged that there will be
' no geological problem to make excavation of an underground cavern for the
powerhouse difficult.

‘(i)  According to the resuits of Lugeon tests at Dritthole SK-7AD, impervious parts of

- Lugeon values 1 and under make up most of test sections for the underground
powerhouse, and an extremety‘iow permeability is indicated. Therefore, it is

_ eslimaled that quantity of ground-water (spring water) coming into the underground - |

cavern from l_he bedrock around the powerhouse site will be smali.

{iv) : In the vicinity of the underground powerhouse site, the only drillhole which hés' been -
made is the one hole of the previously—memion'ed SK-7AD. Consequently, it will be
necessary for investigations of drilling to be carried out to reveal the exact bedrock

= conditions,’ permeablhty. and hydrogeological conditions at the powerhouse !ocauon

B before commencing detailed designing heréafter.”
{4) - Tailrace Tunnel
{a)  Topography .

Thé tailrace is to be a tunnel of total lengih app:roximately 8 OOOIm to be provi'ded ruh'n'ir\g
more or less para!lel to the Berta nver on the bank of the dam from the underground -
:powerhouse extending northeast lo southwesl cross:ng under the Berla nver along the way
from the right bank to the left bank. '

Since the tailrace tunnel will péss (at around EL. 530 m under slopes of mountains from
£L. 700 to 1,000 m, the overburdem of original ground will be comparaiwely thick, from 200
to 500 m. Where lhe Berta river is to be crossed under the overburdern wnl be thmnesl at
40m.

' :(b) Geology
As shown in Figure 7-6, the Berta Formation is distributed along the tailrace tunnel route.
The Berta Formation is composed of volcanic rocks such as basalt, altered basalt, volcanic

" breceia, tuif breccia, tapilli tuff, and tuff, and overlying sedimentary rocks such as limestone,
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-calcareous sandstohe, and mudstone. The thick limestone tayers are distributed more or

less horizontally, and are estimated to be in slight angular unconfor'mity with the underlying
the volcanic rocks, and are distributed at EL. 750 m and higher. ' Accordingly, they do not
appear on the tailrace tunnel which passes at around EL. 530 m.

Basalt, altered basaft, and volcanic breccia are mainly distributed at the powerhouse side
and outlet side of the tailrace tunnet route, whi!e at the middie part Which crosses the Berta ‘
river, and parts before and after, lhrck layers of greenish gray volcanic breccia and tuff are
widely distributed. The former, although wath some development of cracks, is generally hard
and dense, but the latter is expected_to be a slightly embrittled rock mass due to green
alteration action. Il is estimated that strata of greenish gray lapilli tuff and tuff appéér'in a
section of approximately 3,:400 m out of the tolal length of the tunnel of 8,000 m.

Thick surface deposils and 1andshde Wthh would affect the tailrace lunne! and its outlet are

not seenin partlcu!ar

(¢}  : Engineering GEO!qgicalAsséss_nien!s -

. “Judging by the geolegical condition on the surface and the resuits of Orillhole BYT- 1 drilted

at the river bed of the Berta nver the followmg englneenng geoioglcal assessments can be

'  made of the tanrace tunne! route:

_(i) - The volcanic rocks of the Bera Formation such as basalt, altered basalt, volcanic

* brecoia, tuff bréccia, lapitli tu_ﬁ, and tuff, _aithough_withjcfacking de_veloped in parts,
-are as a whole a hard rock body, and it may be considered that there will be no

obstacle to tunnet excavation. -

C (i) Prominent faults do hot_ exist along the tailrace tunnel roule. ‘However, it is

~assumable that there will be arts where weathering has progressed due 'lo' lhi'n'
- overburden Othenwse lomts and cracks are séen to have developed at geologlcal
boundanes between Iava of ‘basalt or altéred basa!t and lapnh tuff and parls of'
' mtruswe rocks (mamty basalt). Because of thns remforcmg with suitable supporls wall

be necessary in tunnel excavation at the prewously menl:oned sectlon



(i}  The lailrace tunnel will pass under the Berta river. The depth from the ground
surface to the proposed tunnel at this point is approximately 40 m. Drillhole BYT-1
~has been made at this valley to investigate the depths of surface deposits.
According to the results of these, the thickness of alluvial deposit over the tunnel
‘route is approximately 18 m, and the thickness from the bedrock surface to the
tunnel localion is approximately 25 m. This part consisls of lapilli tuff of greenish
gray color, and _besides ~development of joints ‘and cracks, weathering has
progressed slightly. - Because of this, it will be necessary for suitable water spring
“countermeasures end supports to ba provided in tunnel excavation al this section.

{iv) - The ground-water conditions along the tailrace tunnel route are considered as

" follows:

" In tha distribution area of volcanic rocks of the Berta Formation, as can be seeh at the dam

- site, the rise of the ground waler level from the stream toward the mountain is very gradua!

“and it is estimated that the ground-water level along the tailrace tunnel which’ passes

_ through the mountaintand arong the Berta river'is also low, Accordmg to the (esults of_

 Lugeon tests carried out at the dam snte the bedrock of deplths greater than 100 m from the
_ground surface are |m_permeab1e or low permeable. x

Consequently, the tailrace tunnel route :s est:maled to most pass lhrough the bedrock where

s ground- waler level is comparalwely low and moreover, permeability is also row and :t is .

‘estimated that basnca!iy there is htlle spnngmg of water into the tunnel However where lhe

tunnel passes parls where cracks ‘and joints are developed Iocally or where gullies are

passed, it may be expected that local concentrated springing into the tunne! may be seen,
and it is thought that adequate drainage facilities will be re_qUiied in construction. -
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7.3.2 Baglik Project

(1) Reservoir

(3  Topography

The Baglk dam site is located approximalely 13 km downstream from the Bayram dam site
and approximately 19 km upslr_eam-frbm the confiuence of the Coruh :ri\_rer and the Berta
river. The darm site proposed by the JICA Survey Team is approximately 150 m upstream of

the location where EIE carried oul drilling investigations at the master ptan stage.

The length of Baghk reservoir is approximately 7 km along the Berla rwer mainstream, and

“although there are a number of short tributaries which flow into the reservoir, gradients of
- .slope are steep, and there is only one tnbulary on the reﬂ bank rmmedrately upsiream of the

':dam where a pond of fength approxsmate!y 800 m is formed.

“The mamstream rs the reservoir area flows rough1y rn the southwest, while the trrbulary

mentioned above flows from south to north.

_ :The width of the reservorr when high water level is taken to be EL. 530m w:II be
:apprommately 165 on the axis of the dam axis and 50 to 80 m in lhe vrcmrly of the
: :mrdstream part of the feservoir.

- The topography surroUnding the reservoir aréaj is as _descr_ib_ed in the clause on Bayram

‘reservoir, with steep mouﬁ_lain terrain presented, and especially, inthis reservoir area,

distributions of the Yusufeli Formation and the Ikizdere granitic rocks are found so that there
are numerous places where steep dliffs rise directly from river banks.

Landslrde are not seen inside the reservorr area, but at the left bank approximately 7 km

- upslream from the ‘end of the reservoir backwaler there is so called Savarl Landslide. in

'_contemplalmg the Baghk pro;ec! consrderatrons were given'in order not_to include thrs

landslide area in the reservoir. Other than this there®are no iarge -scale or thin ridge

.adjacent {o other river basins.



{b)  Geology

The Badlik reservoir area, as shown in Figure 7-7, is composed of the Yusufeli Formation
belonging to the Jurassic time of the Mesozoic era, the Berta Formation of the Cretaceous
age in the same era, and the Ikizdere granitic rocks which intrude into these formations. Of
these, the granitic rocks are distributed immediately downstream of the dam site, while the
Yusufeli Formation can be seen at !hé_ dam site and the upstream stretch of approximately -
1.5 km. Further upstream from this is a continuous distribution of volcanic rocks of the Berla
- Formation up lo the Bayram reservoir area. The geological condition of this reservoir is that
distribution of Quaternary deposits (surface deposits) overlying basement rocks is exlr’emé!y

- small.

-j The Berla Fornialion widely distributed in the vicinity of backwater of the reservoir is as
described in the clause on the Bayram reservoir, and in this reservoir area thick limestone
| layer of the Berla Formation are located at even higher elevations and are unrefated to
- waterlightness of the reservoir. N ' S o

‘The Yusufeli Formation in this vicinity consists mainly of hornfels and hornfelsed sandstone
and slate, altered diabase, altered basalf, and quartz porphyry; an intrusive rock, and asa
whole, il 'is a hard and dense, stable rock body, there is no problem as a reservoir

~ foundation. | ' . | | o |

‘Regarding surface deposits, as mentioned above, there is no 'con'spi'cuou:s distribution at the -
~ foundation of this reservoir and its surroundings. The thickness of the alluvial deposit is not
more than 6 meters. ' '

(¢)  Engineering Geological Assessments |

) Watertightness -

The sedimentary rocks of the Yusufel Formation and the volcanic rocks of the-Bedé.‘
‘Formation In the reservoir area are basically impermeable strala. Waler flows can be seen
in valleys in the dam site and reservoir area surroundings to suggest that abundant ground

water exists, Topographical'ly a'!so, there are no saddles or thin ridges where leakage would

be of concern. At the dam site, the existence of ground-water at elevation higher than the
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river bed has been confirmed. Consequently, judging by such topographical and geological
conditions, it is considered that waterlightness of the reservoir is amply assured.

(i)  Stability of Slope

As prewously mentioned, surface deposus (tatuses terraces, eic) are scarce as a who1e

inside this reservoir and steep slope are formed dlrecny from the rwer bed. Sleep cliffs are E. ‘

N prominently seen in the part of the Berla Formation where more or less horizontal depossts: »
" of tapilli tuff and tuff are distnbuled bul they are not seen in the reservoir area. Both banks
| ~in the reservoir where the Berta Formallon and the Yusufeh Formahon are distribited are
- steep cliffs or steep slope. With regard to stability of the steep cliffs and slopes after ;

: |mpound|ng of water in the reaervo;r there are no places seen to be especially unstab[e

Existing landslide topographies are not seen in the reservoir, “while lhere is no possmxhty of

- new landstides or slope failure occuriing due to water impoundment.
(2)  Selection of _Bagllk' Dam Site

. The dam axus which was selected in the Master Plan Report prepared by EIE was loca{ed at

a gorge where is aboul 150 m downstream from new drilthales BGA-1, BGA-2 and BGA-3

- recommended by the JICA Sur\rey Team. The fifteen boreholes’ (1,579 m |n total Iength)
“have been’ dniled at th:s gorge site so far. The feasons why the JICA Survey Team shifted

new Baghk dam site from the gorge site is about 150 m upstream site are as follows:

'_a) " The foundation at the: gorge site (hereafter old dam.site) is composed of granite.

~ The topography at the old dam site forms st_eep'gorge and no overburden can be
- found on the ground. Epré.ed granite can be seen at whole area of the sile and

-~ granite itself is quite hard.

by o However three dlrecnonat clear jOimS are devemped remarkabiy in gran:te mass and

" when seleclmg concrete gravity type dam at the old dam site, excavation depth for
dam foundation will be estimated to be 40 - 50 m in horrzontal depth at both banks
between EL. about 469 m (nver bed) and EL. about 533 m {dam crest).



c)_

d)

" That is to.say, granite mass which forms the "gorge can be seen {o be stable rock

mass, however the rock mass form the ground to several to meters deep is actually
cut by three directional joints and it fooks like heap of large blocks.

Moreover, although there are some difference of the conditions on the joint pllanes.
- {e.g. very 1ight joint plane or loose plane, fresh plane or weathered plane etc.), it
- must be evaluated that joints are developed as far as much 'deeper than the aboye-

mentioned oeplh.

AcCordiﬁgly. when the wateitightness for the foundation surrounding the dam site is

studied, curtain grouting should be designed sufficiently in horizontal and in vertical
direction. '

'As above-mentioned geo_logica! judgments could be done, the studies whelher the

gorge site is really suitable dam site or not and whether other elternalive dam site

~can be selected or not were executed.

~ As the result of the study, it was judged that there is possibility which the dam site N

- ¢can be Seieoted in a Yusufeli formation area, $0 two driltholes of BQA-1 and BGA-2

- {each 100 m fength) at both banks of the temporary dam axis, BGA- 3 '(8'0 m lehgjlh)
_at the river bottom and BGA-15 (130 m Ienglh) at the proposed underground_

powerhouse sne were dnlled

| The foitoi.ving ehgineering geological data were obtained by geological mapping on the

ground surface in the Yusufeli {ormation area and by above-mentioned four boreholes.

a}

The Yusufeli formatuon at this new proposed site consisls of hornfels of sandstone
and slate origin, and thelr s!nke and dap are approxlmately N45 - 60[: 15- 3OSE -
The direclions of such strike and dip cross the dam axis obhquely ‘with shout 60 :

degree and dip to the Iift bank side with about 25 degree

lnterbeds of sandslone and slate at this site are hornfelsed under the influence of

“intrusive granite, accordingly they are hard in general and especially at the river bed,
‘they are fresh and massive.



b)

c)

d)

© frregutar cracks are found at the out-crops here, however no remarkable joints are

seen such as granite at the old EIE's dam sile.

'Judging from these geological view points, no sinigular geclogic phenomena can be

seen in the Yusufeli formation area. Accordingly, if normal geological resulls are
obtained by subsurface geological investigations such as drilling, it can be judged
that the site has possibility as a suitable dam site.

" By the resulls of BGA-1and 2 located at both abutments, it has been confirmed that -
" the ground water table is found at the depth of 35-40 m below the crest (EL. 533 m)
" of the proposed dam and the gradient of ground water table is ascending nearly in -

~ parallel with the slope of ground surface. Moreover, there are high permeable

portions patially below the ground water tab!e however, as a whole the bed rock of .
the Yusufeli formation below the ground water table can be judged:to be low

permeable or rmpermeable bed rock.

According lo the results of BGA-3 d_riﬂe_d al the river bottom, the permeability of the

" bed rock under river deposits (6 m) is generally 2 Lu to 0 Lu excepting 10 Lu at the |

test section between 17 m and 22 m in deplh.

' 'Concerning the proposed underground powerhouse sile, BGA- 15 (130.m length has
. Ienglh) has been dnlled The results show that there are high permeable zones due
' to the oxidated cracky zones at the depth between 0 m (top of hole) and about

80 m, must be tight rock. By the way, the top of powerhouse is roughly Iocated at
about 120 m (EL. 425 m) below the ground suiface.

' "Judgmg from above mentioned vanous data, it is clear thal there -are sufficient

possrblhtres to select lhe dam site in lhe Yusufeh formataon area. Therefore, the

_JICA Survey" Yeam has shafted the Iocatlon of the Bag!rk dam srte from the old dam
- silé (tha stage of Master Plan Report) to about 150 m upstream site in the Yusufeh
' :formalaon area ln this report of the Feasrbrlsty S!age '



" {3) Dam
{a)  Topography
The Baglik dam site is located approximately 19 km upstream from the confluence of the

* Coruh and Berla rivers, and the elevalion of the river bed on the akis of the dam is
approximately 467 m. As previously mentioned, the dam site proposed by the JICA S_urvey

' Team is approximately 150 m upsiream from the location where EIE carried out driling -~

. investigations at the master plan slage." The Berté river at the dam site flows east to west in

* ' aroughly straight line.

The slope on the left bank at the dam site is inclined approximately 55 degree in the viéinily
of the river bed, and at EL.. 485 m and higher, lhé inclination is approximately 42 degree. As
- for the slope on the right bank, it is inclned approximately 65 degree in the vicinity of the
river bed and about 40 degree above EL 505 m.. These slopes have praclrcally no surface
soil and basemenl rocks are exposed. '

The width of the river bed on the dam aXlS is apprommalely 30 m and the val!ey WIdth al the .

high water level EL. 530 m is 165 .
(b)- | Geology

Al the dam site, as shown in Figures 7-8 and 7-9, the Yusufeli Formation consists of
hornlels of slate and sandstone ongm are dlslnbuled  This homfels is: melamorphlc rock

WhICh was metamorphosed by intrusion of ‘the - lklzdere gran:tlc rocks lm_medlately' |

downstream of the dam site the kizdere granmc rocks which have intruded into the Yusufeli

Formation are distributed. Qverlying these are lalus:dépo.sit and alluvia!l deposit.

Drilling at the dam site proposed by the JICA Survey Team were carried out one drillhole .

(BGA-1} at the left bank, one drillhole (BGA 2) al the nghl bank and one dnllhole {BGA 3) on
the river bed already completed . : '

(i) - Foundation Rock
~+ Rock Type and'Lithology

The foundation of the dam is composed of gréy to dark gray hornfels of siate and sandstone
origin in the Yusufeli Formation. These rocks are widely exposed at the river bed and the
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slopes on both banks, and although joints are SIightl'y'numemus', lh'ey presénl a hard and
dense rock. This Yusufeli Formation has strike and dip of N45° to 60°E15° to 30°SE.

‘The Ikizdere granitic rocks ‘widely‘dis:lribuled immediately downstream of the dam site

consist of hornblende granite, the rock itself being hard and dense, but horizontal and
vertical joints are prominently developed. _
Furlhermore, there is one dike of quarlz porphyry seen as dike rock in the Yusufeli

- Formation near the dam site. This is a small-scale dike, which is verlical éhd of width less

than 100 cm, contacts on the Yusufeli Formation belng completely t|ght The RQD vaIues of
hornfe!s at the dam site are generally from 30 to 80%.

Y Faults, Joints

 Large-scale faults with sheared zones of large Widih do nol exist al the dam site and its
© surroundings. However, joints and cracks are seen overall in an irregular pattern, and are

- developed al inteivals of 10 to 50 cm.

. Wea'th'eririg

This site has praclically no topsoil and the rocks which are exposed consist of parts which -

-have bee_n discolored brown and parts which _'a're comparatively fresh.; Wéalhering and

discoloration along planes of discontinuity such as joints and cracks are prominently seen to -

depths of about 10 m.
(i) - Surface Deposils
« Alluvial deposit

Allﬁvial-’deposit,faccqrding to the results of Drillhole. BGA-3 made in the river bed

' dpw_ﬁslream of the dam site, has a thickness of épproximalely 8 m. This deposit consists of
sand-bearing gravel wi:_lh; gravels of diameters from 5 to 30 ¢m as main. '

+ Talus Deposit

Talus depostt is dist(ibuled'only in small scale at the foots of mounlaihs on both banks,

thicknesses generally being nol more than 5 m.
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{iiiy -~ Ground-water

The final water levels in the drillholes made at the dam site are as shown In Figure 7-9.
Ground-water levels are deep down on both banks, being at a depth of 46 m at Drilthole
BGA-1 on the left bank, and 47 m at Drillhole BGA-2 on the right bank. The Qround-water
levels on both banks, although slightly deep down, rise in accordance with topography.

()] Permeabilily .

Al the dam site, pefmeability b)} Lugeon tests ulilizing drittholes have been conducted so far
~on a total of 243 m in 50 stages at 3 drillholes. These were performed on foundation rock
excepting surface deposits. -

The resuits of Lugeon tests are as described below.
. ,Right Bank of Dam

' Accordlng to the results of Drillhoe BGA-? parts of high permeab;my with Lugeon values
(hereinafter " ‘Lu") of 30 or over exist at close to the ground surface down lo 25 m and in the

“seclion from 45 to 55 m. ' From a depth of 70 m and beyond, |mpermeab;l|ty of Lu =1 _and
under is indicated. o ' -

+ River Bed

Lugeon tesls on bed rock at the river bottom were carned out by usmg Dnliho!e BGA-3 and
the test resulls are as follows; '

0 m to 6 m is sand and gravels of ailuwal deposst The permeabshly of bedorck is generally'

very low of 2 Lu ~ ) Lu excephng 10 Lu at the test section between 17m to 22 m
* Left Bank of oam
~ According to the results of tests at Drillnole BGA-1, pérts of high permeability of Lugeon

| values Lu = 30 and over exist from lhe surface to a depth in the vicinity of 37 m. From a
depth of 67 to 77 m, there is a section of high permeability of Lu = 30 and over.



(¢)

Engineering Geological Assessments

Judged by the geological conditions on the ground surface and resulls of drilling including

permeabi!ity tests, the engineering geological assessments below may be made on the dam

site.
EE
{i)
(i)
: 1

(.iii_) |

"The Yusufeli Formation distributed at the dam site is composed of horafels of state

and sandstone origin. - Although joints and cracks are slightly deve!oped in these .

- rocks, since they comprise hard and dense rock and since parts of slrong wedthermg
“are limited to several meters near the surface they are Judged lo be of CM-CH class

according to Japanese CRIEPI Rock Classificalion, and Llhere is: amp!e beanng

power as a foundation for a gravity type concrete dam of height 74 m. Because the .

* results of uniaxial compressmn tests carried out by _usmg two (2) samples of BGA-3
‘show 828 kgffcm2 to 1,000 kgflcmz. |

Jomts and cracks exist as dlscontmwty planes m the foundatuon rock, while fau!ts_ '

,have not been confirmed. At the abutments on both banks, slrongly weathered parts

- are se._en to depths of 10 m along joint and crack planes. : The ikizdere granitic rocks -

which are "Wideiy;disiributed immediately downstream of th'e_dam site are very hard

" and dense themselves, bul&hor'iz'on'lal and vertical joints are prominently developéd,

and the surface Iayer porhon is toosened as a whole.

!mmediale[y downslream of the left-bank snde of the dam site there is a dske of
quartz porphyry exlshng_ as intrusive r_opk_ in the Yusufeli Formation. 1t is a smaﬂ--
scale dike of width approximately 100 cm. and the intrusion plane is in more or less

~ light contact.

Accbfding to the results of Lugeon tests, a part of high permer_;:bilily of Lu =30 and
over is seen in the section’ of depth from the ground surface of 25 to 37 m, but

f deeper than thls Iow permeabtlny or umpefmeabmty is mdicated as a whole. On the
- other hand, the basemem rock under the river bed is fresh and thé permeabmly is

assumed to be extremely low. The ground-water {able is l‘ound in the depth of 35 to

40 m below ihe crest elevation and it is ascending in 'ai_:cord'ance with the slape of

" the dam axis.
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" The bedrock at this site consists of hard, dense hornfels, the permeability of the
~ bedrock being governed by the previously-mentioned discontinuity planes such as
joints.
Consequenlly, it is thought possible for water-stop treatment 1o be amply provided
for zones of high permeability with cement grouling, the treatment which is generally
used.

(iv) " Landstides are not seen in the :vicinity of the dam site, and talus deposit and atfuvial
' deposit make up surface deposits, their thicknesses being less than 6 m. These
deposits will be of no hindrance in excavation for the dam.

* {(4) = Powerhouse

{a)  Topography

For the power station, an underground powerhouse is planned to be construoted in the - '

mountain on the left bank downstream of the dam ,
This underground powerhouse would be located under the s!ope facing north with the
_ overburden of ongma! ground from the suﬁace to the powerhouse 115 lo 160 m.

(b} Geology

: Flgure 7-10 shows geologacal condauon for lhe powerhouse 31te “The Yusufell Formation 5

consist of homfels is distribuled at the underground powerhouse 51te smnlar!y to:the dam
sile. Allhough joints and cracks are slightly developed, these compnse massive, hard
bedrock, while paris of sirong weathenng (axxdated cracky zones) are limited  within
80 meters below the surface. ' '

‘According to the result of BGA-15, the RQD value is from 60 to 80% close to the =
powerhouse site, permeab:llty of the bedrock below 80 m depth such as 8Luto 0 Lu This

data suggest the bedrock below 80 m is tight rock

In surveys ;made’ up lto this time, prominent faults have not been confirmed at the
powerhouse site and its surroundings. Prominent joints with directionality's are not seen

eilher. :



-Thrs underground powerhouse is located near the geological boundary (m!rusron plane}

between the Yusufeli Formation and the lkizdere gramtrc rocks, the boundary between the

two being more or less tight, with the rocks comparatively hard.

- (©)

W

i)

- and its surroundings are composed of homfe!s of the Yusufeh Formation srmllarly to

(i

(_i\r)

- Engineering Geologica!l Assessments
L 'Judgmg by the geo1og|cal condrtrons on the ground surface and lhe results of mveslrgatlons
: such as by Drillhole BGA-15 provrded at the underground powerhouse srte the englneermg

g geo!ogroal assessments below can be made.

‘Prominent faults are not found at the powerhouse site and its surroundings. -

‘According to the results of dritling carried out tp to this" time, ihe pourerhouse site

g lhe dam site. A!though jO!nlS and cracks are shghtly developed the rock is lhoughl-
o be hard and dense.

: Conmdered from such a condition of the bedrock, it is thought lhere will e no

problem_ geology-wise to make excavation of an underground cavern for the

-+ powerhouse difficult at this time.

According to the results of Lugeon tests at Drillho.1e. BGA-15, deep parts are mzosl!y

: drffroulty permeable - or |mpermeable with Lugeon value 5 or under. and low
B permeabrirly is indicated as a whole. Therefore it is estrmated that the quantity of

. ground-water {spring . water) running |nio the : underground cavern from the

powerhouse surroundings will be small.

In the vrcrnrty of the underground powerhouse - srte there :s only one Drrllhole

~ BGA-150n the left bank: of the dam site which has been bored. Accordlng!y, before

stamng on delarled desrgn hereaﬂer it will be necessary to carry out drr!!rng_

- investigation to make clear the exact state “of the bedrock permeabrhly, and

: hydrogeoIOQrcal conditions at the powerhouse Iocalron



:(5) " Tailrace Tunnel
(a)  Topography

The tailrace is {o be a tunnel of total_ tength approximately 4,500 m extending northeast to
~southwest from the underground powerhousé on the left bank of the Berta river.

~ Since this tunne! will pass under {at around EL. 300 m) a large mountain of elevations from -

600 to 840 m, the overburden of original ground is comparatively thick at 200 to 450 m.

* 'Even at a part of thinnest overburden, there is more than 170 m. Landslide which would -

-affect the tailrace tunnel and its outiet are not seen in particutar.
(b} : . Geology

As shown in Figure 7- 11 although the Yusufeli Formatron is drslnbuted in-the vicinities of

the underground powerhouse and the outlet of the tailrace lunnei the Ikrzdere granitic rocks

are distributed at the greater part of the route. . ltis estimated that the [kizdere granitic rocks '

appear in a section of approximately 3,700 m out of the total fength of. the tunnel of
approximately 4,500 m. ‘ '

The Yusufeli Formation is composed of hornfels of slate and sandstone origin smlarly to -
the dam and underground powerhouse ‘siles. These rocks, afthough jornts and cracks are
slightly deve!oped, comprise massive and: hard rock bodies.” The lkrzdere granrlrc rocks

consist of granite, and although the rock itself is very' hard and dense, horizontal and vertical

joints are pronﬁinenlly'developed: Further, the tailrace tu'nnel will cut across the geo1ogi'ca1 |

boundary between the Yusufeli Formation and the Ikizderé granitic rocks, but there is tight
" contact at the boundary plane, and the rocks are comparatively hard and dense.
Inside these rock bodies, there are minor fau_ilé. joinls, and cracks as discontinuity planes,

but farge-scale, prominent faults have not been confirmed to exist.

' Thick surface déposils of a degree to affect the tailrace tunne! and its outlet are not seen in - .

particular,
© (¢)  Engineering Geological Assessmenls

Judging by the geologicallcondilions' at' the ground surface and the results of boring
investigations with Drilhole BGA-15 and SL-2 made at the dam site and boring



invesligations carried out at the master p!an slage the engnneenng 9801091031 assessments

befow may be made for the tailrace lunnel route.

()

B ()

i) -

The hornfels of the Yusufeli Formation and granite of the lkizdere granitic rocks'
along the tailrace tunnel route are hard and dense rocks although joints and cracks
are developed ‘at parts. - The geological boundary {intrusion piané) between the
Yusufeli Formation and the lkizdere granitic rocks tightly contact each other and the

: rocks are comparaln‘re!yr hard and dense. Consequently, lt is lhoughl lhese'

geologmal conditions will ot be obstac!es to tunnel excavation

Although faults of small scale are seen along the tailrace tunne! route, prominenl
fauits which are continuous do not exist. " However, there are parts near the smali-

scale faulls and intrusive rocks where it can be seen that bedrock is deteriorated by

_ hydrothermal altefat[on and jomts and cracks are developed.  Measures ~against

- spring water and appmpnale sleps such as providing supports will be necessary in o

tunhe! excavation at these spots.

" The condition of ground water 'a!ong the tailrace tunne! route may be considered to

be as follows:

~In the d:slnbutlon area of the Yusufeli F ormation. and the lkizdere granitic rocks, as

can be séenin the inveshgahon resulls of lhe Baglrk dam site planned at the master
plan stage, the ground -water Ievel rises gradually !rom the river side toward the

mountain side, it is estimated that the ground-water along the tailrace tunnel which

| passes' through mountainland by the Berla river will also be comparalively low

According to results of Lugeon tests carried out at the dam site, the permeability at

100 m and deeper from the ground surface is generally very low.
. Therefore, it is estimated that most seclions of the taﬂrace funnel route will pass
: lhrough bedrock where ground~waler Ievel is comparahve!y fow and, moreover
' ;permeablmy is also low, while water _s.pnngt_ng into the tunnel baSically is httle.

- However, joints and cracks are developed at parts and where gullies are :pas_sfed, it

may be'oxpected that there will fooally be concentrated water springing, and it is
considefed that thorough going drainage facilitie_s will be necessary in conslruction.









ATG‘ Talus deposit, Slope wash

.. +| Gronite, Aplite, Oiocbase, -
; Quartz porphry

Ikizdere Surfase

- formation formation - g.r.

) AR : -
-T¢l - Basalt and gitered basalt, -
330 i Volcanic breccia, Tuff

Berta "

"Zﬁ’:__ - Horntels : -
—HICY with Meto- diabdse, Meto-basait)

!
Jurassic Grereceous Termiory  Quaternary
— .
‘ =
&
-

Yustel

“ Geologic boundary
Strike ohd dip of strata
> Strike and dip of joinf .

o’ 60E

30N _ .
S / Strike and dip. of dike

O . fOoom
T SR T I N

CORUN-BERTA HYDROELECTRIC.
'POWER DEVELOPMENT PROJECT

BAGLIK PROJECT
GEOLOGIC PLLAN OF RESERVORAREA

o

Figure 7-7

7 - 51









¢ . . - r".._lh
o —_—
bg8 G
= 5 : =
g - 4 S8 G =
2 £ 4 - S6 w4
z - 3 2 z ST S 2w
= ER T - 3 Tz o
am = ’ o ¥ DE R
5 - =E B ey [} 3 E z vH.m Co -
o) = » $ & o4 a = & .3 @ - o <«
= & ¥ g 2 & 5 - . i a < —
g ¢ £ L B - K 1 EE x &
by . =] = c o
w L T S . % o rg TR % L2508 ] i ®
_ 3 T o 23 9 % o : - g 1 |gd o ¢
w o ~ 2 © & ¢ . @ © P 2oy 2 - PR BTN *~
= n < g € 2 x = x x x x S o
~ E] 2 - 8% 5§ =£ 3 T I T T T4 8 - < 3
= 2 & S =X .3 w- in w e =T = WW fval muL m
. ) R w ...c.. w [ . GO E m
Pag — T N Sra B g g - . oo o L
T,__. 2| (& ]s _E NOERE E\ A zA e “ _k . _ _
L R NOPRA <l
T v i - - e .
o SHIOL Db uoowWI0, o
HS0CRD 390LINS 48Tl HNSNA L .
C ADuas,onD AiDiLagL . 5s0un0 N Fig BT
. £ hmf oy
5\ = [
i (S /,\\ | ’ -
L o Y \ _\\ {4
..\. Tﬁ k .IL,“, 5
. - LA R |
\ ik // VB
a RIS
e g byl b
. . ' [
L . e
00w LOG A

TO0T IDe X

-53









- 550

-450

PROFILE 'OF DAM

753300 DAM CREST _
1T

L 300

ot o g A | % (O

e T
P N e e L )

-

HEEER 5 s P !

I
1

B AV

T T TP AT

v
TN T YT

CHEL)

N N T Dimme e e

L

O Trmes e e | w0 oo te—rera]

m

e L e U e N L R T

-
e e

650T -

l’_MJ Atluviol ~ deposit

ey

Yosufeli

formation Sﬁrfoéc

Jutgssic

" LEGEND

deposit

L—TOAI ‘Tolus deposit

Rornfels

Geologle [ boundary

: )-,;u/ Groyng woter foble
e Drill hole '
‘ t I : projected)

LEGEND (2)

- {For Coré Log)
Log _ .
RODED .

‘ Rock chassitication .

- S

cfse
o D ¥
} Mo test ]
afry S
2 : W' Weathering
a %9 ¥ & Fresh
Y s 1 - ‘ :
] B .,
T 5 : Decomposed
_E?Q??Q,E@e,,J : H : Hordness
. 1 1 H :
_Fingl water Jevel (m] i ord
: 5 ' Soft .
Symbol of lo C © Joint interval
ymbe 9 + o Stick
Totus §
: Groi
Afluvial dapasit 5 : Grain
Sondstane hornfels
Quontz po-rphyry.
Aplite
Q 1oom
L [l 1 Il 1 | __|

' QORUH - BERTA HYDROELECTRIC
" POWER DEVELOPMENT PROJECT .

-

BAGLIK PROJECT

GEOLOGIC PROFILE OF DAM SITE

Figure 7 -9

7-565






AT



PROFILE OF PENSTOCK AND POWERHOUSE ol T  LEGEND

Fa B
SL-2 L g‘gﬁ{ Gr ' Granite
EL 589,91 ElEgsile—
: . - L.200. 00
: L poom r 121 1p2 t . . . s : . i 600 3 PR
| Gy 2 _Hrﬂ Hoinfels
: 4 t t ‘. + t 318 — :
| Efﬁ;ic:b' 4 + + + + + + i
L. 130.00 ' « ' i s L o . ‘_'_,." | Geologic boundary
: + ’ 4 S R ‘ '
-550 . N PO P P v YTy Ty T s o Dl hote ¢
: : A L ‘ {4 :projected)
: B : L 3 + + Gr + + + + + : :
gL s0.00, I ' :
had ety + L + + 4 o} + + : s _ S
/4: : | . .\ - . L, .- "y + PN . : : . L _l Loco.lion of}pfowe
; - " + + + + + + + [}
|eee " . ! 500 | . o
- . /‘l‘ .* + * * ¢ + * * * ' . LEGEND (2)
. .’/"..+ . + + + + ¥ i i § {For Core Log}
. 7‘3‘ * .1 ) . \ . . ' . : . | + Logm : . .
. e S s R o | - roveER
: - \ : ' ' ’ ' : Rock classilication
[ 450 + + SR S £ to.o3 o 450 T
+ + + +. + % + | e
4
+ + ¥ + + t t i }No_ fest
! + + ¥ *_ ¥ v ? o W Weathering
' + + + +-Gr s + + . : ?, ¥ ; - Fresh
- 400 P T ' ¥+ o4 . 400 4 ' S ~ ’ 5 : Decomprsed
B o . " lugeon wvolue H = Hordoess
. 3 + + + + + ¥ 1 Hord
- Finol woter 1gvel (m) 1 o
' ' * ¢ ! ' ! 5:Soft
+ + + L + + + + Symbot of fog c | ;Jo;r;itc:‘merva!
+ + + + + L ey {
- e - i 350 anite
350 5 : Grain
Aplite
Quortz porphyry
Sonds!o:ne hornfels
BGA-I5 SL-2
EL. 540 EL.$89.4¢
) L2000 L. 200,
cJu i Log o8 w!H—IC ty og [or [wirilc ]t
i P [ )8 rT ES s‘i‘l“‘ ; = . » ) !-hl =0 v \ ;Qf.l
] AR G lf Y e BRI o .
13 ATER Bk - iy S -
; ‘ : : F‘,’/' i . FIF : * .? ! IS (X ¥
Tl WAL B il : e , :
: : 17 4 H + shes : . .
7 ’/;‘ nE C ! IlasEs * » ' ] . 100
* n-s'o.. K 2y : ’!‘L_‘ it L,_,__L,.__L-l n 1 J
; - |} HE: _J— N e * f
E ek | B ' ] I‘ =y, 1drta w] .
o R BZIHLE : N HOaE I g Lb )
S RS 1|1 o+ i i’ JHuep SRANT L - -
I~ A = I ». X S W A . . .
] H 1% U] N E S » BZ1hs e o ‘ _ : - CORUH - BERTA HYDROELECTRIC -
F{‘ e ' Jiey . 3.5 ' I POWER DEVELOPMENT PROJECT
2 ; [2]2ps . ) J)_q . Pkl :
d {1l T St B T
; =3 AT ] s 2 F%: BAGLIK PROJECT
wo U2 B [H1E 25 ool 2
' GEOLOGIC PROFILE OF
PENSTOCK AND POWERHGUSE
Figure T -10

7-57










F ' _
kA . \ :
6\6\ ) .
\ . .
r
1 ’

——

iy

Ve
M7 AL

N J
N

P
.
—_—

N\

e

Ay 'l‘
2 .
.
. A
\\ \
~
) .

A
——
S

PROFILE OF WATERWAY

£4 : - — . ies

N
R




iooom |

-5¢ -

+sodep oo dymDud  UCIIOULO; uolouuop

= Q b= - W
w e v L O
< « 0 S X
o3 o
A ) T : w2l QO m
~ - = . . i ey
= - L= - . o w & -
o 2 - 4 = - an : o . . o = 0o =
m 2 3 g = = e ‘e e : ekl O 2 <
L= H 2 o - S = X X . -
: 2 = . l “ = LW & g -
3 o ® . o © — e 2 & -
[=3 = - - w — — — > -l =
hd o Do =4 > (=] o - L — = HP =
w 5= ] K - @ = S =< - >
o = =3 =2 c & - =3 LY = o] e o = ~ < < .
i L (=] ° 2 R =) bored — o I 1< [nady Y] -
= = £ o 3 © © © b 14 & = = -
- a S . ey 1. L . . A l..l- . o b - S o —
o £ Ff 3 = T g o oz oz 3 S 18813 E
= “ .1D .U.w hnm “ .2 Q B~ Q - - WR A C - P~
L 2 HM = g « r's @ o u..O.. o - 5w (14] Mm <
5 E 5 o o c e S = = = = [ . x = . = ©
o © 23 o o = @ = = = = -3 o - oo m ht
w = [Cl o > Tz o ] o 1) B = o Ot 3 5
-d L ’ : J ] w o -
. < + e PN 8\ 2 © i
. : - b - _ \ . :
= P [ T \ Z M o
< + S ___ S ) . . L

GO0NG  AIOPOT 04408 - - 1193SN,
Aouwieond  Aioiie) shoddniesy  J1SSpunp

S S L2
A ! . .

i)

=) S
W_W,zﬁ =

A\\\-/i\.\_\\v \ﬁ\\ _H_\___\_
| o i \_,~

1 1 _
H Il
1 3

1000 -
500 —
0

(2o

PROFILE OF WATERWAY







feiton







	CHAPTER 7 GEOLOGY AND MATERIAL
	7.3 Site Geology
	7.3.1 Bayram Project
	7.3.2 Bağlik Project





