7+4.2 Artvin Project

(1) Reservoir

(a)

Topography

As ‘described in 7.1, two_élternative'plans-are under review

in regard to the project; one is an upstream dam site, and

the other a downstream dam slte 1n the same river. The data

related to the reservoir and others in connection with both

sites are as follows.

Upstream dam site
High water level of

Reservoir capacity:

Downstream dam site
fiigh water level of

Reservoir capacity:

the reservoir:

the reservoir:

i) Reservoir of upstream dam

EL500,0 m
23.7 x 106 m3

EL500,0 m

166.8 x 106 u3

The upstream dam site is about 3 kilometers upstream of
the original dam site. The major tributaries in the
reservoir are Hev valiéy and Pikal #éiley on tbg left
bank and Avresi valley and Citliyan valley on the right
bank. All these valleys'ara, hoyever, extremely smail
compared with the tributaries in the Yusufell reservqi:'
area. Therefore, the principal regervoir under the
upstream dam site locates in the malnstream of the Coruh
River that runs northeastward slightly meandering from

the Yusufell dam site.

The reservolr upto I ~ 2 kilometers upstréam of the dam
site is situated on Yusufell _formation,.coﬁsisting fgf
gabbro, and the area from there to the Yusufeli dam site .
is situated .on  Tkizdere granitic fdcks. _ Thus thé-. 
riverbed in this reservoir shows topdgraphic feétures df
a narrow valley without flood plain. Also, excépt.for
small flatlands formed at the exits of small valleies aﬁd'
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ii)

alluvial cones at the feet of steep cliffs, the river

‘generally forms a steep ravine. The width of the reser—

volr is about 200 wmeters at the high water level of

- BL.500.00 meters.

No landslide area is seen in the reservoir area of the

upgtream dam site.

Reservoir of downstream dam

" The downstream dam site 1s planned to be about 10 kilome-

ters downstream from the upstream dam site. The major
tributaries in the reservoir are Esenkaya wvalley and
Tarakeilar wvalley on the left bank and Nagal valley and
Hars_ﬁalley on the vight bank. As In case of the reser-—
voir 6f the upstream dam site, each valley is small com-—
pared with the tributaries in the Yusufeli reservoir

arca.

The reservoir of the downstream dam site is situated on
the main stream of the Coruh River, which runs northeast-

ward, repeating several meanders.

The main area of the reservoir 1is situvated on Yusufeli

formation, which consists of gabbro and phyllite in the

_upstream area, mainly phyllite in the midstream and

extremely hard green rocks considered to be made up of
diabase and basic tuff in the downstream area, respec—
tively. Conséquently, the general topcgraphy exhibits a
wide-river in the phyllite area except for the gabﬁro and
hard green rock areas. | That 1s, the river immediate
downstream of the upstream dam site and near the original
dam site lies on the gabbro area, in which the width of
the riverbed isg gerierally narrow, about (20 - 150 meters,

thereby forming a ravine.

Aisoy'in the vicinity of ‘the downstream dam site, ravine

fis-forﬁed, as iﬁ'case of the gabbro area, because of the

* disrribution  of hard green - rocks. In other areas,

however,; because of distribution of phyllite, a gently-
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sloping wide valley is formed with large scale slope
washes and terrace deposits in many places on both sides
of the river., 1In this reservoir~areq,.two large landsli-
des of Havuzlu and Demirkent are situaﬁed; the former is
about eight kilometeré upstream, and.the latter aboutxﬁ.S

kilometers upstream from the downstream dam site.

{b) Geology distributed

The geology distributed in both reservoirs under the Artvin-

Project is follows.

Slope wash Reservoirs of both upstream
and dovnstream dam sites
Landslide Reservoilr of downstream dam
material site
Quaternary | Surface |
deposits Riverbed Reservoirs of both upstream
deposits and downstream dam sites
Terrace .
deposits bitto
: Ikizdere Upstréan end of both
Tertiary granitic reservoirs
rocks
Basement.
N
rocks : o
. Yugufell Reservoirs of both upstream
Mesozoic . - . .
formation and downstream dam sites

1) Surface deposits in the reservoir of the upstream dam

Slope wash S :

The slope washes are seen here and there in the reservoir .
area. As in case of the Yusufell reservoir area, there . .
are two kinds of the slope wash;. one is talus and the

other alluvial cone., However, since the greater part of



thege materials locate higher than the high water level
of 500 meters, they way not directly affect the reser-

voir.

The -greatest slope wash in this reservoir area is that
lies on the south slope (see DWG.AP.3-26) of the right
bank of the upstream dam site. The material principally
consists of rock fragments; so-called detritus. Although
the thickness of the slope  wash has not yet been con-
firmed, judging from their appearance, it seems not to be
very thick. '

Riverbed deposits

The riverbed deposits in the reservolr area have not yet
beén investigated. The riverbed deposits in the Yusufeli
dan site were found to be about 50 meters, and. it is con-
sidered that this also can be roughly applied to this
reservoir. And it 1s considered that the kinds aﬁd sha-
pes df grével forming the deposits are nearly same as
those of the Yusufeli reservoir. MNote that there is no

remarkable flood plain.

Terraéé déposits _

The distribution area and thickness of the terrace depo-
sits are small in the reservoir of the upstream dam site.
Howéver,ISméll scale terrace deposits lie on the 1eft
bank of the immediate downstream of the Yusufeli dam site
and on the left bank of the Artvin upstremm_dam site.
These c¢onsist. of sand, silt, and gravel, and their
sorting is ndt necaessarily good. The tops of terrace
deposits are estimated to be approximately EL.510 meters.

Also one test sample were collected from the terrace

- deposits immediate dowmstream of the Yusufeli dam site

and that . the pollen_analﬁsis—has.been performed. The
details are described in 7.4.1, (1)~(b).
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ii) Basement rocks in the reservoir of the upstream dam

ii1)

Ikizdere granitic rocks

The basement rock from the midstream to the upstream area
of the reservoir, -namely, the area upto about five kilo-
wekters downstream from the Yusufeli dam site, consists of
Ikizdere granitic rocks.

These rocks-afe as same as those of the Ikizdere gfanitic
rocks described in 7.4.1, (1)-(b)-ii}). 7

Yusufell formatibn

The Yusufeli formation in this reservoir area mainly con-
sists of gabbro. | This gabbro is green and extremely
hard. Many aplite veina can be seen in the gabbro along
the left. bank of the dam site and along thé Hev valley.
In the reservoir area, the gabbro isxdiStribufed £rom the

dam site to about 2.5 kilometers upstream of it.

Surface deposits in the reservoif of the downstream dam

Slope wash _ _
As previously described in 7.4.2, (1)-(a)-1i), the

Yusufeli formation in the resérvoir of_the downstream dam
site consists of pgabbro, 'phyllite, and green rocks of
basic tuff and diabase. Due to the variation of the
bagement tocks, the. distribution of the Glope- wash

changes.

All the slope wash in this reservolr area is talus—type,
and the alluvial cone distributed in the upstream area is
seldom seen in this area. - Generally, .#here - are
remarkable distributions of slopé wash in the areé of
phyllite, The typical examples are on the right bank
immediate downstream of the upstream dam site; the coppo—
gite banks of Havuzlu and'Demirként-landslides; énd on
the right bank downsﬁream*of'Demirkent'1éndslide, vhere .
the slope wash is considefed to be made up of principally’
of rock fragments, and the thiekness-is estimated to bé_

between 5 and 10 nmeters.
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Landslide Material

In the reservoir area of the downstream dam site, two
large~scale landslides exist; one is Havnzlu landsiide
locating on the left bank 8 kilometers upstream of the
downstream dam site, and the other is Demirkent landslide
on the right bank about 6.5 kilometers upstream of the
dam site. It seems that both landslides are stable in

present.

The area of Havuzlu'iandslide is 772,000 2% and according
tb the results of the electric prospecting, the maximum
thickness ‘of the landslide is approximately 150 weters
with the slope inclination within the landslide being
about 23 aegrees. The materials consﬁituting the mass of
landslide conéists of rock fragments of sandstone, shale,
and phyllite, etc. Note that the EIE has executed
electric ﬁrospectings and three drillholes in the
landslide, the results are shown in DWG.AP.3-27.,

No-_géological' investigation has . been performed for
Demirkent.landslide. However, the scale of the landslide
is considered "to be greater than Havuzlu landsltide.
Although no miéroscopic.identification has been made in
‘regard to the material‘coqstitdting this landslide,.it isg
éssqemed that it is made up of weathered residual soil of
gabbro or amphibolite. Further, on the opposite bank
(left bank) of Demirkent landsiide, talus material lies
accompaﬁied by greénish grey and brown earth pillars., It
is assuméd"thét “this material iz the remnants of the
slidden mass reached the bpposite riverbank burying the
Corih River when occurred. The top of the wmaterial
remaining on the left bank of the river is estimated to

be about EL.5530 meters or more.

 Riverbed deposits

The thiékneSs of_ﬁhe riverbed depoéité at the downstream
daﬁﬂéite'ﬁag beeh_@onfirméd Sy ﬁhe drillhole (SID-1) and
iprwés aboup.34'meters. Thérefdré, it is assumed that
thé.thickneés'of tﬁé'riverbed'deposits in this reservoir
area is about 34 - 50 m (at Yusufeli dam site}.
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Terrace deposits

Generally, 'the reservoir area exhibits no noticeable

typical terrace. However, as previously described, thin

gravel layers deposited on the slope wash locating at the

" right bank immediate downstream of the upstream dam .site,

Civ)

(c}

and on the slope  wash locating at the fight bank
downstrean of Demirkent landslide.- 'It.ié assumed that
these terrace déposits were produced when the Coruh River
was buried by the landslide mass forming temborary lakes.
Thé thickness of these layers afe_as'thin as lessz than

several metérs.
Basement rocks in the reservoir of the downstream dam

Yusufell formation

_ The basement rock distributed in the reservoir of ﬁhe

downstream dam site consists of Yusufeli formation. As
previously described, however, Yusufeli formation in this
regervoir area is made of a variety of rocks such as

gabbro, phyllite, diabase, and basic tuff, etc.

Gabbro 1s green and extremely hard. The distribution‘of
gabbro is seen in the vicinity of the original dam site
and in the downstream area:of Essenkaya valley in the -
midstream area of the reservoir.. Phyllite 1s widely

distributed from Havuzlu landslide to the downstream area
of Hssenkaya village. In these aréas, besides phyllite,
thin layers of shale and gandstone are intercalated.
Green rocks, such as diébase and basic tuff, are disbri-
huted in the downstream area of the reservoir, namely, in
the vicinity of the downstream. dam_ site. This green

rocks are hard.

Considerations from the viewpoint of engineering geology -

In

both reservolr areas of the upstream and downstream dam

.sites, the”geoiogical factors that'ﬁay'adversgly affect the

watertightness of the reservoir, - sﬁbh as soluble racks,

éavities, and thin ridges cénnét be foﬁﬂd. Coneéquently,rit
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is congidered that the watertighiness of both reservoirs are

assured. Hereafter, the stability of slope Is described.

1)

1)

Slope stability in the reservoir of the npstream dam

As described abové, in the reservoir of the upstream dam
site, there is no existing landslide and no geographical
features capable of producing a new landslide when the
reservoir is filled. It is expected that as described in
7.4.2, (1)-{b)~1), there will be no particular problem
with respect to the slope wash developing on the south-
west slope of the mountain on the right bank of the dam
site, because the slope wash does not face to the reser-
volr and the elevation of the foot of the slope wash is
expected to be higher than the high water level of EL.500
m, However, a detailled surface investigation for this is
necegsary at the detall design stage together with
investigations on the sgtability of steep slope (see
7.4.1, (D)~-(e)-1i)).

Slope stability in the reservoir of the downstream dam

As mentioned previously, two large landslides of Havuzlu
and Demirkent lie in this reservoir. Besides these,
there is na particular topography that has any possibili-
ties to cauge landslide when the reserveir is ‘filled.
The followings are considerations 1in regard to the
influéncéé'of_thé.réservoir on the thick unconsolidated

deposiﬁs distributed on the right bank downstream of the

upstream dam site, the opposite bank of Havuzlu

landslide, on the opposite bank of Demirkent landslide,
and on the right bank of the downstream of Demirkent

iandélide,=aﬁd'aléo the influence of the reservoir on the

'preﬁiously_described two large-scale landslides.



Influence of the reservoir on the unconsolidated

deposits

In three (all are on -the right bank of the Coruh River)
of the four places mentioned above except for the oppo-
site bank of Demirkent landslide, slope washes crop out 5
- 10 meter high above the road. These slope wéshes are
detritus consisting mainly of rock'_fragménts, and the

tops of the detritus are covered with thin layers of gra-

vel., Al) these materials are unconsolidated. The eleva- =

tions of the tops of these unconsolidated deposits are
estimated to be about EL.500 meters in the upstream area
(upstream of Havuzlu landslide) and EL.500 - 525 meters
~idn  the dbwnstream area {downstream of Demirkent
landslide). '

Consequnetly, these three unconsolidated depdsits will be
submerged entirely or partially when the reservoir is
filled. The submerslon of tﬁese areas under watér could
cause collapse of the unconsolidated deposits. In the
event that large back-deposits éxist_in'the areés wen—
tione& above, these deposits.may contiﬂubusly collapse.
Therefore, the sizes of these three areas ghould be
investigated in the future. Furthermore, if there are
any other thick deposits other than the above areas,

their sizes should also be investigated.

As previously described; the uncénsolidated deposiﬁs
accompanied by earth pillars that can be seen in the
opposite bank of Demirkent laﬁdslide is.assumed to be the
remnants of the slidden .ﬁass of Demirkent landslide.
Thiz is considered to be the weéthéred residual material
of basic rock, such as gabbro or amphybolite. Should it
be covered.ﬁith'water, causihg_the@-tb become sdft; it
can possibly- slide into the reservoir., - The resﬁlts-of
field investigations have revealed that the amount -of the

deposits above the high water level of the resefvbir iS__~

not large, and the greater part of them will be submefged

under the high' water level of the reservolr. It is
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‘desirable, however, that more detalled investigations be

made on the matter in the future.

Havezlu landslide

The only one reason for our recommendation to abolish the
‘original  dam site- wpon the review of the Artvin
De#elbpment Project' was the - existence of Havuzlu
-landslide having a great mass of landslide waterial
amounting to. about 86x109 n3 on the left bank about one

kilometer upstream frow the original dam site.

The scale.of this landslide material mass is quite large,
with the lowest_eieva;ion of about EL.480 m, the eleva-
. tion of its top of abbut EL.1150 m, the area 772,000 mz,
the wmazximum thickness about 130 m {based on the results
of the electric prospecting performed by the EIE), and
the assumed ' volume of slide material of 86x100 m3.
Judging from the cross—section of the landslide c¢btained
by three drillholes and the electric prospacting by the
EIE, the lower part of the slip surface (so-called leg of
the 1ahdslide) "is estimated to be. about EL.600 meters,
accordingly, there is little possibility of the reservoir
water infiltrating into the slip surféce. The greater
paft of the tougue of the landslide, however, will be
submerged under water. In addition, the inclination of
the ground surface of the landslide mass 1is about 22
degrees and the inclination of the slip surface (slope of
.bedrock) is 30 - 50 degrees, indicating éteep inclination

in general.

It is extremely "difficult to.determine.whether Havuzlu
1éhdslide_ wiil Be reactivated as the resuit of the
--iﬁpouﬂding of thg reservoir water. Rspecially, substan-
"~ tial ‘expense and time will be required to investigate how
thé present - balance will be affécted after the completion
of the reservoir. In addition, besides the new condition
“of the reservoir, a. simulation must ﬁe performed with
'reSpECt to natural pheﬁomena, such as heavy rain and an

‘ﬁeatthﬁﬁake;*_Based'on these various considerations, the
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original. dam site about one km: downstream from Havuzlu
landslide was abandoned on the condition that the selec~
tion of alternative dam sites for the Artvin development

prolect are poasible.

The Artvin upstream dam site has. no reiacionship to
Havuzlu landslide. The-downst:eam dam site, however, is
situatéd about eight kilometers Jdownstream of Ehe
landslide, and due considefation should be given to the
influence. of Havuzlu landslide. _

The problems that may be confrontéd in case the mass. of
landslide should flow into the vreservoir are the
influence of the waves and floods on the dam and also the
influéncé of the blocked reservoir on the upstream area

resulting from the mass of landslide.

The sliding speed of landslide mass may vary depending on
each landglide. . For example, in the case of the Valont
dam, the:sliding'speed in the middle period of activity
was reported as being several millimeters to several cen-
timeters per day. (Some .repoft describes that the
sliding speed was 15 - 30 meters . per second duriﬁg the -
extreme landslide period.) On the other hand, the evala-
tion of the bottom of the slip surface of the-ﬁaﬁuzlu
landslide is about EL.600 meters, which is higher thén
the high water level of the reservoir, in addition, the
form of the slip surfce (equal to the top of the bed
rock) -along the piofile of electric prospecting line
shows "stairs form" (partly steep 30° - 50°, partly flat-
within 10°) at the main part and "ski jump Fform™ at the
end of the landslide (see DWG.AP,3-27). -

-Considering the - above conditions, given that Havuzlu
landslide is reactivated, the landslide speed will_not
reach an exceedingly high speed. - Further, the reservoir.
from the landslide to the downstream dam site have:'
several meanders, and the distance is about eight kilome-
ters. - In addition, a structure of concrete arch gfaVity

or concrete arch is selected for .the downstream dam to
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withstand the landslide waves and fleodwaters that could
possibly be caused by a landslide. “For these reasons,
the reactivation of Havuzlu landslide may not greatly

affect the downstream dam even if it is reactivated.

Conversely, since the water depth of the reservolr in
front of Havuzlu landslide is about 50 meterg, aand the
width of the tongue of the landslide is about 600 wmeters.
‘The capacity of the regervoir in front of the landslide
"can be estimated as being about 3.7x106 3. Because the
volume of the Havuzlu landslide mass is about 86x100 m3,
should an amount of about a twentieth of the total
landslide mass flow inté the reservoir, the reservoir
will be almost blocked. Although there is little possi-
bility of the total amount of landslide falling into the
reservolr, the iInfluence of such a case on the Yusufeli

Power Plant needs to be reviewed.

Demirkent Landslide

Investigation excepting site reconnalssance has not yet
been made in regard to Demirkent landslide.

The area of the landslide mass based on a map drawn on a
greatly reduced scale can be deterwined as being about
950,000 m%. The characteristie of this landslide ié the
gentle sloping'of abbut 17 degrees, and the villagés and

trees on this wmass area are very stable.

As mentioned, if the assumption is correct that the slope
-wash ‘accompanied by. the eafth pillars, at the opposite
bank of Demirkent -landslide, 1s the portion of remnants
of the landslide waterfal, it can be said that Demirkent
. landslide moved a fairly long;jtime ago and that the
landslide waterial have been well compacted as time
elapsed. ' '
_On the other. hand, “in consideration . that the top of
Demirkent landslide is flat and part of this landslide
- mass femains at a high. place on the opposite bank (the
. elevation -of about EL.550 meters),_this landslide_mass
may have almost completed itsrslide, and it is preseatly

787



(2} Dam

maintaining stable topographical and peological features.
Also, the matetrial of the landslide mass that can be seen
at outcrops on the ground surface consists of well-

consolidated, fine-grained materials and gravelé.

The reservolr will cover the foot of Demirkent landslide
with water. It is difficult to conclude how this
landslide will react when it is covered wlth water as is
the case of Havuzlu landslide. The stability of this
landslide, however, as previously described, from the
viewpoint of the geographical features and Iandslide
materials, even when its foot area is covered with watér,
is judged to be better than the Havuzlu 1aﬁdslide area.

A further review is also necessary for this 1aﬁdslide
with respect to its influence on the downstream dam and
the upstream area (Yusufeli Power Plant) as in the pre-

viously described Havuzlu landslide.

(a) Upstream Dam Site

i} Topography

This dam site is sbout 9 kilometers downstream from the
Yusufeli dam site and about 3 kilometers upstréém.from
the.original dam site. It i1s also situated immediatély
downstream of the Hev valley which meets the Coruh River
on the left bank. - Near this area, the river forms a
steep valley. At the elevation of the high water level
(EL.500 m), the width of the valley is expected to be
about 120 meters, and at ‘the -elevation of the present
riverbed of EL.450 m, the width'of:the valley is about 35
to 40 meters. The average inclination of the slbpe at
the dam axis is about 355 degrees:-at the left bank. and
about 60 degrees at the right bank respectively.

At the back -of the 1eft"ébutmeﬁt;'é fault fracture zbne'

runs parallel with the mainstream of the Coruh River,

resulting in an eroded ridgé'forming an saddle. The ele-
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ii)

vation of the saddle is about 530 meters, and the
thickness of the saddle in upstream to downstream direc—
tion at the high water level of EL.500 wm, is about 60

neters,

Iﬁ_the meantime, the ridge at the right bank is extremely
thick. However, a slope wash with its top being about
EL.800 meters 1is widely distributed immediately

downstream of the axis.

Geblogy distributed

Basement rocks

The basement rock of the dam sité is gabbro, of Yusufeli

formation, and small aplite wveins develop to intrude

_this. - Although they are extremely hard, many faults,

large and swall and accompanied by aplite veins, are seen
on the left abutment, showing a great.degree of fracture
as a whole. Also, the width of the fault fracture zone
crossing tﬁe.ridge is about 15 meters, and this fracture
zone continuously runs upstream to downstream direction.
This fauit fractured zone is accompanied by many glicken-~

sides and quartz—calcite veinlets.

Conversely, a few faults develop in the bedrock of the

right bank, which forums a massive hillside.

Alluvium

_Iﬁ the mainstream riverbed, alluvium, which is assumed to

be ﬁade up of sand and gravel, is distributed. Although
the thickness of the alluvium is not clear, judging from

the general characteristics of the alluvium of the Coruh

_River,'it.iS'estimaﬁed to be about 50 meters.

An”alluQium aiso lies in the riverbed of the Hev valley,
which joins the left bank immediately upstream of the dam

axis.
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iit)

Terrace deposits

A thin oparvow terrace deposit extending for about 90
meters in upstream to downstream direction lies in. the
left abutment of the dam site, with the elevation of
approximately EL.470 meters., The terrace deposits con—

sist of round gravel and sand.

Blope Wash
Small scale slope washes exist sporadically in the left
bank of the dam site, The thicknesses of these slope

washes are estimated to be less tﬁan several meters.
Considerations from the viewpoint of engineering geology

Weathering _ .

Weathering of the bedrock is generally remarkable at the
left bank. Many faults having various sizes and cracks
are found at the left ‘abutment. They are geherally

influenced by oxidatlion or chloritization. The fracture

'zone of the maln fault mentioned in 11) are loosened at

the . ground- surface by weathering. No noticeable
weathering has developed on the bedrock at the right

baﬂk-

Hardness

The fresh portions of the bedrocks are hard;

In the fault facture zone passing thropgh the saddle pért
of the left bank, as previously deéc?ibeﬁ, weathering has
developed, causing the bedrocks to become weakened.

Convergsely, the bedrocks of the-right'Bank are very ha:d;

Discontinuity -

Analyses of the directlonality of the. discontinuities of
bedrock have heen performed by - means of Schmidt net
dividing the objectives ‘{nto joint and fault. . The same
analyzing technique as that applied to the analyseé of
the discontinuity of the Yusufeli dam site bedrock is
used. In these analyses, those having a fractured zone

of more than one centimeter are treated as faults,-'nd

7-90



- those with a fractured zone of less than one centimeter

are treated as Jjoints for convenience.

(Fault) _

The most consplcuous fault is the one that passes through
the saddle part of the left bank, This fault runé in the
strike of W20° - hOQE, and its dip of 63° - 70° mW. It
runs almost parallel to the mainstream of the Coruh River
and is dipped to the mountain-side.

The thickness of the fractured zone that goes together
with this fault is about 15 meters, and as previocusly
described, a marked weathering has developed on this

fractured zone,

Besides this fault, there are many large and small faults
in the left bank. area that have affected the geographical
features, thereby forming a marked uneven eroded geo-

graphical features.

As shown in the Schmidt net in Fig. AP.3-1, faults spora*
' dically exist in each quadrant, and no specific direc-

tionality of faults is observed.

{Joint) .

The distribution freduency by direction of joints is
shown in.the Schmidt pet in Fig. AP.3-2. As in the case
of the faults, joints do not also concentrate into a spe-

cific quadrant.

Also, in Fig. AP.3-3, a Schmidt net combining the above
faults and joints is shown.
- This also shows that the @ombinatidn of joints and faults

similarly scatters over the quadrants.

Water Permeability

No data for pErmehbility of this area 1s available
because 'ﬁo':-drillhble_f:has been performed there,
Conseduently,_it is presentiy impossible to describe the
quantitative permeabiliﬁy of bedrock. .

Quélitativé observations Indicate, however, that the per-
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meability of the left bank area is generally large and
that of the right bank 1s gmall if the weathering and
cracks of bedrock that can affect the permeability of

bedrock are taken into account.

Sholuld the upstream dam site be adopted, the permeability
of bedrock needs to be investigated in detail beforé the
detailed design stage, regardless of the kind of dam to
be employed.

(b) Downstream Dam Site
1) Topography

This dam site ié situated about 19 kilometers downstream
from the Yusufeli dam site and about 10 kilometers
downstream from the Artvin upstream dam site. The river
exhibits an extremely steep V shaped -ravine in the vici-
nity of the dam site, and its width is about 150 meters
at the high water level of EL.500 meters, the width of
the ravine in the riverbed at abogt.EL.380 meters of 25
to 30 meters. The dinclination .with respeét_ to the
hiliside slope at the dam axis is 65 degrees at the left
bank and 75 degrees at the right bank.

Relatively little uneﬁeness is seen on the hillside slope
of -the left bank, which displays a smooth ground surface.
Conversely, the right abutment forms. a sﬁur having the
saddle at the east side, thereby pushing out to. the
mainstream of the Coruh River. The saddle that appears
at a glance.to be a thin saddle has a width of more than
100 meters In upstream to downstream direction at the
high water level of EL.500 meters. Immediately upstream
of the dam axis, a slide area is Seen;_ This is a rock-
slide with the top of EL. about 630 meters, reSuiting in
a2 narrow strip of fallen ropké deposit dn the area with a.
height of less than EL.550 meters. ‘
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ii) Geology distributed

Basement rocks

The basement rocks of the dam site consist of phyllite,
basie tuff, and diabase of Yusufeli formation to form
bedded structures; the strata are formed with different
layers with a thickness ranging from several centimeters
to several méters. The greenish basic tuff and diabase
in this formation have been identified by the EIE by
microséobic observations, Phyllité is the least in terms
of quantity, and greén rock cdmpfising basic tuff and
diabase is preddminant.

The basic tuff and diabase are extremely hard and their
beds are closeiy adhered. Foliation has developed well
in the pﬁjllite portions, and phyllite tends to come off
'easily along the foliation.

The bedding pla.nes run In the direction of N25° - 40°E,
“which is the same direciton as the river flow upstream
thé dam éxis, and sharply ineclines in the east-west
direction ét aﬁgleé of more thén 80 degrees. Thus the
geological features of the downstream dam site apparently

has a monoclinic structure.

Alluvium

Alluvium consisting of gravel and sand exists in the
riverbed. 1In the riverbed area about 110 meters upstream
from the dam axis; a drillhole (SID-1) was executed.
Results of the drilihole revealed the thickness of allu-

vium to be 33.7 meters.

5lope ‘iia_sit; ' _ _

In the right bank of the dam axis, a rock slide surface
with the highest area being EL.$30 meters, and slidden
;fock fragﬁents extend in a narrow strip from here to the
riﬁe;béd. Mo other noticeabie élope wash is seen in this

acea.
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1ii) Considerations from the viewpoint of engineering geology
(See Fig. 7-17) -

Weathering
Generally, the bedrocks at the left abutment appears to
be fresh, the bedrocks, however, at the right abutment

seem to be somewhat weathered on the ground surface.

Harduess

The bedrocks of bSth-abutments excepting neay ground sur-
face can belexpeéted'to'be well hard., However, according
to the res&its of unconfined coﬁpressive test by EIE, the
drilled cores of SID41 (located in the river bed) at the
depth of 40.52 m ~ 40.78 m and 42.0 m - 42.30 m show
378.2 kgf/cn? and 135.1 kgffem?  respectively. These
vélues seem to Be_sméller than the exﬁected one. It can
be assumed as thé reaéons thaf even the cores appear very
solid, thé'bedfoéks at.fhe river be&.were affected by the
fault confirmed at the.déﬁth of 65.30 m - 81;40 m of

51p~1 {core descriptions are shown on the next item).

As the temporary values to estimate modulus of elasticity
on the foundation rocks of both abutments, the following

values are considerved;
' Left abutment Right abutment

unconfined cdmpfeésivél '
strength (kgf/em?) : 500 300

. = {Assumed)
modulus of elasticity 45,000 oo 25,000
(kgf/em?) - (Assumed)
Discontinuity
(Fault)

Five smaii—scale faults with a.widfh'éf fractured zone of
less than 20 centimeters have Béén confirmed to exist:on
the left bank area. No detailed surface geologicai
investigation at the right bank was carriedibut_fdr lack

of approach to the tight abutment, however, according to
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the observations from the vicinity, some faults seem to
- continue from the left bank to the right bank. In addi-
tion,-considerably large fault shear zones are found in
the river bottom and due to the shear gzones, the bed
rocks are somewhat cracky. The attitudes of faults are

not known -because of one drillhole.

The outlines of the drilled cores (SID-1) are as follows;

Depth {m) Description
0 - 33.70 sand and gravels (alluvium)
33.70 - 36.85 somewhat cracky, cracks browan and
slickensides.
36.85 ~ 57.00 Faif to good cores, core length 10 -

20 c¢cm or wmore, no brown cracks.

57.00 - 59.50 no brown cracks, but many calcite
' veins, chloritization at 59.50 m,

59.50 - 61.50 1 - 3 cm gravely cores, many calclte
films, shear zone.

61.50 ~ 65.30 As a whole sheared, many calcite
veins and chlorite films.

65.30 - 81.40 shear zone, mainly gravely cores to
flaky cores, clay not remarkable..

81.40 - 83.00 cracky zone, many chlorite films.

83.60 -.90.50 good cores, no browﬁ cracks

90.50 - 92.00 cracky zone with shear zone (91.80 -
92.00)

92.00 - 95.00 somewhat cracky, but good cores

95.00 - 100.00 good cores

. As mentioned before, the saddle is formed at the mountain
side of the right abutment and it can be assumed that
there may be a fault on this saddle site.
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{Major joint) _
Several major jbints are seen at both abutments., Among
them, one clear joint having the attitude of N30°W and
35°6W, located at the right abutment, has a long con~
tinuity and inclines to the river side, thus careful

attention shall be paid for this Joint.

(Bedding plane)

Generally, the strike and dip of strata are N25° tb 40°E,
and -85°NW to BQO°SE, respectively. - Conseguently the
bedding plane obiiquely cross the dam axis (NB5°W) at an
anglerof 45° to 60°. The bedidng planes closely adhere

to one another.

(Foliation)

Generally, the strike and dip of phyllite foliation are
N45° to 60°E and 60° to 75°NW, respectively. Phyllite
tends to break off easily along the foliation but should
phyllite develop on the bedrock mass, it will become
hard.
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7.5 Material
7.5.1_'impérvibds Core Material

The total volume of core material to be used for the impervious core
zone of the rockfill dam will be approximately 2.9 x 109 m3, As a
regult of a rough investigation made by EIE and JICA Teams, the
surroundings of Gorgulu Village located approximately 1l km upstream
of the dam site was found to be a promising prospective site
according to a comprehensive judgment of quantity, quality,

‘borrowing operations, transportation, etc.

The basement rocks {n this avea are apilite (basalt) of the Yusufeli
Formation, and limestone, red shale, and alternations of limestone,

sandstone, marl, conglomerate, and shale of the Pugey Formation.

Thé site of a landslide called Gorgulu Landslide exists adjacent to
Gorgulu Village. This is a landslide with the Yusufeli Forﬁation
distribution area as the top portion, which has an average inclina-
tion of 11 deg., width of approximately 750 m, and length of
approximatély 2 km. The total volume is estiamted to be 50 x 108m3,

The material of the landslide is estimated to be weathered residual
" soill of spilite, with the main components being weathered gravels of
spilite and sand, silt, and clay which are weathered products'of the
gravels, and are blackish. This material will be tentatively called

"hlack soil"” in this report.

There is slope wash estimated to have originated from red shale etc.
of the Pugey.Formation distributed from the gently-sloped mountain-—
gide. 0of the Pugey Formation to the fiver terraces in a manner to
_éurroqnd this landslide. The amount existing is estianted to be 1.5
B 106m3.at just the flat area at the north side of the tip of the
landslide, and it is considered that the required quantity ﬁill be
amply exceeded when. combined with the surroundings. The components
consists §f-gtave1, Saﬁ&, silt, and. clay, and a red color is pre—

'sented."Similariy, this will be called fred'sqil“ in this report.

The pits of Table 7-13 were excavated with the materials of the two

kinds abDVe_aé'objects, the locations of which are shown in Fig.
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7-18. The samples collected were tested at the laboratory of EIE.
Further, as a result of surface reconnaissance by the EIE and JICA
teams, 1t was feared that the swelling .clay mineral mon_tmorilloni_té ,
might exist in the zﬁaterj_.al; and therefore, a part of the testing
and analyses was done additionally in Japan by the JICA Team.
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Tahle 7-13 = List of Pit for Soil Material

Subject Name of pit Remarks
Black soil - M-8 " Performed by Eill before 1985
M~9 o
M~10
AM_11 Performed by EiE in 1985, Additional
AM-12 »
(Subtotal) 5 pits o
Red soil AM-13 Performed by Eilk in 1985, Additional
Grand total 6 pits

7--101







&

/. 5 7/ : ’
DeRpAST T b -

=

T /\
: e R AW, 1
£ W U PV (VO S G M N 325 Y21 W

., !

G e T A

(x
e

o

e

“““““

SA.\'__,Gb'?gﬁJli-i” .

[Kormisa
L) hES

& Fal

)
> £

>
<3
»

Y
e
ol -

~|
<5 |
=3

.HE

s

LEGEND

Altuvium

Slope wosh

Slepe wash  {red soif}

Terrdce deposits

Landslide motesiod {block seitl

Pigey  Formation
cend shale

Limestone, red shole, alternation cf
limestone, sondstone, marl, conglomerate

Yusufeli  Formolion Spilite {or Bosqit}

Geologic boundary
Geologic  boundery loessumed}
Serike ond dip of straia

Sirike ond dip of open crack
op: width of open crack in cin

Top of landslide
Secondary londslide

Tesk piv

o
L

I i

SO0m
1 1 1]

CORUH RIVER HYDROELECTRIC
POWER DEVELOPMENT PROJECT

YUSUFELI

PROJECT

MATERIAL
BORROW AREA PLAN

Fig. 718

DECEMBER 1986

7-103







(1) Laboratory Test Items and Quantities

(2)

The items of the laboratory tests and gquantities are given in

“Table 7-14. The black soil of the samples for the 1ltems

beginning with the swelling test in the table was collected by
the JICA Team at the time of the surface recommaissance, while

the red $oi1 was obtained by the JICA Team from EIE.

‘Test Results

The test results of the impervious core wmaterial are given in
Tables 7-15, 7-16, 7-17, and 7-18.

Summaries of the test results are given below for black soil

and red soil, reépectively.
(a) Black Soil

+ Specific gravities were 2.54 to 2.80, while natural

water contents were 9.2 to. 12.0 percent.

. With regard to the Unified Soil Classification (ASTM
D 2&8?) the matérial was found to be clayey sand (SC)
or silty sand (SM) according to gradation tests and
Arrerberg's limits.

. Optimunm watericontents'obtained in compaction tesfs were
from 12.2 to 19.0 ﬁefcent; while maximum dry densities
.were from 1 68 to 2.00 t/m3. Coefficients of per-

Vmeability at optimum water contents were from 1.2 x 10~7
to 2.4 % 1076 cm/sec. ' The differences between natural

-_-water contents and coptimum water contents were 3 to 5.5

. percent, with the natural water contents lower.

; The cdhesion aﬁdténgle of internal friction according to
direct shear tésts (consolidated-undrained) were 0,09 to
(.48 kgf[cmzuand 20.59 to. 27.06 deg., respectively,

.._Concérhing grain—éiééxdistfiﬁuﬁiohs, the maximum grain
size 1ig 50 o, while the quantitites of 19.1 mm and
_under are 86 to 99 percent, 4, 75 mwm and under 66 to 89

7-105



percuet, 0.075 mm and under 22 to 40 percent, and 0.005
and under 9 to 20 percent,
A comparatively wide distribution range is indicated.

. According to the results of X-ray’ analyses, plagioclases
(anorthite, anorthite sodlan albite) are the main com-
ponents, while there are small quantities of mont-—
morillenite and quartz, and minute quantities of
chlorite {see Table 7-17). According to microscope
observations made at the same time, the volumetric per-

centage of wmontmorillonite was 15 to 17 percent.
(b) Red Soil

. Specific gravities were 2.66 to 2.70, while the natural

water content was 11.4 percent.

. Optimum water contents obtained in compaction tests were
13.6 to 15.2 percent, while maximum dry densities were
from 1.3l to 1. 88 t/m3. _

Coefficients of permeabillty at optimum water contents
were from 1.8 x 1077 to 1.7 x 1076 cm/ser.

The differences between natural water contents and opti-
mum water contents were 4.2 to 7.7 percent, with the

natural water contents lower.

. With regard to the Unified Soil Classification (ASTM
D 2487), the material was found to be clayey sand (SC)

according to gradation tests and Atterberg's limits.

. The cohesion and angle of internal friction according to
direct shear tests (consolidated—undrained) were 0.26 to

0.58 kgf/cmz'and 15.55 t0_29.02 deg., respectively.

', Concerning grain-size distribution, the maximum grain
size 15 42 mm, while the quantities of 19.1 mm and under
are 91 to 97 percent, 4,75 m énd under 76 to 79 péf—
cent, 0.075 mm and under 30 to 38 percent, and 0. 005 mm
and under 17 to 23 percent. ' . '

A comparatively wide distribution range is indicated.
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+ According to the results of swelling tests {see Table
?—16), swelling of the red soil is 0.67 percent, at 3
percentage points on the dry side of the optimum water

.éontent, and a minute 0.05 percent at the optimum water

content.

« According to ‘pinhole tests, the red so0il is

non~dispersable#,

. According to X-ray analyses, calcite, quartz, and pla-
gioclases . (anofthite, albite)} are the main components
with minute. amounts of hematite, montmorillonite, and
kaolinite also contained, According to wicroscope
observations made at the same time, the volumetric per—

 centage of montmorillonite is approximately 5 percent
(see Table 7-17).

the) * Non-dispersable soil _
A disgpersabie soll is a soil that spontaneously
assumes a dispersed or suspended condition due
‘to existence of water and becomes the cause of

chemical piping in an embankment.
Evalﬁation

To evaluate the above test results, both the black soil
and red soil belong to clayey sand (SC) te silty sand (SM)
according to the Unified Classification Method, and are

-materials of good grain-size distribution containing 22 to

40 percent fines (0.075 mm and under). Coefficients of.
permeabllity are 2.4 x 1070 to 1.2 x 1077 cm/sec, and the
soils pogsesg ample imperviousness. However, both contain
montmorilionite, a swelling clay mineral, the contents of
which are 15 to }7 percent for black soil and approxima--
tely 5 percent.for red soil. ~Generally speaking, when the
fact that wmontmorillomite is contained 1s considered,
there would be concern about deformation and collapse of
the impervibus soil core.due to swelling, and erosion of

the core due to dispersion.
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Swelling of the red soil is extremely slight, and it is
.thought that the sewelling can be ‘adequately suppressed
with . the load épplied on top ‘in case of use as core
material, As for dispersion faculty, it is known from the
results of pinhole tests that the red soil 1s non-
dispersable. Consequently, it may be evaluated as being
usable as imperviousrcore material. However, since test
quantities are small with regard to the content of mont-
morillonite, the swelling property, and the dispersion
. faculty, it dis desirable for detailed investigations and
testing to be carried ocut at the time of definite design

and construction.

‘v

On the other hand, the black soil contains a fairly large
amount of montmorillonite, and since there is concern with
regard to swelling and dispersion faculty; it is thought
necessary for thorough care to be exercised regarding
these points even more than in connection with red soil in
case the black soil is to be contemplated as impervious

core material in the future.

Quantity-wise, it will be possible for more than the
requirements for the impervious core material to be

borrowed in both the cases of black soil and red soil.
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Table 7-14  ltems and quantities of test

Quantities
ftems T Remarks
' Black soil | Red soil
; 1.
Specific'g_favity 9 3
Water content ' 2 1
Atterberg limit 9 3
Grain size analysis 9 3
Compaction 9 3
Permeability 9 3
Direct shear _ 5 3
Swelling test* - — 1
Pinhole test* | — i
X-ray analysis* | | 1 g})";:iztfi‘;i:mscopic
Chemical analysis* 1 1

Note 1: * marked items were tested by JICA team in Japan.

Note 2: Pinhole test _

A method of test for judging the dispersion faculty of
soil developed by J.L. Sherard. A hole of I-mm diameter is
made in 4 cylindrical specimen of 36-mm diameter and 38.mm
Iength__(grain size 2-mm and under, water content adjusted to
neighborhood of plastic_limit), in which distifled water is made
to peneirate under various heads; and the dispersion faculty of -
the soil is judged by the erosion condifion of the hole, flow
quantity, and drainage water color. -
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Table 7-16 Results of Swelling Test

Initial condition

Specimen _ Elapsed Swelling Remarks
“No. Water content | Dry densjty time percentages
(%) (g/em®) {(hour) (%)
—- .
No. 1 12.2 1.76 168 0.67
n
No.2 152 1.81 162 0.05 Optimum water

confent = 15.2%

No. 3 i6.7 1.78 167 0.07

‘No. 4 12.2 1.81 168 1.86

Note: Initial conditions of the water content and the dry density were based on

‘the test results of AM-13H1 shown on Table 7-15,
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Table 7-17  Results of X-ray Analysis

Mineral Black Soil Red Soil .

Quartz C . A
| .
Calcite ' E A AA
Anorthite Sodian AA ' —
_Anorthite B AA C
Albite — ] C
Hematite — E
Montmorillonite C x 1 - BT
Chlorite N E a—
- i

Kaolinite —_ E

Note: * Swelling ratio of montmorillonite was 12.3%.
#* Swelling ratio of montmorillonite was 9.3%.

AA Very strong Z 1000 cbs {counts per second)

A Strong 600~ 1000 cps
B Medium 400~ 600 cps
C Weak 200~ 400 cps
D Very weak 109~ 200 cps
E Trace < 100 cps
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Table 7-18 Results of Chemical Analysis

(wt %)

Component | Black Soil Red Soil
H,0* 4.3 | 2.4
Ignition loss * : 4.7 20.8
.Sioz 48.1 35.4
A0, _— —14.4 - 8.9
Fe, 0, 9.2 L | ;.3
Cad. S s2 22.9 i
Na,O 3.1 ﬂ 0.7
K,0 - 1.7 | 1.3 -
MgO . 44 09
Mn0 ' 0.22 0.08
Total ﬁ 031 97.68

Note: * Ignition loss includes H,0", Carbonate, organism etc,

7-113



705.2

Concrete Aggregate

Rivgr bed deposits in the Yusufeli dam site are about 50 m thick.
However, the topography in and ardund the dam site 1is very steep and
the river bed is narrow (approximately 50 m In the dam site), to
make collection of concrete’ aggregates in large quantities'very dif-

ficult. Nearest alternative places ‘are found at arownd the

-confluence of the Oltu River and the Tortum River, 6 - 8 km upstream

6f the dam site, and at around the cohfluence of the Coruh River and

the Barhal River, 9 - 10 km upstream of the same. 1In this field
investigation, the former (the confluence of the Oltu River and the
Portum River) was selected as the suitable gravel: deposits for

concrete aggregate.

Tn this area, the Oltu River is 200 m or more wide, largel&’méée‘up-
of sandbars. The river bed deposits of 3 téstrpits (G-1, 2.and 3)
were tested at laboratory by the EIE. Judging fromrfock types in
and upstream area, the gravals in the area appear to be made up of

the following types of rock:

Limestone, éalcareous rbgks (mérlretc.), sedimengary rocké-such as

sandstone, conglomerate and shale, basic igneous rocks such as spim.
lite, basalt and gabbro, acidic-intermediate volcanic rocks such as
rhyolite, rhyolitic tuff, dacite, and andesite. Among the aboves,
acidic ~ intermediate volcanic rocks such as'rhyolite coﬁtaiﬁ glass
components, so'that alkali aggregate reaction was included in the
aggregate test. Furthermore, pyroelastic rocks in Tertiary are
widely found in the upstresm of the Oltu River, and thus it is
highly possible that tuffaceous materialé are contained in fine
materials., Thus, it is necessary to pay attensions to the grain
size distribuiton of fine materials. In any case, the proposéd gra-
vel area ié quite '1arge and a sufficient amount of aggregate is
available so far as its quality and gradation are puitable _for

coperete required for the dam.

'In addition to the tests on natural aggregate, the EIE is conducting

the test on crushed aggregates to be obtained from quarries,'

7114



The quarries will be around the dam site, probably Ikizdere granitic
rocks. They are made up of very hard granite, granodiorite, gra-
nbphyre and diabase. Ekcept for fractured part of diabase ete.,
these rocks are very hard and sultable for crushed aggregates.
Samples for the aggregate test were collected from adit LA-2 of the
dam site. Test items for natural aggregate and crushed aggregate

are shown in Table 7-4.
" The comments on concrete aggregate test are as follows;

Alkali-aggregates reaction test

Test results of the chemical test ASTM C 28% are indicated on a

diagram of Fig. 7-19.

Sample No. deation Classification
Y-1 - Adit LA-2 Diébase
-2 " Microgranite
G-1 Oltu river River deposit
G-2 " "
G-3 " ’

It can be judged that every test specimen is innocuous for the

~alkali aggregates reaction.

Gradiqg, Specific gravity, Absorption, etc.

"Test results and the standards of both fine and -coarse aggregates
are shown on Table 7-19. And the grading curves are indicated on

. Fig. 7-20.

Fine aggregates of G-3 should not be used because it 1s abundant in
8ilt and also 1ts grain-size distribution is not good. As to G-l
and G-2, if they are used for the cdhcrete being subjected to ero-
-sioh, they should be washed by water to decrease the quantities of
silt up to .less than 3%. Though, there 1s no problem besides the

" above-mentioned polnts.

'Eve:y'specimEn iﬁ a#ailable on coarse aggregates. However, in case
that'they'are used as ASTM size number 467 (37.5 - 4.75 mm), they
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7.5.3

should be sorted using a grizzly because the quantities over 37.5 mm

are too large.

Rockfill Material

A quarry site for rockfill ﬁaterials is proposed near the Yusufell
damsite. Quantities and qualities of the rocks near'the damsite
seem to be sultable judging from the data of adits and drillholes at
the daméite. Howevef, tesfs for this material shall be done

according to the items listed on Chapter 14,
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7.6 In-situ Rock Test

7.6.1 General

In-situ tests were conducted on the foundation rock of the Yusufeli
damsite. Test items include plate bearing tests and block shear tests
as well as compressive strength tests at laboratory for concrefte spe-

cimens which are incidental to the block shear tests.

(1) The plate bearing tests were conducted by the EIE engineers after
the conference with the JICA Team for the test method.

(2) The block shear tests were conducted by the EIE and JICA
.Cooperation Team using test equipments which the JICA Teanm
brought to the site. Some of the tests were continuously con-
ducted by the EIE engineers even after the JICA Team left the
site, The compressive strength tests for concrete specimens were

conducted at the EIE Laboratory.
7.6.2 Test Period and Site Selection

The din~situ tests were conducted at the adits of the Yusufeli damsite
from July to September, 1985. :Four sections were selected aa the test
"location and the details are indicated in Table 7-20. The number of

the tests conducted at each section are as follows:

{a) the plate bearing tests were conducted twice at each sec-

tion, totalled 8 times at 4 sections,

{b) the block shear tests were conducted .with 3 blocks as a

-geries, totalled 12 blocks, and.

(¢) 3 specimens for each seetlon; totalled 12 specimens, were

selected for the concrete compreésive test.
The test sectlions were decided as follows.

At the qutsét,_a geological site recomnaissance for. the adits was
carried out to. grasp the rough outline of characteristics of the foun-
dation rock of the damsite. Next, the rock classification for three

elements, Weathering, hardness and discontinuities ‘was conducted.
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Based on these results, a temporary rock evaluation was made to seleect

test sections representing various rock characteristics,

For this evaluation we took into account that a uniformify in geologic

conditions should spread to suit a- test space, and sectional con-

ditions and others of the adits should be suitable to the setting of

test equipments and materials. Géologic conditions of each test sec~

tion are as follows,

(1)

(2)

(3

(4)

RA-1 (TD 41 - 47m)

The base rock in this section is extfemely'ffesﬁ, hard and poor
in crack. ¥From the lower portion of side wails to the dinvert,
granite is exposing, and diabase is spread in the upper portion
with extremely compacted igneous contact between the two rocks.
Ground water is coming out from the invert and side walls. _Ali
tests were conducted on the granite. The rock evaluation in this
section is Al. .

(Refer to (2)-~(e)-vi) of 7.4.1 for the rock evaluation)

LA~2 (TD 27 - 35m)

Granediorite is spread in this section. Rocks are fresh and
hard, but have lots of cracks which are weathered to brown color.

The rock evaluatien in this section is B.
LA-3 (II) (D 29 - 39m)

Diabase is in the inverit, and granodiorite is in the upper por-—
tion of the adit, which are extremely hard but somewhat cracky.
Some cracks are weathered to browa color, but are sufficiently

compacted. The rock evaluation in this section is A2.
LA~3 (I1) (TD 72 ~ 80m)

This section is a shear zone with diabase as-anroriginal';ock,
which have lots of cracks. Cracks aré'filled with”qdartz—caicite
veinlets. These rocks are brittle fo impulse givén'by:hammer and
are broken {nto small pieces. $he'féult p6rtiohs are clayey and

soft. The rock évalﬁation'iﬁ this sectlon is B.

7—-120



"d1g Aq auop alaM SIAYID
-weay, woneisdoo) YOIF~FIg AQ Pe1ndoXa aldm $1591 DIRW 4 (210K

s1%al 7Z1° s1sa] § 18101
$8. ‘17 3ds| 8L | TITS
$8. ‘0z .aum.ﬁ.ﬁ 11~ [§8. ‘81 S0V [LL |« 84 o n _
osegeID JO o .
3u0Z IBAYS | §8. €L 3§ 6L | 017§ (S8 9T ANV TTL |4 L6 _ @ _ AQ-0T | o~ (IDE—v1
| 58,5 S| STLE |« 6~ @ | |
cg. ‘L1 adeg| o | 8- [s8 ‘€l Buy, 97¢ . 9-g _ _ _
sseqEIq | §8. ‘61 "2deS g1€ L~ (58 ‘Cl Sy SS'67 |u € | 6 in,m?m.; 6 ~67 | DV
$8. ‘st Bnv| wee | . 9-§
$8.°LT BV YOS |k S-S S8 9T AMI|  THE |y b8
SYHOIPOUTID | §8, 6180y €8T 14 v 158. %62 Amrl 067 |« €4 @ CATAIVE | SE~LT | T-VT
58, ‘97 48| S6'9F | €S
$8. ‘1z 1dss| scvb | 78 |58, bl eS| ooy | ¢
SpUEID _m_.ww ‘]T "1d8¢ s .Tm ﬁ_@ “NH..amm 91y | 1-4 e _ HI-1IVI ﬁ,a 187 1—vd
918(T 1891 (un ON 188L| e1eq isoL | (u) ‘aN 380 , g . .
syrewisy , _gmoﬁmooq . . uortesoT ! Y TuonEnEad | WORESIHSSE) (ur) 1 -oN 10V
. 383 IEaUS N0 1803, Biresq Aeld ; et oY . U03095 ISl

WOpEooT 3531 JO S|IBIRQ  DZ-L ARl

7-121



7.6.3 Test Method

(1)

(2)

Plate Bearing Test

The plate bearing test is conducted to Judge ‘the deformation
characteristics of the base rock. Through this test we obtained
the modulus of deformation, the secant modulus of elésticity, the

tangential medulus of elasticity and the creep characteristics.,

The number of the tests is 2 spots at each section. We examined
the deformation characteristics by mounting a loading plate,
which is rigid enough and has 35.5 cm in diameter, in the ver-
tical direction by means of a 200 ton jack. The loading pattern
is indicated in Fig. 7-21, 7The maximum stress is 65 kgf/cmz, and

the creep time is set up at 6 hours.
Block Shear Test

The block shear test is conducted to obtain the shear strength of
the base rock. The numbér of the tests is 3 blocks at each sec-
tion. After chipping the rock surface for shear plane of: 3,600
em? area for each block, we placed coucrete in the tesf b;bcks;
After solidification of the concrete, we wmounted 2, 5 -énd _8
kgf/cm2 vertical stresses on each test block.by means of a 50
ton jack, and, thereafter, cut each block by three 100_t0n jacks
which were installed diagonally. _ ‘

We obtained an shear strength from vertical stress and hbrizoﬂtal
stress at the time of shear. 1In addition, in order to obtain a
compreésive strength of each test block, we bfepared a.saﬁple
concrete and kept it in the site for solidification, then con~
ducted compression tests on cylindrical samples of coh¢reté; at

the corresponding time to the in-situ tests,
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7.6.4 Test Result and Evaluation

(1}

(2)

Bearlng Power of the Base Rock

It was confirmgd that both A and B group base rocks have enough
bearing capacity, at least more than 65 kg/cmz. The relation-
ships beﬁween load and deformation show linear statuses, and no
yield characteristics were obtained. The above test results

indicate that these tocks are hard enough.
Plate'Bearing Test

The ﬁlate bearing test results are indicated 4in Table 7-21,
showing the deformation characteristics of thégbase rock. The
modulus of deformation was obtained at the inéremental'loading
section, and the secant and tangential moduli of elastiéity as
the average figure of the maximum loading two cycles. WNote that
the tangential modulus of elasticity was calculated ét a section
with the stress level of 20 — 65 kg/cmz, an almost a linear sta-
tus, Judging from the elastic and plastié deformétipg ratios,

the plastic deformation showed rvoughly 33% for the'A'gfdﬁp base

rock and roughly 43%Z for the B group. These figures indicate

that the base rock are hard enough not to be 'iﬁfluenced. by
ceracks. The deformation modulus showed 68,100 - 142,000_kg/cm2
for the A group base rock, and 29,400 - 78,200 kg/cm? for the B
group, which indicates that the base rocks are hard and of little
deformation characteristics. The tangential modulus of elasti-
city showed 91,100 - 206,400 kg/em? for the A group base rock and
47,900 —'103,700 kg/cm?  for the B group, which also indicates
that these base rocks ave hard aad f&vdrable.   '
Since the creep deformation is extremely low, the creep factor
{Cf) indicated a wide rauge of 2 - 34%. _
Convergences of creep curves showed slow tendenciles for 2 hours,
which are equivalent to 50% of the total 6 hour cfgép ﬁefor—
mations, but it implies that there was little'consolidaticn:pro—°

cegs in cracks etc.
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(3

Block Shear Test

The results of the block shear tests afe shown on Table 7-22.
According to the observations of the shear planes after the
tests, all of the test blocks were not sheared in the bed rocks

and the observation results are as follows:

. Regarding test blocks S“l; 2 and 3 in adit RA-1, they were
mainly sheared at the contaet planes between concrete blocks

and bed rocks and they were partly sheared in concrete.

. Regarding test blocks S-4, 5, 6 1n adit LA-2 and test blocks
s~7, 8, 9, 10, 11, 12 in adit LA-3, they were mainly sheared in
concrete and partly sheared at the contact planes between

concrete blocks and bed rocks.

The causes for the abovementioned results are considered as

follows:

~ The compressive strength of concrete block was expected to be
300 kg/ﬁm2 or more, however, most of strengths were less than
300 kg/cm?,

- Accordingly, due to the lack of concrete strength, the concrete
blocks were sheared in concrete or at the contact planes bet-—
ween concrete blocks and bed rocks before reach to 300 ton of
possible max. shear load. Besides, phenomena which concrete
aggregates were sheared are not found on the contacf planes
between concrete block and bed rock. This fact indicate that
the cause for the lack of concrete strength is due to the

quality of the cement._

In conclugion, as the shear strengths of the bed rocks could not

_be obtained directly, the shear strength of the bed rocks at

Yusuféli damsite are assumed by the correlétions between modulus
of elasticity and shear strength which were collected at grénitic

rocks sites in Japan as shown' in Fig. 7-22.

Fig. 7-23 shows the_assumed shear streungth of the bed rocks at
Yusufell site and the values of A and B groups are rather high.
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Judging from Table 7-23, it is concluded that the foundation

rocks at Yusufeli site are quite sound.
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7.7 Conclusion of Engineering Geology

This is the conclusion of the engineering geology based on the field
investigations (2 times) made by the JICA Team, and other data pro-
vided by EIE in regard to the Yusufeli aund Artvin-projeéts.

7.7.1 Yusufeli Project
(1) Reservoir

« Judgment can be made that there will be no prdblem with respect

to the watertightness of the Yusufell reéervoir.

» Although two '1afge*scalé landslides of Gorgulu and Vécanket
exist in the upstream ares of the Yusufeli reservoir, it can be
judged that their existence will not impede the cohétructi@n of
the Yusufeli dam. The inflﬁence they may have oﬁ.the upsfream'
area if they are reactivated after the resefvéir is filled with

water, however, needs to be investigated in the future.

. Besides the two landslides mentioned above, investigations are
also'necesséfy in vegard to the poSsibility of:thé occurrence
of new landslides. Even if such a possibilitf_is?recognizéd'tq
exist, it will not impedé the construction of the Yusufeli dam
because all of new potential landslides will be limited to
those areas further upstream from the two landslide areas men-—

tioned abbve.

. However, to avoid the risks of new landslides, it can be saild
that the lower water level of the réservoir_is better and has
less influence on new landslides, especially in the area of

Berta formation.
{2) Dam

. Although normal foundation treatments :areﬂ.neceééAry fof: tﬁe
bedrock at the Yusufeli dam site, this bedrqck_éaﬁ'be evalﬁéte&'
as one of the best foundation rocks availéble.for'therﬁoun-
dation of the tock-fili dam witﬁ é'height-of'abbuﬁ 270 metérs.
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. In gspite of the scarecity of the past investigation works with
respect to the areas suitable for the arch dam layout, the
following judgments can be made as to the foundation of an arch
dam with a hedight bf about 270 meters, based on the existing

investigation data.

*  The strength of the bedrock in this dam site can be suf~
ficlently suitable for the construction of a concrete arch

dam with a height of about 270 meters.

* Well-developed joints and cracks belng sﬁbjected to oxida-
tion can be seen in the.bedrock of the left bank of the dam
site. Observationg ieﬁeal that this has a noticeable effect
on the permeability but no conspicuous effect on the beariung
capacity. The deformation modulus of class A bedrock of the
dam site is 68,000 - 142,000 kg/cmz, and that of c¢lass B
bedrock is 29,000 - 78,000 kg/cm?.

This weans - that although the development of joints and
cracks accompanied by'okidation exist in the bedrock, they
ciosely adhere to one another, and no weathered materials,
such as . seam, exist __betﬁeen joints and/or cracks.
Therefore, sﬁch diécontinuities can be improved through

foundation treatment such as grouting.

* The-?otal mnber of faults confirmed at the adits of the
damsité:(two adits in the left bank énd two in the rigﬁt
bank amounting to a total of ﬁ03;8ﬁm) ig 152, of which the
aumber of shear zones with a thickness of more than 10 cm is
56 and those with a thickness_df less than 10 cm is 96.
Although some of'these shear zones intercaiate soft clay,

~ they aécompany breccia in general and are.sufficiently con-
solidated in the adits located at.the elevation'higher than
groundwater level (e.g. LA-3). They, however, ére softened
in the adit below groundwater level (e.g. LA-2). Im-situ
tests of these faglﬁs,below gréundwater level have not yet

" been performed.

#* . Should the faults (those with a thickness .of more than
10 cm) confirmed at the sbove adits be extended in both
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horizontal and wertical cross—sections, some places where
the faults are concentrated at the deeper parts of the foun-
dation can be found. Considering the conditions'of shear
zones below groundwater level or the conditions when the
reservoilr water will infiltrate 1Into shear zones, the
investigation for the places where the faults are con-
centrated, in-situ test for shear strength'of"soft fracture
zones and the dinvestigation of continuity of important

faults mwust be performed in future.

* TIn-situ rock tests were carried out at T0 70 m of the adit
LA-3 (I1) where faults are concentrated and the results are

as follows:

Secant modulus of elasticity = 73,000 - 107,000 kg/cm?
Modulus of deformation - 43,000 - 78,000 kg/cm2

The above values, however, were tested on the shear =zone
located above groundwater level, accordingly the values are

more or less big.

% (omprehensive evaluation as the foundation of arch dam is
that the bedrocks in the Yusufeli damsite bear to construct

arch dam, more investigation, however, will be required.

. When any  attempt 1is made to evaluate the dam site from the
viewpoint of foundation treatment, consideration should be
given to the pérmeability regardlegs of the type.of dam to be
employed. When the geological characteristicsiof both banks_in
the dam site are compared each other, the left bank abutment is
especially complicated in regard to the permeability. This
means that the permeability is influenced by"many faults -
existing in the left bank abutment. As'previdﬁsly deseribed,
the greater part of cracks are recognized to have been: affected
by oxidation, but materials such as seém do not exist between
cracks. From this fact, the site can be judged to have an good

groutability.
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(3). Appurtenant Structures

In the case of the rock-fill dam, the Spiliway is planned to be
built on the left bank, It is judged that there is no problem
with respect to the bedrock from the viewpoints of streugth and
“"slope stability.

In both cases, the rock-fill dam and the arch dam, the powerhouse

is ékpectéd to be built on the right bhank.

Judging _ffomJ the results of the drillhole RSI-16, it is con- -
sidered that there will be no problem with respect to the bedrock
for an underground powerhouse, However, the drilled cores neér
‘the end of the hole are sdmewhat cracky because of the influence
of the valley near by. This information shall be considered for

the layout of the powerhouse.

The foundation rocks of penstock ard tailrace tunnel seem to be

generally good,
7 . 7-0 2 .l'ga‘tEI'ial
(1) Impervious Core Material

+» In conclusion, both Black soil and Red soil belong to clayey
sand (SC) and/or silty sand (SM) in accordance with the Unified
Soil Classification.

. They have good grain size distribution with 22-40% of fine par-
ticles (less than 0.075 wmm).

. Their coefficient of permeability is 2.4 x 1076 to 1.2 x 1077
cm/sec, and the values are suitable for impervious core

naterials,
. The volumes of both materials are enough for the requirement.

; Black sbil. contaiﬁs. 15;172 of montmorillonite, acqordingly,
-careful attention shall be paid for swelling and dispersion

faculties,

. Sﬁelling ratio of red soll is very small acbording to the test

by one sample and it 1s judged that red soils are available for
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impervious core materials. More detail tests, however, shall

be executed during the definilte study.
(2} Concrete Aggregate

. Every test specimen at the proposed sites is innocuous for the

alkall aggregates reaction. .

« Fine aggregates of G-3 contain abundént siit and its grain-gize
distribution is not good. Moreover, fine aggregates bf'G*l and
G-2 shall be washed by water to decrease the.quantities of silt
up to less than 37%. ' '

+ Every specimen is avallable as coarse aggregates. However, in
case that they are used as ASTM size number 467 (37.5 -
4.75 mm), they shall be sorted using a grizzly because the .

quantities over 37.5 mm are too large.
(3) Rock Material

A quarry site for rock materials is proposed near the Yusufell
damsite. Quantities and qualities of the rocks near the damsité
seem to be suitable judgihg from the data of adits and drillhole
at the damsite.

7.7.3 In-situ Rock Test

It is confirmed by the results of the in-situ rock tests that the

foundation rocks (both of A and B classeg) at Yusufeli damsite have

sufficlent bearing strength more than 65 kg/pm .
7.7.4 Artvin Project

(1) Regervoir

There will be no problem in connection with the permeability of

both reservoirs under the upstream and downstream dam sites.
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» In the reservoir of the upstream dam site, neither existing
landslide areas nor areas having a possibility of landslide are
seen. From the viewpolnt of Slope stability, the reservolr of
‘the upstream dam site 1s superior to that of the downstream

One.

o In the reservolr of the downstream dam gite, two large-scale
landslides of Havuzlu and Demirkent exist,
The existence of the landslides, however, is judged to be imma-—
terfal to the construction of the downstream dam site.
Provided, however, that the Influence they may have on the
upstream area if they are activated after the filling of reser—

voir water needs to be investigated in the future.

. In the reservoir area of the downstream dam site, no geographi-
cal features capable of causing new large-scale landslides can

be found.

. There is a possibility that the relatively thick slope washes
in several places of the reservoir area of the downstream dam
site can coilapsé after the filling of reservoir water.
Their - scales are, however,  extremely small compared with the
landslides;' and they may have practically no effect on the

downstream dam and the upstream area.
(2) Upstream Dam and ILts Appurtenant Structures

+ The bedrocks iﬁ:the left bank df the upstream dam site are
complicated because of the existence of faults énd.dyke rocks.
On the contrary, the right bank is stable in spite of a
existence of a fault in part. Therefore, the bedrock of the
dam - site 1s suitable for a rock-f1ll dam, but it has problems

.with: regpect to a concrete arch dam.

Q_The upstream plan.inéludés'a'preSQuré tunnei of which route
Consists"of gabbro,__phyllite, and .green rocks comprising of
" basic tuff and diabase ete, Tﬁe section consisting of gabbro
and- green rocks has excellent bedrocks with a support work fac-—
tor  of several_petcentages. . Due attention, however, shéuld,be :

glven to the tﬁnnelling of the section consisting of phyllite.
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(3)

Especially, the sections passing Havuzlu landslide area and the
Esenkaya valley arefcovered_ﬁith thickness about 100 metérs at
the former and about 50 meters at the latter. The distribution
rates of each kind of rock over the total length of the tumnel

are as follows:

Gabbro section 10%
Phyllite section - 407

- Green rock section 50%

. It 1s expected that a great deal.of water will not flow out
during thé tunnelling work 1In the gabbro and greeﬁ—rock sec=
tionsg, | '

In the section of phjllite, however, there is a great possibi-

lity of water flow out.

. The power plant site is situated in the green rock distribution
section., This rock is sufficlently hard for use as the foun-

dation of the penstock and the power plant.
Downstream Dam and Tts Appurtenént Structures

. For the downstrean dan site, surface geological investigations
and one drillhole have been performed, The . thickness of gravel

in the riverbed is cbnfirmed to be 33.7 m.

. In this dam site; thin phyllite layers sporadically exist in
part, but.the'greater part of the bedrock consists of the pre-
viously described green rock (gabbro and basic tuff). This
rock is héfd.and is suitable for the foundation of a conmecrete

arch gravity dam.

. The discontinuities that can be seen in this dam site consist
of the bedding plane of green rock, the foliation of phyllite,

several faults and major joints,

. The drililhole. of SID-1° (at the river bottom) revealed large
shear zone at the depth from 65.30 m to 81440 m. - The attitude
of the shear zone is not c1éar_so'far. In addition,'a'major

joint having long contimuity and 35° inclination to the_riﬁer
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side is found at the right abutment, the details, however, are

also mot clear yet.
As mentioned abéve, some open questions gtill remain at this

damsite.
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CHAPTER 8. SEISMICITY

8.1 Tectonics of Eastern Turkey

8.1.1

8.1.2

Geological Qutline of Eastern Turkey

Eastern Turkey has been subjected to repeated orogenic movements

“from the begining of the Paleozolc Era and presents a complex geolop~

gical structure, but basically it can be divided into four east-—west

oriented tectonic zones. Namely, they are in order from the north,

the ?ontiﬂs, Anatolids, Taurids, and Border Folds. Cretaceous to

Paleogene rhyolitic-basaltic volcanic rocks are predominant in the
Pontids while there is partial distribution of Jurassic to
Cretaceous ophiolite. At the Anatolids, strongly deformed Eocene to
Miocene marine clastic rocks and Quaternary voleanic rocks are
distributed on the basement rocks of Jurassic to Cretaceous

ophiolite and slightly metamorphoséd rock. Continental deposits of

Pliocene Lo Quaternary are distributed at mountainland basins. The

basement of the Taurids consists maihly of Precambrian to Mesczoic

gtrata and ophiolite, while Eocambrian to Pliocene neritic sedimen~

' tary rocks are predominant in the Border Folds.

Reotectonics of Eastern Turkey
(1) North Anatolian Fault and East Anatolian Fault

The eéstern région of the Anatolian Peninsula is divided by two

traﬁsform faults named North Anatolian Fault and East Anatolian
Fault which make up plate boundafies. .?articularly, these two

ﬁransform fauits‘ pfomiﬁently divide the _ﬁfeviously—mentioned
~old tectonic zqnes._ Thé_formér mgkes up the boundary between
the -Eurasian, ?1até _(Black_ Sea Pléte) and Anarollan Plate
(Tﬁrkey Plate), and the latter the boundary 5etween the
_Anatolian Plate and the Arabian Plate.

 “The North Anatolian Fault extends east-west. presenting a gentle
are bulging northward at the northern part of Turkey and its
total length is in excess of approximately 1,000 km. At least



(2)

at present it shows a rightqhanded-horiiontal_displacement, the
total horizontal displacement having been séidﬂto be 70 to 80 .
km din the past, but recently, thére have been opinions-
expressed that it should be 20 to 30 km, and this. ﬁoint 
requires further study.’ The occurrence of the North Anatolian
Fault is sald to have been 10 to 12 million years ago, bat thel
direction of displacement has not always‘ heen cogsistently
right-handed horizoﬁtal and it apﬁears there Wés a timé.in-the
middle of Pliocene Epoch when a 1e£t*handed.horizontal displa-
cement was indicated. Many..active faults, earﬁhduake*
associated faults and mountainland basins afe distributed along
this fault, while there have been also volcanlc activities, and
it may be seen that this is a first-class structure of the-

Quaternary Pertod.

"The East Anatolian Fault divides the'Tauri&s; and on land it

has a length of approximately 560 km with a strike of N6O°E -
S60°W. It shows a thrust-fault nature at the southwestern
part, but a left-handed 1atéral'displacement is prominent on

the whole. It is covered by Quaternary volcanic rocks and the

'dlsplacement topography is not necessarlly dlstlnct, while the

degree of activity is slightly‘ less compared with the North
Anatolian Fault, but this is also a parémount structure of this
region. The fault intersects the North Anatolian Fault: east of-
Karliova to comprise a ttiple junctlon. As a conéequence, fﬁe
Anatolian Plate sandwiched by the two faults would apparently

shift westward.

As described in the foregoing, the neotectonics  of. eastern
Turkey is made complex reflecting the mutual movements between
the plates in the field of tectﬁnic stress'ffdm.nofth—south

compression caused by the northward drifting Arabian Plate:

since the late Miocene Epoch.
Active Faults in Eastern Turkey

The active fault groups listed below have—devéloped'in the'teCF

tonic stress field of eastern Turkey. .



3)

(a) Reverse or thrust fault group with east-west orientation

(b) Left~handed horizontal displacement fault group with
NNE-SSW to NE-SW orientation

{c) Right-handed horizontal displacement fault group with
NW-SE orientation

(d) Tension joint or normal fault group of north-south orien-

tation

'Pérticulaply, the active fault groups of (a) and (b) are promi-

nently developed and the.former is connected with the occurren-
ces of mountainland basins such as the Brzincan and Erzurum

Basins.

Most of the active faults in this region indicate distinct
cumulative displacement topographies as seismicity is strong as
described in the following section, and earthquake faults are

caused.
Eatthquake Faults of Eastern Turkey

Earthquakes in Turkey may be broadly divided into (a) shallow
earthquakeé corresponding with right-handed displacement acti-

vity of the WNorth Anatolian Fault (for example, Erzincan

. Barthquake, . 1939), (b) shallow earthquakes corresponding with

left-handed displacement activity of the East Anatolian Fault
(for example, Bingol Earthquake, 1971), (e¢) slightly deep-focus

earthquake group related to the normal fault group of the east-—

- west orilented graben zone of . the Aegean Sea and its shoreline,

and (d) shallow earthquake groups inside the respective plates
other .than the above earthquakes {for example, Caldiran

Earthquake, 1976, and Horasan-Narman Earthquake, 1983).

. Particularly, the earthquake which occurred at Erzincan 1a 1939
‘at the eastern part of the North Anatolian Fault registered M

7.9, the strongest of this century in Turkey. Since then,
earthquakes belonging to the category of {a) have occurred

évery:several'to ten and several years, and it is a well-known



fact that the. hypocenters of these earthquakes have shifted

westward in remarkably orderly manmer.

Within the limits of the investigations made, eérthquake fadlts
produced as results of -these earthquakes belonging to (a) do
not strictly coincide in cases, bat approximately, they _are
produced by repeated cyclés of motion of the active faults
running roughly paréllel in the vicinity of the North Anatolian.
Fault, 1In view of the cumulative verticélrdisblaﬁement.of the
active faults and the vertical displacementé of the individual
earthquake faults the return peried is of the order of several

hundred to several thousand years (< 5,000 yr).

The earthquake faults are 1in a vumber Qf ﬁultiple echelon
arrangements composed of segments made of echelon fissures, the
smallest of which are ten and several centimeters. Small—séale
echelon arrangements with segment lengths of less than several
hundred meters are arrayed ip correspondence with the lateral
digplacement of related tranéform faults., On the other hand,f
large-scale echelon arrangements of segment 1engths ‘ten and
several kilometers do not necessarily correspond with related
transform faults. This is because they are affected by geolo-
gical anigotropies near'the ground surface such as existing

fissures and volcanic rock mass.

According.to the relationship of earthquake faults fotméd aﬁd
earthquakes in this century in Turkey, in case of:maghifude not
less than 6.5 and depth of hypocenter shallower than 40 km, it
can be expected that earthquake faults will be formed,
Further, as already pointed out by a number of researchérs,_a
relationship of log L (D) =aM - b is valid approxiamtely bet-
ween total length (L) and displacement (D) of a fault and
magnitude (M). ' '

On comparison of earthquake faults of Japan and Turkey at eQual
magnitudes, those of Turkey are longef, while those of Japan
have largér maximum displacements. For example, in the cases
of the Erzincan Earthquake in. Turkey and the Nohbi Earthquake
in Japan with the same magnitudes of M7.%9, the length of_the':
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earthquake fault was approximately 300 km and maximum displace-
ment was approkimately 4.2 m for the former, whereas the length
was approximately 80 km and maximum displacement approximately

8 m or more for the latter.

As for the Horasan-Narman Earthquake ¥Faults produced com~
péfétively recently (October 30,'1983) in eastern Turkey, they
appear to have occurred where a topograﬁhically digtinct active
fault did not previously exist. These earthquake faults aréAin
the northeast-southwest directibﬁ'and'comprise a sheared'zoqe
correlative to left-handed lateral displacement consisting of a
group of many fractures of poor continuities of a length of 12
km and a width 4_km. The fracture group consists.of left-
haﬁ&ed_lateral displacement faults of predominant strikes of
N15° - 30°E, right-handed lateral faults of slightly poorly
developed conjugafé seks, and.tension fissures of north-south
brientation.r Similarly to the neotectonics of this region,
north—south compréssion can be imagined from these fractures,
and it may be said there is good correspondence between the

two.
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8,2 Design Seismic Coefficient

The eétimation of the maximum ground acceleration at Yusufeli site by
probability analysis was performed to determine the design seismic
coefficient. The seismicity data used in this study are those com-—
piled by NOAA (National Oceanic and Atmospheric Administration
Environmeﬁtal Data Service) and are 1658 in number during the period
1901-1984. 0Of previbusly proposed attenuation models which eﬁpress
peak ground acceleration A {gal), in terms of earthquake magnitude M,
and hypocentral distance R (km), or epicentral distance D (km), five

models shown below are used in this study.

Log A = 3.090 + 0.347 M —.2 Log (R+25) (1)
préposed by C. Oliveira _

Log A = 2.674 + 0.278 M - 1,301 Log (R+25) (2)
.pr0p03ed by R.K. McGire

Log A = 2.041 + 0.347 M - 1.6 Log D (%
proposed by L; Esteva and E. Rosenblueth

Log A = 2.308 + 0.411 M - 1.637 Log (R+30) (&)
proposed by T. Katayama

Log(A/B4G) = (D+40)(—7.6+1.724'M—0.1036 MZ)/IOO {5)

proposed by S. Okamoto

A probabilistic model based on the "Theory of Extreme Values” can be
éstablished by taking an equal time loterval of one year. Although a
probability function of the maximum ground acceleration expected at-a
certain particular dam site is not known, it is reasonable to suppose
‘that the function_should be associated with the third~type asymptotic
distribution.,

The results thus obtained as well as.the selsmicity data distribution
are shown in the Fig. 8-2 and the Tables §-1 te 8-3.

Taﬁing into consideratibn general dam behaviour on top of the above
fesults, 0.15 and 0.30 are to be adopted as the design seismic coef-
ficients used in the conventional pseudo-static stabllity analysis for

a rockfill dam and an arch dam respectively at XuSufeli site,
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Fig. 8-2 Seismicity of All Data in 1901-1984
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Table 8-2 Maximum Accelerations during a Year _frbm 1901 to 1984
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CHAPTER 9. DEVELOPMENT PLAN

9.1 Development Type and Scale
'9.1.1 Review of Existing Master Plan
(1) Outline of Matn River Development Plan

The master plan of the Coruh River Hydroelectric Power Project,
studied By EXE in 1482, 1is an integral river development plan,
in which 11 project sites are to be developed in_séries along
the mgiﬁ river in a cascade style. YIn this master plan, 3
large reservoirs are to be constructed at Lalelil Site, located
at the uppermost part, Yusufeli Site and Deriner Site at the ’
middle and lower parts, tb'regulate the river flow. The total
ﬁead of 1,430 meters, from the most upstream Laleli Site to the
most downstream Muratli Site ﬁould be utilized with 11 hydro-
electric power plants having the total installed capacity of
2,000 MW, which would generate 7,470 .GWh of electricity. The
outline of this master plan is presented in Table 9-1.

The main stréam of the~Coruh River runs épproximateiy 410 km
{of which 390 km runs in the Turkish-territofy). The river has
rapid flow, its gradient being 1/300, 1/150 and 1/250 at the
upstreém, middle stream and downstream part of the river reg-—
pectivély; The drainage area is 19,750 km? at the border .of
the - Soviet Union, and the average annual flow there 1s 5:96 x
109 o3 (189 md/s),

The -geographical features of the Coruh River are_its'steep
river gradient, as described above, plus high mountains of more
than 3,000 m in elevation surrounding the river basin with
steep slopes on both banks of the river. Another feature to be
noted is that the Oltu Riﬁer; a large tributary of the Coruh
River, joins the main stream just uﬁstream of Yusufeli.Site,
'abruptly increasing the drainage area (by 1.9 times) at this

'confluence. “

Accordingly, judging from the geological feature and the river
flOW, ‘a development plan of the Coruh River which is based on
the cancept of constructing large reservoirs and power plants
on ‘the. middle and lower parts of the river will be generally

. advantageOus.
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(2)

The scope of study presented hervein covers the main river
stretching downstream of Karakale Dam Site to the back water of
Deriner Reservolr. Thus, the master plan aforementioned is to
be reviéwed with a particular focus on the Yusufeli and Artvin

Projects propoéed in the master plan.

At present, feasibility studies are being conducted by EIE for

other 9 sites along the main river.
Review of Master Plan

In the stretch downstream of Karakale Dam Site to the back
water end of Deriner Reservolr, three project plans, (A), (B)
and (C), are conceivable, including the proposal in the master
plan, based on the site reconnaissance and considering such
factors as geography, geology, status of landslides, reservoir
efficiency, effective utilization of river flow, etc. The
three project plans are shown in Fig.9-1. .

"In these three plans, a large reservoir is to be constructed at

Yusufeli Site, which is approximétely 800 m downstream from the
confluence of the tributary Oltu River to the Coruh River, for
the regulation of the river flow and for construction of a

large hydroelectric power plant.

In Plan (A) and Plan (B), a dam and condult type power plamt
or a dam type power plant is planned by constructing another
reservolr at Artvin Site, which i1is located downstream of
Yusufeli Site. The dam and condult type power plant of Plarn
(A) is also suggesﬁéd in the master plan. However, as the

effect of the landslide (Havuzlu) which is directly upstream of

“Artvin Dam Site (the. original dam site) must not be neglected,

a new dam site (Artvin Upstream Dam Site) is selected at a
location 3 km upstream of the origimal dam site based on the
result of the reconnaissance. In the plan of the dam type
power plant of Plan (B), the dam site (Artvin Downstream Dam
Site) was selected at a location 8 km downstream of the origi-

nal dam site around the back water end of Deriner Reservoir to

utilize the head effectively.
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In Plan (C),
gidered,

the construction of Artvin Reservoir is not con-
and it is planmed to comstruct a power plant at the
end of the back water of Deriner-Reseruoir, which is a dam and
type
Reservolr by a water conduit.

conduit power plant directly conmected to Yusufell
It was found out that Plan (C)
1s not’ economical in the following preliminary study, and no

detatiled study was conducted on this plan. -

Comparingl Plan. {(¢) with Plan (B), the construction cost is

partly substantially increased by the conduit, while partly
substantially decreased by the construction of Artvin Dam,
power plant and electrical equipment. '

‘As shown in Table 9-2,

than that of Plan (C), Besides; the benefit comparison indica-

the direct cost of Plan {B) is smaller

‘tes that Plan (B) is more favorable due to the difference of

the power and energy generation taking the head loss into con-—

sideration.
Tahle 9—-2 Main Cost Difference between Plans C and B
_ iteﬁ_f Unit Plan C | Plan B C-3
Installed Capecity MU 780 840
Eﬁergy Generation | eun 2,300 2,600
Direct Cost _ _ o
Headrace and Surge Tank 10071 87,500 -1 87,500
Dan' 1067TL - -] 37,100 ~37,100
 Powerhouse , 10611, 9,100 | 19,700 | ~10,600
Electro-mechanical Equip. | 106TL 60,000 | 85,500 | -25,500
Total 156,600 { 142,300 | 14,300

‘Yosufeli Dam Site,

‘Assuming that Yusufeli Town is not to be submerged by a reser-—

voir, an alternative plan can be produced in which, instead of

constructing a dam at Yusufell Site, a dam having high water
‘In this

a dam should be constructed further upstream

level of 580 m is constructed at Artvin Dam Site.
alternative plan,
of Yusufelli Site in order to make effective use of the head of
the main stream, and &'site near Kilazuli, 23 Rm upstream of -

can be selected based on the geographical



condition, Considering the elevation of Kalakale Dam Site, a
-reservoir having high water level of 810 m can be constructed
near Kilazli, and the head avallable to the high water level

of Artvin Reservolr can be utilized by a water conduit,

In this scheme, the flow and the residual head of the tributary
0ltu River must be utilized, and one more damﬂwould_be proposed
at a location 1 km upstream of the confluence of the Oltu River

and Tortum River, considering the géographical condition.

The storage efficiency of such 3-dam plan can bé'compaxed with
that of a 2-~dam plan consistiﬁg 6f Yusﬁfeli-Dém_and Artvin Dam.
As shown in Table 9-3, the storage efficiency of the 2-dam plan
is overwhelmingly superior, being nearly twice that of the
3—aam plan° .Thusrthe further étudy on the Sfdam plan has been
omitted in this report. The cdncept draﬁings of 3-daum plan are

presented in Fig. 9-2.

Table 9—3 Storage Efficiency of Two Dam Plan and Three Dam Plan

. surface Gross Concrete stofage
Name HWL (m) Area .Storag% Gtavi;{ Efficlency
(km?) Capagigy Al Dam Vg gme A/B
{10%m?) B (10 m_) -
Yusufeli Dam 700 29.9 1,820 5.3
Artvin Dam 500 4.1 170 1.5
Total 1,990 6.8 293
Kirazli Dam 810 12,0 700 3.5
Oltu Dam 700 4.0 180 2.2
Artvin Dau 580 12.3 800 - 4.0
Total 1,680 9.7 173

9-8
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9.1.2 Evaluation Method for Development Type and Scale
{1} Fundamental View

The method used for exaﬁination of development type and scale
of this project Is that of considering an alternative thermal
power plant that would bé built without this projéct and
taking the cost of the thermal power plant:as the benefit of
the project. In order to select the optimum development plan,
an imported coal-fired thermal power plant and a heavy oil-
fired thermal one are respectively used as the . alternative
facilities for the evaluation. Because, in Tﬁrkey, imported
coal-fired thermal plants will 'be supposed to be méin
electric pbwer facilities in future and heavy oil-fired thermal
ones have been generally used as the alternativés in feasibi-

lity studies.

Generally, din Turkey, a conbination of a- gas turbine ﬁower
plaﬁt and a steam thermal power plant is useé.as_the alter-
native thermal power facilitiles, but is not used in this study
due to 1its unreality. Because the plant factor of a gas tur-
bine power plant is generally 8% at most from economic point of
view and therefore it is too short for the peak duration

required of this project,

Study was done formulating a number of alternative plans for
Yusufell and Artvin Projects to select the optimum develéﬁmént
schemes upon making comparison studies of these alternative’

plans.

in examinations of comparative plans, annual surpins~hénéfit
(B~C) and annual bénefit cost - ratio .(B!C)' beéined‘ from
equalized annual costs {(c) for thé pfpject¢1ife.(5g years)hof
the hydro power fécility and the equalized annual cosés {B) ofﬁ
the alternative thermal power facility having equivaleﬂtﬂéapé—-
city'.and internal rate.of return (I.R.R.) obtainad from - the
total costs for the analysis period (construction period,+ prd—.
ject 1ife) of the hydro power facility and thbse.df the-aitef-

native thermal - power facility are used as the indeces. The

9-10
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criteria for comparisons are glven in Table 9-4, Market prices

wlithout taxes are used for the costs in the comparisouns,

The costs of the transmission line between Hopa and consuming
citles in Yusufeli and Artvin Projects and the transmission
line between the alternative thermal power plant and consuming
cities are omitted since the future power transﬁission system
plan has not yet heeﬂ defined, and their influence on the eva-

luation of the project is small.
Equalized Annuai Cost Method

The equalized annual cost of a hydro power facility consists of
depreciation and operation-maintenance cost and is estimated by
nultiplying annual cost fackor with investment cost, Interest
during construction wbuld'bé'included in the investment cost.
The average interest rate of 9.5% is used for both foreign
éurrency and local currency. The annual— cost factor is
obtained by the equation below and is to bhe 9.9% for civil

facilitieslaﬁd 11.4% for electro-mechanical facilities.

i1+ 1)
(1+4iYy ™ -1

Capital Recovery Factor =

Civil facility ' 9.6%

Electro-mechanical faeility : 9,9%
where,

n : service life, civil facility _ 50 years

electro-mechanical facility 35 years

1 : discount rate s 9.5%
Operation and Maintehance Cost (Ratio to Construction Cost)

civil facility = : 0.3%
£lectro-mechanical facility 1.5%

' An.aiterﬁatifé'tbérmal power plant is:suppqsed to be provided

in Zonguldak City on the Black Sea near the load center ‘of the
West Anatolia Region, especially Ankara, with 1nstalléd capa—
city of 600 MW (300 MW x 2) which is commonly used in feasibi-
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Table 9-4 Basic Criteria for Comparison Study

Item

Descfiption- -

Method of Andlysis

Annual Cost Method

Discount Cash Flow
Method

Economlc Index

Surplus Benefit =

Internal: Rate of

—

(B"C) -Return (IOROR')
Benefit Cost Ratio
(B/C)
Construction period
Study Pe?iod 50 years + 50 years
Discount Rate 9.572 1/

- Investment Cost

Project Cost

Escalation

Cost o B
0/M Cost, 0/M Cost, Fuel Cost
Fuel Cost / -
(Market Price without Tax)
L—_" -
Not Considered

Service Life of Facility_
Civil Faéility
Electro-mechanical Facility
0il Fired Thermal Plant
Coal Fired Thermal Plant
Substation
Transmission Line

Conversion Rate of Currency
(As of July 1985)

50 Yearé
35 Years
25 Years
25 Years
25 Years
35 Years

Us51.00 = 550 T.L

construction.

1/ 1In Turkey, a discount rate of 9.5% is generally used as
the evaluation criterion for a hydro-power prOJect. :

2/ Investment Cost consists of project cost and interest during



(3)

. ity studies 1in Turkey at present. The costs per kW and kWh

respectively obtained from the fized and variable costs of this
facllity were used as the unit benefit of hydro. These par-
ticulars of a coal-fired thermal and an oll-fired thermal power

plants are given in Tables 9-5, 6 respectively.

With regard to construction cost and fuel cost, they were
calculated from standard international prices . taking into
account the situation in Turkey since it is difficult to con-

vert the obtained actual prices in Turkey to 1985 prices due to

the influences of inflation on values obtained for Turkey.

Discounted Cash Flow Method

The cpnstructidn cost and operation—maintenance ‘cost’ of the
hydro power plant are spread out by year. And the construc-
tion boét, operatibn~maiﬁtenance cost, and:fuel'cost of the
alternative thermal power plant posseséing an  eguivalent

capacity are similarly spread out by year for the same period.

. The 'aﬁalysis period Lis to bae from the comméncement'_year_ of

construction until the ehd_of project life of the hydro - power

plant, with replacement of electromechanical equipment of the

hydro power plant, the alternative thermal power plant, and

_transmission iines considered.

The discount rate at which present value of the cost of the
hydro power plant would be equal to that of the alternative

thermal one is taken to be internal vate of return (I.R.R.}.

Operation-maintenance cost and fuel cost are the same as those

in equalized annual cost method.

9.1.3 _YusufelifProject

(1)

Basic Consideration

Yuéuféli Pfdject ig much larger 1in scale than Artvin Project,
and together with the fact that'Yusufeli Project 1is located
upstream of Artvin"Project, 1t has a 1argef effect on the

overail pian'of'the river déveloﬁment. For this reason, we

9-13



Table 9-5  Alternative Thermat Power Plant for Optimization Study (1)

Iﬁ;erest'Réte = 9.5%
Price Level = As of July, 1985

Item . : ' unit Description
Type ‘ . S Coal-fired Power Plant
Installed Capacity ' MW 600 (300 x 2)
Annual Plant Factor’ x ' 73
Thermal Efficiency A ..-.35
Ammual Energy Production ' 10%kWh 3,837
Station Service Ratio ' %o ‘KW 7, kWh 8
Investment Cost o . 106T.L - 282,000
Service Life Years - 25
Construction Period - Years 4
Capital Recovery Factor 0.10596 (i'= 9,5%)
Fuel Consumption Rate kg/kWh 0,406
0 .& M Cost Rate without Fuel Cost i _ - 3.0
Unit Fuel Cost ' T.L kg 24,75
' Fixed Variable
Annual Cost Cosk Cost

Capital Recovery 106T,L - 29,880.7 -
0 & M Cost, Administration Cost 1081.1 7,614.0 846 .0
Fuel Cost ' 106r.L | 0 - 38,5561

Total . - 10°7.L 37,494.7 39,402,1
Annual Cost at Receiving End . ' '

KW Cost T.L 81,990 1/

kWh Cost T.L 11.45 2/

yy 37,494.7 x 1067.1,

— 600,000 kW 81,990 T.L/kW

x 1.312

il

39,402.1 x 109T,L

P, x 1.115
- 3,837 = 10°kWh

i

11.45 T.L/kWh

3/ & 4/ Adjustment Factor for kW & kWh

Ttem
Transmission Loss Rate (%) kW, 3 kWh, 2.5
Station Service Rate (%) kW, 7 kWh, 8

Forced Outage Rate &3] 4
Scheduled Outage Rate (%) 12
. ~ - 1 ST e e o
kW Adjustment Factor = vy~ —g Gay 2 (7 = 0.07) % (1 - 0,04y % (1 - 0.12)
= 1.312 ' B
. ' N 1. i . "—“:i'i .
kWh Adjustment Factor = (0 = 0.035) % (1 = 0-08? _f lfl%s |

5/ TInterest during construction is included in the {nvestment cost
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Table 9—6 Alternative Thermal Power Plant for Optimization Study (2}

Interest Rate = 9,57
Price Level = As of July, 1985
“ltem “Unit Description
Type - _ 0il-fired Power Plant
Installed Capacity MW 600 (300 x 2)
Annuyal Plant Factor 4 73
Thermal Efficiency % 35
Annual Energy Production 108kih 3,837
Station Service Ratio % kW 5, kwh 6
Investment Cost 1067, 5, 193,000
Service Life. Years 25
Construction Period Years 4
‘Capital Recovery Factor ' -0.10586 (1 = 9.5%)
Fuel Consumption Rate kg/kWh 0.251
0 & M Cost Rate without Fuel Cost % 3.0
Unit Fuel Cost T Lk 89.937
' - Fixed Variable
Annual Cost Cost Cost
CapitaL‘Recovery 1067, L 20,450.3 -
0 & M Cost, Administration Cost 1007, 5,211.0 579,0
Fuel Cost 1067, L - 1 86,617.2
Total 10°T.L 25,661.3 87,196.2
Annval Cost at Receiving End .
" kW Cost | T.L 54,960 1/ .
kiWh Cost . T.L 24,79 2/

Y 25,661.3 % 106T.1
2/ TT77600,000 kW

87,196.2 x 1067, L

x 1.091 =
= 3,837 x 10%un

x 17285 = 54,960 T,L/kW

24.79 T.L/kWh

3/ & 4f Adjustment Factor for W & kWh

Item
Pransmission Loss Rate (%)

Station Service Rate (%)}
Forced Outage Rate (%)
Scheduled Outage Rate (%) -

KW, 3 kWh, 2
kW, 5 kWh, &
4
12

1

]

kW Adjustment Factor

1,285

1

S {T=0.09) % (1 = 0,05 x (I - 0.06) % (1 - 0.12)

kiWh Adjustument Factor =

T = 0.025) x (1 = 0.06)

= 1,091

g/-'Inte;est during construction is included in the investment cost
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firgst studied the development plan and the size of Yusufeldl
Project, and then studied Artvin Project based on the optimum
plan of Yusufeli Project.

Yusufell Dam Site covering 15,250 kmz of catchment area 1is
located approximately 800 m downstream of the_cohfiuénce of the
“Coruh River and the Oltu River. At this point, the catchment
" area contributed by the Oltu River amounts to about 90% of the
total catchment of the Corub River mainstreém, and thus:this
location is ideal from the view point of the éffedtive'util;za—
tion of this river. The average inflow at.thé.plénnéd daﬁ_si;e
Is 120 m3/s, and 61% of this annual inflow is concentrated in
the 3 months from April to June, which is the season of show
melting and raining, while the average infiow during-winter
season, from December to February, decreéses to :40% of the
annual average. it 1is therefore key point in  planning a
hydroelectric project to store and regulate this large seasonal
fluctuation of inflow by a lérge reservoir and to equallze the

available power discharge.

The elevation of the river bed at the planne& dam site 1s 496 m
and the river width 1s approximately 30 m. ~The width of the
valley at an elevation of 700 m is -approximately 400 m. The

slopes on both banks of the river are very steep, having gra— |
dients around 50 degrees. The base rocks are exposed, exceﬁt
in areas of partial sedimeat. 1In terms of-geoiogy, granite,
granodiorite, granophyre and diabase intrude inte one another,
but the quality of the rock.is very'hgrd. Although.there_ate
many cracks, the cracks are held tight together, and it can be

considered to be hard bed rock as a whole. Though'the'rngr:
bed deposit is about 50 m in depth, this site is suitable for
dam construction in terms of beth geography aﬁd geology. The
dam type power plant, in éombination with Artviﬁ”bam,'is the

most suitable, as described in 9.1}1;

The examinations of development type'anﬁ scale were made with
1/5000 topographical maps, and the optimum development plan is
studied further in detail with 1/1000 topographical maﬁs{



(2)

Reservoir Operation Plan

‘The reservoir operation rules of Yusufeli Reservoir have been

determined- for each study caée, based on considerations on the

"~ following factors,

i) The river water in a wet year is to be stored and released
in a dry vear, to make the firm discharge as large as

possible,

ii) During a year, the reservoir is to be operated in such a way
that the water in the wet season is to be stored and

supplied in the dry season.

iii) The fesevoir is to be operated so that the spill is as small

as possible.

iv) The reservoir is to be operated so that a stable supply of
power is assured for a long period and at the same time the

energy generation is large,

The célculations of reservoir operation have been berformed by
an electronic coﬁputer system, and based on the monthly average
‘inflow, for the period of 42 years from January 1942 to
December 1983, in which the fiow data are available. '

The firm discharge .ié defined as the minimum discharge
available.for power generation for the 42~year period, and it
is prained by'making it the.largest with the inflow mass curve
gonsidgfing carry-over storage. The inflow mass curve and the
efféctiye étorage-capciﬁy and the firm discharge, not counting

evaporétion'from the reservoir surface, are shown in Figs. 9-3,

4 respectively. In the -operation calculations of the reser—

vpir;'ambunt of evaporation has been counted.

In_fhe_éalculation; the change of turbine and generator effi-
ciéhéy ﬁepénding 6n the change of the reservoir water level has
beén taken . into account, - The maximum -poWer- discharge is
_limiﬁed by the rated output when the water level is higher than

the rated intake water level, and the maximum ﬁoﬁer discharge
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(3)

is reduced by the reduction of head when the water level is
below the rated intake water level,
The rated intake water level was set at an elevation which is

below the high water level by 1/3 of the available drawdown.

In selecting the rated tail water 1evei, the taill water level
has been calculated considefing the back water level of Artvin
Reservoir. There is negligible effect by the release of the
Yusufeli Power Plant, and the rated tail warer 1ével has been
set to be EL. 500 m, the same level as the high water level of

Artvin Reservoir.

River cross sections used in npnmuniform flow calculation were
measured with 1/5000 topographical maps. Their standard inter-—
vals were set at 500 m, aﬁd a roughness coefficient of 0.05 was
used. The procedure of the calculation of the power and energy
generation, and the reservoir operation rule. are illustrated in

Figs., 9-5, 6 vespectively.

The operation rule was gimplified to be only ome rule curve Vs
for securing the firm discharge. The storage volume required
to be secured every month in order not to undercut low water
level by rélease of the firm discharge was calculated, and the
envelope curve of this storage volume was taken to be Vs curve
for each case. In the zone between high water level and Vs

curve, half of the maximum available discharge was used,
Study on Development Type and Layout

The examinations of development type and layout are carried out
based on the plan with high water level of 700 m, effective
storage capacity of 1120 x 10° m3, and the maximum available
discharge of 326 wd/s.

As a dam type hydro power plant has beén' sélected, varioué '
types of dam are conceivable. Rough studies are made of the
four—types of concrete gravity dam, arch gravity dam, arch dam,
and rockfill dam. The dém volumé, excavation duénﬁity, andiu
their rough construction costs for each type of dam are as .

given in Table 9-7.
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Runoff Data

\

Storage Volume

Plon of Reservolr & Power Plont

Raservoir Storage Capacity & Area Cutve 1

_ Water Surface Level & Area

Evaporation

L

Operotion Rule of Reservoir

Spil}

Awilable Discharge for Power

Storage Volume

Water Surface Level

Loss of Head

Y

Effective Head

Peaking Hours

Tail Water Level

Water Level- Discharge Curve

Maoximurn Discharge for Power

Efficiency of Turbine & Generator

Power % Energy

. Fig. 9-5 Fiow Chart of Calculation of Power and Energy
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Water Surface lLeve]

Vmox

\/ Vs

VEWL

Jon. | Feb. 1 Mor | Apr. | Moy | Jun. | Jul, | Aug. | Sep, | Qct | Nov. | Oec. } . Mox Discharge for Power

Symbols
Vn-1 . Storage at the end of previous month
Vn | Storadge at the end of current month
Vn . Temporory storage af the end of current month
Vmax . Moximum storage (Effective storage capacity )
Vs . Secured slorage for firm discharge
fn T Spilt in current month
qn . Inflow in current month
Qn . Available dischorge for power in curtent month
Qm ! Medium discharge for power
Qv . Firm discharge for power
Qu 0 Moximum dischorge for power, varioble depending on water level
(2 : Evaporation, variable depending on water surface area

Opewtion Rule
VA = V-1 +9n - E

[ _Vﬁ =z Vmox
tHvn - Vmax Z Qn —  Qn=Qw _
(2) QM > Vil - Vmox = Qm ——=  Qn=Vd- Vmox
{3) Qu > Vi - Vmox e On=Qu

2. Vmox»Vh = Vs _ .
{HVn-Vs = Qn T Qn=Qm

(2) Qu>Vn - Vs ZQu —=  Qn=Vi-Vs
(31QL>vi-Vs Ce—=  Qn=Qu

3. Vs>\I/n‘ -
(NvezQL —~ Qn=Qu

(2)QL> Vi — . Qn=VH

VR=Vmox-Qnz0.0+ fn=Vi-Vmax -Qn
VA=Vmax-Qn<00 - fn=100

Vn=Vn-Qn-fn o S
Fig. 96 Operation Rule of Resarveir
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Because the dam scale is large, the proportion of dam cost to
total and its
Since the total

construction cost is substan;ial economic
influence on the whole project is great,
congtruction costs of waterway and powerhouse are aproximately
10 x-l()9 TL for a surface powerhousé at the foot of the dam and
approximéﬁely 15 x 10% TL;_for an unﬁerground powerhouse, a
concrete gravity dam and an arch gravity dam are clearly disad~
vantageous econonically when compared with an arch dam, and

therefore, they are abandoned at this stage.

Table 9-7 Comparison of Dam Types

Concrere | Arch Concrete | R kf;izﬂ
Item Unit Gravity | Gravity Arch ockll
Dam Dam . Dam ham
Dam Volume 103 w3 | 5,300 ‘3,600 | - 2,800 | 19,200
Excavation Volume | 103 w3 ] 2,400 2,000 2,400 1,500
Construction Cost | 106 TL | 144,000 | 106,000 | 90,000 | 45,000

The general layout of the structures, such as a épillway and a
powerhouse, has.been studied, based on considerations on the
geography and geoclogy of the site. With a rock-fill dam, two
plans have been studied, one having an underground powerhouse
in the right bank aud the othe? having a surface powerhouse on
‘the left bank. Two other plans have been also studied with the
concrete arch dam, one having an underground powerhouse in the
right bank, and the other having a surface powerhOuse_directly
below the dam (the Master Plan), Thus & plans-in total have

been compared.

One of the alternatives of a rockfill dam with a chute spillway
on the right bank and an underground'powerhouse in the left
bénk turned out to be unecononical at the preliminary study
stége in terms of splllway excavation and dam embankment

volume.
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The investment costs of the A_plans, with high water level of .
700 m and the maximum available discharge of 326 m3/s are pre-
sented in Table 9-8.

And _one' more alternative of an arch dam .with a surface
powerhouse just downstream of the dam body as shown 1in the
Master Plan was also abandoned judging from the rough com—

parative study as follows.

i) The chute spillway in the Master -Plan costs by far more than
the center overflow type of spillway, which cannot be
covered by the relatively small decrease of the construction

cogst of the waterway.

ii} The power waterwéy and the spillway incorporated in the dam
body will require a special attention to the structural sta-

bility of the arch dam.

iii) The construction'works will be concentrated in a limited

aresa, so that it will cause a big congestion.

Accordingly, a comparative study of the basic layout was per—
formed for the three cases shown in the Table 9-9 in more

detail.

Although the power and energy generation are larger in the arch
dam plans due to shorter conduit length, the rock-fill dam plan
having an underground powerhouse in the right  bank has an
advantage over other plans, as indicated in Tables 9-10, 11.
The changes in the dam volume and the construction coét for_
various helght of the dam are given in Figs. 9-7, 8, for both

rock-f111 dam and concrete arch dam,

The outlines of the basic layout of alternative plans are

described as follows.
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Fig. 9-8 Dam Construction Cost for Various Height
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(a) Rockfill Dam: Underground Powerhouge Plan

The rockfill dam is of center impervious core. The outer

slope of dam embankment is made 1 to 2.2 upstrean and 1 to
1.9 downstream taking account of the sfudy of plane
sliding based on the assumed physical prdperties of the
available ﬁaterials and the design seismic’ coefficiént of
0.15. The total embankment volume will amount to about 19

x 108 m3 with the helight of 260 m and the crest length of
400 m. '

The spillway will be arranged on the left bank, vhich is
an open chute type with four radial gates 13.5.m wide and
15.0 m high. The maximum water level will_be'Z.O m above
high water level giving the maximum spillway discharge of
about 7,800 nl/s., ' E

The power waterway and powerhouse ‘are arranged ih the
right bank, The power intake will Se an inclined type and
one line of inclined shaft penstock of 9.0 -~ 8.4 m n
inner diameter tri~furcates at the lower horizontal por-~

tion.

The powerhouse 1s provided underground in the:right bank

being comnected by an access tunnel about 450 m in length.

The turbine is a vertical Francis type and the unit number
of main generating machine is studied. As a result, a
three—-unit plan'is adopted:because it 1is confirmed that .
the maximum uniﬁ output is well within the techﬁicéi_limit
and that it 1is clearly more economicaljthan a four-unit

plan ctausing no trouble to the system opevation.

The tailrace 1s a pressure tunnel type having inner

diameter of 9.8 m after the confluence.

Care of river 1s planned based on design flocd of. 1,330
m3/s that corresponds to 25 year return pefiod flood., The
crest elevation of the upstrean cofferdam isw550 m, ahd

one line of diversion tunnel with inner'diametgr of 9.2’ m

930



. (b)

for a typical horse—shoe gsection 1s arranged in the right

_ bank being adjusted to the river configuration.

A bottom ocutlet will have to be provided to release a car—

tain amount of water required downstream during initial

filling of the reservoir.

The intake sill elevation of the bottom outlet is 555 m,
and the discharge will be done to the diversion tunnel
through the connecting inclined shafi downstream of the

gate chamber,
Rockfill Dam: Surface Powerhouse Plan

The“dam axis is shifted upstream by about 100 m from (a)

- plan in order to allocate a surface powerhouse in good

topography. This will result in a little more total

3

embankment volume of about 20 x 106 n3 and the spillway

excavation on the right bank will be as much as 11 x 106 @3,

The power waterwa§ is arranged in the left bank., One line
of .héadface tunnel 9,8 m in inner diémetér, 394 m in
length will lead to the underground penstbck which tri-
ﬁﬁrgates at the lower horizontal portion before the

powerhouse., Near the upper Jjoint of penstock, a

‘restricted orifice type of surge tank 14.0 m in 1loner
 diameter will be provided to contribute to the stable

operation at the time of the instantaneous cut or the sud-

den increase of the load.

The switchyard ié'provided at the downstream end of the

dam embankment adjacent to the surface powerhouse.

' The same idea as for (a) plan, in principle, will be

applied to the plan for the care of river and for the bot-

tom outlet.
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{c) Arch Dam: Underground Powerhouse Plan

The arch dém is of sihgieﬂcennéréd;“éonstant thick doubie
curvature with a parabolic configuration on a plan, which
will inherently ensure the better stability of the abut-
ment. As a result.of the_préliminapy;stness analysis by
means of the trial loéd method, the thickness of the dam
15 to be 12 m at the top'aﬁd'SS m at the base on the top
of 30 m high'foundétion concrete and the total concrete

volume will amount to 2.8 x 106 3,

The spiliway is a center overflow type having six radial
gates 10.5 n widé and 12.0 m high each, ' The makimum water
level will be 3.0 m above high water level and the maximum

_ dlscharge capa01ty "is calculated to be about 7,700 m3/s.
An excavated stilling basin 1s provided 30 m in normal
water depth and 150 m dn flat bottom length.

The power waterway and the underground powerhouse are
arranged in the right bank, The power 1ntake ‘structure is
an 1nclined rype. In terms of waterway conflguration on a
plan, a vertical shaft type of penstock 1s adopted to have
a tri- furcation at the lower horizontal portion. Three
lines of short tailrace tumnel remain straight down to the

outlet. Né surge tanks will be réquire&;‘

A plan for care of river .was studied-on‘ﬁhe.basis of lD.
yvear return perlod flood, that {s- 1,100 -m3/s; with an
wpstream cofferdam and a diversion tunnel comﬁihed
Logether. In the result, the crest elevatiOn of the
upstream cofferdam is to be 530 n and nner diameter of-
the diversion tunnel is to be 9.2 m as an _optimum com~

bination. .

A bottom outlet is provided Eﬁréﬁgﬁ the ‘dam body probably. .

near the elevation of 575 m.
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(4)

Study on Reservoir Scale

The reservelr scale has been éﬁudied for the plan of rock-fill
dam'having an underground powerhouse in the right bank, which
has been selected in the study of (3). The seasonal and yearly
change of the monthly aveérage iInflow to Yusufeli Reservoir, for
the period of 42 years; ére indicated by the mass curve in Flg.
9-3, In terms of seasonal change, the inflow is generally
large in the half-year period from March to Avgust, and small
in the period from September to February. Tﬁe annual average
inflow, calculated for the period of 42 years, is 3,777 x 100p3
(120m3/s)., The inflow in the period from March to August is
3,011 x 1053 (189m3/s), which is 3.9 times the inflow from
September to February, which is 766 x 10%n3 (49m3/s). The
total annual'inflow also varies considerablf ffom year to year
during this‘ periodr of 42. years. The annual .inflow in the
driest year in the 42 years (1955) was 2,093 x 106m3, and that
in the wettest year (1968) was 6,474 x 106m3.-

In ofder to effectively utilize the water resource of this

rivé:, Yusufeli' Reservoir shéuld be used to regulate these

yearly as well as seasonal change of the river flow, and to

gecure stable power generation by supplementing water in the

dry season and the-dry year.

The reservoir high water level and the effective storage capa;

city must be so selected that the best overall economy 1s

- realized. For the study of high water level, 4 cases, with

“EL.690, 700, 710 and 720 m respectively, have been compared,

taking 1into account such factors as sediment and effective

- storage capacity.

For the amount of the sediment, E400m3/km2_/year was assumed

based on the 'énélysis in the study of “Meteorclogy and

Hydrblpgy"y_ The sediment in a pgridd_of 50 years amounts to
'304387x 106m3, The elevation of dépoéits gurface, due to this

éediment,.wili.be 618 m.

In qomparing' effective storage .capacity of the resefvdir, 4

cases of avallable drawdown, 30, 40, 50 and 60 m, have been
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assumed for each case of high water level. discuased above,

Effective storage capacities for all combination of the study

cages are gilven in the table below. The”resefvoir‘area,storage

‘capacity curve of Yusufeli Reservoir is presented in Fig. 9-9,

H.W.L.(m) Available ﬁrawdowﬁ:(ﬁ) .
60 50 40 30 .
720' 1620x1060% 142010803 _.1é00x166m3 95051003
710 1440 " 1270 " . 1080 " 850 *
700 1260 " 120 * 950 760
-~ 690

1100 " 980 " 840 " - 670 "

The f0110wing conditions have been assumed in the comparative

studies of high water level and effective storage capacity.

(a)

()

(c)

(d)

As large hydroelectric power plant can be ‘developed at
this site, ‘it is appropriate to design the power plant
to carry the peak load,-because the peak-in.the daily'load
curve will become more eminent in'futﬁfei -bn the other
hand the peak duration of 6 to 10 hours seems reasonable
for the design of thls power plant, considerlng the fact
that this site is near the Soviet border'ana'far from the
load center. The effect of the peak duration is studied
separetely in (5), and the peak duration time of 6 houre

is assumed in the study of reserVdi; scale.

‘The maximum pover discherge and the ineteiied;capacity'of '

Yusufeli Power Plant has been so selected that the peak

power generation of 6 hours is realized with the firm

flow, which is determined by the reeervoir inflow and the

effective storage capacity. The study on the mnaximum

power discharge is,deecr_ibe_d_i_n (5).

The low water 1eve1 hascbeeﬁ liﬁited'tosﬁﬁ}$650 m-base& on

the assumed sediment of the resef#éit’ee deeefibed abbve.

The benefit of this project is measured by either the pro-

ject cost or the investment cost plus operation—mainten—g
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Fig. 9-9. Yusufeli Reservoir Storage Cébaci{t_y and Area Curve






ance cost and fuel cost of a thermal power plant having
equivalent power and energy generation. The power output
and energy generatlon of this project which 1s used for
the. calculation of the benefit are defined by the
following conditions, and to be termed as the “effective
power output” and the "effective energy output" respec-—

tively,

i) The effective power output of this power plant at
receiving end 1is expressed by the equation below
deducting loss rates of 0.3% and 2.0% due to forced
outage and scheduled outage, respectively, and 0.3% and
5.02 due to station service and transmission loss,
respectively, from the firm peak power output., The
firm peak power output is defined here as the average
of 12 monthly minimum power outputs for the 42 year

period.

Effective power output

%X Firm peak power ocutput

1i) The effective energy output of this power plant at
recelving end is éxpressed by the equation -below
deducting loss rates of 0.3% and 3.0% due to station
sérvice and iraﬂsmission loss, respectively, from the
average annual energy 'generation for the 42 year

pericd.

Effective energy output
= (1-0.003){1-0.03)

¥ Average annual energy generation

The results of comparison studies on high water level and
 effective storage capaclty of the reservoir for two cases of a
'.coa14fired_therma1 and an oil-fired' thermal power plauts as

' ‘the alternatives are shown in Table 9-12, 13, and Figs. 9-10 -

15, respectively. '

.In:the'case of a coal-fired alternative, in the.range of high

water level from 690 m to 720 m, the surplus benefit (B-C) is

9-37



. L)y (o9 h__o?.mmmm t.u Apozden abmaoig:
2110841 pue jaAs erepn ubly wnwindg uo Apmig  gL—6 ‘Big

i . -
{gW g01) AL12DdRD aBDUOIS 3A1235)3

005! . : 000"l

005

OlL "TMH

aue paudyy 1607 — opd Jamod m»tcf&._q

rmmt

(1176011 (0~§) ilyeuag sniding

9--38



{2) (D—g) monsasay jo Auoede] afiesolg
399143 pue (A7 Jalepy yBiy wnumdQ uo Apuig  {1—6 Bid

(g Ot} A110DADD BBDIOIS BAL3DH4T

005" : 000’

T A

069 TMH

OlLTMH

auc padl} 110 — jupid Jemod wEEEo:Q...

(5400 (0-8) Neusg sniding .

939



. 1) {o/g) nonsssey 40 Anoeden sheialg. _
. eandey3 pue e Jatep ybiy wowndo uo Apms  Z1—5 'Bid

nmEM..o_ yKsoodo) abioicys aAl02443

005" e _. : R ooﬂ._

ClLTMH

auo paily 100D ~ jupd Jamod BALIDUIDL)Y

- 6

sul

(D/8) 0li0H 503 iijeusg

———

9--40



{2) (/) noaiesay o Ausede) abelols
8My2a)13 pue [9A97 Jatep UBIH wnwndg uo Apnig  £1—6 ‘Big

——

{gw 01} AnandeD abpioig 2A1DR}43

005kt : o00'
i

O2L TMH

OlLTAH

00Z TMH

auo paJiy 110 ~ supid 1omod BADUIAY Y

. 089 TTMH

x4
)
»
2
o .
-y
Forg | =
O
=]
1=
:
2
i
)
L
ez’
Loz

9_41



AL} Yy’ dossasay Jo \Eumamo abeiolg
mztmtm pue jans Jalep bt wnwndg ue Apmg pL—6 By

{gW wO:.»:uonou 8bDI0JS '9Ali08y}3 .

005! : S 00dh 005
= - - k Om..ﬂ
069 TMH -oo
Ol L7TMH :
wers
ONNJ.,S.I,_
aUC P3al} |ReD — yupid Jamod aaljpulally
ORI

uinjsy o 810y |oudgguy - - - '.

(%)

942



{) (W) noasasey Jo Auoeder abeioyg .
3ARD3T pue [aAaT] Jajep ybrH winwundQ uo Apmg  GL—6 Biy

{guWl g0t} Asdodo) abpios aANodsy3

005 . ocm;

069 TMH

ClL TMH

C2i TMH

2U0 PaJij {10 ~ UDId Jamod DALLDUID|Y

=04

G4

1oUIBI]

{%) usmey 4o 3oy

9--43 .






Table 8—12 Study on Optjmum High Water Level and (Effective Storage Capacity of Reservoir (1)

* Alternative Power Plant

«+s Coal-fired one

Firm

Maxlmum

T Effective

Installeﬂ

Annual

. Storage Capacilty Firm Investment | Annual Energy Surplus Benefit-
Case | H.W.L. (108 mg) ' Discharge | Discharge | Head Capacity Peak Power | Energy | Cost Cost Cost I.R.R. | Benefit | Cost
(m) | Gross Effective| (m3/s) (m3/s) () (Mw) (M) (GWh) (10611) § (1067L) | (TL/kWhY (%) | (108TL) | Ratio
1 1,620 90.9 363 195.0 625 549.3 .1,781.1‘ " 335,900 34,430 20.0 |- 17.24 | 26,970 1.78
2 720 | 2,480 1,420 87.2 348 | 198.3 609 554.6  1,796.5 333,400 | 34,150 19.6 17.73 | 27,820 1,81
3 1,200 83.0 332 201.7 591 .553.2. .1,807.3. 330,100 33,790 19.3 17.74 | 28,190 1.83
4 950 75.2 300 205.0 543 517.1 i,792.9 322,900 33,000 16.0 17.01 26,080 1;79
5 1,440 87.6 350 ;35.¢ 5?2 508.1 1;692.6 304,800 31,270 19.1 17.26 26,020 1.83
6 710 | 2,130 1,270 . 84.4 337 188.3 560 512.2 1,704.9 302,900 31,b60 18.8 17.52 26,680 1.86
7 1,080 s 80.4 321 191.7 543 507.3 .1;709;2 299,500 30,700 18.6 17.58 | 26,720 1.87
8 850 71.3 285 195.0 490 465.0 1,685.2 291,800 29,840 18.3 16.63 ] 24,100 }}81
g9 1,260 84 .4 337 175.0 520 465,.0 1,600.0 279,700 28,710 18.6 16.87 | 24,290 _1.85
10 700 | 1,820 1,120 81.6 326 178.3 513 468.7 1,610.9| 278,500 | 28,580 18.3 | 17.09| 24,820 1.87
11 950 75.7 302 181.7 484 450.7 1,601.8| 273,900 | 28,070| 18.1 | 16.77] 23,870 1.85
12 760 67.4 269 185.0 439 411.8 1,576.3 267,000: é7,3lb 17.9 15.85 21,390 -1.78
13 1,100 81.3 325 165.0 473 4205 [ 1,505.2 257,300 | 26,420| 18.1 | 16.19| 22,150 | 1.8
14 690 1,530 980 76.9 307 168.3_ 456 414.4 1,503.0 .. 254,200 26,080} 17.9 lﬁ.lé 22,000 1.84
15 840 71.0 284 171.7 430 397.4 | 1,489.2| 250,100 | 25,630| 17.8 | 15,84 | 21,020 1.82
16 . 670 63.8 255 175.0 k 394 366.8 1,469.6 244,500 25,010 17.6 | 15.10 19,090 1.76
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Table 9—13 Study on Optimum High Water Level and Effective Storage Capacity of Reservoir (2}

% Alternative Power Plant. .... Oil-fired one

' Storage Capacity | Firm Méximum Efféctive Installed Firm Annual iﬁvestment Annual | Energy Surplus | Benefit-
Case | H.W.L. (106 mg) Discharge { Discharge { Head Capacity Peak Power | Energy | Cost Cost Cost I.R.R. | Benefit | Cost
(m) | Gross Effective | (m3/s) (m3/s) (m) (MW) (MW) (GWh) (105TL) | (108TL) | (TL/kWh) (%) | (108TL) | Ratio
1 1,620 90.9 363 195.0 625 549, 3 1,781.1 335,900 | 34,430| 20.0 | 17.23| 36,210 2,05
2 720 | 2,480 1,420 87.2 348 198.3 609 554.6 1,796.5| 333,400 | 34,150| 19.6 17.48 | 37,130 2.09
3 1,200 83.0 332 201.7 501 553.2 1,807.3| 330,100 | 33,790| 19,3 | 17.64{ 37,670 2.11
4 950 75.2 300 205.,0 543 517.1 | 1,792.9| - 322,900 | 33,000 19.0 17.33 36,280 2.10
5 1,440 87.6 350 185.0 s72 | 508.1 | 1,692.6| 304,800 | 31,270| 19.1 | 17.35| 35,150 2.12
6 710 | 2,130 1,270 84 .4 337 188.3 560 512.2 1,704.9 1 302,900 | 31,060| 18.8 | 17.55| 35,860 2,15
7 1,080 | 80.4 321 191.7 543 507.3 1,709.2 | 299,600 | 30,700 18.6 | 17.64| 36,080 2.18
8 : 850 71.3 - 285 195.0 490 | 465.0 1,685.2 | 291,800 | 29,840} 18.3 | 17.20 34;210 2.15
9 1,260 84.4 337 175.0 520 465.0 | 1,600.0 | z79,§oo 28,710 18}6 17.18 33,300 2.16
10 700 | 1,820 1,120 81.6 326 178.3 513 468.7 1,610.9 | 278,500 | 28,580 18.3 | 17.35 33,880 2.19
11 950 75.7 302 181,7 484 450.7 1,601.8| 273,900 | 28,070| 18.1 | 17.22] 33,250 2.18
12 760 67.4 | 269 185.0 439  411.8 1;576.3 267,000 | 27,310 17.9 | 16.78| 31,430 EPRT
13| 1,100 81.3 335 | 165.0 473 420.5 | 1,505.2| 257,300 | ‘26,420| 18.1 | 16.79| 31,050 2.18
14 690 {1,530 980 76.9 307 . 168.3 . | 456 4144 1,503.0' - 254,200 | 26,080 17.9 16.83| 31,030 2.19
15 840 71.0 284 171.7 | 430 197.4 1,489.2 250,100 | 25,630 17.8 | 16.67| 30,280 2.18
16 ] _.670 | s3.8 | 255 175.0 394 366.8 1,469.6 [ 244,500 “25,010] 17.6 | 16.31| 28,870 2.15
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(5}

larger with higher dam height, and the energy cost is smaller
with lower dam height. The benefit cost ratio (B/C) 1s best

with the case of high water level 710 m. Internal rates of

 retuen (I.R.R.) are good and almost equal with the cases of

high water levels 710 m and 720 m. .

' Conéidering the abovementioned economic indeces as well as phy—

sical conditions such as possibility of a landslide in the
reservoir and difficulty of comstruction with a high dam, it is
judged that the case of high water level 710 m will be optimum.
In this cése, effective storége capacity of 1080 x 106 53 with

available drawdown of 40 m will be most advantageous.

In the case of an oil-fired alternative, similar results will
be draﬁn; too. Accordingly design parameters of Yusufeli
Reservoir have been determined to be high water.level of 710 m,
40 m avgilable drawdown, and 1080 x 100 w3 effective storage

capacity,

Study on Maximum Power Discharge and Peak Duration

© The installed_capacity”must be carfully selected considering

the characteristics of the hydfoelectric project site and the
peak duration. If the installed capacity is too large, the
effective powey output is limited by the forecasted peak'dura~
tion, resulting in latent power and reducing economy. If the

installed capacity is too small, the effective power output is

'limited'by the installed capacity and the peak duration becomes

unnecessarily long.

Considering that this site  is near the Soviet border, and Ffar
from the load center, the peak duration of 6 to 10 hours seems
reasonable for the design of this power plant. In our study,

the effects of the installed capacity have been exawined for 12

_cases which consist of combinations of 3 different peak dura-
- tion hours and 4 different maximum power discharges. The peak

_durations assumed were 6, 8 and 10 hours, and the maximum power

diSCharges were the vaslues that give peak durations of 4, 6, 8

- and 10 hours for the firm discharge, that is, 482, 321, 241 and

9-49
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